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Abstract

Hypertension is a leading risk factor for premature death and
disability. It can be controlled through lifestyle changes and use
of antihypertensive medication. This review looks at intensive
blood pressure reduction trials in non-diabetic, diabetic, and mixed
patient populations. The primary hypothesis for the Systolic Blood
Pressure Intervention Trial (SPRINT) is that treating to a systolic
blood pressure target of < 120 mmHg (the intensive intervention)
compared to a systolic blood pressure target of < 140 mmHg (the
standard intervention) will reduce the primary composite outcome.
Lowering systolic blood pressure more rigorously to 120 mmHg
instead of the standard 140 mmHg can give substantial benefit
according to the SPRINT. SPRINT showed efficacy in older
patients above age 75 years. The ACCORD trials did not show
efficacy for reducing primary outcomes with intensive therapy in
a diabetic population with central obesity not being a significant
factor. ACCORD found that intensive blood pressure reduction
therapy benefited patients with atrial fibrillation, p-wave indices
and left ventricular hypertrophy. Cerebrovascular protection was
afforded diabetic subjects, but there was no additive advantage
to tighter blood pressure control on microvascular outcomes. The
2014 Eighth Joint National Committee panel re-evaluated their
own recommendation of relaxing initiation therapy for those over
age 60 from systolic blood pressure of 140 mmHg to 150 mmHg
with a post hoc analysis of INVEST (INternational VErapamil SR
Trandolapril STudy) data that showed a more relaxed initiation
standard would cause more harm to patients. The delicate balance
of reducing cardiovascular morbidity and mortality with intensive
blood pressure control while avoiding adverse events is an area
of concern for clinicians. Many factors must be considered and
the studies that address the intense versus standard therapy
conundrum are discussed herein.

Introduction

High blood pressure affects over one billion people worldwide
and is highly prevalent in the adult population of the US [1]. The
importance of blood pressure as an independent risk factor for
coronary events, stroke, heart failure, and progressive chronic kidney
disease (CKD) including end-stage renal disease is well documented
[2-12]. The Global Burden of Disease Study identified elevated blood
pressure as the leading risk factor, among 67 factors studied, for
worldwide mortality and disability-adjusted life years during 2010
[13]. Treatment of hypertension reduces cardiovascular disease
outcomes, including incident stroke (35% to 40%), myocardial
infarction (15% to 25%), and heart failure (up to 50%) as shown
by numerous clinical trials [2,14,15]. The benefits of controlling

blood pressure are clear and can be seen even with small reductions
[16]. Treatment of hypertension is essential to reduce the high
burden of cardiovascular disease, but unfortunately, there are many
hypertensive persons worldwide who are not achieving adequate
blood pressure control [17]. For the treating physician, target blood
pressure is not always a distinct number and the threshold for
treatment is controversial.

Advancing age brings an increasing prevalence of hypertension
from about 7% in those age 18 to 39 years to 66% in persons above
age 60 years, attributed to progressively higher systolic blood
pressure (SBP) with age [18,19]. The need for multiple medications
to bring down blood pressure in older persons can have unintended
consequences. Among these are dizziness, orthostatic hypotension,
falls and syncopal episodes [20,21]. Electrolyte imbalances such
as hyponatremia and hypokalemia can occur, most notably with
diuretics [22,23].

Despite gaps in knowledge, there is a wealth of information
available and accumulating that addresses approaches to treating
hypertension and blood pressure targets for varying demographic
groups. This review looks at intensive blood pressure reduction trials
in non-diabetic and diabetic patients to see the benefits of more
intensive therapy on major cardiovascular events and secondary
outcomes.

Trials in Subjects without Diabetes
The Systolic Blood Pressure Intervention Trial: SPRINT
Rationale and design

For the systolic blood pressure intervention trial (SPRINT), the
primary hypothesis is that treating to a systolic blood pressure target
of < 120 mmHg (the intensive intervention) compared to a systolic
blood pressure target of < 140 mmHg (the standard intervention)
will reduce the primary composite outcome of nonfatal myocardial
infarction, acute coronary syndrome not resulting in myocardial
infarction, nonfatal stroke, nonfatal acute decompensated heart
failure, and death from cardiovascular disease [24]. SPRINT, a 2-arm,
multicenter, randomized clinical trial, enrolled large numbers of
non-diabetic individuals age 50 and over with hypertension defined
as baseline blood pressure average > 130 mmHg systolic. Participants
were enriched for cardiovascular disease and associated risk factors
while those with history of prior stroke were excluded. The protocol
recommended that anti-hypertensive regimens should include one or
more drug classes with the strongest evidence for capacity to prevent
cardiovascular disease outcomes: thiazide-type diuretics, calcium
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channel blockers (CCBs), angiotensin converting enzyme (ACE)
inhibitors, and angiotensin receptor blockers (ARBs), with priority
for prescription of thiazide-type diuretics but discretion given to the
physician to initiate and intensify therapy. Follow-up is scheduled to
end in the fall of 2016.

Clinical outcome

After 1 year of the SPRINT trials the mean systolic blood pressure
was 121.4 mmHg in the intensive-treatment group and 136.2 mmHg
in the standard-treatment group. The intervention was stopped early
owing to a significantly lower rate of the primary composite outcome
and all-cause mortality in the intensive-treatment group compared
to the standard-treatment group. However, rates of serious adverse
events of hypotension, syncope, electrolyte abnormalities, and acute
kidney injury or failure, but not of injurious falls, were higher in the
intensive-treatment group than in the standard-treatment group.
The data suggests that lowering systolic blood pressure to 120 mmHg
instead of to the standard 140 mmHg can be substantially beneficial
in reducing the rate of primary outcomes and mortality with intensive
treatment. However, it would be demanding, time-consuming, and
would necessitate increased medication costs and clinic visits since
only about 50% of the general population in the United States achieve
current standard therapy systolic blood pressure levels [25].

Controlling Blood Pressure in the Older Patient:
Sprint Substudy and Hyvet

The value of hypertension treatment in the elderly is an area of
controversy and a variety of studies have suggested that the positive
relationship between blood pressure and cardiovascular mortality is
weakened or indeed reversed in the very elderly [26]. Older patients
may have trouble handling more intense anti-hypertensive therapy
because there may be detrimental effects [27]. One major concern is
that blood pressure lowering may lead to dizziness and falls, especially
in frail older persons. Falls are a major cause of morbidity and
mortality in community-dwelling older adults and can diminish the
quality of life by causing an increase in dependency and a limitation
of activities of daily living.

SPRINT Substudy- Older non-diabetic patients

To address the question of whether benefits of intense lowering
of blood pressure would be mitigated by dizziness, falls and other
side effects of medications in older subjects, a SPRINT sub-analysis
examined the issue. The substudy implemented a frailty index (FI)
consisting of 37 items for participants of the SPRINT trial to see if
older patients could handle intensive blood pressure control. The
classification groups were fit (FI < 0.10), less fit (0.10 < FI < 0.21), or
frail (FI > 0.21). When looking at 2510 SPRINT patients grouped by
frailty status, the study showed that while patients with the highest
degree of frailty had higher rates of heart disease and death, these
rates were reduced with tighter blood pressure control in a way
comparable to persons who were not considered frail. Among frail
subjects, intensive blood pressure treatment did not significantly
increase risk for injurious falls and other serious side effects. After
a median follow up of 3.14 years, patients in intensive therapy had
reduced primary outcomes and the overall rate of serious adverse
events was not different between treatment groups suggesting patients
over the age of 80 can see great benefits with intense antihypertensive
therapy [28].

HYVET- Older non-diabetic and diabetic patients

The Hypertension in the Very Elderly Trial (HYVET) also examined
theissue of medication regimens for control of hypertension in the elderly,
but with a blood pressure target of 150/80. HY VET enrolled patients aged
80 years and older in a randomized, double-blind, placebo-controlled
trial designed to assess the benefits of treating very elderly patients with
hypertension comparing a low dose of the diuretic indapamide sustained
release with the addition, if necessary to achieve target blood pressure,
of the ACE inhibitor perindopril to placebo. Inclusion criteria included
systolic blood pressure must be > 160 mmHg [29]. The target blood
pressure for the experimental group was 150/80 mmHg. The patients in

Table 1: Comparison between SPRINT and HYVET.

Column1 |SPRINT [HYVET
Mean baseline age 67.9 83.6
Baseline seated BP 139.7/78.1 173.0/90.8
Target blood 120/80 150/80
pressure

BP difference 14.8/7.6 15.0/6.1
between

experimental and

control group

Primary outcome |Reduced events Reduced events
Median frailty index 0.18 0.17

Medication thiazide-type diuretics, |low dose diuretic (indapamide
calcium channel sustained release 1.5 mg
blockers (CCBs), daily) and additional ACE
angiotensin converting | inhibitor (perindopril)
enzyme (ACE) inhibitors,
angiotensin receptor
blockers (ARBs)

Physician yes no
discretion with

prescription

medication

both arms were comparable to start with mean age of 83.6 years, mean
blood pressure while sitting, 173.0/90.8 mmHg, and 11.8% had a history
of cardiovascular disease. Data was collected over approximately 2 years
of follow-up and benefits of treatment appeared after about 1 year. The
mean blood pressure while sitting was 15.0/6.1 mmHg lower in the
active-treatment group than in the placebo group. Treatment yielded
reduction in rates for fatal or nonfatal stroke, death from any cause,
death from cardiovascular causes, and heart failure with fewer serious
adverse events suggesting the substantial benefit for treatment of patients
above the age of 80 [30]. Total mortality decreased by 21% (p = 0.02) and
cardiovascular events decreased by 34% (p < 0.001). Benefits appeared by
the first year of follow up.

Comparing SPRINT and HYVET participants (Table 1) the
median FI were similar at 0.18 and 0.17 for SPRINT and HYVET
respectively. Similarly, the FI has been comparable to population
studies with 2,570 (27.6%) of the SPRINT participants classified as
frail. The data suggests that the inclusion of frail patients in large scale
clinical trials assessing cardiovascular disease risk with aggressive
blood pressure control such as SPRINT is appropriate [31].

Secondary Outcomes in Sprint

Chronic kidney disease

In designing SPRINT, the CKD sub population was scrutinized
specifically due to their extraordinary risk for cardiovascular disease
[32]. SPRINT data is available on kidney outcome, restricted to the
CKD subgroup [16]. Among 9361 subjects randomized in SPRINT,
2646 (28.3%) had CKD at trial inception, defined as estimated
glomerular filtration rate (eGFR) < 60 ml/min per 1.73 m* of body
surface area. An additional 890 (9.5%) had baseline eGFR < 45 ml/
min per 1.73 m?. Those with eGFR < 20 ml/min per 1.73 m? 24-hour
urine protein excretion > 1 g/d or equivalent, or polycystic kidney
disease were excluded. For participants with CKD at baseline, there
was no significant difference between those randomized to the lower
systolic pressure group and those in the standard systolic pressure
group in the composite renal outcome of end-stage renal disease or
a50% decline in eGFR from baseline. There was also no difference in
the development of incident albuminuria.

