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Abstract
Background—Although obesity is known to increase the risk of hypertension, few studies have
prospectively evaluated body mass index (BMI) across the range of normal weight and overweight
as a primary risk factor.

Methods—In this prospective cohort, we evaluated the association between BMI and risk of
incident hypertension. We studied 13,563 initially healthy, non-hypertensive men who participated
in the Physicians’ Health Study. We calculated BMI from self-reported weight and height and
defined hypertension as self-reported systolic blood pressure (BP) ≥140 mmHg, diastolic BP ≥90
mmHg, or new antihypertensive medication use.

Results—After a median 14.5 years, 4920 participants developed hypertension. Higher baseline
BMI, even within the “normal” range, was consistently associated with increased risk of
hypertension. Compared to participants in the lowest BMI quintile (<22.4 kg/m2), the relative
risks (95% confidence interval) of developing hypertension for men with a BMI of 22.4–23.6,
23.7–24.7, 24.8–26.4, and >26.4 kg/m2 were 1.20 (1.09–1.32), 1.31 (1.19–1.44), 1.56 (1.42–1.72),
and 1.85 (1.69–2.03), respectively (P for trend, <0.0001). Further adjustment for diabetes, high
cholesterol, and baseline BP did not substantially alter these results. We found similar associations
using other BMI categories and after excluding men with smoking history, those who developed
hypertension in the first 2 years, and those with diabetes, obesity, or high cholesterol at baseline.

Conclusion—In this large cohort, we found a strong gradient between higher BMI and increased
risk of hypertension, even among men within the “normal” and mildly “overweight” BMI range.
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Approaches to reduce the risk of developing hypertension may include prevention of overweight
and obesity.
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Introduction
Hypertension represents one of the most prevalent chronic conditions in the US, with
normotensive middle-aged adults estimated to have a 90% residual lifetime risk of
developing hypertension.1 Lifestyle interventions recommended in national guidelines for
the prevention and management of hypertension include weight reduction, physical activity,
and dietary modification.2 Although clinical studies indicate that weight loss among the
overweight and obese can reduce the risk of hypertension,3-6 few epidemiologic studies
have evaluated the risk associated with excess body weight across the range of normal
weight and overweight.

Cross-sectional studies have identified direct associations between BMI and hypertension,
across various levels of BMI.7 Early prospective data from Framingham suggested that
adiposity and 8-year changes in body fat may be associated with increased risk of
hypertension.8 Small prospective studies have also reported links between abdominal
accumulation of body fat with the risk of hypertension.9 In addition, body weight in
childhood10 and adolescence11 has been associated with the long-term risk of hypertension.
Other follow-up studies have demonstrated associations between body mass index (BMI)
and changes in blood pressure (BP) over 8 years.12 In a Finnish cohort, being overweight or
obese was associated with an increased risk of initiating antihypertensive drug treatment.13
A large cohort study of US women further demonstrated that higher BMI was directly
associated with an increased risk of developing hypertension, and long-term weight changes
were inversely correlated with risk of hypertension.14

We therefore aimed to clarify the association between excess body weight and incident
hypertension in a large prospective cohort of over 13,500 initially healthy US male
physicians with 14.5 years of follow-up.

Methods
Study Population

Study subjects were 22,071 participants in the Physicians’ Health Study (PHS), a completed
randomized trial of aspirin and beta-carotene in the primary prevention of cardiovascular
disease and cancer.15, 16 Subjects had no baseline history of cardiovascular disease, cancer
(except nonmelanoma skin cancer), current liver disease or decreased kidney function
(defined as renal failure or insufficiency), or other major illnesses.

The baseline population was restricted to 13,563 men without hypertension, defined as
having self-reported systolic BP of less than 140 mmHg, diastolic BP of less than 90 mmHg,
and no self-reported past or current history of antihypertensive medication use at study
entry. Individuals with missing information for BP, antihypertensive medication use, or BMI
at baseline were also excluded from analyses.

Assessment of Body Mass Index and Other Covariates
Baseline and follow-up data were self-reported and collected through mailed questionnaires
starting in 1982 and continuing every 6 months for the first year and annually thereafter.
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Information was collected on a wide variety of participant demographics, personal
characteristics, medical history, and health behaviors.

