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ABSTRACT

Objective To compare cardiovascular risk among

womenwith high normal blood pressure (130-9/85-9mm

Hg) against those with normal blood pressure (120-9/

75-84 mm Hg) and those with baseline hypertension.

Design Prospective cohort study.

SettingWomen’s health study, United States.

Participants 39322 initially healthy women classified

into four categories according to self reported baseline

blood pressure and followed for a median of 10.2 years.

Main outcome measures Time to cardiovascular death,

myocardial infarction, or stroke (major cardiovascular

event—primary end point); progression to hypertension.

Results 982 (2.5%) women developed a major

cardiovascular event, and 8686 (30.1%) women without

baseline hypertension progressed to hypertension. The

age adjusted event rate for the primary end point was

1.6/1000 person years among women with normal blood

pressure, 2.9/1000 person years among those with high

normal blood pressure, and 4.3/1000 person years

among those with baseline hypertension. Compared with

women with high normal blood pressure (reference

group), those with normal blood pressure had a lower risk

of a major cardiovascular event (adjusted hazard ratio

0.61, 95% confidence interval 0.48 to 0.76) and of

incident hypertension (0.42, 0.40 to 0.44). The hazard

ratio for a major cardiovascular event in women with

baseline hypertension was 1.30 (1.08 to 1.57). Women

who progressed to hypertension (reference group) during

the first 48 months of the study had a higher

cardiovascular risk than those who remained

normotensive (adjusted hazard ratio 0.64, 0.50 to 0.81).

Women with high normal blood pressure at baseline who

progressed to hypertension (reference group) had similar

outcome rates to women with baseline hypertension

(adjusted hazard ratio 1.17, 0.88 to 1.55).

Conclusion The cardiovascular risk of women with high

normal blood pressure is higher than that of women with

normal blood pressure. The cardiovascular risk of women

who progress to hypertension is increased shortly after a

diagnosis of hypertension has been made.

Trial registration Clinical trials NCT00000479.

INTRODUCTION

Hypertension is defined as a systolic blood pressure of
at least 140 mm Hg or a diastolic blood pressure of at
least 90 mm Hg. However, cardiovascular risk is
directly associated with blood pressure across a much
wider spectrum of blood pressure levels, and no
evidence of a threshold exists down to at least 115/
75 mm Hg.12 Although this relation is firmly estab-
lished, little evidence is available about the risk of
cardiovascular events in people whose blood pressure
levels progress and who newly develop hypertension.
This question is important because people with

blood pressure levels in the normal and high normal
range have a substantial risk of developing hyperten-
sion over a short term period of four years.3 The cumu-
lative lifetime risk of developing hypertension
approaches 90% in a Western population,4 and the
high global prevalence of hypertension further under-
scores the importance of the problem.5

Strategies to prevent or postpone hypertension in
people with normal blood pressure could thus have a
substantial impact on public health. Unfortunately,
published guidelines for the management of people
with hypertension have adopted different classification
schemes for patients with blood pressure levels consid-
ered to be normal.6 7 The Joint National Committee
7 guidelines from the United States introduced a cate-
gory designated “prehypertension” for people with
blood pressure levels from 120 to 139 mmHg for sys-
tolic pressureor 80 to 89mmHg fordiastolic pressure.7

On the other hand, the European guidelines partition
these people into two groups: those with systolic blood
pressure between 120 and 129 mm Hg or diastolic
blood pressure between 80 and 84 mm Hg are classi-
fied as normal, whereas those with systolic blood pres-
sure between 130 and 139 mm Hg or diastolic blood
pressure between 85 and 89 mm Hg are classified as
high normal.6 Evidence for a different clinical course
among people in these two groups would support the
relevance of this distinction. We therefore determined
the long term outcome with regard to cardiovascular
disease and progression to hypertension in a large
cohort of initially healthy women with a wide range
of blood pressures.We then evaluated in greater detail
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the outcome of women who developed hypertension
during the first 48 months of the study.