However, in patients without pre-existing CKD, a 3.5-fold higher
incidence of a > 30% decrease in GFR was shown in the intensive
group. Adverse events such as hypotension, syncope, hyponatremia,
and acute kidney injury, were more frequent in those targeted to 120
mmHG. Overall, this leaves the clinician with hard choices in which
optimal blood pressure for the cardiovascular system may not be ideal
for the kidney [33].

African Americans have 2- to 4-fold greater likelihood of
developing end stage renal disease than Americans of European
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ancestry [34]. For reasons that are unclear, Apolipoprotein L1 gene
(APOL1) G1 and G2 coding variants are strongly associated with
CKD in African Americans [35]. Another substudy was conducted to
determine APOLI G1 and G2 risk variant association with prevalent
cardiovascular disease and baseline CKD, eGFR, and albuminuria
in 2,571 African Americans SPRINT participants. SPRINT is well
structured to examine the effects of systolic blood pressure targets
on clinical outcomes as well as predictors influencing blood pressure
control in African Americans [36]. The study looked at African
Americans who had consented to take part in genetic studies within
SPRINT with a mean age of 64.3 years, mean arterial pressure 100.7
mmHg, eGFR 76.3 ml/min per 1.73 m? urine albumin: creatinine
ratio 49.9 mg/g, 8.2% had clinical cardiovascular disease defined
as prior coronary or carotid artery revascularization (surgical or
percutaneous) or myocardial infarction, and 45.3% were female.
APOLI was positively associated with CKD and urine albumin:
creatinine ratio, but negatively associated with eGFR. However,
APOLI risk variants were not shown to be significant to cardiovascular
disease, including myocardial infarction and coronary or carotid
artery revascularization in this high-risk non-diabetic sample,
suggesting APOLI risk variants are associated with mild CKD but not
prevalent cardiovascular disease in African Americans [37].

Trials in Subjects with Diabetes

The Action to Control Cardiovascular Risk in Diabetes Trial:
ACCORD

Rationale and design

Diabetes and hypertension are often found as comorbid
conditions in patients. The combination of both hypertension
and diabetes mellitus in an individual greatly increases the risk
for cardiovascular events above the risk level for either condition
alone [38]. Persons with diabetes have a substantially greater risk
of cardiovascular-related mortality than non- diabetics at any given
blood pressure [39]. The hypertension guidelines in 2004 from the US
Department of Veterans Affairs and the US Department of Defense
recommend a goal blood pressure in diabetes of < 140/80 mmHg
[40]. Numerous clinical trials on hypertension with diabetes patients
including Systolic Hypertension in the Elderly Program (SHEP)
[41], Hypertension Optimal Treatment (HOT) study [42,43], United
Kingdom Prospective Diabetes Study (UKPDS) [44,45], Systolic
Hypertension in Europe (Syst-Eur) trial [46], and Appropriate Blood
Pressure Control in Diabetes (ABCD) [46-48] trial have shown
efficacy of hypertension reduction and reduced mortality outcomes.
In a meta-analysis, the Blood Pressure Trialists’ Collaboration [49]
reported that the use of ACE inhibitors, calcium antagonists, ARBs,
and diuretics or B-blockers in patients with and without diabetes
reduced total major cardiovascular events to a comparable relative
extent by regimens. There was limited evidence showing larger
reductions in risk for major cardiovascular events with lower blood
pressure goals in patients with diabetes than without diabetes. This
latter finding provides support for conducting a more definitive test
of the effect of intensive blood pressure-lowering in the setting of
diabetes.

ACCORD examined the association between optimal glucose
control (HbAlc < 6%) compared to conventional glucose control
(targeted HbAlc 7-7.9%) and cardiovascular events. ACCORD was
also designed to provide the first definitive clinical trial data on
the possible benefit of treating to more aggressive blood pressure
to a specific intensive therapeutic goal of < 120 mmHg with
antihypertensive drug therapy compared to a strategy that targets a
systolic blood pressure of < 140 mmHg in preventing cardiovascular
disease in patients with diabetes where the primary outcome measure
for the trial is the first occurrence of a major cardiovascular event,
specifically nonfatal MI or stroke, or cardiovascular death with a
follow up of 4-8 years [50]. Approximately 54% (4,733) of ACCORD
participants were also part of the blood pressure arm of the trial. For
the glucose control aspect of the study, there was an increase of 22% in
mortality in the intensively treated group which caused investigators

to stop the study in this arm after a mean follow-up period of 3.7
years.

Clinical outcome

Early results from multiple clinical trials have shown that
reducing systolic blood pressure to < 140 mmHg results in 30%-60%
reductions in cardiovascular events. More intensive therapy did not
prove to reduce cardiovascular disease more effectively in diabetes
[51]. A total of 4733 participants with type 2 diabetes were randomly
assigned to intensive or standard therapy and the mean follow-up
time was 4.7 years. The mean systolic and diastolic blood pressures
of the participants at baseline were 139.2/76.0 mmHg. There was
a larger reduction from baseline in the intensive therapy group
compared to the standard therapy group with systolic blood pressure
at 119.3 mmHg and 133.5 mmHg and diastolic blood pressure at
64.4 mmHg and 70.5 mmHg, respectively. The difference between
the two therapy groups is associated with greater drug exposure in
the intensive therapy group, 3.4 mean number of medications after
the first year, compared to the standard therapy group, 2.1 mean
number of medications after the first year. Rate of serious adverse
events was significantly higher in the intensive-therapy group than
in the standard-therapy group. 445 cardiovascular events occurred
with 1.87% per year in the intensive-therapy group as compared
with 2.09% per year in the standard-therapy group. This is not a
significant difference between groups. Data suggests intensive blood
pressure reduction therapy has no greater impact on reducing major
cardiovascular outcomes in diabetic patients than the standard
therapy [52].

Non-significant data between the two therapy groups could have
varied based on level of central obesity amongst the participants. Sex-
specific quartiles of waist-to-height ratio were used as the measure
of central obesity for intensive and standard therapies. A ratio
exceeding 0.60 was considered obese with women having a higher
ratio than men. Results showed that baseline waist-to-height ratio did
not significantly modify the risk of cardiovascular outcomes when
comparing intensive and standard therapy groups, consistent with
the main ACCORD study [53].

Combination Therapy for Hyperglycemia and Hyper-
tension

A factorial study design in the ACCORD trial allowed analysis
of combinations of standard and intensive treatment of glycemia
with blood pressure. Although this was not the primary objective,
unexpected results were generated [54-56]. Patients were randomized
twice, first through varying HbAlc goals to study intensive versus
standard glycemia treatment and second through systolic blood
pressure for intensive versus standard blood pressure reduction
therapy. For the blood pressure trial, the risk for cardiovascular
death, nonfatal myocardial infarction, and nonfatal stroke, was
lower in the groups intensively treated for glycemia, blood pressure,
or both when compared to the group receiving standard treatment
for both glycemia and blood pressure which differs from the data in
the primary ACCORD trials. However, the intensive combination
therapy of blood pressure and glycemia treatment did not show
significant benefit compared with either single intensive intervention
[56].

Secondary Outcomes in Accord

Retinopathy

Retinopathy in diabetes is the most common microvascular
cause of blindness in the United States [57]. Using the ACCORD
and ACCORD Eye participants, a subset study used to evaluate
certain medical strategies to understand the progression of diabetic
retinopathy, the study looked at the use of intensive glycemic control,
combination therapy for dyslipidemia, and intensive blood-pressure
control to limit the progression of diabetic retinopathy in patients
with type 2 diabetes compared to the current standard therapy.
After a 4-year follow-up, when specifically isolating for intensive
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blood pressure control therapy, the intensive therapy group showed
a reduction in the progression of retinopathy over the standard
therapy with 10.4% decrease and 8.8% decrease in progression rate,
respectively. However, this data was not significant unlike intensive
glycemia treatment and intensive dyslipidemia therapy [43].

Atrial fibrillation

Currently there are no proven strategies that prevent atrial
fibrillation in type 2 diabetes, so a study was conducted to test whether
intensive blood pressure reduction therapy was superior to standard
blood pressure reduction therapy in decreasing the incidence of atrial
fibrillation and p-wave indices using participants from the ACCORD
trials. Data showed that the primary outcome incidence rates were 84.5
per 1,000 person-years in the standard-therapy group vs. 73.9 per 1,000
person-years in the intensive-therapy group, a greater reduction with
strict control of blood pressure in type 2 diabetes patients that suggests
potential benefit in preventing atrial fibrillation and p-wave indices [58].

Left ventricular hypertrophy (LVH)

LVH is a common complication of hypertension associated with
cardiovascular morbidity and mortality [59-62] which has been
shown to be reduced with regression of LVH [63-70]. Studies have
shown that a reduction in blood pressure leads to regression of LVH
[71] but does not show whether or not more intensive therapy than
currently provided would lead to better outcomes. Using participants
from the ACCORD trials, analysis revealed a 39% lower risk of LVH
in the intensive therapy group compared to the standard therapy
group after a median 4.4 years of follow-up. The risk reduction was
attributed to the fact that the intensive group had a greater regression
of the existing LVH as well as a decrease in incidence of new LVH.
Data suggests favorable effects of intensive blood pressure lowering
on LVH and reduction of cardiac mortality in patients with type 2
diabetes and increased cardiovascular risk [72].

Cardiovascular outcomes in CKD with diabetes

Patients with CKD are at high risk for developing cardiovascular
disease, but highly vulnerable to adverse effects of prescribed medication,
suggesting alternative methods should be studied. One study assessed
the impact of intensive antihypertensive therapy on the cerebrovascular
and other cardiovascular outcomes in high-risk patients with type 2
diabetes and baseline CKD using participants of the ACCORD trials. In
the intensive therapy group, patients without CKD and with CKD had
a 55% significant reduction and 38% reduction in the rate of any stroke,
respectively. Data suggests intensive anti-hypertensive therapy provides
significant cerebrovascular protection for patients without CKD,
however significant therapeutic benefits for patients with CKD, though
not proven in this study, cannot be excluded [73].

Microvascular complications

Blood pressure lowering has been shown to reduce microvascular
complications in patients with type 2 diabetes mellitus [30,31,74].
Data from the ACCORD trial was analyzed to see whether intensive
anti-hypertensive therapy could lead to a further reduction in
microvascular complications, using 10 predefined outcomes. These
outcomes included development of renal failure, nephropathy,
retinopathy and neuropathy. After a follow up of a median 4.7 years,
the data showed that microvascular complications occurred in 11.4%
of intensive and 10.9% of standard blood pressure control patients.
Thus, there was no significant association between intensive control
of blood pressure and improved microvascular outcomes. The study
also showed no interaction between intensive glycemic control
and intensive blood pressure control. This suggests that there is no
incremental benefit provided by intensive anti-hypertensive therapy
on microvascular outcomes in diabetes [75].

