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ABSTRACT

RANKINEN, T., T. S. CHURCH, T. RICE, C. BOUCHARD, and S. N. BLAIR. Cardiorespiratory Fitness, BMI, and Risk of

Hypertension: The HYPGENE Study. Med. Sci. Sports Exerc., Vol. 39, No. 10, pp. 1687–1692, 2007. Introduction: Cardiorespiratory

fitness and regular physical activity are inversely associated with the risk of hypertension, and exercise training has been shown to

lower elevated blood pressure (BP). Genetic factors contribute significantly to the interindividual differences in endurance training-

induced changes in BP. However, similar data on the genotype-by-fitness interactions on the risk of hypertension are scarce. Methods:

In 2000, we started a systematic collection of blood samples from all consenting subjects of the Aerobics Center Longitudinal Study

(ACLS) with a goal to generate a resource for studies addressing genotype-by-fitness interaction effects on various health-related end

points. Here, we introduce the rationale and design of the first study based on the ACLS genetics resource focusing on hypertension as

the health outcome (HYPGENE study), and we report the associations of cardiorespiratory fitness and body mass index (BMI) with the

risk of hypertension. All HYPGENE subjects (N = 1234) were healthy and normotensive at their first clinic visit. Cases (N = 629)

developed hypertension during the follow-up period (mean 8.7 yr), whereas controls (N = 605) remained normotensive (mean follow-

up 10.1 yr). Results: Cardiorespiratory fitness was the strongest predictor of the hypertension risk, with each maximal metabolic

equivalent unit being associated with a 19% lower risk (95% confidence interval [95% CI], 12–24%). Each baseline BMI unit was

associated with a 9% higher hypertension risk (95% CI, 4–13%). However, the association of BMI was greatly attenuated (odds ratio

1.04 [95% CI, 0.99–1.09]) when fitness also was included in the model. Conclusions: The HYPGENE study will provide an excellent

resource to address hypotheses regarding the genetic basis of hypertension while taking cardiorespiratory fitness level into account.
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Essential hypertension, the chronic elevation of blood
pressure of unknown origin, represents approxi-
mately 90% of all hypertension diagnoses. It has

been estimated that 65 million people in the United States
have high blood pressure, and it is well documented that
hypertension is a major risk factor for stroke and heart
disease (28). However, blood pressure is a modifiable risk
factor. Several traits, such as diet, physical activity,
cardiorespiratory fitness, body weight, and psychosocial

stress have been shown to affect blood pressure levels, both
acutely and chronically.

Prospective epidemiological studies have shown a lower
risk of developing hypertension in physically fit (2,3,6,27)
and physically active (10,12,13,19,20) individuals com-
pared with unfit and sedentary individuals. Several inter-
vention studies have reported clinically significant
reductions in systolic and diastolic blood pressure (SBP
and DBP, respectively) after moderate-intensity aerobic
exercise training (8,11,22,29). The average training-induced
reductions in SBP and DBP have varied from 2 to 11 mm
Hg and from 1 to 8 mm Hg, respectively (7,8,11,16,17,29).
The magnitude of training responses have increased as a
function of initial BP levels (8), being more pronounced in
patients with mild to moderate hypertension than in
normotensive subjects.

Excess body weight also is associated with an increased
risk of developing hypertension (9,14), whereas weight loss
has been shown to lower blood pressure (14,18). For
example, in the Nurses_ Health Study, both baseline BMI
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and BMI at age 18 yr were strong predictors of risk for
hypertension (14). Each baseline BMI unit was associated
with a 12% higher risk of future development of hyper-
tension. In addition, long-term (12–50 yr) weight change
after age 18 yr was strongly associated with hypertension
risk. Compared with weight-stable women, those who lost
at least 2.1 kg had a significantly lower risk, whereas
women who gained weight showed a higher risk for
hypertension (14).

