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Background

Prehypertension is considered a precursor of stage 1 hypertension and a predictor of 
excessive cardiovascular risk. We investigated whether pharmacologic treatment of 
prehypertension prevents or postpones stage 1 hypertension.

Methods

Participants with repeated measurements of systolic pressure of 130 to 139 mm Hg 
and diastolic pressure of 89 mm Hg or lower, or systolic pressure of 139 mm Hg or 
lower and diastolic pressure of 85 to 89 mm Hg, were randomly assigned to receive 
two years of candesartan (Atacand, AstraZeneca) or placebo, followed by two years 
of placebo for all. When a participant reached the study end point of stage 1 hyper-
tension, treatment with antihypertensive agents was initiated. Both the candesartan 
group and the placebo group were instructed to make changes in lifestyle to reduce 
blood pressure throughout the trial.

Results

A total of 409 participants were randomly assigned to candesartan, and 400 to pla-
cebo. Data on 772 participants (391 in the candesartan group and 381 in the placebo 
group; mean age, 48.5 years; 59.6 percent men) were available for analysis. During the 
first two years, hypertension developed in 154 participants in the placebo group and 
53 of those in the candesartan group (relative risk reduction, 66.3 percent; P<0.001). 
After four years, hypertension had developed in 240 participants in the placebo 
group and 208 of those in the candesartan group (relative risk reduction, 15.6 per-
cent; P<0.007). Serious adverse events occurred in 3.5 percent of the participants 
assigned to candesartan and 5.9 percent of those receiving placebo.

Conclusions

Over a period of four years, stage 1 hypertension developed in nearly two thirds of 
patients with untreated prehypertension (the placebo group). Treatment of prehyper-
tension with candesartan appeared to be well tolerated and reduced the risk of in-
cident hypertension during the study period. Thus, treatment of prehypertension 
appears to be feasible. (ClinicalTrials.gov number, NCT00227318.)
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T he name of the range of blood pres-

sures between what is clearly normal and 
what is definitely hypertensive changed 

from “transient hypertension” in the 1940s1 to “bor-
derline hypertension” in the 1970s,2 “high-normal 
blood pressure” in the 1990s,3 and most recently, 
“prehypertension” in 2003.4 Regardless of termi-
nology, this condition is a precursor of hyperten-
sion1,2,5,6 and is associated with excess morbidity 
and deaths from cardiovascular causes.1,2,7-10 Fur-
thermore, an association of prehypertension with 
other cardiovascular risk factors has been estab-
lished.11-14

The Trial of Preventing Hypertension 
(TROPHY)15 was an investigator-initiated study 
to examine whether early treatment of prehyper-
tension, defined for this study as systolic pressure 
of 130 to 139 mm Hg and diastolic pressure of 
89 mm Hg or lower and systolic pressure of 139 
mm Hg or lower and diastolic pressure of 85 to 
89 mm Hg, might prevent or delay the develop-
ment of subsequent incident hypertension. We 
justified our study of pharmacologic intervention 
with the use of an angiotensin-receptor blocker in 
prehypertension on three grounds. First, in pre-
hypertension, blood pressure remains a strong 
predictor of cardiovascular events after a statisti-
cal adjustment for other risk factors,10,14,16 sug-
gesting that lowering blood pressure might be 
beneficial. Hypertension is a self-accelerating con-
dition. The transition from prehypertension to es-
tablished hypertension reflects, in part, ongoing 
changes such as arteriolar hypertrophy17 and en-
dothelial dysfunction.18 Increased vasoconstriction 
and diminished vasodilatation, consistent with 
these structural and functional findings, have been 
described in prehypertension.19

Second, growth factors mediated by stimulation 
of the sympathetic nervous system20 and excess 
activity of the renin–angiotensin system21 tend to 
promote vascular hypertrophy by direct as well as 
hemodynamic effects. Elevations in plasma nor-
epinephrine and plasma renin concentrations22,23 
have been described in prehypertension. In hu-
mans, antihypertension treatment with angio-
tensin-converting–enzyme (ACE) inhibitors or 
angiotensin-receptor blockers, but not with beta-
blockers, has been reported to cause regression 
of arteriolar hypertrophy.24,25 In studies in rats, 
brief treatment with ACE inhibitors during the 
early life of rats with spontaneous hypertension 
attenuates the development of hypertension.26,27 

Third, present guidelines recommend that prehy-
pertension be managed with changes in the par-
ticipant’s lifestyle.3,4 Weight loss,28 salt restric-
tion,29 exercise,30,31 and dietary modifications32 
have been shown to reduce blood pressure in clin-
ics specializing in lifestyle modification. Despite 
intensive community efforts to promote healthful 
lifestyles, however, the prevalence of prehyperten-
sion33 in the United States is increasing. In the 
absence of evidence of the long-term efficacy of 
lifestyle approaches to preventing hypertension, 
our study assessed the safety, tolerability, and ef-
ficacy of two years of treatment in participants 
with prehypertension.

me thods

Objective

The primary objective of the study was to deter-
mine whether in patients with prehypertension two 
years of treatment with candesartan (at a dose of 
16 mg daily) reduces the incidence of hypertension 
for up to two years after the discontinuation of ac-
tive treatment. A secondary objective was to eval-
uate the incidence of hypertension during two years 
of treatment with candesartan or placebo. These 
objectives were analyzed first according to the 
cumulative incidence of events at two and four 
years (unadjusted). They were then analyzed ac-
cording to the time-to-event distribution during 
two and four years (adjusted).