Medication Regimens

Thiazides

Yet another substudy stemming from SPRINT looked into the
patterns of prescription for thiazides, first line agents for hypertension
[76,77]. Thiazides are commonly used therapy for elevated blood

pressure. They are low in cost, well-tolerated and have been used with
efficacy for over 40 years [78]. A cross sectional analysis revealed that
atbaseline, 43% of SPRINT patients were receiving thiazide treatment,
but among those receiving monotherapy for hypertension, only 16%
were prescribed a thiazide over other anti-hypertensive agents such
as ACE inhibitors, p-blockers, or dihydropyridine calcium channel
blockers. Thiazide administration was skewed toward younger
subjects those with better renal function and African Americans.

Prescribing practices for thiazides vary based on multiple factors,
but they may be under prescribed in general. In an observational
study of treatment for resistant hypertension in the U.S., less than
60% of visits recorded thiazide use, despite the recommendation for
their use in this condition [79,80].

Clinicians tend to avoid prescribing thiazides and thiazide-
like (chlorthalidone and indapamide) diuretics to older patients
even though HYVET showed fewer adverse events in the active
treatment group compared to placebo. Other clinical trials such as
the antihypertensive and lipid-lowering treatment to prevent heart
attack trial (ALLHAT) and the NatriliX SR versus CandEsartan
and amLodipine in the reduction of systoLic blood prEssure in
hyperteNsive patienTs study (X-CELLENT) support use of thiazide
and thiazide-like diuretics as a first line hypertensive treatment in
older subjects [81,82].

In clinical practice there may be fears of increased adverse effects
which is supported by some data. Thiazides have been shown to
induce hyponatremia, especially in elderly persons with low body
mass index or low sodium diet [83]. Greater risk of decreased serum
sodium with thiazides occurs if there are comorbidities such as heart
failure, CKD or malignancy [84,85].

A cross sectional analysis of SPRINT subjects showed that women
were more likely than men to receive thiazide diuretic treatment
[24]. A number of older studies from the 1990s also show a tendency
to treat more women than men with thiazides and more recent
studies continue this pattern [86-88]. Reasons for using this class of
medication in women include the positive effect on calcium handling
with reduced osteoporotic fracture risk and the avoidance of ankle
swelling that can occur with CCBs [89].

Angiotensin II Converting-Enzyme (ACE) Inhibitors
and Angiotensin IT Receptor Blockers (ARBs)

ACE inhibitors and ARBs are first line treatments for patients
with diabetes mellitus and hypertension [90]. These drugs show
nephroprotective and cardioprotective properties as well as blood
pressure optimization [91-93] reducing the risk of cardiovascular-
related events and mortality [90]. However, prescribing practices for
patients with diabetes varies significantly. A study by Rosen, etal. made
use of a subset of data from subjects with diabetes age 55 and older
who participated in the National Health and Nutrition Examination
Survey and found national estimates of ACE inhibitor/ARB use in the
elderly diabetic population to be 43% overall and a maximum of 53%
in subjects with diabetes and 4 other clinical indications. This result is
exceedingly low since the data suggested that almost all of the patients
should be treated [94]. This is based on the recommendation that
diabetes occurring with select additional risk factors (hypertension,
albuminuria, cardiovascular disease) should be treated with ACE
inhibitors or ARBs. Another study included adults diagnosed with
diabetes mellitus from the National Ambulatory Medical Care Survey
(NAMCS) during 2007-2010. They found patients with comorbidities
such as hypertension, hyperlipidemia, and ischemic heart disease
were more likely to be prescribed ACE inhibitors or ARBs. However,
even though 64.1% of the study population had hypertension with
diabetes mellitus, only 37.9% of these patients received a prescription
for an ACE inhibitor/ARB [95].

In The United Kingdom Prospective Diabetes Study (UKPDS),
diabetic subjects were randomly assigned to tight or less tight blood
pressure control over a 4-year period. Tight control included an
ACE or beta-blocker and looser control did not. Tight control was

Shah et al. J Hypertens Manag 2016, 2:019

ISSN: 2474-3690 e Page 4 of 8«



associated with reduction of risk of death and other diabetes related
endpoints. However, once the study ended, post-trial follow-up
showed that differences in blood pressure between the 2 groups were
lost and so were the benefits of the previous tight control. There was
no legacy effect [96]. The issue of the legacy effect remains uncertain
and it has been suggested that the initial 4 years was too short to
confer an enduring advantage after discontinuation of tight control
[97]. Overall, the evidence favors ongoing control of blood pressure,
preferably starting early, as the best approach.

Both ACE inhibitors and ARBs block angiotensin II, an effector
protein of the renin-angiotensin system, which can induce bone loss.
Therefore, the use of these drugs may reduce bone loss and fractures.
One study compared the incidence of fractures in older hypertensive
men using ACE inhibitors or ARBs with CCBs. The study looked at
approximately 6,000 men older then the age of 65 with a baseline bone
density measured through the Osteoporotic Fractures in Men Study.
After mean follow-up of 6.8 years, ACE inhibitors and ARBs each
showed a significantly lower fracture incidence than non-users with
the hazard ratio of non-vertebral fractures three times lower in ARB
users than ACE inhibitor users. The research suggests superiority for
ARBs in conferring a lower incidence of fractures. However, there
was a trend of greater fracture risk reduction with longer duration of
ARB use, but not for ACE inhibitor use [98].

In a study of drug efficacy, 24-hour ambulatory blood pressure
responses were compared over 12 weeks in 304 subjects with
stage 1 or 2 hypertension given 4 weeks of the ARB valsartan 160
mg, followed by 4 weeks of valsartan 320 mg and finally valsartan
320 mg combined with hydrochlorothiazide 12.5 mg. Response to
valsartan monotherapy was poorer in patients older than 65 years
(10% of subjects in this study) and in black patients (34% of subjects
in this study). However, regardless of age or race, adding low dose
hydrochlorothiazide with valsartan proved to be more efficacious
than titration of an ARB when adjusting medication [99].

In African Americans, there is data from the ALLHAT study
suggesting that systolic blood pressure was lower with diuretic
treatment than with ACE inhibitor treatment (difference of 4 mmHg
after 5 years of follow-up). Hispanic participants achieved good
control with common medications, including thiazide-type diuretics.
The data from the SPRINT participants suggests intervention in
clinical settings for prescribing practices to match current guidelines
and data to create better global outcome [100].

Beta blockers

An important aspect of medication to consider is the effect of the
drug or drugs on a patient’s quality of life, including sexual function.
Several studies have shown associations of sexual dysfunction with
male use of -blockers and diuretics but it is unclear whether anti-
hypertensive drugs are associated with female sexual dysfunction
[101]. Using a cross sectional evaluation of the associations among
different classes of antihypertensive medications and (a) sexual
activity and (b) sexual function among female participants 50 years
and older at high risk for cardiovascular disease, analysis showed
no significant differences in sexual activity among women taking
one or more antihypertensive medications and women not taking
any. However, data did suggest that women take ACEI or ARB had
increased odds of sexual activity. Although no class of medication
were significantly associated with sexual dysfunction, 52% of sexually
active women were below the cutoff for sexual dysfunction [102].

INVEST (INternational VErapamil SR Trandolapril
STudy) [103]

Rationale and design

While SPRINT and ACCORD trials looked at more intensive
anti-hypertensive therapy, the 2014 Eighth Joint National Committee
(JNC-8) panel sought to evaluate threshold blood pressure for
initiation of therapy in patients age 60 and over. The panel initially
recommended that therapy be started when systolic blood pressure
was < 140 mmHg. However, their recently published paper loosened
the therapeutic target to < 150 mmHg for patients 60 years of age
and over [104]. Due to the confusion and controversy surrounding
the initiation of therapy, the JNC-8 sought to test their most recent
recommendations. They wanted to determine an optimal cutoff
systolic blood pressure at which to begin treatment. They therefore
performed a post-hoc analysis using data from patients enrolled in
the INternational VErapamil SR Trandolapril Study (INVEST).

INVEST contained 22,576 patients 50 years of age or older with
hypertension that required drug treatment and coexisting coronary
artery disease randomized to a multidrug anti-hypertensive strategy of
either the calcium antagonist verapamil-SR or the -blocker atenolol
(non-calcium antagonist). Specifically, for the study of systolic
blood pressure, 8,354 patients > 60 years of age with baseline SBP
of > 150 mmHg were chosen. Trandolapril and hydrochlorothiazide
were added if needed for blood pressure control to achieve blood
pressure goals of < 140 mmHg (systolic) and < 90 mmHg (diastolic);
and < 130 mmHg (systolic) and < 85 mmHg (diastolic) if diabetes
or renal impairment was present. Patients were categorized into
three groups: group 1, < 140 mmHg; group 2, 140 to < 150 mmHg;
and group 3, 2 150 mmHg. Primary outcome was first occurrence
of death (all-cause), nonfatal myocardial infarction, or nonfatal
stroke while secondary outcomes were all-cause mortality (all-
cause), cardiovascular mortality, total myocardial infarction (fatal
and nonfatal), nonfatal myocardial infarction, total stroke (fatal and
nonfatal), nonfatal stroke, heart failure, and revascularization.

Clinical outcome

Out of the total 8,354 patients included in the study 57% achieved
systolic BP of < 140 mmHg, 21% achieved systolic BP of 140 to < 150
mmHg, and 22% achieved systolic BP of > 150 mmHg with group 1
having the lowest rates of the primary outcome, all-cause mortality,
cardiovascular mortality, myocardial infarction, total stroke, and
nonfatal stroke without any increase in adverse experiences (Table 2).
This data contraindicates recently published findings which suggested
that lower blood pressure may not be better [105-108]. The data
suggests that patients > 60 years of age with coronary artery disease
who fail to achieve an on-treatment systolic blood pressure of < 140
mmHg have a significantly increased risk of stroke and other adverse
outcomes. It is important to note that this study was not designed to
measure whether or not even lower systolic blood pressure is superior
unlike the SPRINT and ACCORD trials. The American Heart
Association and American College of Cardiology maintain a systolic
blood pressure goal of < 140 mmHg in those over age 60.

Conclusion

High blood pressure affects nearly 80 million adults in the US
and the prevalence is expected to expand over the next 15 years
[109]. Due to its asymptomatic nature it can frequently remain

Table 2: INVEST study results.

[Coloumn1 ~ Group 1 (< 140 mmHg) Group 2 (140 to < 150 mmHg) Group 3 (2 150 mmHg)

% achieved target SBP 57% 21%
Primary outcome 9.36% 12.71%
All-cause mortality 7.92% 10.07%
Cardiovascular mortality 3.26% 4.58%
Myocardial infarction 1.07% 1.03%
Total stroke 1.19% 2.63%
Non-fatal stroke 0.86% 1.89%

22%
21.32%
16.81%
7.80%
2.91%
2.91%
2.86%
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Table 3: Comparison among SPRINT, ACCORD, and INVEST.