METHODS

Participants

All the women studied were participants in the
women’s health study, a completed randomised trial
that evaluated the risks and benefits of low dose aspirin
and vitamin E in the primary prevention of cardio-
vascular disease and cancer. Details of the study design
have been described previously.8-10

Briefly, beginning in 1993, 39 876 female health pro-
fessionals in the United States who were 45 years or
older and free of cardiovascular disease, cancer, or
other major illnesses were randomised to receive
100 mg aspirin every other day, 600 IU vitamin E
every other day, both agents, or placebo. The trial initi-
ally had a β carotene arm, which was terminated
early.11 Information on baseline variables was col-
lectedwithmailed questionnaires. Follow-up question-
naires asking participants about study outcomes and
other information were sent every six months during
the first year and every 12 months thereafter.
We used follow-up information from randomisation

to the end of the trial on 31 March 2004 for this analy-
sis. As of this date, follow-up was 97.2% complete for
morbidity and 99.4% complete for mortality. For this
analysis, the study population consisted of all 39 322
women with complete information about blood pres-
sure, personal history of hypertension, and anti-
hypertensive treatment at randomisation. We
analysed incident hypertension among 28 863
(73.4%) women without hypertension at baseline.
The median follow-up in this study was 10.2 years.
Written informed consent was obtained from all parti-
cipants, and the trialwasmonitoredby an external data
and safety monitoring board.

Study variables

Blood pressure at randomisation was self reported by
the female health professionals, a group in which self
report of bloodpressure has provedhighly accurate.1-12

Participating women categorised their blood pressure
levels into nine different categories for systolic blood
pressure and seven different categories for diastolic
blood pressure. The Spearman correlation coefficient
of categories of blood pressure at baseline and at
12 months was 0.75 for systolic blood pressure and
0.64 for diastolic blood pressure. These coefficients
compare favourably with those found for measured
blood pressure.13-15

For the purpose of this study, we classified women
into four predefined blood pressure categories: below
120 mm Hg for systolic pressure and 75 mm Hg for
diastolic pressure (subsequently called optimal blood
pressure), 120-9 mm Hg for systolic pressure or
75-84 mm Hg for diastolic pressure (subsequently
called normal blood pressure), 130-9 mm Hg for
systolic pressure or 85-9 mm Hg for diastolic pressure
(subsequently called high normal blood pressure), and
established hypertension. We defined established

hypertension as self reported history of hypertension,
taking antihypertensive treatment, or blood pressure
levels of at least 140 mm Hg for systolic pressure or
90 mm Hg for diastolic pressure. We classified
women with discordant systolic and diastolic blood
pressure categories into the higher category.
Covariates of interest were self reported at study

entry and included age, smoking, history of hypercho-
lesterolaemia (self reported cholesterol of at least
240 mg/dl (6.22 mmol/l)), diabetes, body mass index
(weight in kilograms divided by the square of height in
metres), exercise, alcohol consumption, and highest
educational level achieved.

Ascertainment of cardiovascular outcome variables

We asked all women who reported a myocardial
infarction, stroke, or coronary revascularisation
(percutaneous coronary angioplasty or bypass surgery)
for permission to review their medical records. We
confirmed that death was from cardiovascular causes
on the basis of autopsy records, death certificates,
medical records, or information obtained from family
members. An endpoint committee of physicians
reviewed medical records for reported events
according to predefined criteria. We included only
confirmed events in this analysis.

Definition of incident hypertension

We defined incident cases of hypertension for women
without hypertension at baseline as meeting at least
one of the following criteria: self report of a new diagno-
sis by a physician of hypertension at years 1 and 3 and
yearly thereafter; self report of taking antihypertensive
treatment at years 1, 3, and 4 and at the end of the study;
or self reported bloodpressure of at least 140mmHg for
systolic pressure or 90 mm Hg for diastolic pressure at
years 1 and 4 and at the end of the study.
Women who reported a new diagnosis of hyper-

tension by a physician also provided the month and
year of diagnosis. For a diagnosis defined by another
criterion or amissing date for a physician’s diagnosis,
we randomly assigned a date between the latest
questionnaire and the previous one. Women who
developed cardiovascular disease, for which the
management may interfere with blood pressure
levels, were censored at the date of diagnosis and
not considered at risk for incident hypertension
thereafter.

Statistical analysis

The primary cardiovascular outcome variable was a
composite of myocardial infarction, stroke, and death
from cardiovascular causes. We also analysed the
individual components, coronary revascularisation,
and death from any cause as secondary variables. If a
woman had several events, we counted only the first
event in each category.