BMI was calculated from self-reported weight (converted from pounds to kilograms)
divided by height (converted from inches to meters) squared. Covariates at baseline included
age (continuous), cigarette smoking (never, past, current), alcohol consumption (rarely/
never, 1 drink/month to 1 drink/week, 2 to 6 drinks/week, and ≥1 drink/day), exercise (none,
1 time/month to 1 time/week, ≥2 times/week), parental history of myocardial infarction
before the age of 60 years (no, yes), history of diabetes (no, yes; defined as any history of
diabetes), and history of elevated cholesterol (no, yes; defined as level ≥6.21 mmol/L [240
mg/dL] or history of past or current use of cholesterol-lowering medication).

Ascertainment of Hypertension
Men were defined as incident cases of hypertension by meeting one of the following criteria
during follow-up: (i) self-reported systolic BP of at least 140 mmHg or diastolic BP of at
least 90 mmHg on follow-up questionnaires at years 2 or 7; or (ii) self-reported new
antihypertensive medication use on follow-up questionnaires at years 2, 7, and annually
thereafter. A single measurement of self-reported BP in health professionals is highly
correlated with measured systolic BP (r=0.72) and diastolic BP (r=0.60).17

Men with a missing date for the start of antihypertensive medication use were assigned a
date of incident hypertension by randomly selecting a date between the current and previous
annual questionnaires where antihypertensive status was assessed. Individuals developing
major concomitant diseases, the management of which may influence BP at or after baseline
but before the development of hypertension, including myocardial infarction and stroke,
were censored at that date of diagnosis.

Data Analyses
We compared baseline participant characteristics according to BMI categories by chi-square
tests for categorical variables and analysis of variance for continuous variables. We used
Cox proportional hazards models to compute the relative risks (RRs) and 95% confidence
intervals (CIs) of incident hypertension for various classifications of BMI, with the lowest
level as the referent.

We considered two multivariable-adjusted models. The first included the potential
confounders of the association between baseline BMI and risk of hypertension: age at
baseline, cigarette smoking, alcohol consumption, exercise, and parental history of
myocardial infarction before the age of 60 years. The second multivariable model
additionally adjusted for possible mediators of the association between BMI and risk of
hypertension: history of diabetes and elevated cholesterol. An indicator variable accounted
for the 1521 individuals (11.2%) with missing information on elevated cholesterol. In
addition to quintiles of BMI, we considered BMI as a continuous variable in models,
reflecting the RR of hypertension for 1 kg/m2 increases in BMI. We also examined deciles
of BMI to illustrate better the association between body weight and the risk of developing
hypertension. We further evaluated the risk of developing hypertension associated with
changes in BMI between baseline and 8-year follow-up for men with available BMI at both
time points. For these analyses, we excluded men who developed hypertension prior to 8
years.

Several important subanalyses were performed to clarify the association between BMI and
the risk of developing hypertension. We limited analyses to men who reported never having
smoked cigarettes at baseline (n=7016), due to potential unmeasured confounding among
individuals reporting a history of past or current smoking at baseline. We further excluded
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men who were censored or who developed hypertension during the first 2 years of follow-up
(n=1397), since death or the development of hypertension early after study enrollment may
be related to unmeasured, preexisting disease and illness-related weight loss not reflected in
baseline BMI.

We also examined whether the association between BMI and the risk of developing
hypertension was modified by baseline BP or smoking status. We considered both stratified
and joint models, incorporating baseline BP as dichotomous variables (<120 vs. 120–139
mmHg for systolic BP; <80 vs. 80–89 mmHg for diastolic BP) and cigarette smoking in 3
categories (never, past, or current smoking at baseline). To assess for effect modification, we
used the likelihood ratio test (LRT) contrasting age-adjusted models with and without
interaction terms for baseline BMI in quintiles and blood pressure (dichotomous) or
smoking status (never, past, or current at baseline). Finally, we excluded participants who
were obese (BMI ≥30.0 kg/m2), those who reported a history of diabetes or high cholesterol,
and those missing information on self-reported cholesterol levels at baseline. All data
analyses were performed using SAS Software Version 8.2 (SAS Institute, Cary, NC).

Results
The baseline characteristics of the 13,563 normotensive participants are shown according to
BMI quintiles in Table 1. Men with higher BMI reported higher systolic and diastolic BP at
baseline. As expected, men with higher BMI were more likely to have diabetes and high
cholesterol. They were also more likely to smoke, consumed less alcohol, and were less
physically active.