Coloumn 1 |SPRINT |ACCORD INVEST

Cardiovascular and mortality benefits | Significant Non-significant Most beneficial in group 1

Participants Non-diabetic Diabetic Coronary artery disease

Sample size 9361 4733 8354

Mean cohort age 67.9 62 70.7

Study objective Intensive antihypertension therapy | Intensive antihypertension therapy Efficacy of relaxed initiation therapy SBP
Baseline BP 139.7/78.1 139.2/76.0 165.4/90.2

undiagnosed and untreated. Hypertension is a major risk factor for
cardiovascular disease, and, with lifestyle changes and medications,
it is modifiable. The number and combination of drugs available to
manage hypertension is large and this has both negative and positive
implications. Clinicians and patients have many choices, but the
range of possibilities makes treatment complex and the potential
for side effects may lead to under-treatment or non-compliance. To
add to the problem, there is a lack of consensus on treatment targets,
especially in older persons and those with diabetes. This review
has presented results of some landmark trials that have attempted
to resolve questions concerning goals for optimal control of blood
pressure (Table 3). The answers are still indistinct and there will
undoubtedly be future studies to bring more clarity to the subject. At
this time, the information available can be synthesized by the treating
physician as a multi-pronged, personalized action plan designed to
obtain blood pressure control with the least possible number of well-
tolerated medications.

The results of the Sprint Trial in particular have raised questions
regarding the appropriateness of the JNC 8 recommendations [104],
but we believe it is premature to commit all patients to the lower
targets suggested by the SPRINT results. There are several reasons
for this. The first is that the benefit in the intensive target cohort was
driven primarily by a reduction in the development of heart failure,
which is consistent with most other studies examining the effect of
anti-hypertensive treatment. But this is in the context of the SPRINT
results not demonstrating a reduction in stroke, which is at significant
variance from virtually all other findings of blood pressure lowering
trials. Reduction in stroke incidence was found in ACCORD. As
such, it raises important questions about the lower target, because the
explanation of this discrepancy would require a novel mechanistic
description of how the antihypertensive regimens work. Because of the
consistent finding of reduced stroke incidence across antihypertensive
trials, the type of antihypertensive drug regimen does not appear to
explain the reduction, so differences in the drug regimens does not
explain this unusual finding in the SPRINT trial. Another puzzling
finding is the reduction in all-cause mortality, which is encouraging,
but without a plausible explanation prevents the SPRINT results
from necessarily directing a change in guidelines. Lastly, the SPRINT
population included a significant majority of patients who were
already treated with anti-hypertensive agents before enrollment,
and therefore cannot necessarily be considered in the high-normal
range, and this therefore tempers the recommendations that therapy
should be initiated even if the SBP is below 140 mmHg. Given these
concerns, we suggest that all high cardiovascular risk patients be
treated to a blood pressure of < 140/90 mmHg, and refer the reader
to the various guidelines presently available for additional direction
[104,110]. We await further trial data to refine our understanding of
this important risk factor, so that practitioners can better customize
therapy for their patients.

Acknowledgments

This work was supported by American Heart Association Grant
16GRNT26430041 and by the Elizabeth Daniell Research Fund. We
thank Janet and Robert Buescher for their generous support.

References

1. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, et al. (2005)
Global burden of hypertension: analysis of worldwide data. Lancet 365: 217-
223.

2. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, et al. (2003)
The seventh report of the joint national committee on prevention, detection,

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

evaluation, and treatment of high blood Pressure: The JNC 7 Report. JAMA
289: 2560-2572.

Collins R, Peto R, MacMahon S, Hebert P, Fiebach N, et al. (1990) Blood
pressure, stroke, and coronary heart disease. Part 2, short-term reductions in
blood pressure: Overview of randomised drug trials in their epidemiological
context. Lancet 335: 827-838.

Gillum RF (1991) Cardiovascular disease in the United States: an
epidemiologic overview. Cardiovasc Clin 21: 3-16.

Hsu CY, McCulloch CE, Darbinian J, Go AS, Iribarren C (2005) Elevated
blood pressure and risk of end-stage renal disease in subjects without
baseline kidney disease. Arch Intern Med 165: 923-928.

Jackson R (2000) Guidelines on preventing cardiovascular disease in clinical
practice. BMJ 320: 659-661.

Levy D, Larson MG, Vasan RS, Kannel WB, Ho KK (1996) The progression
from hypertension to congestive heart failure. JAMA 275: 1557-1562.

MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, et al. (1990) Blood
pressure, stroke, and coronary heart disease. Part 1, prolonged differences
in blood pressure: Prospective observational studies corrected for the
regression dilution bias. Lancet 335: 765-774.

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R (2002) Age-specific
relevance of usual blood pressure to vascular mortality: a meta-analysis of
individual data for one million adults in 61 prospective studies. Lancet 360:
1903-1913.

Sacco RL, Boden-Albala B, Abel G, Lin IF, Elkind M, et al. (2001) Race-ethnic
disparities in the impact of stroke risk factors: the northern Manhattan stroke
study. Stroke 32: 1725-1731.

Staessen J, Fagard R, Thijs L, Celis H, Arabidze G, et al. (1997) Randomised
double-blind comparison of placebo and active treatment for older patients
with isolated systolic hypertension. The Systolic hypertension in Europe
(Syst-Eur) trial investigators. Lancet 350: 757-764.

Vasan RS, Larson MG, Leip EP, Evans JC, O’'Donnell CJ, et al. (2001) Impact
of high-normal blood pressure on the risk of cardiovascular disease. N Engl
J Med 345: 1291-1297.

Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, et al. (2012) A comparative
risk assessment of burden of disease and injury attributable to 67 risk factors
and risk factor clusters in 21 regions, 1990-2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet 380: 2224-2260.

Neal B, MacMahon S, Chapman N, Pressure B (2000) Effects of ACE
inhibitors, calcium antagonists, and other blood-pressure-lowering drugs:
Results of prospectively designed overviews of randomised trials. Blood
pressure lowering treatment Trialists’ collaboration. Lancet 356: 1955-1964.

Psaty BM, Smith NL, Siscovick DS, Koepsell TD, Weiss NS, et al. (1997)
Health outcomes associated with antihypertensive therapies used as first-line
agents. A systematic review and meta-analysis. JAMA 277: 739-745.

Joffres M, Falaschetti E, Gillespie C, Robitaille C, Loustalot F, et al. (2013)
Hypertension prevalence, awareness, treatment and control in national
surveys from England, the USA and Canada, and correlation with stroke and
ischaemic heart disease mortality: a cross-sectional study. BMJ 3: e003423.

Lloyd-Sherlock P, Beard J, Minicuci N, Ebrahim S, Chatterji S (2014)
Hypertension among older adults in low- and middle-income countries:
prevalence, awareness and control. Int J Epidemiol 43: 116-128.

Burt VL, Whelton P, Roccella EJ, Brown C, Cutler JA, et al. (1995) Prevalence
of hypertension in the US adult population. Results from the Third National
Health and Nutrition Examination Survey, 1988-1991. Hypertension 25: 305-
313.

Ong KL, Cheung BM, Man YB, Lau CP, Lam KS (2007) Prevalence,
awareness, treatment, and control of hypertension among United States
adults 1999-2004. Hypertension 49: 69-75.

Butt DA, Harvey PJ (2015) Benefits and risks of antihypertensive medications
in the elderly. J Intern Med 278: 599-626.

Butt DA, Mamdani M, Austin PC, Tu K, Gomes T, et al. (2012) The risk of hip
fracture after initiating antihypertensive drugs in the elderly. Arch Intern Med
172: 1739-1744.

Mann SJ (2008) The silent epidemic of thiazide-induced hyponatremia. J Clin
Hypertens (Greenwich) 10: 477-484.

Shah et al. J Hypertens Manag 2016, 2:019

ISSN: 2474-3690 e Page 60f8 e


https://www.ncbi.nlm.nih.gov/pubmed/12748199
https://www.ncbi.nlm.nih.gov/pubmed/12748199
https://www.ncbi.nlm.nih.gov/pubmed/1969567
https://www.ncbi.nlm.nih.gov/pubmed/1969567
https://www.ncbi.nlm.nih.gov/pubmed/1969567
https://www.ncbi.nlm.nih.gov/pubmed/1969567
https://www.ncbi.nlm.nih.gov/pubmed/2044113
https://www.ncbi.nlm.nih.gov/pubmed/2044113
https://www.ncbi.nlm.nih.gov/pubmed/15851645
https://www.ncbi.nlm.nih.gov/pubmed/15851645
https://www.ncbi.nlm.nih.gov/pubmed/15851645
https://www.ncbi.nlm.nih.gov/pubmed/10710556
https://www.ncbi.nlm.nih.gov/pubmed/10710556
https://www.ncbi.nlm.nih.gov/pubmed/8622246
https://www.ncbi.nlm.nih.gov/pubmed/8622246
https://www.ncbi.nlm.nih.gov/pubmed/1969518
https://www.ncbi.nlm.nih.gov/pubmed/1969518
https://www.ncbi.nlm.nih.gov/pubmed/1969518
https://www.ncbi.nlm.nih.gov/pubmed/1969518
http://www.thelancet.com/journals/lancet/article/PIIS0140673602119118/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140673602119118/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140673602119118/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140673602119118/abstract
https://www.ncbi.nlm.nih.gov/pubmed/11486097
https://www.ncbi.nlm.nih.gov/pubmed/11486097
https://www.ncbi.nlm.nih.gov/pubmed/11486097
https://www.ncbi.nlm.nih.gov/pubmed/9297994
https://www.ncbi.nlm.nih.gov/pubmed/9297994
https://www.ncbi.nlm.nih.gov/pubmed/9297994
https://www.ncbi.nlm.nih.gov/pubmed/9297994
http://www.nejm.org/doi/full/10.1056/NEJMoa003417#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa003417#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa003417#t=article
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)61766-8/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)61766-8/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)61766-8/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)61766-8/abstract
https://www.ncbi.nlm.nih.gov/pubmed/11130523
https://www.ncbi.nlm.nih.gov/pubmed/11130523
https://www.ncbi.nlm.nih.gov/pubmed/11130523
https://www.ncbi.nlm.nih.gov/pubmed/11130523
https://www.ncbi.nlm.nih.gov/pubmed/9042847
https://www.ncbi.nlm.nih.gov/pubmed/9042847
https://www.ncbi.nlm.nih.gov/pubmed/9042847
http://bmjopen.bmj.com/content/3/8/e003423.abstract
http://bmjopen.bmj.com/content/3/8/e003423.abstract
http://bmjopen.bmj.com/content/3/8/e003423.abstract
http://bmjopen.bmj.com/content/3/8/e003423.abstract
http://ije.oxfordjournals.org/content/early/2014/02/06/ije.dyt215.full
http://ije.oxfordjournals.org/content/early/2014/02/06/ije.dyt215.full
http://ije.oxfordjournals.org/content/early/2014/02/06/ije.dyt215.full
http://hyper.ahajournals.org/content/25/3/305
http://hyper.ahajournals.org/content/25/3/305
http://hyper.ahajournals.org/content/25/3/305
http://hyper.ahajournals.org/content/25/3/305
https://www.ncbi.nlm.nih.gov/pubmed/17159087
https://www.ncbi.nlm.nih.gov/pubmed/17159087
https://www.ncbi.nlm.nih.gov/pubmed/17159087
https://www.ncbi.nlm.nih.gov/pubmed/26497967
https://www.ncbi.nlm.nih.gov/pubmed/26497967
https://www.ncbi.nlm.nih.gov/pubmed/23165923
https://www.ncbi.nlm.nih.gov/pubmed/23165923
https://www.ncbi.nlm.nih.gov/pubmed/23165923
https://www.ncbi.nlm.nih.gov/pubmed/18550938
https://www.ncbi.nlm.nih.gov/pubmed/18550938
https://www.ncbi.nlm.nih.gov/pubmed/15652604
https://www.ncbi.nlm.nih.gov/pubmed/15652604
https://www.ncbi.nlm.nih.gov/pubmed/15652604
https://www.ncbi.nlm.nih.gov/pubmed/12748199
https://www.ncbi.nlm.nih.gov/pubmed/12748199

23.