Interestingly, some individuals become hypertensive
despite a physically active lifestyle and/or a normal body
weight, whereas some people who are sedentary and/or
overweight and may still have blood pressure in an optimal
range. Similarly, whereas exercise training and weight loss
lower blood pressure on average, there are significant
interindividual differences in blood pressure responses.
For example, in the HERITAGE Family Study, SBP and
DBP measured during steady-state submaximal (50 W)
exercise decreased on average by 7 and 3.5 mm Hg, respec-
tively, in response to exercise training (30). However, the
responses varied from marked decreases to no changes, or,
in some cases, even to slight increases (5,30). The under-
lying mechanisms for interindividual variation in the effects
of regular physical activity are still poorly understood, but
two main factors contributing to the variation in training-
induced changes in hemodynamic traits are initial pheno-
type level and familial aggregation (5). The HERITAGE
Family Study has shown that heritabilities of endurance
training–induced changes in hemodynamic phenotypes vary
between 20 and 40%, and some of the classic hypertension
candidate genes also seem to affect the training responses
(24,25). However, similar data on the contribution of
genetic variation to the antihypertensive effect of moderate
and high levels of cardiorespiratory fitness are scarce,
mainly because of the paucity of suitable data sets to
explore such questions. In 2000, the Human Genomics
Laboratory of the Pennington Biomedical Research Center
in collaboration with the Aerobics Center Longitudinal
Study (ACLS) investigators started a systematic banking of
blood samples from all consenting ACLS participants, with
the goal of generating a suitable resource to address
hypotheses related to cardiorespiratory fitness-by-genotype
interactions on various health outcomes.

The purpose of this paper is to introduce the ACLS-based
genetics resource, describe the design and methods of the
first study targeting hypertension as an end point
(HYPGENE study), and report the associations of cardio-
respiratory fitness and body mass index with the risk of
developing hypertension in the HYPGENE cohort.

SUBJECTS AND METHODS

ACLS genetics collaboration. The ACLS is an
ongoing epidemiology study conducted at the Cooper
Institute in Dallas, TX, and composed of patients who
come to the Cooper Clinic for preventive medical

examinations. Examinations date back to 1970; to date,
the database is composed of over 200,000 patient visits
from over 80,000 individual patients. A unique aspect of the
ACLS is that the majority of participants performed a
maximal exercise test on a treadmill allowing for the
accurate quantification of cardiorespiratory fitness. Many
peer-reviewed papers have been published from the ACLS
data including the landmark 1989 publication on
cardiorespiratory fitness and mortality (4), which has
received over 1200 citations. Thus, the ACLS is a well-
established, well-characterized database to investigate
fitness-related issues.

A systematic banking of blood samples from all
consenting ACLS participants started in spring 2000. All
subjects gave a written informed consent to send their
samples to other institutions for storage and genetic
analyses. The samples consisted of EDTA anticoagulated
blood samples that were left over after standard clinical
chemistry assays were performed as part of the clinic
examination. The blood samples were removed from the
clinic labeled tubes and transferred to a new cryotube that
was labeled with the subject’s ACLS ID number and
collection date (all personal identifiers were removed). The
samples were immediately frozen and stored at j80-C until
shipped in dry ice to the Human Genomics Laboratory in
Baton Rouge, LA for final storage. Collection of these
samples ended in May 2006, and the final inventory
includes samples from 19,900 ACLS participants. The
majority of these participants had clinic visits and data for
years before the examination when their blood sample for
DNA banking was collected. The HYPGENE study proto-
col has been approved by the institutional review boards of
the Pennington Biomedical Research Center and the Cooper
Institute.

Selection of cases and controls. The first study
based on the new ACLS genetic resource focuses on hyper-
tension and is entitled the HYPGENE study. The aim of the
HYPGENE study is to investigate the contributions of DNA
sequence variation in candidate genes, cardiorespiratory
fitness, and body mass index, as well as their interactions,
to the incidence of hypertension. A total of 13,600
individuals, of whom 6800 had at least two clinic visits,
were available in the ACLS DNA bank at the time when the
HYPGENE cases and controls were selected.