Design

This four-year, multicenter, randomized study in-
volved untreated participants 30 to 65 years of age 
with blood pressure on study entry in the high-
normal range, according to the classification de-
veloped by the Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment of 
High Blood Pressure (JNC VI).3 The design of the 
study is shown in Figure 1. Blood pressure was 
measured with the use of an automated reading 
and recording device (HEM-705CP, Omron Health-
care) or with a standard measuring tool (usual 
device) while participants were seated after five 
minutes of rest. Only automated readings of blood 
pressure were taken into consideration for enroll-
ment and follow-up. The run-in period consisted 
of three consecutive weekly clinic visits during each 
of which blood-pressure readings were obtained. 
Participants were eligible for the trial if they were 
not being treated for hypertension, if at the first 
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772 Were included in the analysis

1904 Patients were screened

862 Did not meet trial or 
randomization criteria

201 Withdrew consent and
were lost to follow-up

32 Had adverse events,
miscellaneous other
reasons

809 Underwent randomization

24 One center was excluded
13 No post-baseline data

31 Had BP outside entry 
limits

54 Discontinued participation
before reaching end point

18 Had BP outside entry
limits

55 Discontinued participation
before reaching end point

391 Were assigned to candesartan 381 Were assigned to placebo

391 Were included in the analysis 381 Were included in the analysis

Run-in period

2

Weekly clinic visits

31

Placebo Placebo

PlaceboCandesartan
(16 mg daily)

Nonpharmacologic treatment

Nonpharmacologic treatment

Years 1 and 2 Years 3 and 4

A

B

Figure 1. Study Design.

Panel A shows the two phases of the study, and Panel B the disposition of the participants. BP denotes blood 
pressure.
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clinic visit the blood pressure was lower than 
160/100 mm Hg, and if the average of the three 
blood-pressure readings at the three visits was a 
systolic pressure of 130 to 139 mm Hg and a dia-
stolic pressure of 89 mm Hg or lower or a systolic 
pressure of 139 mm Hg or lower and a diastolic 
pressure of 85 to 89 mm Hg.

Participants who met these criteria underwent 
randomization to double-blind treatment with 
candesartan (at a dose of 16 mg daily) or matching 
placebo. Return visits were scheduled at month 
1 and month 3 and every three months thereafter 
until the visit at month 24. In year 3 of the study, 
clinic visits were at months 25 and 27 and every 
third month thereafter to month 48. Patients also 
measured their blood pressure at home twice a day 
for seven days using the automated device before 
undergoing randomization and before the clinic 
visits at months 12, 24, 36, and 48.

The study consisted of a two-year, double-blind, 
placebo-controlled phase that was followed by a 
two-year phase in which all study patients received 
placebo. Throughout the second two-year phase, 
study investigators remained blinded to each pa-
tient’s initial treatment assignment. No goal for 
blood pressure was set, and the participant’s treat-
ment regimen could be changed only if hyperten-
sion developed. Randomization was performed 
according to study site in blocks of four. The sites 
called an automated randomization system, which 
assigned the number of the bottle containing ei-
ther candesartan tablets or matching placebo. On 
entry and throughout the study, all participants 
received printed materials about lifestyle modi-
fication. Participants’ adherence to this diet and 
exercise regimen was reviewed and reinforced at 
all subsequent visits. Evaluation was performed at 
study entry and at annual intervals or at the end-
point visit and included a physical examination and 
taking of blood and urine samples for routine 
studies.

The study was managed by a clinical research 
organization (Omnicare Clinical Research). Bio-
chemical testing was performed by Covance Labo-
ratories (Indianapolis). The protocol was approved 
by the institutional review boards of the partici-
pating institutions, and all participants provided 
written informed consent. The study was con-
ducted in accordance with the Declaration of 
Helsinki.

The investigators submitted a proposal to Astra 
Merck (subsequently AstraZeneca). The protocol 

was revised by a group of experts (subsequently 
called the TROPHY executive committee) and the 
sponsor. The sponsor provided funding and or-
ganized the study. After completion of the study, 
statisticians at AstraZeneca implemented the pre-
specified data-analysis plan. Thereafter, the raw 
data were transferred to the senior authors of the 
study for verification and further analyses. The 
manuscript was prepared and submitted for pub-
lication by Drs. Julius, Nesbitt, and Egan, who at-
test to its veracity and completeness.

End Points

The main study end point was the development of 
clinical hypertension, defined as the first appear-
ance of one of the following outcomes: an aver-
aged reading at a clinic visit of systolic pressure 
of 140 mm Hg or higher or diastolic pressure of 
90 mm Hg or higher, or both, at any three visits 
during the four years of the study (not necessarily 
consecutive); an average reading during a clinic visit 
of systolic pressure of 160 mm Hg or higher or 
diastolic pressure of 100 mm Hg or higher at any 
visit during the four study years; a finding by the 
clinical investigator of target-organ damage or 
other reasons to initiate pharmacologic treatment; 
or an average reading of systolic pressure of 140 
mm Hg or higher or diastolic pressure of 90 mm 
Hg or higher at the visit at month 48.

After an end point was reached, antihyperten-
sion treatment with metoprolol (Toprol XL, Astra-
Zeneca), at a dose of 50 mg daily, or hydrochlo-
rothiazide (Microzide, Watson), at a dose of 12.5 
mg daily, was offered at no cost. However, study 
physicians could prescribe other antihypertension 
medications, with the exception of angiotensin-
receptor blockers. Further follow-up of participants 
in the study clinic was also offered. The study was 
monitored by a data and safety monitoring board 
that reviewed the safety data annually.

Statistical Analysis

The sample size was calculated assuming an in-
cidence of new-onset hypertension of 40 percent 
over the four-year study period, as was also ob-
served in the Trials of Hypertension Prevention28 
over a period of four years. On the basis of Fish-
er’s exact test with 95 percent power and a two-
sided alpha level of 0.05, 420 patients were re-
quired in each of the two study groups. The actual 
incidence of hypertension during the first two 
years was higher than anticipated.15
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Results are reported as means ±SD. To test the 
incidence of hypertension after two and four years, 
the two-tailed Fisher’s exact test was used first, 
then logistic-regression analysis adjusted for sig-
nificant baseline predictors of hypertension. To 
analyze the end points throughout the trial,15 the 
difference in Kaplan–Meier curves for the two 
groups was tested by the log-rank test and also 
adjusted by Cox proportional-hazards analysis. As 
in similar trials,28,29,34 to minimize the distortion 
resulting from active antihypertension treatment, 
we imputed missing values by using the last-

observation-carried-forward method, carrying for-
ward the last blood pressure recorded before the 
initiation of antihypertension treatment. If a par-
ticipant discontinued in the study, the blood pres-
sure recorded at the last clinic visit was also car-
ried forward.