24,

25

26.

2

<

2

oo

2

©

3

o

3

=

32.

3

w

34.

3

[$2

36.
37.

38.

39.

40.

4

iy

42.

43

44,

4

[}

46.

47.

Ernst ME, Moser M (2009) Use of diuretics in patients with hypertension. N
Engl J Med 361: 2153-2164.

Ambrosius WT, Sink KM, Foy CG, Berlowitz DR, Cheung AK, et al. (2014) The
design and rationale of a multicenter clinical trial comparing two strategies for
control of systolic blood pressure: The Systolic blood pressure intervention
trial (SPRINT). Clinical Trials 11: 532-546.

. SPRINT research group, Wright J, Williamson J, Whelton P, Snyder J, et

al. (2015) A Randomized trial of intensive versus standard blood-pressure
control. N Engl J Med 373: 2103-2116.

Denker MG, Cohen DL (2013) What is an appropriate blood pressure goal
for the elderly: review of recent studies and practical recommendations. Clin
Interv Aging 8: 1505-1517.

. Strunk AD, Mayer SD (2013) Resistant hypertension in the elderly: optimizing

outcomes while avoiding adverse effects. Consult Pharm 28: 307-312.

. Williamson JD, Supiano MA, Applegate WB, Berlowitz DR, Campbell RC, et

al. (2016) Intensive vs Standard Blood Pressure Control and Cardiovascular
Disease Outcomes in Adults Aged 275 Years: A Randomized Clinical Trial.
JAMA 315: 2673-2682.

. Bulpitt C, Fletcher A, Beckett N, Coope J, Gil-Extremera B, et al. (2001)

Hypertension in the Very Elderly Trial (HYVET): protocol for the main trial.
Drugs Aging 18: 151-164.

.Beckett NS, Peters R, Fletcher AE, Staessen JA, Liu L, et al. (2008)

Treatment of hypertension in patients 80 years of age or older. N Engl J Med
358: 1887-1898.

. Pajewski N, Williamson J, Applegate W, Berlowitz Bolin L, Chertow G, et al.

(2016) Characterizing Frailty status in the Systolic blood pressure intervention
trial. Series A: J. Gerontol 71: 649-655.

Chang TI, Evans G, Cheung AK, Cushman WC, Diamond MJ, et al. (2016)
Patterns and Correlates of Baseline Thiazide-Type Diuretic Prescription in
the Systolic Blood Pressure Intervention Trial. Hypertension 67: 550-555.

. Phillips RA (2015) Current and Future Treatment of Hypertension in the

SPRINT Era. Methodist Debakey Cardiovasc J 11: 206-213.

Shahin MH, Johnson JA (2016) Mechanisms and pharmacogenetic signals
underlying thiazide diuretics blood pressure response. Curr Opin Pharmacol
27: 31-37.

. Fontil V, Pletcher MJ, Khanna R, Guzman D, Victor R, et al. (2014) Physician

underutilization of effective medications for resistant hypertension at office
visits in the United States: NAMCS 2006-2010. J Gen Intern Med 29: 468-
476.

Egan BM (2015) Treatment Resistant Hypertension. Ethn Dis 25: 495-498.

ALLHAT Officers and Coordinators for the ALLHAT Collaborative Research
Group, The Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (2002) Major outcomes in high-risk hypertensive patients
randomized to angiotensin-converting enzyme inhibitor or calcium channel
blocker vs diuretic: The Antihypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack Trial (ALLHAT). JAMA 288: 2981-2997.

London G, Schmieder R, Calvo C, Asmar R (2006) Indapamide SR versus
candesartan and amlodipine in hypertension: the X-CELLENT Study. Am J
Hypertens 19: 113-121.

Hwang KS, Kim GH (2010) Thiazide-induced hyponatremia. Electrolyte Blood
Press 8: 51-57.

Makam AN, Boscardin WJ, Miao Y, Steinman MA (2014) Risk of thiazide-
induced metabolic adverse events in older adults. J Am Geriatr Soc 62: 1039-
1045.

. Barrios V, Escobar C (2014) Which thiazide to choose as add-on therapy for

hypertension? Integr Blood Press Control 7: 35-47.

Klungel OH, de Boer A, Paes AH, Seidell JC, Bakker A (1997) Sex differences
in the pharmacological treatment of hypertension: a review of population-
based studies. J Hypertens 15: 591-600.

. Hansson L, Zanchetti A, Carruthers SG, Dahlof B, Elmfeldt D, et al. (1998)

Effects of intensive blood-pressure lowering and low-dose aspirin in patients
with hypertension: principal results of the Hypertension Optimal Treatment
(HOT) randomised trial. Lancet 351: 1755-1762.

Thoenes M, Neuberger HR, Volpe M, Khan BV, Kirch W, et al. (2010)
Antihypertensive drug therapy and blood pressure control in men and women:
an international perspective. J Hum Hypertens 24: 336-344.

. Felson DT, Sloutskis D, Anderson JJ, Anthony JM, Kiel DP (1991) Thiazide

diuretics and the risk of hip fracture. Results from the Framingham Study.
JAMA 265: 370-373.

Dusing R (2005) Sexual dysfunction in male patients with hypertension:
influence of antihypertensive drugs. Drugs 65: 773-786.

Thomas H, Evans G, BerlowitzDR, Chertow G, Conroy M, et al. (2016)
Antihypertensive medications and sexual function in women: Baseline data
from the SBP intervention trial (SPRINT). J Hypertens 34: 1224-1231.

48.

49.

5

o

5

o

52.

5

w

54.

5

a

5

(o2}

57.

5

co

59.

60.

6

=

6

N

6!

w

64.

6!

(5]

66.

67.

6

oo

6!

©

7!

o

Gargiulo R, Suhail F, Lerma EV (2015) Cardiovascular disease and chronic
kidney disease. Dis Mon 61: 403-413.

Weber MA, Lackland DT (2016) Hypertension: Cardiovascular benefits of
lowering blood pressure. Nat Rev Nephrol 12: 202-204.

. Collins AJ, Foley RN, Herzog C, Chavers B, Gilbertson D, et al. (2013) US

Renal Data System 2012 Annual Data Report. Am J Kidney Dis 61: A7, e1-
476.

. Lipkowitz MS, Freedman BI, Langefeld CD, Comeau ME, Bowden DW, et

al. (2013) Apolipoprotein L1 gene variants associate with hypertension-
attributed nephropathy and the rate of kidney function decline in African
Americans. Kidney Int 83: 114-120.

Still CH, Wright JT, Bee A, Craven T, Bates J, et al. (2015) Baseline
characteristics of African Americans in the Systolic blood pressure
intervention trial (SPRINT). J Am Soc Hypertens 9: 670-679.

. Langefeld C, Divers J, Pajewski N, Hawfield A, Reboussin D, et al. (2014)

Apolipoprotein L1 gene variants associate with prevalent kidney but not
prevalent cardiovascular disease in the Systolic blood pressure intervention
trial. Kidney int 87: 169-175.

(1993) Hypertension in Diabetes Study (HDS): Il. Increased risk of
cardiovascular complications in hypertensive type 2 diabetic patients. J
Hypertens 11: 319-325.

. Stamler J, Vaccaro O, Neaton JD, Wentworth D (1993) Diabetes, other risk

factors, and 12-yr cardiovascular mortality for men screened in the Multiple
Risk Factor Intervention Trial. Diabetes Care 16: 434-444.

. http://www.healthquality.va.gov/guidelines/CD/diabetes/DM2010_FUL-v4e.

pdf.

Curb J, Pressel S, Cutler J, Savage P, Applegate W, et al. (1996) Effect of
diuretic-based antihypertensive treatment on cardiovascular disease risk in older
diabetic patients with isolated systolic hypertension. Systolic hypertension in the
elderly program cooperative research group. JAMA 276: 1886-1892.

. Zanchetti A, Hansson L, Clement D, Elmfeldt D, Julius S, et al. (2003)

Benefits and risks of more intensive blood pressure lowering in hypertensive
patients of the HOT study with different risk profiles: does a J-shaped curve
exist in smokers? J Hypertens 21: 797-804.

UK Prospective Diabetes Study Group (1998) Tight blood pressure control
and risk of macrovascular and microvascular complications in type 2 diabetes:
UKPDS 38. BMJ 317: 703-713.

(1998) Efficacy of atenolol and captopril in reducing risk of macrovascular and
microvascular complications in type 2 diabetes: UKPDS 39. UK Prospective
Diabetes Study Group. BMJ 317: 713-720.

. Tuomilehto J, Rastenyte D, Birkenhager W, Thijs L, Antikainen R, et al.

(1999) Effects of calcium-channel blockade in older patients with diabetes
and systolic hypertension. Systolic hypertension in Europe trial investigators.
N Engl J Med 340: 677-684.

. Schrier RW, Estacio RO, Jeffers B (1996) Appropriate Blood Pressure

Control in NIDDM (ABCD) Trial. Diabetologia 39: 1646-1654.

. Estacio RO, Jeffers BW, Hiatt WR, Biggerstaff SL, Gifford N, et al. (1998) The

effect of nisoldipine as compared with enalapril on cardiovascular outcomes
in patients with non-insulin-dependent diabetes and hypertension. N Engl J
Med 338: 645-652.

Estacio RO, Jeffers BW, Gifford N, Schrier RW (2000) The effect of blood
pressure control on diabetic microvascular complications in patients with
hypertension and type 2 diabetes. Diabetes Care 23: B54-B64.