Among 13,563 men, 4,920 cases of incident hypertension developed during a median
follow-up of 14.5 years (maximum follow-up, 20.5 years). In age- and multivariable-
adjusted analyses, higher baseline BMI was significantly associated with increased risk of
incident hypertension (Table 2). The age-adjusted estimated risk of hypertension generally
increased across BMI quintiles relative to the referent group (BMI <22.4 kg/m2), even
within the range of “normal” BMI. Higher BMI remained associated with risk of
hypertension after adjustment for the potential confounders (age, cigarette smoking status,
alcohol consumption, exercise, and parental history of premature myocardial infarction).
The multivariable-adjusted RR of hypertension for men in the highest BMI quintile (>26.4
kg/m2) was 1.85 (95% CI, 1.69–2.03; P for trend, <0.001), as compared to those in the
lowest BMI quintile (<22.4 kg/m2).

Further adjustment for the potential mediators (diabetes and high cholesterol) did not
materially alter the results (Model 2, Table 2). Additionally adjusting for baseline systolic
and diastolic BP only partly attenuated the effect estimates of the association between BMI
and risk of hypertension. Compared to men in the lowest BMI quintile, the RR of
hypertension for men in the highest quintile was 1.47 (95% CI, 1.34–1.62; P for trend,
<0.001).

Examining baseline BMI as a continuous term, each 1-unit increase in BMI was associated
in multivariable models with an 8% (95% CI, 7–9%) increase in the risk of incident
hypertension (Model 2). We found similar associations evaluating BMI according to WHO
categories and in deciles. The multivariable-adjusted RRs of hypertension were 1.42 (95%
CI, 1.33–1.50) for overweight men and 1.95 (95% CI, 1.68–2.25) for obese men (P for
trend, <0.001), as compared to men of normal BMIs. Men in the highest decile of baseline
BMI (>27.8 kg/m2) had a multivariable-adjusted RR of hypertension of 2.33 (95% CI, 2.04–
2.66; P for trend, <0.001), as compared to men with BMI <21.6 kg/m2 (Figure 1).
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We found similar associations between baseline BMI and risk of hypertension when limiting
analyses to the 7,016 men without a history of cigarette smoking at baseline. Further
excluding men who developed hypertension or who were censored during the first 2 years of
follow-up only slightly attenuated the results (Table 2).

In additional analyses, we found similar associations between baseline BMI and risk of
hypertension after excluding those who were obese, had high cholesterol or missing
cholesterol information, or who reported diabetes at baseline (n=3,361). Adjusting for
potential confounders, men in the highest BMI quintile (>26.4 kg/m2) had a RR of incident
hypertension of 1.75 (95% CI, 1.57–1.95; P for trend, <0.001), as compared to men in the
lowest quintile (<22.4 kg/m2).

Regardless of smoking status, the risk of developing hypertension significantly increased
across BMI quintiles relative to the lowest quintile in both age- and multivariable-adjusted
models (Table 3; P for trend, <0.001). Although the magnitude of the association between
BMI and risk of hypertension was stronger for past smokers, we did not detect effect
modification by baseline smoking status (LRT, P interaction = 0.60).

We also performed analyses on BMI and hypertension stratified by either baseline systolic
or diastolic BP. Again, for each baseline BP category, the risk of developing hypertension
significantly increased across BMI quintiles in both age- and multivariable-adjusted models
(P for trend, <0.001). For systolic BP, the multivariable-adjusted RR (95% CI) comparing
the highest and lowest BMI quintiles was 1.82 (1.45–2.28) among those with systolic BP
<120 mmHg, versus 1.64 (1.48–1.82) among those with systolic BP 120–139 mmHg (LRT,
P interaction = 0.19). By contrast, the association between BMI and risk of hypertension
was stronger for men with diastolic BP <80 mmHg (RR [95% CI], 1.84 [1.56–2.16]), as
compared to men with diastolic BP 80–89 mmHg at baseline (RR [95% CI], 1.58 [1.40–
1.77]); LRT, P interaction = 0.02.

The risk of developing hypertension was similar between men <60 years of age at baseline
and men >60 years in models considering the joint effects of age and BMI (Figure 2). In
models including joint effects of baseline BMI quintiles and BP, the RR of developing
hypertension was consistently highest among men with higher BP at baseline, across all
BMI quintiles (Figure 2).

