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Is It Time to Treat Prehypertension?
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Prehypertension, defined as blood pressure between 120-139/80-89 mmHg, is a major public health con-
cern. The condition is very prevalent (30% of the adult population), is often associated with other cardio-
vascular risk factors and independently increases the risk of hypertension and subsequent cardiovascular
events. The mechanism of elevated risk for cardiovascular events associated with prehypertension is pre-
sumed to be the same as that of hypertension. In the general population, prehypertension can be lowered
by lifestyle modifications, but often not reliably. The Seventh Report of the Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-7) recommendation for prehy-
pertension management with optimal weight control (largely through diet and exercise) remains the
mainstay, except for individuals with diabetes, chronic kidney disease, and perhaps known coronary artery
disease, because of the shot-term cost considerations and unproven long-term prognosis. The recently pub-
lished Trial of Preventing Hypertension (TROPHY) is the first study of pharmacologic intervention among
those with prehypertension. Results from this trial demonstrated that angiotensin receptor blockade (ARB)
retards age-related blood pressure increases in prehypertensive patients. In this review, we discuss the
options for pharmacologic intervention of prehypertension, with a focus on the TROPHY trial results.
(Hypertens Res 2008; 31: 1681-1686)
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Hypertension (TROPHY) study

Introduction

In 2003, the Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC-7) introduced “prehypertension” as a
category in blood pressure (BP) classification. Prehyperten-
sion is defined as systolic blood pressure (SBP) of 120-139
mmHg or diastolic blood pressure (DBP) of 80-89 mmHg
(Table 1). This was prompted by the observation from meta-
analyses showing a continuous relationship between BP and
cardiovascular risk (7, 2).

A report from the Tecumseh Blood Pressure study several
years ago found that participants with “borderline BP,” or

“high normal BP” (as it was termed previously), had more
cardiovascular risk factors than those with normal BP in a
healthy population. Also, participants with high normal BP
were more likely than normotensives to have an elevated risk
of fatal or non fatal cardiovascular events (3—6).

Despite the new nomenclature, the treatment recommenda-
tions remain limited to nonpharmacologic treatment alone.
While non-pharmacologic methods are successful experi-
mentally, implementation into clinical settings is fraught with
difficulty. The new challenge is to investigate and properly
implement pharmacologic treatment into the treatment para-
digm. In this review, the most recent data regarding pharma-
cological treatment options for prehypertension will be
discussed.
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Table 1. JNC-7 Classification Blood Pressure

SBP (mmHg) DBP (mmHg)
Normal <120 <80
Prehypertension 120-139 80-89
Stage 1 140-159 90-99
Stage 2 >160 >100

JNC-7, the Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure; SBP, systolic blood pressure; DBP, diastolic blood
pressure.

Epidemiology and Target Organ Damage

The prevalence of prehypertension in the United States from
the 1999 to 2000 National Health And Nutrition Survey
(NHANES) data was =70 million in people aged >20 years.
Surprisingly, many more men (42 million) than women (28
million) had prehypertension (7, 8). The prevalence of prehy-
pertension in blacks seemed roughly similar to that in whites.
Among younger adults (20-39 years old), African Americans
had the highest prevalence at 37.4% compared with whites
and Mexican Americans, at 32.2 and 30.9%, respectively.
However, in adults aged 40-59 years old and 60 years or
older, the pattern was reversed, with a higher prevalence of
prehypertension in whites and Mexican Americans than Afri-
can Americans. The age-adjusted prevalence of prehyperten-
sion was greater in men than in women, with values of 39.0
vs. 23.1%, respectively. The risk of developing hypertension
was approximately 90% for prehypertensive individuals who
live to be 75 years old in the USA (9).

Abnormalities in other cardiovascular disease (CVD) risk
factors are more common in prehypertensive than normoten-
sive individuals. A study of the 1999 to 2000 NHANES data
suggested that 64% of prehypertensive subjects had >1 other
abnormal CVD risk factors (7); the percentage increased to
94% in those =60 years of age. In a separate investigation,
93% of prehypertensive subjects were reported to have =1
other CVD risk factor abnormalities (/0). With respect to spe-
cific risk factors, the risk ratios for obesity, dyslipidemia,
insulin resistance, metabolic syndrome, and diabetes were all
greater in prehypertensive than in normotensive subjects and
were intermediate between those found for subjects with nor-
motension and for subjects with hypertension (7 /—14).