. Turnbull F, Neal B, Algert C, Chalmers J, Chapman N, et al. (2005) Effects of

different blood pressure-lowering regimens on major cardiovascular events
in individuals with and without diabetes mellitus: Results of prospectively
designed overviews of randomized trials. Arch Intern Med 165: 1410-1419.

Cushman WC, Grimm RH, Cutler JA, Evans GW, Capes S, et al. (2007)
Rationale and design for the blood pressure intervention of the action to control
cardiovascular risk in diabetes (ACCORD) trial. Am J Cardiol 99: S44-S55.

Goff DC, Gerstein HC, Ginsberg HN, Cushman WC, Margolis KL, et al. (2007)
Prevention of cardiovascular disease in persons with type 2 diabetes Mellitus:
Current knowledge and rationale for the action to control cardiovascular risk
in diabetes (ACCORD) trial. Am J Cardiol 99: S4-S20.

. Action to Control Cardiovascular Risk in Diabetes Study Group, Gerstein HC,

Miller ME, Byington RP, Goff DC Jr, et al. (2008) Effects of intensive glucose
lowering in type 2 diabetes. N Engl J Med 358: 2545-2559.

. Barzilay JI, Howard AG, Evans GW, Fleg JL, Cohen RM, et al. (2012)

Intensive blood pressure treatment does not improve cardiovascular
outcomes in centrally obese Hypertensive individuals with diabetes: The
action to control cardiovascular risk in diabetes (ACCORD) blood pressure
trial. Diabetes Care 35: 1401-1405.

. Gerstein H, Miller M, Genuth S, Ismail-Beigi F, Buse J, et al. (2011) Long-

term effects of intensive glucose lowering on cardiovascular outcomes. N
Engl J Med 364: 818-828.

Shah et al. J Hypertens Manag 2016, 2:019

ISSN: 2474-3690 e Page70f8 e


https://www.ncbi.nlm.nih.gov/pubmed/26328516
https://www.ncbi.nlm.nih.gov/pubmed/26328516
http://www.nature.com/nrneph/journal/v12/n4/full/nrneph.2016.27.html
http://www.nature.com/nrneph/journal/v12/n4/full/nrneph.2016.27.html
https://www.ncbi.nlm.nih.gov/pubmed/23253259
https://www.ncbi.nlm.nih.gov/pubmed/23253259
https://www.ncbi.nlm.nih.gov/pubmed/23253259
https://www.ncbi.nlm.nih.gov/pubmed/22832513
https://www.ncbi.nlm.nih.gov/pubmed/22832513
https://www.ncbi.nlm.nih.gov/pubmed/22832513
https://www.ncbi.nlm.nih.gov/pubmed/22832513
https://www.ncbi.nlm.nih.gov/pubmed/26320890
https://www.ncbi.nlm.nih.gov/pubmed/26320890
https://www.ncbi.nlm.nih.gov/pubmed/26320890
https://www.ncbi.nlm.nih.gov/pubmed/25029429
https://www.ncbi.nlm.nih.gov/pubmed/25029429
https://www.ncbi.nlm.nih.gov/pubmed/25029429
https://www.ncbi.nlm.nih.gov/pubmed/25029429
https://www.ncbi.nlm.nih.gov/pubmed/8387090
https://www.ncbi.nlm.nih.gov/pubmed/8387090
https://www.ncbi.nlm.nih.gov/pubmed/8387090
http://care.diabetesjournals.org/content/16/2/434
http://care.diabetesjournals.org/content/16/2/434
http://care.diabetesjournals.org/content/16/2/434
http://www.healthquality.va.gov/guidelines/CD/diabetes/DM2010_FUL-v4e.pdf 
http://www.healthquality.va.gov/guidelines/CD/diabetes/DM2010_FUL-v4e.pdf 
https://www.ncbi.nlm.nih.gov/pubmed/8968014
https://www.ncbi.nlm.nih.gov/pubmed/8968014
https://www.ncbi.nlm.nih.gov/pubmed/8968014
https://www.ncbi.nlm.nih.gov/pubmed/8968014
https://www.ncbi.nlm.nih.gov/pubmed/12658027
https://www.ncbi.nlm.nih.gov/pubmed/12658027
https://www.ncbi.nlm.nih.gov/pubmed/12658027
https://www.ncbi.nlm.nih.gov/pubmed/12658027
http://www.bmj.com/content/317/7160/703
http://www.bmj.com/content/317/7160/703
http://www.bmj.com/content/317/7160/703
https://www.ncbi.nlm.nih.gov/pubmed/9732338
https://www.ncbi.nlm.nih.gov/pubmed/9732338
https://www.ncbi.nlm.nih.gov/pubmed/9732338
http://www.nejm.org/doi/full/10.1056/NEJM199903043400902#t=article
http://www.nejm.org/doi/full/10.1056/NEJM199903043400902#t=article
http://www.nejm.org/doi/full/10.1056/NEJM199903043400902#t=article
http://www.nejm.org/doi/full/10.1056/NEJM199903043400902#t=article
https://www.ncbi.nlm.nih.gov/pubmed/8960857
https://www.ncbi.nlm.nih.gov/pubmed/8960857
http://www.nejm.org/doi/full/10.1056/NEJM199803053381003?ck=nck#t=article
http://www.nejm.org/doi/full/10.1056/NEJM199803053381003?ck=nck#t=article
http://www.nejm.org/doi/full/10.1056/NEJM199803053381003?ck=nck#t=article
http://www.nejm.org/doi/full/10.1056/NEJM199803053381003?ck=nck#t=article
http://journal.diabetes.org/diabetescare/FullText/Supplements/DiabetesCare/Supplement400/B54.asp
http://journal.diabetes.org/diabetescare/FullText/Supplements/DiabetesCare/Supplement400/B54.asp
http://journal.diabetes.org/diabetescare/FullText/Supplements/DiabetesCare/Supplement400/B54.asp
https://www.ncbi.nlm.nih.gov/pubmed/15983291
https://www.ncbi.nlm.nih.gov/pubmed/15983291
https://www.ncbi.nlm.nih.gov/pubmed/15983291
https://www.ncbi.nlm.nih.gov/pubmed/15983291
https://www.ncbi.nlm.nih.gov/pubmed/17599425
https://www.ncbi.nlm.nih.gov/pubmed/17599425
https://www.ncbi.nlm.nih.gov/pubmed/17599425
https://www.ncbi.nlm.nih.gov/pubmed/17599424
https://www.ncbi.nlm.nih.gov/pubmed/17599424
https://www.ncbi.nlm.nih.gov/pubmed/17599424
https://www.ncbi.nlm.nih.gov/pubmed/17599424
http://www.nejm.org/doi/full/10.1056/NEJMoa0802743#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa0802743#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa0802743#t=article
https://www.ncbi.nlm.nih.gov/pubmed/22723577
https://www.ncbi.nlm.nih.gov/pubmed/22723577
https://www.ncbi.nlm.nih.gov/pubmed/22723577
https://www.ncbi.nlm.nih.gov/pubmed/22723577
https://www.ncbi.nlm.nih.gov/pubmed/22723577
http://www.nejm.org/doi/full/10.1056/NEJMoa1006524#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1006524#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1006524#t=article
http://www.nejm.org/doi/full/10.1056/NEJMra0907219
http://www.nejm.org/doi/full/10.1056/NEJMra0907219
https://www.ncbi.nlm.nih.gov/pubmed/24902920
https://www.ncbi.nlm.nih.gov/pubmed/24902920
https://www.ncbi.nlm.nih.gov/pubmed/24902920
https://www.ncbi.nlm.nih.gov/pubmed/24902920
http://www.nejm.org/doi/full/10.1056/NEJMoa1511939#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1511939#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1511939#t=article
https://www.ncbi.nlm.nih.gov/pubmed/24255596
https://www.ncbi.nlm.nih.gov/pubmed/24255596
https://www.ncbi.nlm.nih.gov/pubmed/24255596
https://www.ncbi.nlm.nih.gov/pubmed/23649679
https://www.ncbi.nlm.nih.gov/pubmed/23649679
https://www.ncbi.nlm.nih.gov/pubmed/27195814
https://www.ncbi.nlm.nih.gov/pubmed/27195814
https://www.ncbi.nlm.nih.gov/pubmed/27195814
https://www.ncbi.nlm.nih.gov/pubmed/27195814
https://www.ncbi.nlm.nih.gov/pubmed/11302283
https://www.ncbi.nlm.nih.gov/pubmed/11302283
https://www.ncbi.nlm.nih.gov/pubmed/11302283
http://www.nejm.org/doi/full/10.1056/NEJMoa0801369#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa0801369#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa0801369#t=article
https://www.ncbi.nlm.nih.gov/pubmed/26755682
https://www.ncbi.nlm.nih.gov/pubmed/26755682
https://www.ncbi.nlm.nih.gov/pubmed/26755682
http://hyper.ahajournals.org/content/early/2016/01/25/HYPERTENSIONAHA.115.06851.abstract
http://hyper.ahajournals.org/content/early/2016/01/25/HYPERTENSIONAHA.115.06851.abstract
http://hyper.ahajournals.org/content/early/2016/01/25/HYPERTENSIONAHA.115.06851.abstract
https://www.ncbi.nlm.nih.gov/pubmed/27057288
https://www.ncbi.nlm.nih.gov/pubmed/27057288
https://www.ncbi.nlm.nih.gov/pubmed/26874237
https://www.ncbi.nlm.nih.gov/pubmed/26874237
https://www.ncbi.nlm.nih.gov/pubmed/26874237
https://www.ncbi.nlm.nih.gov/pubmed/24249113
https://www.ncbi.nlm.nih.gov/pubmed/24249113
https://www.ncbi.nlm.nih.gov/pubmed/24249113
https://www.ncbi.nlm.nih.gov/pubmed/24249113
https://www.ncbi.nlm.nih.gov/pubmed/26674466
https://www.ncbi.nlm.nih.gov/pubmed/12479763
https://www.ncbi.nlm.nih.gov/pubmed/12479763
https://www.ncbi.nlm.nih.gov/pubmed/12479763
https://www.ncbi.nlm.nih.gov/pubmed/12479763
https://www.ncbi.nlm.nih.gov/pubmed/12479763
https://www.ncbi.nlm.nih.gov/pubmed/12479763
https://www.ncbi.nlm.nih.gov/pubmed/16461202
https://www.ncbi.nlm.nih.gov/pubmed/16461202
https://www.ncbi.nlm.nih.gov/pubmed/16461202
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3041494/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3041494/
https://www.ncbi.nlm.nih.gov/pubmed/24823661
https://www.ncbi.nlm.nih.gov/pubmed/24823661
https://www.ncbi.nlm.nih.gov/pubmed/24823661
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4142573/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4142573/
https://www.ncbi.nlm.nih.gov/pubmed/9218177
https://www.ncbi.nlm.nih.gov/pubmed/9218177
https://www.ncbi.nlm.nih.gov/pubmed/9218177
https://www.ncbi.nlm.nih.gov/pubmed/9635947
https://www.ncbi.nlm.nih.gov/pubmed/9635947
https://www.ncbi.nlm.nih.gov/pubmed/9635947
https://www.ncbi.nlm.nih.gov/pubmed/9635947
https://www.ncbi.nlm.nih.gov/pubmed/19798089
https://www.ncbi.nlm.nih.gov/pubmed/19798089
https://www.ncbi.nlm.nih.gov/pubmed/19798089
https://www.ncbi.nlm.nih.gov/pubmed/1984536
https://www.ncbi.nlm.nih.gov/pubmed/1984536
https://www.ncbi.nlm.nih.gov/pubmed/1984536
https://www.ncbi.nlm.nih.gov/pubmed/15819590
https://www.ncbi.nlm.nih.gov/pubmed/15819590
https://www.ncbi.nlm.nih.gov/pubmed/27032074
https://www.ncbi.nlm.nih.gov/pubmed/27032074
https://www.ncbi.nlm.nih.gov/pubmed/27032074

7

N

72.