All eligible ACLS subjects for the HYPGENE study
were required to be healthy with resting blood pressure 134/
86 mm Hg or less at their first clinic visit. Subjects with
diagnosed hypertension or other chronic disease (cardio-
vascular disease, stroke, type I or type II diabetes mellitus,
cancer, arthritis, etc.) as well as subjects with any blood
pressure affecting medication at first clinic visit were
excluded. All eligible subjects were required to have at
least two clinic visits with a minimum of 2 yr apart. Cases
were defined as subjects who developed hypertension
during the follow-up. Hypertension was defined as
physician-diagnosed hypertension with medication to lower
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blood pressure or resting systolic blood pressure 140 mm
Hg or more and/or diastolic blood pressure 90 mm Hg or
more on a follow-up clinic visit. Controls were required to
remain normotensive (blood pressure G 130/85 mm Hg, as
defined by the national and international recommendations
when project was started (15,31)) and otherwise healthy
throughout the follow-up period. That is, controls were
selected among the ‘‘survivors’’ rather than from all subjects
at baseline (21). All cases and controls were confirmed via
review of clinical records.

The controls were selected randomly using a sex-specific
frequency matching protocol within 5-yr baseline age strata
(age at first clinic visit) and allowing up to 20% over-
sampling within the sex-by-age strata. The main goal was to
obtain cases and controls that were of similar age at baseline
(first clinic visit). We chose not to use a strict matching
routine for control selection in order to avoid restrictions
and potential complications that such an approach could
induce on statistical analyses with candidate gene DNA
sequence variation markers. As Table 1 shows, our
frequency matching routine worked well and there is no
difference in baseline age between the cases and controls.
Minor differences in potential confounding factors such as
sex and follow-up time can be accommodated in statistical
models by including them as covariates. An incidence-
density sampling design for the controls would have
provided a direct sample of the base population, and the
odds ratio would have been a direct estimate of the
hypertension rate ratio (21,26). However, because our
‘‘effective’’ sampling base was restricted to ACLS subjects
with DNA samples, the incidence–density sampling among
these subjects would not have provided a sufficient sample
size. We also considered selecting four controls for each
case (1:4 case–control ratio) to obtain greater precision for
the risk estimates. Although the number of cases needed for
a given statistical power would be slightly lower with 1:4
than with 1:1 matching, the total sample size would be
considerably greater. Because availability of cases was not a
limiting factor in the ACLS cohort, we decided to use 1:1
matching to keep the costs of molecular genetic studies at a
reasonable level.

Baseline phenotype measurements. Cardio-
respiratory fitness was assessed by a maximal exercise test
following a modified Balke protocol (1). Subjects began
walking at 88 mIminj1 (3.3 mph) with no elevation. After

the first minute, the incline was increased to 2% and then by
1% each minute thereafter until the 25th minute. For the
few individuals still able to continue the test beyond 25
min, the elevation was maintained at 25%, but the speed
was increased by 5.4 mIminj1 (0.2 mph) each minute to the
end of the test. The test was terminated when the subject
was exhausted or if the physician stopped the test for
medical reasons. Time to completion on the treadmill was
used to estimate maximal metabolic equivalents using the
following formula: METs = [1.44 � (minutes on treadmill)
+ 14.99]/3.5. Time on the treadmill test with this protocol is
highly correlated (r = 0.92) with measured maximal oxygen
uptake (23). Thus, the maximal METs in this study provide
a reasonable surrogate for maximal aerobic power. Body
mass and stature were measured using a standard
physician’s scale and stadiometer, and the BMI (kgImj2)
was calculated.

Statistical methods. Differences in continuous and
class variables between cases and controls were assessed
with t-tests and chi-square tests, respectively. Logistic
regression modeling was used to assess the contribution of
baseline age, sex, follow-up time, cardiorespiratory fitness
(treadmill time) and body mass index (BMI) to the risk of
hypertension. The final model included all five independent
variables. All fitness and BMI associations presented in the
results section are adjusted for age, sex, follow-up time, and
BMI (for fitness) or fitness (for BMI), unless otherwise
stated. Fitness and BMI were modeled both as continuous
traits and as class variables (sex-specific quartiles).