Blood pressure category and cardiovascular events
Wecalculated age adjusted incidences per 1000 person
years stratified by blood pressure category for the
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primary and all secondary outcome variables.
Subsequently, we constructed Cox proportional
hazards models to calculate hazard ratios and 95%
confidence intervals for the comparison of event rates
in the four blood pressure categories. We chose the
high normal blood pressure category as the reference
group, because it constituted the main focus of this
study. In a first step, we adjusted the crude models for
age. Thereafter, we fitted amultivariablemodel adjust-
ing for age, smoking, history of diabetes, body mass
index, history of hypercholesterolaemia, exercise,
alcohol consumption, highest educational level, and
randomised treatment assignments (aspirin, vitamin
E, and β carotene).

Blood pressure category and progression to hypertension

Wecalculated age adjusted incidences per 1000 person
years for the development of incident hypertension

during follow-up amongwomenwithout hypertension
at baseline, again stratified by blood pressure category.
To compare the event rates among the different blood
pressure categories, we constructed Cox proportional
hazards models to calculate the adjusted blood pres-
sure category specific hazard ratios for incident hyper-
tension. Again, women with high normal blood
pressure constituted the reference group. We adjusted
this model for the same variables described above.

Blood pressure progression and cardiovascular events

We then categorised women into the following pre-
specified categories: women without baseline hyper-
tension who did not develop hypertension during the
first 48 months of follow-up, women with baseline
hypertension, and women without baseline hyperten-
sion who developed hypertension during the first
48 months of follow-up. In a second step, we further

Table 1 | Baseline characteristics according to blood pressure category. Values are numbers (percentages) unless stated

otherwise

Characteristics

Baseline blood pressure, systolic/diastolic (mm Hg)

<120/75
(n=12 549)*

120-9/75-84
(n=11 326)*

130-9/85-9
(n=4988)*

Hypertension†
(n=10 459)*

Mean (SD) age (years) 53 (6) 54 (7) 56 (7) 57 (8)

Mean (SD) body mass index (kg/m2) 24.0 (3.7) 25.6 (4.4) 27.3 (5.3) 28.4 (5.9)

History of diabetes:

Yes 82 (0.7) 153 (1.4) 143 (2.9) 639 (6.1)

No 12 463 (99.4) 11 164 (98.7) 4842 (97.1) 9812 (93.9)

History of hypercholesterolaemia:

Yes 2708 (21.6) 2893 (25.6) 1551 (31.1) 4486 (42.9)

No 9837 (78.4) 8430 (74.5) 3432 (68.9) 5969 (57.1)

Smoking:

Current 1726 (13.8) 1469 (13.0) 681 (13.7) 1277 (12.2)

Former 4517 (36.0) 4003 (35.4) 1786 (35.9) 3759 (36.0)

Never 6296 (50.2) 5849 (51.7) 2514 (50.5) 5411 (51.8)

Hormone replacement therapy:

Never 6466 (51.6) 5744 (50.8) 2505 (50.3) 4836 (46.3)

Former 895 (7.2) 925 (8.2) 501 (10.1) 1241 (11.9)

Current 5160 (41.2) 4641 (41.0) 1973 (39.6) 4359 (41.8)

Exercise (times/week):

Rarely/never 4102 (32.7) 4233 (37.4) 2053 (41.2) 4683 (44.8)

<1 2494 (19.9) 2317 (20.5) 1017 (20.4) 1986 (19.0)

1-3 4253 (33.9) 3615 (31.9) 1519 (30.5) 2861 (27.4)

>3 1692 (13.5) 1159 (10.2) 395 (7.9) 925 (8.9)

Alcohol consumption‡:

Rarely/never 5240 (41.8) 4893 (43.2) 2281 (45.7) 5339 (51.1)

1-3 drinks/month 1744 (13.9) 1470 (13.0) 634 (12.7) 1327 (12.7)

1-6 drinks/week 4327 (34.5) 3784 (33.4) 1527 (30.6) 2751 (26.3)

≥1 drink/day 1235 (9.8) 1175 (10.4) 545 (10.9) 1040 (10.0)

White race 11 912 (95.7) 10 729 (95.6) 4706 (95.2) 9612 (92.7)

Highest educational level:

Less than a bachelors degree 6583 (53.3) 6127 (55.0) 2962 (60.3) 6543 (63.7)

Bachelors degree 3132 (25.4) 2642 (23.7) 1075 (21.9) 2069 (20.2)

Masters degree or doctorate 2641 (21.4) 2372 (21.3) 872 (17.8) 1657 (16.1)

*Number of women across categories may not sum to the given number because of missing data.