R esult s

The first patient underwent randomization in 
June 1999, and the last participant completed the 
study in June 2005. We screened 1904 candidates, 

Table 1. Baseline Characteristics of the Study Participants.*

Candesartan Group
(N = 391)

Placebo Group
(N = 381)

Age — yr 48.6±7.9 48.3±8.2

Male sex — no. (%) 231 (59.1) 229 (60.1)

Race — no. (%)†

White 312 (79.8) 321 (84.3)

Black 48 (12.3) 31 (8.1)

Other 31 (7.9) 29 (7.6)

Weight — kg 89.0±17 88.8±17.7

Body-mass index‡ 29.9±5.1 30.0±5.5

Blood pressure — mm Hg

Measured at clinic visit with 
automated device§

133.9±4.3/84.8±3.8 134.1±4.2/84.8±4.1

Measured at clinic visit with usual 
device

130.9±7.2/85.0±4.8 131.5±7.1/84.9±5.6

Measured at home with 
automated device

133.9±8.5/82.7±5.9 133.9±8.5/82.7±5.9

Cholesterol — mg/dl 202.9±34.9 205.7±39.1

≥200 mg/dl — % 53.6 57.5

Triglycerides — mg/dl 145.8±86.1 159.8±110.8

≥150 mg/dl — % 34.9 41.2

HDL cholesterol — mg/dl 48.9±13.7 49.2±14.5

Lower than normal range — %¶ 36.3 36.8

Glucose — mg/dl 95.5±11.2 95.9±18.2

Insulin — IU 11.7±16 11.2±7.9

Insulin:glucose ratio 15.4±16.7 15.1±10.3

Creatinine — mg/dl 0.84±0.2 0.85±0.2

* Plus–minus values are means ±SD. To convert values for cholesterol to millimoles per liter, multiply by 0.026. To convert 
values for triglycerides to millimoles per liter, multiply by 0.011. To convert values for glucose to millimoles per liter, multi-
ply by 0.056. To convert values for insulin to picomoles per liter, multiply by 6. HDL denotes high-density lipoprotein.

† Race was self-reported. 
‡ Body-mass index is the weight in kilograms divided by the square of the height in meters.
§ The automated reading and recording device used to measure blood pressure was the HEM-705CP model (Omron 

Healthcare).
¶ HDL cholesterol levels lower than the normal range were defined as <40 mg per deciliter for men and <50 mg per deci-

liter for women.
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and 809 participants (409 assigned to candesartan 
and 400 assigned to placebo) were eligible for en-
rollment at 71 study centers in the United States. 
In the second year of the study, one center at which 
24 participants had undergone randomization was 
excluded from the study because of inadequate 
record keeping. Of those included in the safety 
population, data on blood pressure beyond the 
baseline measurements were not available for 13 
participants. Consequently, data on 772 partici-
pants (391 in the candesartan group and 381 in 
the placebo group) were available for further 
analysis.

Of the 772 participants included in the analy-

sis, 49 (6 percent) had blood-pressure values out-
side the limits required for entry (mean values, 
137.8±5.1 mm Hg systolic and 87.2±4.8 mm Hg 
diastolic); and 109 (14 percent; 55 participants in 
the candesartan group and 54 in the placebo 
group) who had mean values of 133.0±4.9 mm Hg 
systolic and 84.4±4.6 mm Hg diastolic discontin-
ued participation in the study before reaching an 
end point. The mean follow-up time was 3.56±1.11 
years (3.68±0.95 in the candesartan group and 
3.44±1.24 in the placebo group). A total of 2749 
participant-years of observation were accumu-
lated.

Table 1 shows the baseline characteristics of 

Table 2. Incident Hypertension and Incidence of Serious Adverse Events.*

Candesartan 
Group

(N = 391)

Placebo 
Group

(N = 381) P Value
Relative Risk 

(95% CI)

New-onset hypertension

No. of participants in whom hypertension developed 208 240

Hypertension at year 2 visit — % 13.6 40.4 <0.001† 0.34 (0.25–0.44)

Hypertension at year 4 visit — % 53.2 63.0 0.007† 0.84 (0.75–0.95)

Hypertension during study period <0.001‡ 0.58 (0.49–0.70)

Clinical criteria for end-point determination

BP at three clinic visits, ≥140 mm Hg systolic, ≥90 mm Hg diastolic, 
or both — no. (%)

142 (36) 168 (44) 0.03† 0.82 (0.69–0.98)

BP at any clinic visit ≥160 mm Hg systolic, ≥100 mm Hg diastolic, 
or both — no. (%)

15 (3.8) 19 (5.0) 0.49† 0.77 (0.40–1.49)

BP requiring pharmacologic treatment — no. (%) 45 (12) 48 (13) 0.66† 0.91 (0.62–1.34)

BP at month 48 clinic visit ≥140 mm Hg systolic, ≥90 mm Hg diastolic, 
or both — no. (%)

6 (1.5) 5 (1.3) >0.99† 1.17 (0.36–3.80)

Candesartan Group
(N = 396)

Placebo Group
(N = 391)

no. (%)

Incidence of adverse events

Participants with any serious adverse event 14 (3.5) 23 (5.9)

Organ system

Cardiovascular 1 (0.3) 6 (1.5)

Gastrointestinal 4 (1.0) 2 (0.5)

Cancer 4 (1.0) 3 (0.8)

Endocrine disorders 2 (0.5) 0

Infections 2 (0.5) 4 (1.0)