RESULTS

Baseline characteristics of cases and controls are sum-
marized in Table 1. The mean age of cases and controls was
43 yr at baseline. The average follow-up time until
diagnosis of hypertension was 8.7 (SD 6.4) years in cases,
whereas it reached 10.1 (SD 7.0) years in controls. The
controls had a 0.6-unit-greater maximal MET count (1.4-
min-longer treadmill time) and a 1.0-unit-lower BMI than
cases at baseline (Table 1). Subjects were clearly normo-
tensive at baseline, with mean resting blood pressure 114/
76 mm Hg. However, mean systolic and diastolic blood
pressure levels were, respectively, 6.8 and 3.9 mm Hg lower
in controls than in cases. Of the cases, 382 (61%) were
confirmed on the basis of hypertension diagnosis and
medication, 177 (28%) had elevated DBP, 35 (5.5%) had
elevated SBP, and 35 (5.5%) had both elevated SBP and
DBP. In the follow-up visit, the mean SBP and DBP levels
in the controls were 113 (8.5) mm Hg and 75 (5.9) mm Hg,
respectively, and all controls had resting blood pressure
levels of 128/84 mm Hg or less.

Results of the logistic regression models for the risk of
hypertension using fitness (METs) and BMI as continuous
variables and adjusting for baseline age, sex, and follow-up
time are presented in Table 2. Cardiorespiratory fitness
showed the strongest association with hypertension risk

TABLE 1. Baseline characteristics of the cases and controls.

Cases Controls P Value

Number of subjects 629 605
Sex (male/female) 519/117 453/152 0.004
Age (yr) 43.3 (9.2) 42.7 (8.9) 0.273
BMI (kgImj2) 25.1 (3.2) 24.1 (3.1) G 0.0001
Maximal METs 11.7 (2.0) 12.3 (2.0) G 0.0001
Treadmill time (min) 18.0 (5.0) 19.4 (5.0) G 0.0001
SBP (mm Hg) 117.3 (8.7) 110.5 (9.2) G 0.0001
DBP (mm Hg) 77.7 (6.0) 73.8 (7.0) G 0.0001
Follow-up (yr) 8.7 (6.4) 10.1 (7.0) 0.0002

METs, metabolic equivalents, calculated from treadmill time (see Methods for details);
SBP, systolic blood pressure; DBP, diastolic blood pressure.
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among all subjects as well as in sex-specific models. Each
1-MET increment in fitness level was associated with 19%
(95% CI, 12–24%), 16% (95% CI, 9–22%), and 32% (17–
45%) risk reductions in all subjects, men, and women,
respectively (Table 2). When the cohort was divided in
quartiles on the basis of sex-specific MET cutoffs, the third
and fourth quartiles had 58% (95% CI, 41–71%) and 63%
(95% CI, 47–75%) lower risk of hypertension compared
with the first quartile (Fig. 1).

Each baseline BMI unit was associated with a 9% higher
risk of hypertension (OR 1.09 [95% CI, 1.04–1.13]) after
adjusting for age, sex, and follow-up time. However, the
association of BMI was greatly weakened (OR 1.04 [0.99;
1.09]) when fitness also was included in the model
(Table 2). Logistic regression models using sex-specific
BMI quartiles revealed that the hypertension risk did not
increase linearly as a function of BMI level. As depicted in

Figure 2, the increased risk was evident only in the highest
BMI quartile. Subjects in quartile 4 had a more than
twofold risk of becoming hypertensive compared with those
in quartile 1 in an age-, sex-, and follow-up time–adjusted
model. However, inclusion of cardiorespiratory fitness in
the model reduced the risk estimate to OR 1.53 (95% CI,
1.07–2.18).

DISCUSSION

The protective effects of higher levels of cardiorespir-
atory fitness and regular physical activity against elevated
blood pressure and hypertension have been demonstrated in
several observational studies and intervention trials (22).
Being unfit has been associated with a 1.5- to 2.2-fold risk
of developing hypertension compared with fit individuals
(3,6,27), whereas in sedentary subjects the hypertension
risk has been reported to be 1.35 to 1.73 times greater than
in those who are physically active (10,13,20). Our
observations in the HYPGENE cohort agree well with the
risk estimates from earlier studies. The 63% lower risk in
the highest fitness quartile compared with the lowest
quartile would translate into a 2.7-fold greater risk of
hypertension in the least fit (1st quartile) when the most fit
(4th quartile) subjects are used as a reference group.