†Defined as previous diagnosis of hypertension, systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or receiving blood

pressure lowering treatment.

‡One drink corresponds to 13 g alcohol.
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subdivided the last group into one group with baseline
blood pressure values below 130/85 mm Hg and
another group with baseline blood pressure values
between 130 and 139 mm Hg for systolic pressure or
between 85 and 89 mmHg for diastolic pressure.
We constructedCoxproportional hazardsmodels to

compare the hazard ratios for developing a primary
cardiovascular outcome event between these newly
created categories. Because we assessed time to a first
cardiovascular event beginning at month 48, women
who had a primary cardiovascular outcome event or
died during the first 48 months of follow-up were
excluded from these analyses. We adjusted this
model for age, smoking, diabetes, body mass index,
and alcohol consumption at 48 months and for base-
line history of hypercholesterolaemia, exercise, high-
est educational level, and randomised treatment
assignments.
We entered categorical variables in the Cox models

by using binary indicator variables. We used integer
scores across categories to test for trend.We examined
the proportional hazards assumption for all models by
including a blood pressure category by time inter-
action in the model.16 We used SAS version 9 for all
analyses. A two tailed P value <0.05 indicated
statistical significance.

RESULTS

Table 1 shows baseline characteristics stratified by
blood pressure category. At baseline, 10 459 (26.6%)
of the study participants had hypertension, 4988
(12.7%) had high normal blood pressure, 11 326
(28.8%) had normal blood pressure, and 12 549
(31.9%) had optimal blood pressure. Increasing blood

pressure was associated with increasing age and body
mass index and a higher prevalence of diabetes and
hypercholesterolaemia. Moderate alcohol consump-
tion, exercise, higher educational level, and white
race were more prevalent in women with lower blood
pressure levels.

Blood pressure category and cardiovascular events

After 10.2 years of follow-up, 982 confirmed major
cardiovascular events had occurred among 39 322
women. Table 2 shows age adjusted event rates

Table 2 | Age adjusted incidences (per 1000person years) of events according to blood pressure category

Endpoint

Baseline blood pressure, systolic/diastolic (mm Hg)

<120/75 120-9/75-84 130-9/85-9 Hypertension*

Major cardiovascular event†

No of events/person years 134/125 503 176/112 972 159/49 214 513/102 040

Age adjusted incidence 1.28 1.64 2.92 4.32

Stroke

No of events/person years 79/125 659 85/113 247 63/49 531 251/102 857

Age adjusted incidence 0.74 0.79 1.15 2.09

Myocardial infarction

No of events/person years 42/125 790 70/113 286 77/49 464 200/102 976

Age adjusted incidence 0.41 0.65 1.42 1.73

Death from cardiovascular causes

No of events/person years 30/125 952 37/113 562 32/49 781 140/103 835

Age adjusted incidence 0.29 0.34 0.55 1.09

Coronary revascularisation

No of events/person years 93/125 648 123/113 080 140/49 204 392/102 167

Age adjusted incidence 0.91 1.12 2.61 3.49

Death from any cause

No of events/person years 224/125 952 243/113 562 153/49 781 457/103 835

Age adjusted incidence 2.11 2.27 2.80 3.65

*Defined as previous diagnosis of hypertension, systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or receiving blood

pressure lowering treatment.

†Defined as myocardial infarction, stroke, or death from cardiovascular causes.
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Fig 1 | Blood pressure progression and risk of major

cardiovascular events. Hazard ratios (with 95% confidence

intervals) for a first major cardiovascular event in women with

incident hypertension during the first 48 months (reference

group), compared with women with persistent normotension

and women with hypertension at baseline. The different

categories are defined in table 5. *Adjusted for age, smoking,

diabetes, body mass index, and alcohol consumption at

48months and for baseline history of hypercholesterolaemia,

exercise, highest educational level, and randomised

treatment assignments
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stratified by blood pressure category. Women with
hypertension at baseline had the highest event rate
(4.32 major cardiovascular events per 1000 person
years). We saw a strong and consistent decrease in
event rates down to the optimal blood pressure cate-
gory among all primary and secondary outcomes eval-
uated. Of particular interest, the rate of major
cardiovascular events amongwomenwith highnormal
blood pressure at baseline was almost twice as high as
that for those with normal baseline blood pressure.
Multivariable Cox proportional hazards models only