Peripheral-nerve disorders 2 (0.5) 0

Abnormal liver-function tests 1 (0.3) 1 (0.3)

Musculoskeletal and connective-tissue disorders 1 (0.3) 3 (0.8)

Psychiatric disorders 1 (0.3) 0

Vascular disorders 1 (0.3) 0

Ear and labyrinth disorders 0 1 (0.3)
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the two study groups, which were well matched. 
In the two groups, participants were overweight 
and had a high incidence of dyslipidemia. The 
main results of the study are summarized in Ta-
ble 2 and Figure 2. New onset of hypertension 
was suppressed in the candesartan group at two 
years (P<0.001) and four years (P<0.001), as cal-
culated by Fisher’s exact test. This result was 
further tested with the use of logistic-regression 
analysis, with adjustment for the following sig-
nificant baseline predictors: diastolic pressure as 
measured by the participant using the automatic 
device at home, systolic pressure as measured at 
clinic visits with the use of the automated device, 

hematocrit, plasma insulin:glucose ratio, and age. 
Throughout the study period a P value of less than 
0.05 was considered to indicate statistical signifi-
cance. There was an absolute difference of 26.8 
percent between the two groups and a relative risk 
reduction of 66.3 percent in the candesartan group 
at year 2. At year 4, two years after discontinua-
tion of candesartan, there was an absolute differ-
ence of 9.8 percent between the two groups and 
a relative reduction in the risk of new-onset hyper-
tension of 15.6 percent in participants in the can-
desartan group.

In these analyses, we assumed that hyperten-
sion did not develop in patients who discontinued 

Table 2. (Continued.)

Candesartan Group
(N = 396)

Placebo Group
(N = 391)

no. (%)

Hepatobiliary disorders 0 2 (0.5)

Reproductive system and breast disorders 0 1 (0.3)

General disorders 3 (0.8) 2 (0.5)

Other adverse events 352 (88.9) 346 (88.5)

Headache 85 (21.5) 74 (18.9)

Upper respiratory tract infection 57 (14.4) 52 (13.3)

Arthralgia 38 (9.6) 44 (11.3)

Nasopharyngitis 40 (10.1) 38 (9.7)

Back pain 37 (9.3) 40 (10.2)

Sinusitis 34 (8.6) 41 (10.5)

Dizziness 41 (10.4) 33 (8.4)

Bronchitis 21 (5.3) 34 (8.7)

Fatigue 32 (8.1) 21 (5.4)

Pain in an extremity 30 (7.6) 18 (4.6)

Depression 21 (5.3) 23 (5.9)

Gastroesophageal reflux 22 (5.6) 21 (5.4)

Insomnia 22 (5.6) 21 (5.4)

Nausea 16 (4.0) 27 (6.9)

Diarrhea 22 (5.6) 17 (4.3)

Anxiety 20 (5.1) 17 (4.3)

Hypotension 4 (1.0) 2 (0.5)

Syncope 2 (0.5) 1 (0.3)

Angioedema 0 1 (0.3)

* Participants were grouped according to the treatment actually received. One participant in the placebo group and five in the candesartan 
group received the incorrect study medication at one or more clinic visits during the first phase of the study, and these participants were 
therefore included in the analyses for the two groups. Participants may have had more than one adverse event. Adverse events included are 
those with a frequency ≥5 percent overall or ≥5 percent in the candesartan group. Other adverse events occurring with a frequency of less 
than 5 percent that were of potential relevance to the treatment of elevated blood pressure are also listed. CI denotes confidence interval, 
and BP blood pressure.

† The P value was calculated by Fisher’s exact test.
‡ The P value was calculated by the log-rank test or Cox proportional-hazards analysis. 
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participation in the study early. A sensitivity analy-
sis assuming that hypertension developed in all 
participants who dropped out did not change the 
results. Exclusion of the 49 participants in viola-
tion of the entry criteria did not alter the results 
(P<0.001 at year 2 and P<0.001 at year 4 [data not 
shown], by Fisher’s exact test). The median time 
to the development of hypertension was 2.2 years 
(95 percent confidence interval, 2.0 to 2.5) in the 
placebo group and 3.3 years (95 percent confidence 
interval, 3.0 to 3.8) in the candesartan group.

The Kaplan–Meier curves for the study end 
point (new-onset hypertension) (Fig. 2) were sig-
nificantly different throughout the four years of 
the study (P<0.001 by log-rank test and P<0.001 
by Cox proportional-hazards regression analysis, 
after adjustment for predictors). After discontinu-
ation of the study medication in the candesartan 
group, when all participants in the two groups 
were receiving placebo, the incidence of hyperten-
sion in the candesartan group increased but the 
Kaplan–Meier curves remained separated until the 
end of the study. Hazard ratios for new-onset 
hypertension in various subgroups (Fig. 3) were 
lower in the candesartan group.

Trends in blood pressure during the study pe-
riod are shown in Figure 4. Blood pressure de-
creased more rapidly in the candesartan group 
than in the placebo group in the first two years, 
but in the third year, after discontinuation of the 
study medication in the candesartan group and 
when all participants were receiving placebo, blood 
pressure increased more rapidly in the candesar-
tan group. At the end of the study, systolic pres-
sure was 2.0 mm Hg lower in the candesartan 

group (P = 0.037) and diastolic pressure 1.1 mm Hg 
lower (P = 0.073).

Rates of serious adverse events during the first 
two years were low and were similar in the two 
groups (Table 2). Serious adverse events occurred 
in 3.5 percent of the participants in the cande-
sartan group and in 5.9 percent of those in the 
placebo group. The incidence of other adverse 
events was similar in the two groups (88.9 per-
cent in the candesartan group, and 88.5 percent 
in the placebo group) (Table 2). Laboratory values 
in the two groups were similar during the first 
two years (Table 1 in the Supplementary Appen-
dix, available with the full text of this article at 
www.nejm.org).

