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Table 2. Baseline Characteristics According to Depres-
sive Symptoms at Baseline

Prevalent Depressive

Symptoms
No Yes P-
Characteristic (n=2,858) (n=2338) Value

Educaﬂoﬁ, years, mean 10.7 10.8 .70

'Body mass index, kg/m?, mean 23.6 23.1 003
Hype

‘Dkia'\betes mellitus, % 29.9 29.0 75

Ever smoker,

% 375 38.3 .86

%

Prevalent cerebrovascular attack.

Prévalent Parkinson’s di'

biéténce walked, miles .005
(Examination 4) (%)

expected, it was found that those who walked more had
significantly lower rates of prevalent depressive symptoms
in cross-sectional analyses. It was also found that elderly
men who walked longer distances per day were less likely to
develop new depressive symptoms over 8 years of follow-
up. There appeared to be a threshold effect in the protective
effect of walking on the development of incident depressive
symptoms, with not much difference between those in the
intermediate- and high-walking-distance groups. Subjects
in the highest-walking-distance group at baseline were 41%
less likely to develop depressive symptoms 8 years later.
Even after adjusting for potential confounding variables,

they were still 39% less likely to develop depressive symp--

toms. When stratified according to chronic disease status at
baseline, this association remained significant only in the
healthy group of men with no chronic diseases at baseline.

Previous large longitudinal studies have examined the
relationship between physical activity and depressive symp-
toms.>2* In the first National Health and Nutrition
Examination Survey Epidemiologic Follow-up Study,?*
self-reported physical activity was measured using a ques-
tionnaire and depressive symptoms according to the CES-D
in 3,016 men and women. The findings suggested that rec-
reational physical activity was an independent predictor of
depression levels 8 years later for white women who were
not depressed at baseline. There was no significant differ-

Table 3. Logistic Regression Models Showing Relation-
ships Between 8-Year Incident Depressive Symptoms and
Distance Walked per Day with Adjustments for Con-
founding Variables

Odds Ratio P-
(95% Confidence Interval)

Walking Distance
(Low is Reference)

" Intermediate 0.53 (0.33-0.83) 006

Model 2

High 0.61 (0.39-0.97) .04

Intermediate 0.52 (0.32-0.84) .007

Model 1 unadjusted.

Model 2 adjusted for age, education, marital status, body mass index, hyper-
tension, diabetes mellitus, alcohol use, smoking status, prevalent coronary
heart disease, stroke, cancer, Parkinson’s disease, dementia, cognitive im-
pairment, and functional impairment.

Model 3 adjusted for factors in Model @ and 8-year incident dementia or
cognitive impairment.

ence for white men who were not depressed at baseline,
although a lower level of physical activity was a strong
predictor of continued depression at follow-up.

The Alameda County Study was another large longi-
tudinal study of 4,828 men and women using a self-
reported physical activity index and a depression question-
naire to evaluate the relationship between level of physical
activity and risk of subsequent depression.?® It concluded
that, in a population sample without depression, men and
women who reported low activity level at baseline were at a
significantly greater risk of depression at follow-up (<9
years) than those who reported high activity levels at base-
line.

Table 4. Logistic Regression Models Showing Relation-
ships Between 8-Year Incident Depressive Symptoms and
Distance Walked per Day, Stratified According to Presence
or Absence of Chronic Diseases

Odds Ratio P-
(95% Confidence Interval) Value

Walking Distance
(Low is Reference)

Intermediate 0.39 (0.21-0.71) .002

48)

Adjusted for age, education, marital status, cardiovascular risk factors, and
functional impairment.

*Healthy (n=1,880/3,196, 58.8%): absence of coronary heart disease,
stroke, cancer, Parkinson’s disease, or dementia or cognitive impairment at
baseline.