73.

74.

75.

76.

77.

7

[e ]

79.

80.

8

=

82.

83.

84.

85.

86.

87.

88.

8

o

90.

9

=

. Action to Control Cardiovascular Risk in Diabetes Study Group, Gerstein HC,

Miller ME, Byington RP, Goff DC Jr, et al. (2008) Effects of intensive glucose
lowering in type 2 diabetes. N Engl J Med 358: 2545-2559.

Margolis K, O’Connor P, Morgan T, Buse J, Cohen R, et al. (2014) Outcomes
of combined cardiovascular risk factor management strategies in type 2
diabetes: The ACCORD randomized trial. Diabetes care 37: 1721-1728.

Kempen J, O’Colmain B, Leske M, Haffner S, Klein R, et al. (2004) The
prevalence of diabetic retinopathy among adults in the United States. Arch
Ophthalmol 122: 552-563.

ACCORD Study Group, ACCORD Eye Study Group, Chew EY, Ambrosius
WT, Davis MD, et al. (2010) Effects of medical therapies on retinopathy
progression in type 2 diabetes. N Engl J Med 363: 233-244.

Chen LY, Bigger JT, Hickey KT, Chen H, Lopez-Jimenez C, et al. (2015)
Effect of intensive blood pressure lowering on incident Atrial fibrillation and
p-wave indices in the ACCORD blood pressure trial. Am J Hypertens.

Koren MJ, Devereux RB, Casale PN, Savage DD, Laragh JH (1991)
Relation of left ventricular mass and geometry to morbidity and mortality in
uncomplicated essential hypertension. Ann Intern Med 114: 345-352.

Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP (1990) Prognostic
implications of echocardiographically determined left ventricular mass in the
Framingham Heart Study. N Engl J Med 322: 1561-1566.

. Bikkina M, Levy D, Evans JC, Larson MG, Benjamin EJ, et al. (1994) Left

ventricular mass and risk of stroke in an elderly cohort. The Framingham
Heart Study. JAMA 272: 33-36.

Roush GC, Sica DA (2016) Diuretics for Hypertension: A Review and Update.
Am J Hypertens 29: 1130-1137.

(1985) Five-year findings of the hypertension detection and follow-up program.
Prevention and reversal of left ventricular hypertrophy with antihypertensive
drug therapy. Hypertension detection and follow-up program cooperative
group. Hypertension 7: 105-112.

. Prineas RJ, Rautaharju PM, Grandits G, Crow R (2001) Independent

risk for cardiovascular disease predicted by modified continuous score
electrocardiographic criteria for 6-year incidence and regression of left
ventricular hypertrophy among clinically disease free men: 16-year follow-up
for the multiple risk factor intervention trial. J Electrocardiol 34: 91-101.

Mathew J, Sleight P, Lonn E, Johnstone D, Pogue J, et al. (2001) Reduction
of cardiovascular risk by regression of Electrocardiographic markers of
left ventricular hypertrophy by the angiotensin-converting enzyme inhibitor
ramipril. Circulation 104: 1615-1621.

Levy D, Salomon M, D’Agostino RB, Belanger AJ, Kannel WB (1994) Prognostic
implications of baseline electrocardiographic features and their serial changes in
subjects with left ventricular hypertrophy. Circulation 90: 1786-1793.

Okin PM, Devereux RB, Jern S, Kjeldsen SE, Julius S, et al. (2004) Regression
of Electrocardiographic left ventricular hypertrophy during Antihypertensive
treatment and the prediction of Major Cardiovascular events. JAMA 292:
2343-2349.

Dahléf B, Devereux R, Kjeldsen S, Julius S, Beevers G, et al. (2002)
Cardiovascular morbidity and mortality in the Losartan intervention for
Endpoint reduction in hypertension study (LIFE): A randomised trial against
atenolol. Lancet 359: 995-1003.

Okin PM, Devereux RB, Harris KE, Jern S, Kjeldsen SE, et al. (2007) In-
treatment resolution or absence of electrocardiographic left ventricular
hypertrophy is associated with decreased incidence of new-onset diabetes
mellitus in hypertensive patients: the Losartan Intervention for Endpoint
Reduction in Hypertension (LIFE) Study. Hypertension 50: 984-990.

Okin PM, Devereux RB, Harris KE, Jern S, Kjeldsen SE, et al. (2007)
Regression of electrocardiographic left ventricular hypertrophy is associated
with less hospitalization for heart failure in hypertensive patients. Ann Intern
Med 147: 311-319.

Izzo JL, Bakris GL, Black HR, Cushman WC, Green LA, et al. (2003) Seventh
report of the joint national committee on prevention, detection, evaluation,
and treatment of high blood pressure. Hypertension 42: 1206-1252.

. Soliman EZ, Byington RP, Bigger TJ, Evans G, Okin PM, et al. (2015) Effect

of intensive blood pressure lowering on left ventricular hypertrophy in patients
with diabetes Mellitus. Hypertension 66: 1123-1129.

(2010) Standards of medical care in diabetes-2010. American Diabetes
Association Diabetes Care 33: S11-S61.

. Fioretto P, Solini A (2005) Antihypertensive treatment and multifactorial

approach for renal protection in diabetes. J Am Soc Nephrol 16: S18-21.

92. Parving HH, Lehnert H, Brochner-Mortensen J, Gomis R, Andersen S, et al.
(2001) The effect of irbesartan on the development of diabetic nephropathy in
patients with type 2 diabetes. N Engl J Med 345: 870-878.

93. Viberti G, Wheeldon NM (2002) Microalbuminuria Reduction With Valsartan
(Marval) Study Investigators Microalbuminuria reduction with valsartan in
patients with type 2 diabetes mellitus: a blood pressure-independent effect.
Circulation 106: 672-678.

94. Rosen AB (2006) Indications for and utilization of ACE inhibitors in older
individuals with diabetes. Findings from the National Health and Nutrition
Examination Survey 1999 to 2002. J Gen Intern Med 21: 315-319.

9

a

.lbrahim SL, Jiroutek MR, Holland MA, Sutton BS (2016) Utilization of
angiotensin converting enzyme inhibitors (ACEI) and angiotensin receptor
blockers (ARB) in patients diagnosed with diabetes: Analysis from the
national ambulatory medical care survey. Prev Med Rep 3: 166-170.

96. Holman RR, Paul SK, Bethel MA, Neil HA, Matthews DR (2008) Long-term
follow-up after tight control of blood pressure in type 2 diabetes. N Engl J Med
359: 1565-1576.

97. Parati G, Bilo G, Ochoa JE (2011) Benefits of tight blood pressure control
in diabetic patients with hypertension: importance of early and sustained
implementation of effective treatment strategies. Diabetes Care 34:
S$297-S303.

98. Kwok T, Leung J, Barrett-Connor E, Fractures O (2016) ARB users exhibit a
lower fracture incidence than ACE inhibitor users among older hypertensive
men. Age and ageing.

99.1zzo J, Jia Y, Zappe D (2016) Influence of age and race on 24-Hour
ambulatory blood pressure responses to Valsartan, hydrochlorothiazide, and
their combination: Implications for clinical practice. J Clin Hypertens.

100.Papademetriou V, Zaheer M, Doumas M, Lovato L, Applegate W, et al.
(2016) Cardiovascular outcomes in action to control cardiovascular risk in
diabetes: Impact of blood pressure level and presence of kidney disease.
Am J Nephrol 43: 271-280.

101.Patel A, ADVANCE Collaborative Group, MacMahon S, Chalmers J, Neal B,
et al. (2007) Effects of a fixed combination of perindopril and indapamide on
macrovascular and microvascular outcomes in patients with type 2 diabetes
mellitus (the ADVANCE trial): A randomized controlled trial. Lancet 370:
829-840.

102.Ismail-Beigi F, Craven TE, O’Connor PJ, Karl D, Calles-Escandon J, et al.
(2011) Combined intensive blood pressure and glycemic control does not
produce an additive benefit on microvascular outcomes in type 2 diabetic
patients. Kidney Int 81: 586-594.

103. Bangalore S, Gong Y, Cooper-DeHoff RM, Pepine CJ, Messerli FH (2014) 2014
Eighth Joint National Committee panel recommendation for blood pressure
targets revisited: results from the INVEST study. J Am Coll Cardiol 64: 784-793.

104.James P, Oparil S, Carter B, Cushman W, Dennison-Himmelfarb C, et al.
(2013) 2014 evidence-based guideline for the management of high blood
pressure in adults: Report from the panel members appointed to the eighth
joint national committee (JNC 8). JAMA 311: 507-520.

105.Bangalore S, Qin J, Sloan S, Murphy SA, Cannon CP (2010) What is
the optimal blood pressure in patients after acute coronary syndromes?:
Relationship of blood pressure and cardiovascular events in the PRavastatin
OR atorVastatin Evaluation and Infection Therapy-Thrombolysis In
Myocardial Infarction (PROVE IT-TIMI) 22 trial. Circulation 122: 2142-2151.

106.Bangalore S, Messerli FH, Wun CC, Zuckerman AL, DeMicco D, et al. (2010)
J-curve revisited: An analysis of blood pressure and cardiovascular events in
the Treating to New Targets (TNT) Trial. Eur Heart J 31: 2897-2908.

107.Messerli F, Mancia G, Conti C, Hewkin A, Kupfer S, et al. (2006) Dogma
disputed: Can aggressively lowering blood pressure in hypertensive patients
with coronary artery disease be dangerous? Ann Intern Med 144: 884-893.

108.Bangalore S, Kumar S, Lobach |, Messerli F (2011) Blood pressure targets in
subjects with type 2 diabetes mellitus/impaired fasting glucose: Observations
from traditional and bayesian random-effects meta-analyses of randomized
trials. Circulation 123: 2799-2810.

109. Heidenreich PA, Trogdon JG, Khavjou OA, Butler J, Dracup K, et al. (2011)
Forecasting the future of cardiovascular disease in the United States: a policy
statement from the American Heart Association. Circulation 123: 933-944.