Discussion

Untreated hypertension is a self-accelerating con-
dition. Evolving arteriolar hypertrophy17 and en-
dothelial dysfunction18 facilitate the later increase 
of blood pressure and contribute to the transition 
from prehypertension to established hypertension. 
Abnormalities in cardiovascular structure and 
function and in neuroendocrine control occur in 
young adults with a predisposition to hyperten-
sion.11,23,35,36 In rats with spontaneous hyperten-
sion, brief treatment of young animals with a 
renin–angiotensin antagonist has lifelong effects 
in reducing blood pressure.26,27 Therefore, we hy-
pothesized that an intervention in humans with 
prehypertension might alter the natural history 
and prevent or delay the onset of established hy-
pertension.

The results of the study support our primary 
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Figure 2. Kaplan–Meier Analysis of New-Onset Clinical Hypertension.
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hypothesis15 that pharmacologic treatment of pre-
hypertension may prevent or postpone the devel-
opment of hypertension. At four years — two 
years after discontinuation of candesartan — there 
was a significant reduction in incident hyperten-
sion in participants with prehypertension who had 
received candesartan. The relative proportion of 
participants who were hypertension-free was 26.5 
percent greater in the candesartan group.

The results of two years of candesartan treat-
ment support our secondary hypothesis that phar-
macologic treatment of prehypertension may sup-
press the development of hypertension. During the 
active treatment phase, we did not set a specific 
blood-pressure goal, and dose adjustment was not 
permitted. Nevertheless, there was a relative re-
duction of 66.3 percent in new-onset hyperten-
sion and an absolute reduction of 26.8 percent in 
new-onset hypertension in the candesartan group. 
Using the absolute difference between the two 
groups, we calculated that four participants with 

prehypertension needed to be treated for a set 
period (two years in the present study) to prevent 
one case of new-onset hypertension during that  
two-year period. Treatment with candesartan ap-
peared to be safe; in a comparison between ac-
tive treatment with candesartan and placebo for 
two years, serious adverse events and other side 
effects were infrequent, and the rates of each were 
similar in the two groups.

Current guidelines4 recommend lifestyle mod-
ification for the management of prehypertension. 
The results of our study can be compared with 
findings of the Trials of Hypertension Preven-
tion,28 the only trial of lifestyle modification with 
a similar duration: the absolute reduction in the 
incidence of new-onset hypertension at two years 
with candesartan was 26.8 percent, as compared 
with 8 percent with the most successful lifestyle 
intervention in the Trials of Hypertension Pre-
vention.

During the study, hypertension developed in 
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Figure 3. Hazard Ratios for New-Onset Hypertension in Various Subgroups.

Hazard ratios of time to event throughout the four years of the study were calculated by Cox proportional-hazards 
regression analysis. BMI denotes body-mass index (defined as the weight in kilograms divided by the square of the 
height in meters), and CI confidence interval. To convert pounds to kilograms, multiply by 0.45. Race was self-reported. 
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Below the graphs are the cumulative percentages of participants in the two groups receiving antihypertension treatment at each clinic 
visit. Blood-pressure readings were obtained in the clinic with the use of an automated device. BP denotes blood pressure. 
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63 percent of those in the placebo group. Among 
an estimated 65 million persons in the United 
States with prehypertension,14,33,37 approximately 
25 million have blood-pressure readings similar to 
those of the participants in our study. Hyperten-
sion will develop in almost 16 million of these 
persons in the next four years, given the results in 
the placebo group in our study. In the follow-up 
of the large-scale Multiple Risk Factor Interven-
tion Trial (MRFIT) involving young and middle-
age men,9 22.2 percent of the cohort had blood 
pressures of 130 to 139 mm Hg systolic and 85 
to 89 mm Hg diastolic. As compared with mem-
bers of that cohort with optimal blood pressure, 
the men in this group had age-adjusted relative 
risks of 1.61 and 2.14 for fatal coronary events and 
strokes, respectively. Death from cardiovascular 
causes among persons with prehypertension in-
creased steeply over 16 years of observation.9 A 
successful intervention in this large population 
might potentially have a substantial public health 
effect. The recommended lifestyle measures for 
blood-pressure control in prehypertension3 have 
had no demonstrable effect on public health to 
date.33 Consequently, we believe it was appropri-
ate to evaluate whether pharmacologic treatment 
of prehypertension is feasible. In our study, can-
desartan suppressed the onset of hypertension. 
In the first phase of the study, new-onset stage 
1 hypertension developed in 13.6 percent of the 
participants in the candesartan group, as com-
pared with 40.4 percent of those in the placebo 
group. We did not test the long-term safety and 
efficacy of this form of pharmacotherapy for pre-
hypertension.

Our study also indicates that the effect of ac-
tive treatment on delaying the onset of hyperten-
sion can extend to up to two years after the dis-
continuation of treatment. However, the absolute 
reduction of 9.8 percent in incident hypertension 
in the study at four years was modest.

Although the observations in this study indi-
cate that candesartan may ameliorate blood pres-
sure in persons with prehypertension, we do not 
advocate treatment of the 25 million people with 
prehypertension. We are unaware of any ongoing 
prospective trials in prehypertension, and hope 
that the present results will stimulate further 
research. The public health implications of such 
research are potentially large. Further studies are 
needed to answer a number of questions.

The mean age of 48.5 years among participants 
in our study is younger than that in other recent 

studies of hypertension. Whether treatment in 
even younger persons could maximize the pre-
vention of hypertension is unknown. It is also not 
known whether longer periods of treatment than 
in our study or a larger degree of blood-pressure 
lowering than was achieved in the study would 
yield different results. Whether the results of our 
study reflect only the blood-pressure–lowering ac-
tions of the study drug or other effects of angio-
tensin blockade has not been resolved. Poten-
tially, the largest effect would come from a study of 
clinical outcomes with pharmacologic interven-
tion in prehypertension. Finally, the issue of cost-
effectiveness has not been resolved. A head-to-head 
comparison of the cost-effectiveness of lifestyle 
modification and pharmacologic treatment of 
prehypertension would of great interest.