slightly attenuated the strong trend across blood pres-
sure categories (table 3). In the fully adjusted model,
women with normal blood pressure at baseline had a
39% lower risk of having a major cardiovascular event
compared with those with high normal blood pressure
and those with optimal blood pressure at baseline had a
49% lower risk. The risk of women with established
hypertension at baseline was 30% higher.
Women with hypertension had a substantially

higher risk of stroke than women with high normal
blood pressure (hazard ratio 1.61, 95% confidence
interval 1.21 to 2.14), but the risk of coronary events
(myocardial infarction or coronary revascularisation)

did not differ significantly between the two groups.
The lower risk of cardiovascular events in women
with normal blood pressure compared with those
with high normal blood pressure was consistent
among all individual end points considered, although
some of the secondary end points did not reach statis-
tical significance in the fully adjusted models.

Blood pressure category and progression to hypertension

In total, 8686 (30.1%) of the 28 863 women without a
diagnosis of hypertension at baselinedeveloped incident
hypertension during follow-up. The incidence of hyper-
tension strongly increased across the different blood
pressure categories, ranging from 16.0 events per 1000
person years in women with optimal blood pressure to
114.7 per 1000personyears inwomenwith highnormal
blood pressure at baseline (table 4). Across the three
baseline blood pressure categories, 8.2%, 22.7%, and
51.8% of women developed hypertension after five
years of follow-up. The corresponding 10 year cumula-
tive risks of incident hypertension were 14.8%, 34.0%,
and 64.2%. Women with normal blood pressure thus
had a substantially lower risk of developing hyperten-
sion than women with high normal blood pressure.

Table 3 | Cox proportional hazardsmodels to compare risk of first cardiovascular event according to baseline blood pressure

category. Values are hazard ratios (95%confidence intervals)

Endpoint

Baseline blood pressure, systolic/diastolic (mm Hg)

<120/75 120-9/75-84 130-9/85-9* Hypertension†

Major cardiovascular event‡

Crude 0.33 (0.26 to 0.42) 0.48 (0.39 to 0.60) 1.0 1.56 (1.30 to 1.86)

Age adjusted 0.44 (0.35 to 0.55) 0.56 (0.45 to 0.70) 1.0 1.41 (1.18 to 1.69)

Multivariable adjusted§ 0.51 (0.40 to 0.64) 0.61 (0.48 to 0.76) 1.0 1.30 (1.08 to 1.57)

Stroke

Crude 0.49 (0.36 to 0.69) 0.59 (0.43 to 0.82) 1.0 1.92 (1.46 to 2.53)

Age adjusted 0.66 (0.47 to 0.92) 0.69 (0.50 to 0.96) 1.0 1.74 (1.32 to 2.29)

Multivariable adjusted§ 0.72 (0.51 to 1.01) 0.74 (0.53 to 1.03) 1.0 1.61 (1.21 to 2.14)

Myocardial infarction

Crude 0.21 (0.15 to 0.31) 0.40 (0.29 to 0.55) 1.0 1.25 (0.96 to 1.62)

Age adjusted 0.27 (0.19 to 0.40) 0.45 (0.33 to 0.63) 1.0 1.15 (0.88 to 1.50)

Multivariable adjusted§ 0.34 (0.23 to 0.50) 0.50 (0.36 to 0.71) 1.0 1.03 (0.78 to 1.35)

Death from cardiovascular causes

Crude 0.37 (0.23 to 0.61) 0.51 (0.32 to 0.81) 1.0 2.10 (1.43 to 3.08)

Age adjusted 0.55 (0.33 to 0.91) 0.63 (0.39 to 1.01) 1.0 1.83 (1.25 to 2.69)

Multivariable adjusted§ 0.66 (0.39 to 1.10) 0.65 (0.39 to 1.06) 1.0 1.68 (1.13 to 2.50)

Coronary revascularisation

Crude 0.26 (0.20 to 0.34) 0.38 (0.30 to 0.49) 1.0 1.35 (1.12 to 1.64)

Age adjusted 0.31 (0.24 to 0.41) 0.42 (0.33 to 0.54) 1.0 1.26 (1.04 to 1.53)

Multivariable adjusted§ 0.38 (0.29 to 0.50) 0.49 (0.38 to 0.64) 1.0 1.08 (0.88 to 1.32)

Death from any cause

Crude 0.58 (0.47 to 0.71) 0.70 (0.57 to 0.85) 1.0 1.43 (1.19 to 1.72)

Age adjusted 0.81 (0.66 to 1.00) 0.84 (0.69 to 1.03) 1.0 1.27 (1.06 to 1.53)

Multivariable adjusted§ 0.91 (0.73 to 1.13) 0.89 (0.72 to 1.10) 1.0 1.26 (1.04 to 1.52)

*Reference category.