In secondary analyses, we examined the associations between weight change over 8 years
and subsequent risk of developing hypertension. Overall, 8-year mean change in BMI (SD)
was +2.0 (5.9)%, varying from +0.35 (8.4)% among those who were obese at baseline to
+2.2 (5.6)% among those with BMI <25.0 kg/m2 at baseline (P<0.001). Adjusting for the
potential confounders, men whose BMI increased by more than 5% had a significantly
increased risk of developing hypertension after 8 years. Men whose BMI increased by >5 –
10% had a RR of 1.21 (95% CI, 1.09–1.35), and men whose BMI increased by >10% had a
RR of 1.72 (95% CI, 1.48–1.99), as compared to men whose weight remained stable (BMI
within 5% of baseline). Men whose BMI decreased by more than 5% were at similar risk for
developing hypertension as compared to those with stable BMI (RR, 0.91; 95% CI, 0.77–
1.08). Again, further adjustment for the potential mediators did not alter the associations.
Across all baseline BMI levels, 8-year weight gains of >5% were associated with a
significantly increased risk of developing subsequent hypertension. In stratified analyses
adjusting for both potential confounders and mediators, weight gain was most strongly
associated with increased hypertension risk among men who were obese at baseline (RR,
2.49; 95% CI, 1.05–5.91, for BMI increases >10% vs. stable weight), as compared to those
who were overweight (RR, 1.77; 95% CI, 1.41–2.22) or normal weight (RR, 1.58; 95% CI,
1.30–1.93) at baseline.

Gelber et al. Page 5

Am J Hypertens. Author manuscript; available in PMC 2008 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Discussion
In this large, prospective study, progressively higher BMI was positively and significantly
associated with an increased risk of incident hypertension. This association existed across
the full spectrum of BMI, even within the “normal” BMI range, and persisted after adjusting
for multiple potential confounders and intermediates. The increased risk incurred by higher
BMI was not entirely explained by confounding due to smoking and was consistently
demonstrated among men with normal blood pressures at baseline. Furthermore, 8-year
weight gain of >5% was associated with increased risk of developing subsequent
hypertension, even among those whose BMI was in the normal range (<25.0 kg/m2) at
baseline.

Prior studies have demonstrated benefits of weight reduction in both the primary
prevention3-5 and treatment18-21 of hypertension. Recent observational studies also
confirm the benefits of weight loss in the primary prevention of hypertension among the
overweight and obese.6 Furthermore, national recommendations support weight loss, both in
the treatment of hypertension among overweight and obese adults2 and in the primary
prevention of hypertension.22 These data confirm the adverse effects of long-term
elevations in BMI on an increased risk of hypertension in middle-aged and older men.

Our findings are consistent with a cohort of Finnish men and women followed for a mean of
11 years. In that study, baseline BMI was associated with increased risk of hypertension
defined as new antihypertensive medication use. Obese men had a RR of 1.66 (95% CI,
1.35–2.04) compared to men who had a normal BMI 13. Among US female nurses followed
from 1976 to 1992, higher BMI at 18 years of age and midlife was monotonically associated
with an increased risk of hypertension, with an increase in BMI of 1 kg/m2 associated with a
12% increase in risk of hypertension (95% CI, 11–12%).14 However, these results were not
adjusted for physical activity, alcohol consumption, or high cholesterol.

The specific biologic mechanisms by which higher BMI increases the risk of developing
hypertension remain unclear. Several metabolic and neurohormonal pathways likely have
complex interactions underlying the development of hypertension among the overweight
and obese, including alterations in insulin resistance, the renin-angiotensin-aldosterone
system, and sympathetic tone.23-27 Weight loss among obese individuals has been
associated with improvements in insulin resistance, as well as decreases in norepinephrine,
plasma renin activity, and aldosterone levels.25, 26

Strengths of our study include the long duration of follow-up and resulting large number of
hypertension cases accrued, increasing the statistical power of our analyses. In addition, the
relative homogeneity of these predominantly Caucasian male physicians reduced potential
confounding by race/ethnicity, socioeconomic status, and access to health care.

Limitations should be considered in the interpretation of our findings. First, information on
height, weight, and blood pressure were self-reported, so random misclassification of BMI,
hypertension, and blood pressure is possible. However, validation studies of other health
professional cohorts have demonstrated extremely high reliability and validity of self-
reported information on height, weight, and cardiovascular risk factors (r=0.97 for self-
reported and measured weight).28, 29 Furthermore, any potential misclassification of BMI
would most likely result in underestimation of the association between BMI and risk of
hypertension. Second, lack of information on diet, an important component of hypertension
prevention,3–5 may lead to residual confounding. However, we have otherwise
comprehensively controlled for major lifestyle and clinical risk factors for hypertension.
Finally, our results may not extrapolate to other populations. Although the association
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between BMI and risk of hypertension has been previously demonstrated among women,14
further study is warranted in more ethnically diverse populations.