Also, microalbuminuria is more common in prehyperten-
sion than normotension (/5), as are abnormalities in circulat-
ing inflammatory markers for atherosclerotic disease such as
C-reactive proteins, interleukin 6, and tumor necrosis factor-
o (16-18). Toikka et al. demonstrated that prehypertension
was associated with increased carotid and brachial intima-
media thickness (/9), while Washio et al. demonstrated that
there was an increased risk of carotid stenosis in patients with
prehypertension (20).

Using transthoracic echocardiography, Erdogan et al. eval-
uated left ventricular (L'V) diastolic function and aortic elastic
properties in 60 subjects with prehypertension, 70 patients
with hypertension and 50 normotensive healthy volunteers.
None of the subjects had any systemic disease. LV diastolic
function was more significantly impaired in the hypertension
group than in the prehypertension group or in the control
group, but it was not significantly different between the pre-
hypertension and control group. Aortic distensibility was sig-
nificantly lower, and aortic stiffness index was significantly
higher in both the hypertension and the prehypertension
groups than in the control group. However, aortic elastic
properties did not differ significantly between the prehyper-
tension and hypertension groups (21).

Prehypertension was associated with an increased inci-
dence of CVD, particularly at SBP levels of 130 to 139
mmHg and DBP levels in the 85 to 89 mmHg range (4, 22), as
seen with diabetes or glucose intolerance (14, 23, 24). In a
study of 11,116 subjects followed for =10 years, prehyperten-
sive persons demonstrated a significant increase in the inci-
dence of myocardial infarction, but not of stroke compared
with normotensive subjects (25). In a separate investigation,
mortality from CVD was significantly greater in prehyperten-
sive than in normotensive individuals, but the differences
were not present when adjustments were made for other CVD
risk factors (10).

Data from the Framingham Heart Study have shown that
prehypertension increased the risk of myocardial infarction
by 3.5-fold and coronary artery disease by 1.7-fold. This risk
was lower than that with hypertension, as expected. When
analyzed separately by sex, an even higher risk of myocardial
infarction (4.2-fold) and coronary artery disease (3.4-fold)
was seen in men. No relationship between prehypertension
and risk of stroke was observed. It is possible that such a rela-
tionship was missed because of the smaller number of stroke
events in the cohort. Among patients with prehypertension,
the risk of coronary artery disease was elevated 2.9-fold in
persons aged 45 to 64 years and elevated 4.4-fold in persons
65 years or older compared with persons younger than 45
years. Risks were also higher in men (by 2.5 times), persons
with diabetes mellitus (by 2.1 times), and patients with hyper-
cholesterolemia (by 1.5 times). Body mass index and smok-
ing status did not influence the risk of coronary artery disease
in prehypertensive patients (24).

In the randomised, double-blind trial—the EUropean trial
on Reduction Of cardiac events with Perindopril in patients
with stable coronary Artery disease (EUROPA)—12,218
patients with stable CAD and without heart failure were ran-
domized to once-daily perindopril 8 mg or to placebo. After a
mean follow-up of 4.2 years, a significant (»=0.0003) rela-
tive risk reduction (RRR) of 19.9% for the primary endpoint
(cardiovascular death, non-fatal myocardial infarction [MI]
and resuscitated cardiac arrest) occurred with perindopril vs.
placebo among patients with SBP<140 mmHg and DBP <90
mmHg (25).
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Table 2. Lifestyle Modifications Recommended in JNC-7 for the Treatment of Prehypertension

1. Maintain body mass index between 18.5 and 24.9 kg/m?; this is expected to reduce SBP by 5 to 20 mmHg for each 10-kg

reduction in weight

2. Consume a diet rich in fruits and vegetables, as well as low-fat dairy products; this is expected to reduce SBP by 8 to 14

mmHg

3. Restrict sodium to no more than 6 g of table salt per day; this is expected to reduce SBP by 2 to 8§ mmHg
4. Walk briskly at least 30 min per day or engage in other regular aerobic physical activity; this is expected to reduce SBP by 4

to 9 mmHg

5. Use alcohol in moderation; this reduces SBP by 2 to 4 mmHg

JNC-7, the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pres-

sure; SBP, systolic blood pressure.