Although higher levels of fitness are clearly associated
with a lower risk of hypertension in the HYPGENE cohort,
a detailed inspection of the distribution of cases and
controls across the fitness level continuum showed that
37% of the subjects in the highest fitness decile became
hypertensive, and one third of the subjects in the lowest
decile remained normotensive during the follow-up period
(Fig. 3). In other words, individuals with equally high
levels of cardiorespiratory fitness experienced different

TABLE 2. Results of logistic regression models for the risk of hypertension in all
subjects and by sex, using fitness and body mass index as continuous variables.

OR (95% CI) P Value

All
Age (yr) 0.99 (0.97–1.00) 0.1
Fitness (METs) 0.81 (0.76–0.88) G 0.01
BMI (kgImj2) 1.04 (0.99–1.09) 0.1
Follow-up (yr) 0.97 (0.96–0.99) G 0.01
Sex 2.06 (1.42–3.00) G 0.01

Men
Age (yr) 0.99 (0.97–1.00) 0.12
Fitness, METs 0.84 (0.78–0.91) G 0.01
BMI (kgImj2) 1.04 (0.99–1.10) 0.17
Follow-up (yr) 0.97 (0.95–0.99) G 0.01

Women
Age (yr) 0.98 (0.95–1.02) 0.35
Fitness, METs 0.68 (0.55–0.83) G 0.01
BMI (kgImj2) 1.01 (0.92–1.11) 0.84
Follow-up (yr) 0.96 (0.92–1.01) 0.12

OR, odds ratio; CI, confidence interval; METs, metabolic equivalents, calculated from
treadmill time (see Methods for details).

FIGURE 1—Risk of hypertension across sex-specific quartiles of
cardiorespiratory fitness in the HYPGENE study. Least fit individuals
(quartile 1) were used as a reference group, and the odds ratios are
adjusted for age, sex, follow-up time, and body mass index. Upper
cutoffs (METs) of quartiles 1, 2, and 3 for men and women are given
below the figure.

FIGURE 2—Risk of hypertension across sex-specific quartiles of body
mass index in the HYPGENE study. Leanest individuals (quartile 1)
were used as a reference group, and the odds ratios are adjusted for
age, sex, follow-up time, and cardiorespiratory fitness. Upper cutoffs of
quartiles 1, 2, and 3 for men and women are given below the figure.
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disease outcomes. This pattern is akin to the interindividual
differences in responsiveness of various risk factors,
including blood pressure, to standardized and controlled
exercise training programs (5). Identifying the sources of
this type of variation is vital for a better understanding of
both the (patho)physiological processes leading to hyper-
tension and the mechanisms by which higher levels of
cardiorespiratory fitness protect against hypertension. The
ultimate benefit would be more efficient use of physical
activity in prevention and treatment of hypertension.
Identification of ‘‘high responders’’ would allow physicians
to use regular physical activity as a primary treatment in
these patients. On the other hand, ‘‘low responders’’ would
provide a target population for exercise scientists to explore
other types of training programs that may be more effective
for these individuals.

Body weight gain and obesity are strong risk factors for
high blood pressure and hypertension, and in the HYPGENE
cohort, higher BMI was also associated with greater hyper-
tension risk. Our estimate of a 9% age-, sex-, and follow-up
time–adjusted hypertension risk per unit of BMI is similar to
the 12% risk estimate reported in the Nurses Health Study
(14). However, in our data, the contribution of baseline
BMI to the hypertension risk was attenuated substantially
when cardiorespiratory fitness was added to the regression
model. Moreover, the risk of hypertension was not linearly

associated throughout the BMI distribution. As depicted in
Figure 3, the greater prevalence of cases over controls
started to emerge only in BMI deciles 9 and 10 (i.e., BMI 9
27.3 kgImj2 in men and BMI 9 24.6 kgImj2 in women).
One possible explanation for the smaller than expected
association of BMI to the risk of hypertension may be that
the HYPGENE subjects were, by and large, of normal
weight during their first clinic visit. Moreover, our
observation that the higher prevalence of cases occurs only
at the upper end of the BMI distribution supports the notion
that the risk of hypertension starts to increase at BMI levels
that are clearly in the overweight range.