We found a positive, significant association between BMI and risk of developing
hypertension in middle-aged and older men. Small downward shifts in the BP distribution in
the general population can result in large reductions in hypertension and related diseases.22,
30, 31 The identification of BMI and weight gain as potentially independent risk factors in
the development of hypertension, and prior studies demonstrating BP reductions with weight
loss,3-6, 18-21 suggest that population-based approaches to weight reduction may have
considerable benefits in reducing the burden of hypertension and subsequent cardiovascular
disease.
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Figure 1. Multivariable-adjusted relative risk of developing hypertension, according to baseline
body mass index decile (BMI kg/m2)
Adjusted for baseline age, cigarette smoking, alcohol consumption, exercise, parental
history of myocardial infarction before the age of 60 years, history of diabetes, and elevated
cholesterol. Referent group (RR=1.0): BMI <21.6 kg/m2 at baseline. P for trend <0.001.
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Figure 2. Multivariable-adjusted relative risk for developing hypertension, according to BMI
quintile (kg/m2), age, and blood pressure at baseline
Adjusted for baseline age, cigarette smoking, alcohol consumption, exercise, parental
history of myocardial infarction before the age of 60 years, history of diabetes, and elevated
cholesterol. SBP = systolic blood pressure at baseline. DBP = diastolic blood pressure at
baseline. (a) Referent group (RR=1.0): age <60 years with BMI <22.4 kg/m2 at baseline. P
for trend <0.001 for both age categories. Likelihood ratio test for effect modification by
baseline age, P=0.15. (b) Referent group (RR=1.0): SBP <120 mmHg with BMI <22.4 kg/
m2 at baseline. P for trend <0.001 for both BP categories. Likelihood ratio test for effect
modification by baseline SBP, P=0.19. (c) Referent group (RR=1.0): DBP <80 mmHg with
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BMI <22.4 kg/m2 at baseline. P for trend <0.001 for both DBP categories. Likelihood ratio
test for effect modification by baseline DBP, P=0.02.

Gelber et al. Page 12

Am J Hypertens. Author manuscript; available in PMC 2008 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gelber et al. Page 13

Ta
bl

e 
1

B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s o
f 1

3,
56

3 
Pa

rti
ci

pa
nt

s A
cc

or
di

ng
 to

 B
as

el
in

e 
B

od
y 

M
as

s I
nd

ex
 (B

M
I, 

in
 k

g/
m

2 )

C
ha

ra
ct

er
is

tic
s

B
as

el
in

e 
B

M
I q

ui
nt

ile
 (k

g/
m

2 )
P*

<2
2.

4
22

.4
–2

3.
6

23
.7

–2
4.

7
24

.8
–2

6.
4

>2
6.

4

A
ge

 a
t b

as
el

in
e 

(y
)

51
.1

 ±
 9

.4
51

.8
 ±

 9
.2

52
.1

 ±
 8

.9
52

.1
 ±

 8
.6

52
.1

 ±
 8

.4
<0

.0
01

Sy
st

ol
ic

 B
P 

12
0–

13
9,

 m
m

H
g 

(%
)

62
.9

69
.3

72
.1

75
.4

80
.1

<0
.0

01

D
ia

st
ol

ic
 B

P 
80

–8
9,

 m
m

H
g 

(%
)

45
.0

47
.7

52
.7

56
.3

61
.8

<0
.0

01

D
ia

be
te

s m
el

lit
us

 (%
)†

1.
7

1.
5

1.
3

1.
4

2.
4

0.
01

C
ig

ar
et

te
 sm

ok
in

g 
(%

)

 
N

ev
er

56
.4

53
.1

51
.7

50
.7

47
.2

<0
.0

01

 
Pa

st
34

.0
36

.7
38

.7
38

.1
40

.3

 
C

ur
re

nt
9.

6
10

.2
9.

6
11

.2
12

.5

A
lc

oh
ol

 in
ta

ke
 ≥

1 
dr

in
k/

da
y 

(%
)

24
.6

23
.3

22
.4

22
.8

16
.5

<0
.0

01

Ph
ys

ic
al

 a
ct

iv
ity

 ≥
2 

tim
es

/w
k

62
.0

60
.3

57
.8

54
.3

47
.1

<0
.0

01

H
ig

h 
ch

ol
es

te
ro

l o
r t

re
at

m
en

t†
7.

8
9.

8
10

.3
11

.2
11

.0
<0

.0
01

Pa
re

nt
al

 h
is

to
ry

 o
f m

yo
ca

rd
ia

l i
nf

ar
ct

io
n 

at
 <

60
 y

ea
rs

 o
f a

ge
9.

7
8.

9
9.

1
10

.0
9.

7
0.