Treatment of prehypertension with candesartan 
monotherapy decreased incident hypertension in 
participants in this study. Additional studies will 
be needed to ascertain whether this or other strat-
egies involving early pharmacologic treatment of 
prehypertension would positively affect clinical 
outcomes.

Dr. Julius reports having served as a consultant to Novartis 
and Servier, and having received lecture fees from Novartis and 
Merck and grant support from AstraZeneca and Novartis. Dr. 
Nesbitt reports having served as a consultant to AstraZeneca, 
Novartis, and Pfizer, and having received lecture fees from 
Boehringer Ingelheim, Pfizer, and Novartis and grant support 
from AstraZeneca. Dr. Egan reports having served as a consul-
tant to AstraZeneca, Novartis, Pfizer, and Merck; having re-
ceived lecture fees from Boehringer Ingelheim, Novartis, and 
Pfizer and grant support from Pfizer, Novartis, and AstraZene-
ca; and having received royalties from Elsevier. Dr. Weber re-
ports having served as a consultant to Novartis, Pfizer, Merck, 
and Sankyo, and having received lecture fees from Novartis, 
Sankyo, Bristol-Myers Squibb, Pfizer, Merck, and Sanofi-Aven-
tis. Dr. Grimm reports having served as a consultant to Pfizer 
and Merck, and having received lecture fees from Merck, Pfizer, 
and Novartis. Dr. Michelson is an employee of AstraZeneca. Dr. 
Black reports having served as a consultant to MSD, Myogen, 
Pfizer, Novartis, and BMS/Sanofi, and having received lecture 
fees from Pfizer, BMS/Sanofi, Boehringer Ingelheim, and No-
vartis and grant support from Pfizer. Dr. Oparil reports having 
served as a consultant to Merck, Novartis, Pfizer, Salt Institute, 
and Sankyo Pharma; having received lecture fees from Bristol-
Myers Squibb, Merck, Pfizer, and Sankyo Pharma; having re-
ceived grant support from Abbott Laboratories, AstraZeneca, 
Aventis, Biovail, Boehringer Ingelheim, Bristol-Myers Squibb, 
Forest Laboratories, GlaxoSmithKline, Novartis, Merck, Pfizer, 
Sankyo Pharma, Sanofi-Synthelabo, and Schering-Plough; and 
reports being a member of the board of directors of Encysive 
Pharmaceuticals. No other potential conflict of interest relevant 
to this article was reported.

We are indebted to Larrye Loss, Anne Cobuzzi, Melissa Groz-
inski, and Susan Borst, at AstraZeneca; to Cherylisa Jennings, at 
Omnicare; and to the site coordinators for their support during 
the study; to Valerie A. Cain, at AstraZeneca, for statistical as-
sistance; and to all the participants in the study for their interest 
and cooperation in this trial.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 22, 2009 . For personal use only. No other uses without permission. 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 354;16 www.nejm.org april 20, 20061696