110. Mancia G, Fagard R, Narkiewicz K, Redoén J, Zanchetti A, et al. (2013) ESH/
ESC Guidelines for the management of arterial hypertension: the Task Force
for the management of of arterial hypertension of the European Society of
Hypertension (ESH) and of the European Society of Cardiology (ESC). J
Hypertens 31: 1281-1357.

Shah et al. J Hypertens Manag 2016, 2:019

ISSN: 2474-3690 e Page 80of8 e


http://www.nejm.org/doi/full/10.1056/NEJMoa011489#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa011489#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa011489#t=article
http://circ.ahajournals.org/content/106/6/672
http://circ.ahajournals.org/content/106/6/672
http://circ.ahajournals.org/content/106/6/672
http://circ.ahajournals.org/content/106/6/672
https://www.ncbi.nlm.nih.gov/pubmed/16686805
https://www.ncbi.nlm.nih.gov/pubmed/16686805
https://www.ncbi.nlm.nih.gov/pubmed/16686805
http://www.sciencedirect.com/science/article/pii/S2211335516000085
http://www.sciencedirect.com/science/article/pii/S2211335516000085
http://www.sciencedirect.com/science/article/pii/S2211335516000085
http://www.sciencedirect.com/science/article/pii/S2211335516000085
http://www.nejm.org/doi/full/10.1056/nejmoa0806359#t=article
http://www.nejm.org/doi/full/10.1056/nejmoa0806359#t=article
http://www.nejm.org/doi/full/10.1056/nejmoa0806359#t=article
https://www.ncbi.nlm.nih.gov/pubmed/21525472
https://www.ncbi.nlm.nih.gov/pubmed/21525472
https://www.ncbi.nlm.nih.gov/pubmed/21525472
https://www.ncbi.nlm.nih.gov/pubmed/21525472
https://www.ncbi.nlm.nih.gov/pubmed/27614079
https://www.ncbi.nlm.nih.gov/pubmed/27614079
https://www.ncbi.nlm.nih.gov/pubmed/27614079
https://www.ncbi.nlm.nih.gov/pubmed/27587277
https://www.ncbi.nlm.nih.gov/pubmed/27587277
https://www.ncbi.nlm.nih.gov/pubmed/27587277
https://www.ncbi.nlm.nih.gov/pubmed/27161620
https://www.ncbi.nlm.nih.gov/pubmed/27161620
https://www.ncbi.nlm.nih.gov/pubmed/27161620
https://www.ncbi.nlm.nih.gov/pubmed/27161620
https://www.ncbi.nlm.nih.gov/pubmed/17765963
https://www.ncbi.nlm.nih.gov/pubmed/17765963
https://www.ncbi.nlm.nih.gov/pubmed/17765963
https://www.ncbi.nlm.nih.gov/pubmed/17765963
https://www.ncbi.nlm.nih.gov/pubmed/17765963
https://www.ncbi.nlm.nih.gov/pubmed/22166848
https://www.ncbi.nlm.nih.gov/pubmed/22166848
https://www.ncbi.nlm.nih.gov/pubmed/22166848
https://www.ncbi.nlm.nih.gov/pubmed/22166848
http://content.onlinejacc.org/article.aspx?articleid=1898531
http://content.onlinejacc.org/article.aspx?articleid=1898531
http://content.onlinejacc.org/article.aspx?articleid=1898531
https://www.ncbi.nlm.nih.gov/pubmed/24352797
https://www.ncbi.nlm.nih.gov/pubmed/24352797
https://www.ncbi.nlm.nih.gov/pubmed/24352797
https://www.ncbi.nlm.nih.gov/pubmed/24352797
https://www.ncbi.nlm.nih.gov/pubmed/21060068
https://www.ncbi.nlm.nih.gov/pubmed/21060068
https://www.ncbi.nlm.nih.gov/pubmed/21060068
https://www.ncbi.nlm.nih.gov/pubmed/21060068
https://www.ncbi.nlm.nih.gov/pubmed/21060068
https://www.ncbi.nlm.nih.gov/pubmed/20846991
https://www.ncbi.nlm.nih.gov/pubmed/20846991
https://www.ncbi.nlm.nih.gov/pubmed/20846991
https://www.ncbi.nlm.nih.gov/pubmed/16785477
https://www.ncbi.nlm.nih.gov/pubmed/16785477
https://www.ncbi.nlm.nih.gov/pubmed/16785477
https://www.ncbi.nlm.nih.gov/pubmed/21632497
https://www.ncbi.nlm.nih.gov/pubmed/21632497
https://www.ncbi.nlm.nih.gov/pubmed/21632497
https://www.ncbi.nlm.nih.gov/pubmed/21632497
http://circ.ahajournals.org/content/123/8/933
http://circ.ahajournals.org/content/123/8/933
http://circ.ahajournals.org/content/123/8/933
https://www.ncbi.nlm.nih.gov/pubmed/23817082
https://www.ncbi.nlm.nih.gov/pubmed/23817082
https://www.ncbi.nlm.nih.gov/pubmed/23817082
https://www.ncbi.nlm.nih.gov/pubmed/23817082
https://www.ncbi.nlm.nih.gov/pubmed/23817082
http://www.nejm.org/doi/pdf/10.1056/nejmoa0802743
http://www.nejm.org/doi/pdf/10.1056/nejmoa0802743
http://www.nejm.org/doi/pdf/10.1056/nejmoa0802743
http://care.diabetesjournals.org/content/37/6/1721
http://care.diabetesjournals.org/content/37/6/1721
http://care.diabetesjournals.org/content/37/6/1721
https://www.ncbi.nlm.nih.gov/pubmed/15078674
https://www.ncbi.nlm.nih.gov/pubmed/15078674
https://www.ncbi.nlm.nih.gov/pubmed/15078674
http://www.nejm.org/doi/full/10.1056/NEJMoa1001288#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1001288#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1001288#t=article
https://www.ncbi.nlm.nih.gov/pubmed/26476086
https://www.ncbi.nlm.nih.gov/pubmed/26476086
https://www.ncbi.nlm.nih.gov/pubmed/26476086
https://www.ncbi.nlm.nih.gov/pubmed/1825164
https://www.ncbi.nlm.nih.gov/pubmed/1825164
https://www.ncbi.nlm.nih.gov/pubmed/1825164
https://www.ncbi.nlm.nih.gov/pubmed/2139921
https://www.ncbi.nlm.nih.gov/pubmed/2139921
https://www.ncbi.nlm.nih.gov/pubmed/2139921
https://www.ncbi.nlm.nih.gov/pubmed/8007076
https://www.ncbi.nlm.nih.gov/pubmed/8007076
https://www.ncbi.nlm.nih.gov/pubmed/8007076
https://www.ncbi.nlm.nih.gov/pubmed/27048970
https://www.ncbi.nlm.nih.gov/pubmed/27048970
http://hyper.ahajournals.org/content/7/1/105.short
http://hyper.ahajournals.org/content/7/1/105.short
http://hyper.ahajournals.org/content/7/1/105.short
http://hyper.ahajournals.org/content/7/1/105.short
https://www.ncbi.nlm.nih.gov/pubmed/11320456
https://www.ncbi.nlm.nih.gov/pubmed/11320456
https://www.ncbi.nlm.nih.gov/pubmed/11320456
https://www.ncbi.nlm.nih.gov/pubmed/11320456
https://www.ncbi.nlm.nih.gov/pubmed/11320456
http://circ.ahajournals.org/content/104/14/1615
http://circ.ahajournals.org/content/104/14/1615
http://circ.ahajournals.org/content/104/14/1615
http://circ.ahajournals.org/content/104/14/1615
https://www.ncbi.nlm.nih.gov/pubmed/7923663
https://www.ncbi.nlm.nih.gov/pubmed/7923663
https://www.ncbi.nlm.nih.gov/pubmed/7923663
https://www.ncbi.nlm.nih.gov/pubmed/15547161
https://www.ncbi.nlm.nih.gov/pubmed/15547161
https://www.ncbi.nlm.nih.gov/pubmed/15547161
https://www.ncbi.nlm.nih.gov/pubmed/15547161
https://www.ncbi.nlm.nih.gov/pubmed/11937178
https://www.ncbi.nlm.nih.gov/pubmed/11937178
https://www.ncbi.nlm.nih.gov/pubmed/11937178
https://www.ncbi.nlm.nih.gov/pubmed/11937178
http://hyper.ahajournals.org/content/hypertensionaha/50/5/984.full.pdf
http://hyper.ahajournals.org/content/hypertensionaha/50/5/984.full.pdf
http://hyper.ahajournals.org/content/hypertensionaha/50/5/984.full.pdf
http://hyper.ahajournals.org/content/hypertensionaha/50/5/984.full.pdf
http://hyper.ahajournals.org/content/hypertensionaha/50/5/984.full.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17785486
https://www.ncbi.nlm.nih.gov/pubmed/17785486
https://www.ncbi.nlm.nih.gov/pubmed/17785486
https://www.ncbi.nlm.nih.gov/pubmed/17785486
https://www.ncbi.nlm.nih.gov/pubmed/14656957
https://www.ncbi.nlm.nih.gov/pubmed/14656957
https://www.ncbi.nlm.nih.gov/pubmed/14656957
https://www.ncbi.nlm.nih.gov/pubmed/26459421
https://www.ncbi.nlm.nih.gov/pubmed/26459421
https://www.ncbi.nlm.nih.gov/pubmed/26459421
http://care.diabetesjournals.org/content/33/Supplement_1/S11.extract
http://care.diabetesjournals.org/content/33/Supplement_1/S11.extract
https://www.ncbi.nlm.nih.gov/pubmed/15938027
https://www.ncbi.nlm.nih.gov/pubmed/15938027

	Title
	Corresponding author
	Abstract
	Introduction 
	Trials in Subjects without Diabetes 
	Rationale and design 
	Clinical outcome 

	Controlling Blood Pressure in the Older Patient: Sprint Substudy and Hyvet 
	SPRINT Substudy- Older non-diabetic patients 
	HYVET- Older non-diabetic and diabetic patients 

	Secondary Outcomes in Sprint 
	Chronic kidney disease 

	Trials in Subjects with Diabetes 
	Rationale and design 
	Clinical outcome 

	Combination Therapy for Hyperglycemia and Hypertension 
	Secondary Outcomes in Accord 
	Retinopathy
	Atrial fibrillation 
	Left ventricular hypertrophy (LVH) 
	Cardiovascular outcomes in CKD with diabetes 
	Microvascular complications 

	Medication Regimens 
	Thiazides

	Angiotensin II Converting-Enzyme (ACE) Inhibitors and Angiotensin II Receptor Blockers (ARBs) 
	Beta blockers 

	INVEST (INternational VErapamil SR Trandolapril STudy) [103] 
	Rationale and design 
	Clinical outcome 

	Conclusion
	Acknowledgments
	Table 1
	Table 2
	Table 3
	References