63

* P-
va

lu
es

 fr
om

 c
hi

-s
qu

ar
e 

te
st

s f
or

 c
at

eg
or

ic
al

 v
ar

ia
bl

es
 a

nd
 a

na
ly

si
s o

f v
ar

ia
nc

e 
fo

r c
on

tin
uo

us
 v

ar
ia

bl
es

.

† D
ia

be
te

s d
ef

in
ed

 a
s a

ny
 se

lf-
re

po
rte

d 
hi

st
or

y 
of

 d
ia

be
te

s. 
H

ig
h 

ch
ol

es
te

ro
l o

r t
re

at
m

en
t d

ef
in

ed
 a

s s
el

f-
re

po
rte

d 
le

ve
l ≥

6.
21

 m
m

ol
/L

 (2
40

 m
g/

dL
) o

r p
as

t o
r c

ur
re

nt
 c

ho
le

st
er

ol
-lo

w
er

in
g 

m
ed

ic
at

io
n 

us
e.

Am J Hypertens. Author manuscript; available in PMC 2008 April 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gelber et al. Page 14

Ta
bl

e 
2

R
el

at
iv

e 
R

is
ks

 o
f D

ev
el

op
in

g 
H

yp
er

te
ns

io
n,

 A
cc

or
di

ng
 to

 B
as

el
in

e 
B

od
y 

M
as

s I
nd

ex

B
as

el
in

e 
B

M
I q

ui
nt

ile
 (k

g/
m

2 )
P 

fo
r 

tr
en

d

<2
2.

4
22

.4
–2

3.
6

23
.7

–2
4.

7
24

.8
–2

6.
4

>2
6.

4

N
o.

 o
f m

en
27

27
27

52
26

66
26

90
27

28

M
ea

n 
w

ei
gh

t –
 lb

 (k
g)

15
0 

(6
8)

16
2 

(7
3)

17
2 

(7
7)

18
0 

(8
1)

19
9 

(9
0)

A
ll 

m
en

 (n
=1

3,
56

3)

N
o.

 o
f h

yp
er

te
ns

io
n 

ca
se

s
75

6
90

9
94

5
10

91
12

19

R
at

e 
(N

o.
 p

er
 1

00
0 

pe
rs

on
-y

rs
)

22
.5

27
.7

30
.3

36
.0

42
.2

A
ge

-A
dj

us
te

d 
R

R
 (9

5%
 C

I)
1.

00
1.

19
 (1

.0
8–

1.
32

)
1.

30
 (1

.1
8–

1.
43

)
1.

56
 (1

.4
2–

1.
71

)
1.

83
 (1

.6
7–

2.
00

)
<0

.0
01

M
od

el
 1

*  
R

R
 (9

5%
 C

I)
1.

00
1.

20
 (1

.0
9–

1.
32

)
1.

31
 (1

.1
9–

1.
44

)
1.

56
 (1

.4
2–

1.
72

)
1.

85
 (1

.6
9–

2.
03

)
<0

.0
01

M
od

el
 2

†  
R

R
 (9

5%
 C

I)
1.

00
1.

20
 (1

.0
9–

1.
32

)
1.

31
 (1

.1
9–

1.
44

)
1.

56
 (1

.4
2–

1.
72

)
1.

84
 (1

.6
8–

2.
02

)
<0

.0
01

M
en

 w
ho

 n
ev

er
 sm

ok
ed

 (n
=7

01
6)

N
o.

 o
f h

yp
er

te
ns

io
n 

ca
se

s
40

8
45

1
45

7
53

2
54

5

R
at

e 
(N

o.
 p

er
 1

00
0 

pe
rs

on
-y

rs
)

21
.1

25
.2

27
.5

34
.3

38
.6

A
ge

-A
dj

us
te

d 
R

R
 (9

5%
 C

I)
1.

00
1.

17
 (1

.0
2–

1.
34

)
1.

24
 (1

.0
9–

1.
42

)
1.

61
 (1

.4
2–

1.
83

)
1.

75
 (1

.5
4–

1.
99

)
<0

.0
01

M
od

el
 1

*  
R

R
 (9

5%
 C

I)
1.

00
1.

17
 (1

.0
2–

1.
34

)
1.

25
 (1

.0
9–

1.
43

)
1.

63
 (1

.4
3–

1.
85

)
1.

77
 (1

.5
5–

2.
01

)
<0

.0
01

M
od

el
 2

†  
R

R
 (9

5%
 C

I)
1.

00
1.

16
 (1

.0
1–

1.
33

)
1.