appendix

The following investigators participated in the Trial of Preventing Hypertension (TROPHY) Study: Executive Committee: S. Julius, B. 
Egan, S. Nesbitt, H. Black, R. Grimm, F.H. Messerli, S. Oparil, M.A. Schork, M. Weber; Data and Safety Monitoring Board: M. Wein-
berger, J. Izzo, B. Katz; Investigators other than the authors are as follows (those listed within parentheses left the study before comple-
tion): N. Abate, University of Texas Southwestern Medical Center, Dallas; R. Abbott, Rochester, N.Y.; T. Adamson, Sharp Rees-Stealy 
Medical Group, San Diego, Calif.; S. Ahmad, (R. Davidson), Scribner Kidney Center, Seattle; B. Akpunonu, Medical College of Ohio, 
Toledo; S. Arnold, T. Au, Honolulu; J. Brose, Ohio University Osteopathic Medical Center, Athens; D. Calhoun, University of Alabama 
at Birmingham, Birmingham; R.S. Castaldo, Buffalo, N.Y.; C. Cervera, California Clinical Research Center, Baldwin Park, Calif.; 
J. Chinn, Las Vegas Veterans Affairs (VA) Medical Center, Las Vegas; J. Cohen, Saint Louis University Health Science Center, St. Louis; 
J.N. Cohn, University of Minnesota Medical Center, Minneapolis; C.N. Corder, COR Clinical Research, Oklahoma City; R. Cronin, VA 
North Texas Health Care Systems, Dallas; L. Crouse Kramer, Crouse Cardiology, Shawnee Mission, Kans.; W. Cushman, VA Medical 
Center, Memphis, Tenn.; V. Davila-Roman, Washington University, St. Louis; V.L. DeQuattro, University of Southern California School 
of Medicine, Los Angeles; D. Edmundowicz, (G. Ziady), Cardiovascular Institute at University Center, Pittsburgh; W. Elliott, Rush–Pres-
byterian–St. Luke’s Medical Center, Chicago; H. Carlton Palmer, (D.M. Elnicki), West Virginia University School of Medicine, Morgan-
town; D.S. Estock, Wilmington, Del.; D.B. Feller, A.H. Gradman, Western Pennsylvania Hospital, Pittsburgh; S. Franklin, University of 
California at Irvine Heart Disease Prevention Program, Irvine; D.L. Fried, Omega Medical Research, Warwick, R.I.; M. Galler, Williams-
ville, N.Y.; C.G. Govantes, Ocala, Fla.; D.S. Charba, (C. Grimm), Medical College of Wisconsin, Milwaukee; J. Guntapalli, (N. Rahman), 
University of Texas Health Science Center at Houston, Houston; T. Hart, Muscle Shoals, Ala.; A. Hinderliter, University of North Caro-
lina at Chapel Hill, Chapel Hill; R.K. Hippert, Fleetwood Medical Associates, Fleetwood, Pa.; B.K. Jackson, ARI [Arroyo Research] 
Clinical Trials, Redondo Beach, Calif.; J. Torchia, (J.D. Kearney), Conner Research Group, Camp Hill, Pa.; M.S. Kipnes, Diabetes and 
Glandular Research Associates, San Antonio, Tex.; L. Kirchner, (F. Whittier, R. Crock), Mercy Medical Center, Canton, Ohio; M. 
Kozinn, Amherst Cardiology and Internal Medicine, Williamsville, N.Y.; N. Kopyt, Northeast Clinical Research Centers, Allentown, Pa.; 
P. Kushner, Long Beach, Calif.; L. Hebert, (S. Ladson-Wofford), Ohio State University Medical Center, Columbus; D. Lichtinger, Lees-
burg, Fla.; M. Lillestol, Internal Medicine Associates, Fargo, N.D.; M. Lucas, Patterson Medical Clinic, Florissant, Mo.; D. MacPherson 
(J. Whittle), Pittsburgh VA Medical Center, Pittsburgh; H. Malik, Cedarwood Medical Center, St. Joseph, Mich.; M. Mirani, Hamburg, 
N.Y.; J. Asher, (A. Naftilan), Dial Research Associates, Nashville; J. Neutel, Orange County Research Center, Tustin, Calif.; W.B. Olney, 
Cardiology and Internal Medicine, Rochester, N.H.; V. Papademetriou, Georgetown University Medical Center, Washington, D.C.; F.S. 
Pettyjohn, University of South Alabama, Mobile; L. Rice, Biltmore Medical Associates, Asheville, N.C.; B. Rogers, (N. Winer), Univer-
sity of Missouri at Kansas City School of Medicine, Kansas City; R. Settipane, Providence, R.I.; J.G. Shanes, Consultants in Cardiovas-
cular Medicine, Melrose Park, Ill.; U.R. Shettigar, Bay Pines VA Medical Center, Bay Pines, Fla.; D. Sica, Virginia Commonwealth Uni-
versity, Richmond; H.T. Smith, Berman Center for Outcomes and Clinical Research, Minneapolis; R. Smith, Wake Forest University 
Health Sciences, Winston-Salem, N.C.; A. Stahl, (T. Bowers), Heart Institute of Nevada, Las Vegas; S. Steigerwalt, St. Clair Specialty 
Physicians, Detroit; M. Tonkon, Apex Research Institute, Santa Ana, Calif.; D.G. Vidt, Cleveland Clinic Foundation, Cleveland; J.G. 
Wahhwani, Erie County Medical Center, Buffalo, N.Y.; M. Weerasinghe, Rochester Clinical Research, Rochester, N.Y.; M.S. Weinberg, 
Hypertension and Nephrology, Providence, R.I.; M. Wofford, University of Mississippi Medical Center, Jackson; S. Yarows, Chelsea 
Medical Center, Chelsea, Mich.

References

Levy RL, Hillman CC, Stroud WD, 
White PD. Transient hypertension: its sig-
nificance in terms of later development of 
sustained hypertension and cardiovascu-
lar-renal diseases. JAMA 1944;126:829-33.

Julius S, Schork MA. Borderline hy-
pertension — a critical review. J Chronic 
Dis 1971;23:723-54.

The Sixth Report of the Joint National 
Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood 
Pressure (JNC VI). Bethesda, Md.: Nation-
al Heart, Lung, and Blood Institute, 1997. 
(NIH publication no. 98-4080.)

Chobanian AV, Bakris GL, Black HR, 
et al. The Seventh Report of the Joint Na-
tional Committee on prevention, detec-
tion, evaluation, and treatment of high 
blood pressure: the JNC7 report. JAMA 
2003;289:2560-72. [Erratum, JAMA 2003;
290:197.]

Leitschuh M, Cupples LA, Kannel W, 
Gagnon D, Chobanian A. High-normal 
blood pressure progression to hyperten-
sion in the Framingham Heart Study. Hy-
pertension 1991;17:22-7.

Vasan RS, Larson MG, Leip EP, Kan-
nel WB, Levy D. Assessment of frequency 
of progression to hypertension in non-

1.

2.

3.

4.

5.

6.

hypertensive participants in the Framing-
ham Heart Study: a cohort study. Lancet 
2001;358:1682-6.

Levy RL, White PD, Stroud WD, et al. 
Transient hypertension: the relative prog-
nostic importance of various systolic 
and diastolic levels. JAMA 1945;128:
1059-61.

Thomson KJ. Some observations on 
the development and course of hyperten-
sive vascular disease. Proc Ann Meet Med 
Sect Am Life Conv 1950;38:85-112.

Neaton JD, Kuller L, Stamler J, Went-
worth DN. Impact of systolic and diastolic 
blood pressure on cardiovascular mortal-
ity. In: Laragh JH, Brenner BM, eds. Hyper-
tension: pathophysiology, diagnosis and 
management. 2nd ed. Vol. 1. New York: 
Raven Press, 1995:127-44.

Vasan RS, Larson MG, Leip EP, et al. 
Impact of high-normal blood pressure on 
the risk of cardiovascular disease. N Engl 
J Med 2001;345:1291-7.

Julius S, Jamerson K, Mejia A, Krause 
L, Schork N, Jones K. The association of 
borderline hypertension with target organ 
changes and higher coronary risk: Tecum-
seh Blood Pressure study. JAMA 1990;
264:354-8.

7.

8.

9.

10.

11.

Nesbitt SD, Julius S, Leonard D, Egan 
BM, Grozinski M. Is low-risk hyperten-
sion fact or fiction? Cardiovascular risk 
profile in the TROPHY study. Am J Hyper-
tens 2005;18:980-5.

Greenlund KJ, Croft JB, Mensah GA. 
Prevalence of heart disease and stroke risk 
factors in persons with prehypertension 
in the United States, 1999-2000. Arch In-
tern Med 2004;164:2113-8.