In the randomized, double-blind PROGRESS study com-
posed of 6,105 patients with a previous history of stroke or
transient ischaemic attack, the risk of stroke was 10% in
recipients of perindopriltindapamide and 14% in recipients
without indapamide (RRR 27%; p<<0.0001) over a mean fol-
low-up of 3.9 years in patients with SBP<160 mmHg. BP
was reduced by 9 mmHg SBP and 4 mmHg DBP in recipients
of perindopril+indapamide compared with those receiving
placebo. Perindopril +indapamide reduced the risk of nonfatal
myocardial infarction by 38% (95% confidence interval [CI]
14-55) and congestive heart failure by 26% (p=0.02) (26).

The Action in Diabetes and Vascular disease: preterAx and
diamicroN-MR Controlled Evaluation (ADVANCE) trial
was designed to assess the effects on vascular disease of such
an approach using a fixed combination of the angiotensin
converting enzyme (ACE) inhibitor, perindopril, and the
diuretic, indapamide, in a diverse population of patients with
type 2 diabetes and a broad range of BP values. After a mean
of 4.3 years of follow-up, 73% of those assigned active treat-
ment and 74% of those assigned control remained on random-
ized treatment. Compared with patients assigned placebo,
those assigned the active therapy had a mean reduction in
SBP of 5.6 mmHg and DBP of 2.2 mmHg. The risk of a major
macrovascular or microvascular event was reduced by 10%
(861 [15.5%] active vs. 938 [16.8%] placebo; hazard ratio
0.91, 95% CI 0.83-1.00, p=0.04) in patients with SBP/
DBP<140/90 mmHg (27).

Finally, data coming from Japan suggest that subjects with
high-normal BP (from 130/85 to 139/89 mmHg) at health
checkup (checkup-BP>130/85 mmHg) might already experi-
ence workplace hypertension. Job strain is a risk factor for
hypertension, particularly in hard-working men. Some people
have been reported to have higher BP at work than in the
clinic. Job strain causes an increase in ambulatory BP (ABP)
at work, at home, and during sleep. A previous study reported
that ABP was higher than clinic BP in normotensive subjects,
whereas the reverse was typically true in hypertensives
(28-32).

Treatment of Prehypertension

Non-Pharmacological Treatment

How best to manage prehypertension has been the subject of
recent debate. Several studies have demonstrated the efficacy
of dietary approaches, alone or in combination with other life-
style modifications, to reduce BP in both prehypertensive and
hypertensive persons. The Dietary Approaches to Stop
Hypertension (DASH) eating plan, which uses a diet rich in
fruits, vegetables, legumes, nuts, and low-fat dietary products
and low in saturated fats, induced a significant lowering of
BP, which was reduced even further when dietary sodium was
restricted. In the Optimal Macro-Nutrient Intake (OMNI)
Heart Study, in which the DASH diet was modified to provide
more protein and unsaturated fat and less carbohydrate,
impressive reductions of BP were also achieved. The PRE-
MIER trial studied the combined effects of diet, physical
activity, and weight reduction in 3 groups of prehypertensive
and hypertensive subjects over an 18-month period. Although
all 3 of the groups demonstrated significant reductions in BP
in both prehypertensive and hypertensive subjects, the
amount of decrease in the group given relatively minimal
counselling was both surprising and gratifying in view of the
previous difficulties with obtaining long-term behavioural
changes to improve the cardiovascular risk status (33—36).

The JNC-7 report has recommended the adoption of
healthy lifestyles to achieve BP goals except in prehyperten-
sive subjects with diabetes or chronic renal disease in whom
drug treatment is also advocated. In particular, maintaining a
body mass index between 18.5 and 24.9 kg/m? is expected to
reduce SBP by 5 to 20 mmHg for each 10-kg reduction in
weight (2). Consuming a diet rich in fruits and vegetables, as
well as low-fat dairy products is expected to reduce SBP by 8
to 14 mmHg. Restricting sodium to no more than 6 g of table
salt per day is expected to reduce SBP by 2 to 8 mmHg. Walk-
ing briskly at least 30 min per day or engaging in other regular
aerobic physical activity is expected to reduce SBP by 4 to 9
mmHg. Using alcohol in moderation reduces SBP by 2 to 4
mmHg (/) (Table 2).
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Pharmacological Treatment