24
 (1

.0
8–

1.
42

)
1.

62
 (1

.4
2–

1.
85

)
1.

75
 (1

.5
3–

1.
99

)
<0

.0
01

M
en

 w
ho

 n
ev

er
 sm

ok
ed

 w
ith

 ≥
 2

 y
rs

 o
f f

ol
lo

w
-u

p 
(n

=6
37

6)

N
o.

 o
f h

yp
er

te
ns

io
n 

ca
se

s
33

3
35

9
36

5
41

4
40

5

R
at

e 
(N

o.
 p

er
 1

00
0 

pe
rs

on
-y

rs
)

17
.3

20
.2

22
.1

26
.9

29
.0

A
ge

-A
dj

us
te

d 
R

R
 (9

5%
 C

I)
1.

00
1.

15
 (0

.9
9–

1.
33

)
1.

22
 (1

.0
5–

1.
42

)
1.

57
 (1

.3
6–

1.
82

)
1.

64
 (1

.4
2–

1.
90

)
<0

.0
01

M
od

el
 1

*  
R

R
 (9

5%
 C

I)
1.

00
1.

15
 (0

.9
9–

1.
34

)
1.

21
 (1

.0
4–

1.
41

)
1.

58
 (1

.3
7–

1.
84

)
1.

66
 (1

.4
3–

1.
92

)
<0

.0
01

M
od

el
 2

†  
R

R
 (9

5%
 C

I)
1.

00
1.

14
 (0

.9
8–

1.
33

)
1.

21
 (1

.0
4–

1.
41

)
1.

58
 (1

.3
7–

1.
84

)
1.

65
 (1

.4
2–

1.
91

)
<0

.0
01

* M
od

el
 1

 –
 a

dj
us

te
d 

fo
r b

as
el

in
e 

ag
e,

 c
ig

ar
et

te
 sm

ok
in

g,
 a

lc
oh

ol
 c

on
su

m
pt

io
n,

 e
xe

rc
is

e,
 a

nd
 p

ar
en

ta
l h

is
to

ry
 o

f m
yo

ca
rd

ia
l i

nf
ar

ct
io

n 
be

fo
re

 th
e 

ag
e 

of
 6

0 
ye

ar
s.

† M
od

el
 2

 –
 a

dj
us

te
d 

fo
r a

ll 
va

ria
bl

es
 in

 M
od

el
 1

 p
lu

s h
is

to
ry

 o
f d

ia
be

te
s a

nd
 e

le
va

te
d 

ch
ol

es
te

ro
l.

Am J Hypertens. Author manuscript; available in PMC 2008 April 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gelber et al. Page 15

Ta
bl

e 
3

R
el

at
iv

e 
R

is
ks

 o
f D

ev
el

op
in

g 
H

yp
er

te
ns

io
n,

 A
cc

or
di

ng
 to

 B
as

el
in

e 
B

od
y 

M
as

s I
nd

ex
 a

nd
 C

ig
ar

et
te

 S
m

ok
in

g 
St

at
us

B
as

el
in

e 
B

M
I q

ui
nt

ile
 (k

g/
m

2 )
P 

fo
r 

tr
en

d

<2
2.

4
22

.4
–2

3.
6

23
.7

–2
4.

7
24

.8
–2

6.
4

>2
6.

4

C
ur

re
nt

 sm
ok

er
s a

t b
as

el
in

e 
(n

=1
44

0)

N
o.

 (%
) o

f m
en

26
1 

(1
8.

1)
28

1 
(1

9.
5)

25
7 

(1
7.

8)
30

1 
(2

0.
9)

34
0 

(2
3.

6)

N
o.

 o
f h

yp
er

te
ns

io
n 

ca
se

s
78

96
10

1
12

2
14

6

R
at

e 
(N

o.
 p

er
 1

00
0 

pe
rs

on
-y

rs
)

26
.8

30
.5

36
.1

36
.0

42
.6

A
ge

-A
dj

us
te

d 
R

R
 (9

5%
 C

I)
1.

00
1.

07
 (0

.8
0–

1.
45

)
1.

33
 (0

.9
9–

1.
79

)
1.

35
 (1

.0
1–

1.
79

)
1.

67
 (1

.2
7–

2.
20

)
<0

.0
01

M
od

el
 1

*  
R

R
 (9

5%
 C

I)
1.

00
1.

09
 (0

.8
1–

1.
48

)
1.

35
 (1

.0
0–

1.
83

)
1.

37
 (1

.0
3–

1.
83

)
1.