Our observations regarding the contribution of cardio-
respiratory fitness and body mass index to the risk of
hypertension provide a good foundation for the pursuit of
the primary aims of the HYPGENE study: to investigate the
contribution of DNA sequence variation in functional
candidate genes, and the genotype-by-fitness interactions
to the risk of hypertension. First, the average protective
effect of cardiorespiratory fitness on hypertension seen in
this cohort provides an excellent basis to test genotype-by-
fitness interactions. Second, the fact that we can effectively
control for a major physiological predictor of hypertension
risk will greatly improve our chances to detect the genotype
main effects that are independent of fitness level and that
may contribute to the development of hypertension among
fit individuals or to the protection against elevated blood
pressure in the unfit subjects. Third, the relative leanness of
the cohort will work to our advantage by reducing the
confounding effect of excess body weight to the genotype
main effect and genotype-by-fitness interaction analyses.
Finally, the large number of retrospectively confirmed
incident cases and healthy controls will give us adequate
statistical power to explore the contribution of DNA
sequence variation to the risk of hypertension independent
of and interacting with cardiorespiratory fitness.

In summary, using the longitudinal design of the ACLS
cohort, we have generated a case–control study with 638
new, incident hypertensive cases and 605 healthy controls
with similar follow-up times. Our data confirm that
cardiorespiratory fitness is a significant predictor of the
risk of hypertension, whereas the effect of body weight
emerges only in the overweight range. The HYPGENE
cohort will provide an excellent resource to address
hypotheses regarding the genetic basis of hypertension
while taking cardiorespiratory fitness levels into account.

We thank Dr. Kenneth H. Cooper for establishing the Aerobics
Center Longitudinal Study, the physicians and technicians of the
Cooper Clinic for collecting the data, and the Cooper Institute for
the collaboration to establish the ACLS DNA bank. The HYPGENE
study is supported by the National Heart, Lung, and Blood
Institute Grant HL-069870 (TRa, PI) and the ACLS was supported
for many years by the National Institute of Aging Grant AG-06945
(SNB, PI). C. Bouchard is partially supported by the George A.
Bray Chair in Nutrition and T. Church by the John S. McIlhenny
Endowed Chair of Health Wisdom. Results of the present study
do not constitute endorsement of the product by the authors or
ACSM.

FIGURE 3—Distribution of cases and controls across the deciles of
cardiorespiratory fitness (upper panel) and body mass index (lower
panel) in the HYPGENE study.

FITNESS, BMI, AND HYPERTENSION RISK Medicine & Science in Sports & Exercised 1691

C
LIN

IC
A
L
SC

IEN
C
ES



Copyright @ 200  by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.7

REFERENCES

1. BALKE, B., and R. W. WARE. An experimental study of physical
fitness in Air Force personnel. U.S. Armed Forces Med. J.
10:675–688, 1959.

2. BARLOW, C. E., M. J. LAMONTE, S. J. FITZGERALD, J. B. KAMPERT,
J. L. PERRIN, and S. N. BLAIR. Cardiorespiratory fitness is an in-
dependent predictor of hypertension incidence among initially nor-
motensive healthy women. Am. J. Epidemiol. 163:142–150, 2006.

3. BLAIR, S. N., N. N. GOODYEAR, L. W. GIBBONS, and K. H. COOPER.
Physical fitness and incidence of hypertension in healthy
normotensive men and women. JAMA 252:487–490, 1984.

4. BLAIR, S. N., H. W. KOHL 3rd, R. S. PAFFENBARGER JR., D. G.
CLARK, K. H. COOPER, and L. W. GIBBONS. Physical fitness and all-
cause mortality. A prospective study of healthy men and women.
JAMA 262:2395–2401, 1989.

5. BOUCHARD, C., and T. RANKINEN. Individual differences in
response to regular physical activity. Med. Sci. Sports Exerc.
33:S446–S451, 2001.

6. CARNETHON, M. R., S. S. GIDDING, R. NEHGME, S. SIDNEY, D. R.
JACOBS JR., and K. LIU. Cardiorespiratory fitness in young
adulthood and the development of cardiovascular disease risk
factors. JAMA 290:3092–3100, 2003.