Qureshi AI, Suri MFK, Kirmani JF, Di-
vani AA, Mohammad Y. Is prehyperten-
sion a risk factor for cardiovascular dis-
eases? Stroke 2005;36:1859-63.

Julius S, Nesbitt S, Egan B, et al. Trial 
of preventing hypertension: design and 
2-year progress report. Hypertension 2004;
44:146-51.

Liszka HA, Mainous AG III, King DE, 
Everett CJ, Egan BM. Prehypertension and 
cardiovascular morbidity. Ann Fam Med 
2005;3:294-9.

Folkow B. Physiological aspects of pri-
mary hypertension. Physiol Rev 1982;62:
347-504.

Panza JA, Casino PR, Kilcoyne CM, 
Quyyumi AA. Role of endothelium-derived 
nitric oxide in the abnormal endothelium-
dependent vascular relaxation of patients 

12.

13.

14.

15.

16.

17.

18.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 22, 2009 . For personal use only. No other uses without permission. 



treatment of prehypertension

n engl j med 354;16 www.nejm.org april 20, 2006 1697

with essential hypertension. Circulation 
1993;87:1468-74.

Egan B, Panis R, Hinderliter A, Schork 
N, Julius S. Mechanism of increased alpha 
adrenergic vasoconstriction in human es-
sential hypertension. J Clin Invest 1987;
80:812-7.

Hart MN, Heistad DD, Brody MJ. Ef-
fect of chronic hypertension and sympa-
thetic denervation on wall/lumen ratio of 
cerebral vessels. Hypertension 1980;2:419-
23.

Dzau V. The cardiovascular continuum 
and renin-angiotensin-aldosterone system 
blockade. J Hypertens Suppl 2005;23:S9-
S17.

Esler M, Julius S, Zweifler A, et al. 
Mild high-renin essential hypertension: 
neurogenic human hypertension? N Engl 
J Med 1977;296:405-11.

Julius S, Krause L, Schork NJ, et al. 
Hyperkinetic borderline hypertension in 
Tecumseh, Michigan. J Hypertens 1991;9:
77-84.

Schiffrin EL, Deng LY, Larochelle P. 
Progressive improvement in the structure 
of resistance arteries of hypertensive pa-
tients after 2 years of treatment with an 
angiotensin I-converting enzyme inhibi-
tor: comparison with effects of a beta-
blocker. Am J Hypertens 1995;8:229-36.

Schiffrin EL, Deng LY. Comparison 
of effects of angiotensin I-converting en-

19.

20.

21.

22.

23.

24.

25.

zyme inhibition and β-blockade for 2 years 
on function of small arteries from hyper-
tensive patients. Hypertension 1995;25:
699-703.

Harrap SB, Van der Merwe WM, Grif-
fin SA, Macpherson F, Lever AF. Brief an-
giotensin converting enzyme inhibitor 
treatment in young spontaneously hyper-
tensive rats reduces blood pressure long-
term. Hypertension 1990;16:603-14.

Wu JN, Berecek KH. Prevention of ge-
netic hypertension by early treatment of 
spontaneously hypertensive rats with the 
angiotensin converting enzyme inhibitor 
captopril. Hypertension 1993;22:139-46.

The Trials of Hypertension Prevention 
Collaborative Research Group. Effects of 
weight loss and sodium reduction inter-
vention on blood pressure and hyperten-
sion incidence in overweight people with 
high-normal blood pressure: the Trials of 
Hypertension Prevention, phase II. Arch 
Intern Med 1997;157:657-67.

Hypertension Prevention Trial Re-
search Group. The Hypertension Preven-
tion Trial: three-year effects of dietary 
changes on blood pressure. Arch Intern 
Med 1990;150:153-62.

Jennings G, Nelson L, Nestel P, et al. 
The effects of changes in physical activity 
on major cardiovascular risk factors, he-
modynamics, sympathetic function, and 
glucose utilization in man: a controlled 

26.

27.

28.

29.

30.

study of four levels of activity. Circulation 
1986;73:30-40.

Neaton JD, Grimm RH Jr, Prineas RJ, 
et al. Treatment of mild hypertension: final 
results. JAMA 1993;270:713-24.

Appel LJ, Moore TJ, Obarzanek E, et 
al. A clinical trial of the effects of dietary 
patterns on blood pressure. N Engl J Med 
1997;336:1117-24.

Qureshi AI, Suri MFK, Kirmani JF, Di-
vani AA. Prevalence and trends of prehy-
pertension and hypertension in United 
States: National Health and Nutrition Ex-
amination Surveys 1976 to 2000. Med Sci 
Monit 2005;11:CR403-CR409.

Appel LJ, Champagne CM, Harsha 
DW, et al. Effects of comprehensive life-
style modification on blood pressure con-
trol. JAMA 2003;289:2083-93.

Neutel JM, Smith DHG, Graettinger 
WF, Winer RL, Weber MA. Heredity and 
hypertension: impact on metabolic char-
acteristics. Am Heart J 1992;124:435-40.

Weber MA, Smith DHG, Neutel JM, 
Graettinger WF. Cardiovascular and met-
abolic characteristics of hypertension. Am 
J Med 1991;91:4S-10S.

Whelton PK, He J, Appel LJ, et al. Pri-
mary prevention of hypertension: clinical 
and public health advisory from the Na-
tional High Blood Pressure Education Pro-
gram. JAMA 2002;288:1882-8.
Copyright © 2006 Massachusetts Medical Society. 

31.

32.

33.

34.

35.

36.

37.

CLINICAL PROBLEM-SOLVING SERIES

The Journal welcomes submissions of manuscripts for the Clinical Problem-Solving 
series. This regular feature considers the step-by-step process of clinical decision 

making. For more information, please see http://authors.nejm.org. 

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 22, 2009 . For personal use only. No other uses without permission. 