69
 (1

.2
7–

2.
24

)
<0

.0
01

M
od

el
 2

†  
R

R
 (9

5%
 C

I)
1.

00
1.

08
 (0

.8
0–

1.
47

)
1.

33
 (0

.9
8–

1.
80

)
1.

35
 (1

.0
1–

1.
80

)
1.

68
 (1

.2
7–

2.
23

)
<0

.0
01

N
ev

er
 sm

ok
er

s a
t b

as
el

in
e 

(n
=7

01
6)

N
o.

 (%
) o

f m
en

15
35

 (2
1.

9)
14

58
 (2

0.
8)

13
76

 (1
9.

6)
13

62
 (1

9.
4)

12
85

 (1
8.

3)

N
o.

 o
f h

yp
er

te
ns

io
n 

ca
se

s
40

8
45

1
45

7
53

2
54

5

R
at

e 
(N

o.
 p

er
 1

00
0 

pe
rs

on
-y

rs
)

21
.1

25
.2

27
.5

34
.3

38
.6

A
ge

-A
dj

us
te

d 
R

R
 (9

5%
 C

I)
1.

00
1.

17
 (1

.0
2–

1.
34

)
1.

24
 (1

.0
9–

1.
42

)
1.

61
 (1

.4
2–

1.
83

)
1.

75
 (1

.5
4–

1.
99

)
<0

.0
01

M
od

el
 1

*  
R

R
 (9

5%
 C

I)
1.

00
1.

17
 (1

.0
2–

1.
34

)
1.

25
 (1

.0
9–

1.
43

)
1.

63
 (1

.4
3–

1.
85

)
1.

77
 (1

.5
5–

2.
01

)
<0

.0
01

M
od

el
 2

†  
R

R
 (9

5%
 C

I)
1.

00
1.

16
 (1

.0
1–

1.
33

)
1.

24
 (1

.0
8–

1.
42

)
1.

62
 (1

.4
2–

1.
85

)
1.

75
 (1

.5
3–

1.
99

)
<0

.0
01

Pa
st

 sm
ok

er
s a

t b
as

el
in

e 
(n

=5
08

3)

N
o.

(%
) o

f m
en

92
5 

(1
8.

2)
10

07
 (1

9.
8)

10
30

 (2
0.

3)
10

23
 (2

0.
1)

10
98

 (2
1.

6)

N
o.

 o
f h

yp
er

te
ns

io
n 

ca
se

s
26

7
36

0
38

5
43

4
52

5

R
at

e 
(N

o.
 p

er
 1

00
0 

pe
rs

on
-y

rs
)

23
.8

30
.9

32
.7

38
.1

46
.6

A
ge

-A
dj

us
te

d 
R

R
 (9

5%
 C

I)
1.

00
1.

27
 (1

.0
8–

1.
48

)
1.

35
 (1

.1
6–

1.
58

)
1.

54
 (1

.3
2–

1.
80

)
1.

95
 (1

.6
8–

2.
26

)
<0

.0
01

M
od

el
 1

*  
R

R
 (9

5%
 C

I)
1.

00
1.

27
 (1

.0
8–

1.
49

)
1.

36
 (1

.1
6–

1.
60

)
1.

56
 (1

.3
3–

1.
82

)
2.

00
 (1

.7
2–

2.
33

)
<0

.0
01

M
od

el
 2

†  
R

R
 (9

5%
 C

I)
1.

00
1.

28
 (1

.0
9–

1.
50

)
1.

38
 (1

.1
7–

1.
61

)
1.

57
 (1

.3
4–

1.
83

)
2.

01
 (1

.7
3–

2.
34

)
<0

.0
01

* M
od

el
 1

 –
 a

dj
us

te
d 

fo
r b

as
el

in
e 

ag
e,

 c
ig

ar
et

te
 sm

ok
in

g,
 a

lc
oh

ol
 c

on
su

m
pt

io
n,

 e
xe

rc
is

e,
 a

nd
 p

ar
en

ta
l h

is
to

ry
 o

f m
yo

ca
rd

ia
l i

nf
ar

ct
io

n 
be

fo
re

 th
e 

ag
e 

of
 6

0 
ye

ar
s.

† M
od

el
 2

 –
 a

dj
us

te
d 

fo
r a

ll 
va

ria
bl

es
 in

 M
od

el
 1

 p
lu

s h
is

to
ry

 o
f d

ia
be

te
s a

nd
 e

le
va

te
d 

ch
ol

es
te

ro
l.

Am J Hypertens. Author manuscript; available in PMC 2008 April 1.