7. FAGARD, R. H. Physical activity in the prevention and treatment of
hypertension in the obese. Med. Sci. Sports Exerc. 31:S624–S630,
1999.

8. FAGARD, R. H., and C. M. TIPTON. Physical activity, fitness and
hypertension. In: Physical Activity, Fitness, and Health. Interna-
tional Proceedings and Consensus Statement, C. Bouchard, R. J.
Shephard, and T. Stephens (Eds.). Champaign, IL: Human
Kinetics, pp. 633–655, 1994.

9. GILLUM, R. F., M. E. MUSSOLINO, and J. H. MADANS. Body fat
distribution and hypertension incidence in women and men. The
NHANES I Epidemiologic Follow-up Study. Int. J. Obes. Relat.
Metab. Disord. 22:127–134, 1998.

10. HAAPANEN, N., S. MIILUNPALO, I. VUORI, P. OJA, and M. PASANEN.
Association of leisure time physical activity with the risk of
coronary heart disease, hypertension and diabetes in middle-aged
men and women. Int. J. Epidemiol. 26:739–747, 1997.

11. HAGBERG, J. M., J. J. PARK, and M. D. BROWN. The role of exercise
training in the treatment of hypertension: an update. Sports Med.
30:193–206, 2000.

12. HAYASHI, T., K. TSUMURA, C. SUEMATSU, K. OKADA, S. FUJII, and G.
ENDO. Walking to work and the risk for hypertension in men: the
Osaka Health Survey. Ann. Intern. Med. 131:21–26, 1999.

13. HU, G., N. C. BARENGO, J. TUOMILEHTO, T. A. LAKKA, A. NISSINEN,
and P. JOUSILAHTI. Relationship of physical activity and body mass
index to the risk of hypertension: a prospective study in Finland.
Hypertension 43:25–30, 2004.

14. HUANG, Z., W. C. WILLETT, J. E. MANSON, et al. Body weight,
weight change, and risk for hypertension in women. Ann. Intern.
Med. 128:81–88, 1998.

15. JOINT NATIONAL COMMITTEE. The sixth report of the Joint National
Committee on prevention, detection, evaluation, and treatment of
high blood pressure. Arch. Intern. Med. 157:2413–2446, 1997.

16. KELLEY, G., and Z. V. TRAN. Aerobic exercise and normotensive
adults: a meta-analysis. Med. Sci. Sports Exerc. 27:1371–1377,
1995.

17. KELLEY, G. A. Aerobic exercise and resting blood pressure among
women: a meta-analysis. Prev. Med. 28:264–275, 1999.

18. MERTENS, I. L., and L. F. VAN GAAL. Overweight, obesity, and
blood pressure: the effects of modest weight reduction. Obes. Res.
8:270–278, 2000.

19. PAFFENBARGER, R. S. JR., and I. M. LEE. Intensity of physical
activity related to incidence of hypertension and all-cause mortal-
ity: an epidemiological view. Blood Press Monit. 2:115–123,
1997.

20. PAFFENBARGER, R. S. JR., A. L. WING, R. T. HYDE, and D. L. JUNG.
Physical activity and incidence of hypertension in college alumni.
Am. J. Epidemiol. 117:245–257, 1983.

21. PEARCE, N. What does the odds ratio estimate in a case-control
study? Int. J. Epidemiol. 22:1189–1192, 1993.

22. PESCATELLO, L. S., B. A. FRANKLIN, R. FAGARD, W. B. FARQUHAR,
G. A. KELLEY, and C. A. RAY. American College of Sports
Medicine position stand. Exercise and hypertension. Med. Sci.
Sports Exerc. 36:533–553, 2004.

23. POLLOCK, M. L., R. L. BOHANNON, K. H. COOPER, et al. A
comparative analysis of four protocols for maximal treadmill
stress testing. Am. Heart J. 92:39–46, 1976.

24. RANKINEN, T., J. GAGNON, L. PERUSSE, et al. AGT M235T and ACE
ID polymorphisms and exercise blood pressure in the HERITAGE
Family Study. Am. J. Physiol. Heart Circ. Physiol. 279:H368–H374,
2000.

25. RANKINEN, T., T. RICE, L. PÉRUSSE, et al. NOS3 Glu298Asp
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