†Defined as previous diagnosis of hypertension, systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or receiving blood

pressure lowering treatment.

‡Defined as myocardial infarction, stroke, or death from cardiovascular causes.

§Adjusted for age, smoking, diabetes, history of hypercholesterolaemia, body mass index, exercise, alcohol consumption, highest educational level,

and randomised treatment assignments (aspirin, vitamin E, and β carotene); owing to missing covariates, the multivariable (crude) analysis was

based on 930 (982) major cardiovascular events, 456 (478) strokes, 365 (389) myocardial infarctions, 226 (239) cardiovascular deaths, 706 (748)

revascularisations, and 1025 (1077) all cause deaths among 37 787 (39 322) women.
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This large difference persisted over the entire follow-up
period and remained almost unchanged after multivari-
able adjustment (hazard ratio 0.42, 0.40 to 0.44) (table 4).
We found evidence of violation of the proportional
hazards assumption, with a greater relative hazard dur-
ing early follow-up and attenuation over time.

Blood pressure progression and cardiovascular events

During the first 48months of follow-up, 22 886 (59.0%)
women remained free of hypertension, 5694 (14.7%)
progressed to hypertension (3274 (57.5%) women
with baseline blood pressure below 130/85 mm Hg
and2420 (42.5%)womenwith highnormal bloodpres-
sure at baseline), and 10 207 (26.3%) already had
hypertension at baseline. We excluded 535 (1.4%)
women with a major cardiovascular event or death
during the first 48 months from these analyses.
Womenwhoprogressed tohypertension had a higher

event rate during follow-up than women who remained
free of hypertension and a lower event rate than women
with hypertension at baseline (table 5). This difference
between women with incident hypertension and base-
line hypertensionwas substantially attenuated aftermul-
tivariable adjustment, but having hypertension at
baseline remained associated with a significant 39%
increase in risk (table 5, fig 1). Aftermultivariable adjust-
ment, women without progression to hypertension dur-
ing the first 48months had a 36% lower risk thanwomen
who progressed to hypertension.
In the secondmodel, we found that womenwho had

high normal blood pressure at baseline and who
progressed to hypertension during follow-up had a
similar risk of a major cardiovascular event to women
with hypertension at baseline (P=0.28). Women who
had a lower blood pressure at baseline and who pro-
gressed to hypertension had a 30% lower risk of a
cardiovascular event than women with high normal
blood pressure at baseline, a difference that was of bor-
derline statistical significance (P=0.07) (table 5, fig 2).

DISCUSSION

This study provides evidence that women’s risk of hav-
ing a major cardiovascular event is lower at lower
blood pressure, without evidence of a threshold level.
Our findings are in line with previous reports from two

different cohort studies and from a large meta-
analysis.1 2 17 In contrast to the previous studies, we
focused our attention on women with high normal
blood pressure and found that their risk of having a
major cardiovascular event was 64% higher compared
with women with normal blood pressure and almost
doubled compared with women with optimal blood
pressure at baseline.

These differences are important for several reasons.
By combining the two categories normal and high nor-
mal blood pressure, the Joint National Committee
7 guidelines created a new blood pressure category
called “prehypertension.”7 However, because of the
large differences in cardiovascular risk, separate con-
sideration of these two groups may be reasonable. By
maintaining two different blood pressure categories
(normal and high normal blood pressure), the Eur-
opean guidelines for the management of
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Fig 2 | Blood pressure progression and risk of major

cardiovascular events stratified by baseline blood pressure.