The Trial of Preventing Hypertension (TROPHY) study was
an investigator-initiated trial to examine whether early phar-
macological treatment in subjects with “high-normal” BP
might prevent or delay the development of clinical hyperten-
sion. This was a 4-year, multicenter, randomized, double-
blind study in untreated subjects aged 30 to 65 years with
entry BPs of 130 to 139/<89 mmHg or <139/85 to 89 mmHg.
They evaluated 809 subjects (59% males, average age
49.0%8.1 years) in 71 study centers in the USA. A total of 409
participants were randomly assigned to a fixed (16 mg once
daily) dose of candesartan cilexetil, and 400 to placebo. After
2 years, the candesartan group was switched to placebo, and
the placebo group continued taking placebo. Data from 772
participants (391 in the candesartan group and 381 in the pla-
cebo group; mean age, 48.5 years; 59.6% men) were available
for analysis. The entry BP was 134+4.3/84.8+3.9 mmHg.
The participants of the TROPHY study with high normal BP
exhibited additional cardiovascular risk factors. Of the sub-
jects, 96% had at least one, 81% had two or more, and 13%
had five or more additional risk factors. When a participant
reached the study end point of stage 1 hypertension, treatment
with antihypertensive agents was initiated. Both the cande-
sartan group and the placebo group were instructed to make
changes in lifestyle to reduce BP throughout the trial. The
main outcome measure was the development of clinical
(treatment-requiring) hypertension assessed by an automated
(blinded) BP measurement device (37, 38). During the first 2
years, hypertension developed in 154 participants in the pla-
cebo group and 53 of those in the candesartan group (8%
absolute and a 66.3% relative risk reduction; p<0.0001).
Using the absolute difference between groups, one can calcu-
late that four people with prehypertension need to be treated
to prevent one case of hypertension in 2 years. After 4 years,
hypertension had developed in 240 participants in the placebo
group and 208 of those in the candesartan group (9.8% abso-
lute and 15.6% relative risk reduction; p<0.007). The treat-
ment was well-tolerated. The study dropout rate was 14.8%
(120 subjects). Serious adverse events occurred in 3.5% of the
participants assigned to candesartan and 5.9% of those receiv-
ing placebo (39, 40).

Also, 2 years after discontinuing candesartan, there was a
significant reduction of hypertension in the group previously
treated with candesartan. The proportion of hypertension-free
cases was 26.5% greater in the candesartan group. The
median hypertension-free time was 1.1 years longer in the
candesartan group. After stopping the treatment, this differ-
ence narrowed, but still, at the end of 4 years (2 years after
stopping antihypertensive medication), there was a relative
risk reduction of 13.6% and an absolute risk reduction of
9.8%. The time to development of hypertension was 2.2 years
in the untreated and 3.3 years in the treated group. These
results demonstrate that hypertension may be prevented or
delayed by treatment of prehypertension using antihyperten-

sive medication (41, 42).

In addition, the results from the TROPHY study suggest
that the renin-angiotensin system plays a critical role in the
development of early hypertension and pre-hypertension,
although it is still possible that similar results to those
reported in the TROPHY study can be obtained using other
antihypertensive agents such as CCBs or -blockers. How-
ever, such studies have yet to be designed and carried out.

Conclusions

Among an estimated 65 million people in the USA. with pre-
hypertension, approximately 25 million have BP at levels
comparable to those of the TROPHY participants. Almost 16
million will become hypertensive over the next 4 years based
on the experience of the TROPHY placebo group. A success-
ful intervention in such a large population could therefore
have a major public health impact. The recommended life-
style measures for BP control in prehypertension had no
demonstrable effect on public health. If non-occurrence of
hypertension during the active treatment is considered the
goal, then success was achieved in 86.4% of the candesartan
group. TROPHY also suggested that the effect of active treat-
ment in delaying hypertension can extend up to 2 years after
discontinuing treatment.

Another factor that needs to be considered is the issue of
cost effectiveness in treating prehypertension. A head-to-
head comparison of the cost effectiveness of lifestyle modifi-
cation and pharmacological treatment of prehypertension
would therefore be of great interest. Due to the costs and risks
of treatment, new trials should be planned to demonstrate a
conclusive reduction in cardiovascular events by early admin-
istration of antihypertensive medication. In the interim
period, lifestyle modifications for BP control, elimination of
risk factors, and close monitoring of BP are recommended.
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