Hazard ratios (with 95% confidence intervals) for a first major

cardiovascular event in women with high normal blood

pressure at baseline and incident hypertension in the first

48 months (reference group), compared with women with

persistent normotension, women with below high normal

baseline blood pressure and incident hypertension in the first

48 months, and women with hypertension at baseline. The

different categories are defined in table 5. *Adjusted for age,

smoking, diabetes, body mass index, and alcohol

consumption at 48 months and for baseline history of

hypercholesterolaemia, exercise, highest educational level,

and randomised treatment assignments

Table 4 | Risk of developing hypertension among28863womenwithout hypertension at baseline

Baseline blood pressure level, systolic/diastolic (mm Hg)

P for trend<120/75 120-9/75-84 130-9/85-9

Absolute risk of developing hypertension

No of events/person years 1796/115 700 3765/89 999 3125/26 764

Age adjusted incidence/1000 person years 16.0 41.8 114.7

Hazard ratio (95% confidence interval)

Crude 0.14 (0.13 to 0.15) 0.38 (0.36 to 0.40) 1.0* <0.0001

Age adjusted 0.15 (0.14 to 0.16) 0.39 (0.37 to 0.41) 1.0* <0.0001

Multivariable adjusted† 0.17 (0.16 to 0.18) 0.42 (0.40 to 0.44) 1.0* <0.0001

* Reference category.

†Adjusted for age, smoking, diabetes, history of hypercholesterolaemia, body mass index, exercise, alcohol consumption, highest educational level,

and randomised treatment assignments (aspirin, vitamin E, and β carotene); owing to missing covariates, the multivariable (crude) analysis was

based on 8346 (8686) events of incident hypertension among 27 790 (28 863) women.
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hypertension may more accurately reflect the risk dis-
tribution among people with blood pressure levels
below 140/90 mmHg.6

Other findings further underscore substantial differ-
ences between these two groups. Among participants
of the Framingham Study aged below 65, the risk of
developing hypertension over a period of four years
was 18% in those with normal blood pressure and
37% in those with high normal blood pressure.3 Our
study confirms and expands these findings. Among
women with high normal blood pressure at baseline,
64% progressed to hypertension over a 10 year period,
whereas only 34% of women with initially normal
blood pressure developed hypertension during
follow-up. The differences in risk were maintained
during the entire 10 year follow-up period.
Our study indicates that women who progress to

hypertension need to be identified early, as their risk
of an adverse outcome is increased shortly thereafter.
Women who developed hypertension during the first
48 months of follow-up had a 56% increased risk of a
major cardiovascular event in the last six years of
follow-up compared with womenwho did not develop
hypertension during at least four years. Women with
high normal blood pressure at baseline and
progression to hypertension had a similar cardio-
vascular risk to women with baseline hypertension.
Taken together, the results of this and other studies

suggest that preventive and research efforts to reverse
blood pressure progression and reduce cardiovascular
events should be focused on people with high normal
blood pressure. Several interventions have been
shown to be beneficial in this population. Physical

exercise effectively reduces blood pressure levels inde-
pendent of baseline blood pressure.18 Dietary inter-
vention was effective in reducing systolic blood
pressure by 3.5 mm Hg and diastolic blood pressure
by2.1mmHg,19 andbloodpressure levelswere further
lowered by restricting dietary sodium intake.20 Sodium
reduction has recently been shown to potentially
reduce cardiovascular events in people with
prehypertension.21 Consuming a Mediterranean-style
diet rich in olive oil and nuts is more effective in redu-
cing blood pressure than a standard low fat diet.22

Because women with high normal blood pressure
also have an increased prevalence of diabetes and
hypercholesterolaemia, a multidimensional inter-
vention programme targeting all cardiovascular risk
factors and including dietary modification and regular
physical exercise shouldbe themost efficient approach
to reduce cardiovascular risk. Several studies have
documented the feasibility and efficacy of a multi-
dimensional approach in this group.23-26 Interestingly,
the PREMIER trial suggested that a minimal
counselling programme leads to a substantial reduc-
tion in blood pressure (−7.4 mm Hg for systolic blood
pressure and −5.2 mmHg for diastolic pressure) that is
sustained over at least 18 months of follow-up.24

Whether drug treatment should be used in people
with high normal blood pressure is highly
controversial.27 No trial to date has examined the
potential benefit of drug treatment to improve cardio-
vascular outcome in this large group of people. Thus,
without hard endpoint data, blood pressure lowering
drugs cannot be recommended, and aggressive life-
style modifications remain the cornerstone of risk

Table 5 | Cox proportional hazardsmodels toassess riskof firstmajor cardiovascular event amongwomenwith incident diagnosis

of hypertension during first 48months of follow-up (n=38 787)

Hazard ratio (95% confidence interval) P trend

No progression*
(n=22 886)

Progression to hypertension*
(n=5694)

Baseline hypertension*
(n=10 207)

First model

Events/person years 214/137 767 106/34 038 332/60 250

Crude 0.50 (0.40 to 0.63) 1.0† 1.77 (1.42 to 2.20) <0.0001

Age adjusted‡ 0.60 (0.48 to 0.76) 1.0† 1.51 (1.22 to 1.89) <0.0001

Multivariable
adjusted§

0.64 (0.50 to 0.81) 1.0† 1.39 (1.11 to 1.74) <0.0001

Second model (From below high normal)¶ (From high normal)¶

Events/person years 214/137 767 47/19 622 59/14 416 332/60 250

Crude 0.38 (0.29 to 0.51) 0.59 (0.40 to 0.86) 1.0† 1.35 (1.02 to 1.78) <0.0001

Age adjusted‡ 0.50 (0.37 to 0.66) 0.68 (0.46 to 1.00) 1.0† 1.25 (0.95 to 1.65) <0.0001

Multivariable
adjusted§

0.53 (0.40 to 0.72) 0.70 (0.47 to 1.03) 1.0† 1.17 (0.88 to 1.55) <0.0001

*No progression defined as a blood pressure <140/90 mm Hg at baseline and during at least 48 months of follow-up in absence of blood pressure

lowering treatment; progression to hypertension defined as blood pressure <140/90 mm Hg without blood pressure lowering treatment at baseline

and developing hypertension during first 48 months of follow-up; hypertension defined as previous diagnosis of hypertension, systolic blood pressure

≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or receiving blood pressure lowering treatment at baseline.

†Reference category.

‡Age at 48 months of follow-up used for adjustment.

§Adjusted for age, smoking, diabetes, body mass index, and alcohol consumption at 48 months and for baseline history of hypercholesterolaemia,

exercise, highest educational level, and randomised treatment assignments (aspirin, vitamin E, and β carotene); owing to missing covariates, the

multivariable analysis was based on 625 (compared with 652 in the crude and age adjusted analyses) major cardiovascular events during follow-up

among 37 653 women.

¶Group of women with progression to hypertension divided into 3274 women who had a baseline blood pressure <130/85 mm Hg (below high

normal) and 2420 who had baseline blood pressure 130-9/85-9 mm Hg (high normal).
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reduction. All women with normal or high normal
blood pressure need regular blood pressure assess-
ments. Whether other blood pressure measurement
techniques such as home or ambulatory blood pres-
sure measurement could improve risk stratification
and management in this particular group of people
deserves further study.28 29

Strengths and limitations

Strengths of this study are the large sample size, the
prospective design, and the complete long term
follow-up with a large number of events. The study
included predominantly white women, and our
findingsmaynot be generalisable to other populations.
Another possible limitation is the use of self reported
blood pressure and hypertension status. However, the
prognostic value of self reported blood pressure in
cohort studies involving US health professionals is
similar to that of directly measured blood pressure in
participants of other cohort studies.1 Furthermore, the
validity of this approach has been examined in the
comparable nurses’ health study, in which 99% of the
women who reported high blood pressure had their
diagnosis confirmed by review of medical records.12

Self reported blood pressure, total cholesterol, and
body mass index have previously been shown in the
women’s health study to be strongpredictors of cardio-
vascular risk, with relative risks consistent in magni-
tude with those seen in other major studies.30-32

Systolic blood pressure is the strongest cardiovascular
risk factor after age in the women’s health study,33

further underscoring its predictive validity. Finally,
we found correlation coefficients for systolic and
diastolic blood pressure categories that were at least
as strong as those reported in the literature for office
measured blood pressure, indicating consistent
reporting of blood pressure over time.13-15

Conclusions

Women with high normal blood pressure have a
substantially increased risk of developing hyper-
tension or a major cardiovascular event during
follow-up compared with women with normal blood
pressure. These people need close follow-up and

lifestyle modifications. Although the overall risk of an
adverse outcome in women with “prehypertension” is
increased, this group is a heterogeneous population.
The increase in risk is substantially more pronounced
inwomenwith highnormal bloodpressure.Therefore,
a classificationusing twodifferent categories for people
with “prehypertension” may be more accurate. This
differentiation is important in order to optimise the
implementation of preventive strategies in those
women at high risk for adverse events. Once hyper-
tension has developed, the cardiovascular event rate
is increased shortly after the diagnosis of hypertension
has been made, especially among women with high
normal blood pressure at baseline.
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