Sick (n=1,316/3,196, 41.2%): coronary heart disease, stroke, cancer, Par-
kinson’s disease, or dementia or cognitive impairment at baseline.
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More recently, the Rancho Bernardo Study examined
the effects of physical activity on depressive symptoms in
2,375 older men and women.!* Subjects were interviewed
about physical activity, and according to the Beck Depres-
sion Inventory, individuals who were more physically active
had lower depression scores at baseline and at follow-up 8
years later, although a long-term protective effect of exer-
cise was not found. Depression scores of participants who
reported exercise at the earlier visit but not at the second
evaluation were similar to those of participants who did not
report exercise at either visit. A subsequent study on the
same cohort attributed these results to the exclusion of dis-
abled participants and found that physical activity is pro-
tective against development of incident major depression
using DSM-IV criteria.!?

The results of the current study are in agreement with
the findings of a previous study!3 and confirm the protective
effect that physical activity has on incident depressive
symptoms. However, despite these results and exclusion of
those with depressive symptoms at baseline, this is an ob-
servational study, and therefore it cannot be inferred that
walking prevents depressive symptoms. Undoubtedly, de-
pressive symptoms can lead to less physical activity and vice
versa. The objective of the current study was to add to the
body of knowledge information about the potential benefits
of walking in elderly men and to provide further informa-
tion regarding which subjects seem to benefit the most from
this level of physical activity.

A few mechanisms have been suggested that attempt to
explain the association between physical activity and de-
pressive symptoms. Physiologically, the prominent hypoth-
esis is that exercise increases the availability of brain
neurotransmitters such as serotonin, dopamine, and nor-
epinephrine. Levels of these neurotransmitters are lower in
patients with depression and higher in plasma after exer-
cise, although it is unclear whether this leads to a higher
level in the brain in humans.?%2”

This analysis of subjects with and without chronic dis-
ease at baseline has not been examined previously and is
unique to this study. It suggests that walking can contribute
to fewer depressive symptoms in a healthy group of older
adults but that this potential benefit might not be enough to
compensate for the effects of chronic disease.

LIMITATIONS AND STRENGTHS

The study population included only elderly Japanese-
American men in Hawaii. Therefore, these findings may
not be generalizable to women or other ethnic groups or
settings. There may be some concern that participants were
excluded because of incomplete or invalid answers on the
CES-D 11. It is possible that some of these invalid depres-
sion scales may have been due to more-severe cognitive
impairment or medical burden. These subjects may have
had higher depressive symptoms because of this. The
elimination of these participants could have skewed the
evaluation of depressive symptoms mainly in the group who
walked less than 0.25 miles/day.

Strengths of the study are that it is a large, population-
based cohort that has had excellent follow-up since 1963.
Out-migration rates are low, and follow-up examinations
have had excellent response rates. Hospital surveillance for
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chronic diseases is essentially complete, because this is an
island population. Longitudinal analyses were possible, and
the follow-up period for incident depressive symptoms was
relatively long. The study sample of retired elderly men liv-
ing in the mild climate of Hawaii had the advantage of more
reliably assessing self-reported physical activity. As opposed
to other climates, Hawaii allows for year-round walking
and thus more-accurate and -consistent recollection of dis-
tance walked by the subjects. It is also likely that the activity
level of these elderly, retired men was of low intensity, con-
sidering that most reasons for walking would be for do-
mestic or leisure activities.

CONCLUSIONS

In summary, this study confirmed the hypothesis that daily
physical activity, specifically walking, is strongly indepen-
dently protective against the development of depressive
symptoms over 8 years of follow-up in elderly Japanese-
American men without chronic disease. Even a low level of
daily physical activity in elderly individuals has protective
effects against the development of depressive symptoms.
These effects are likely to occur in a healthier subset of the
elderly population. Activities that promote physical activ-
ity, particularly activities that are well tolerated and easily
instituted, are beneficial to this population. Future research
should aim to further define other forms of physical activity
and the effect they have on the development of depres-
sive symptoms. A randomized clinical trial of walking in
elderly subjects would provide more-definitive data on the
cause-and-effect relationship between physical activity and
depression.
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Appendix 1. Center for Epidemiologic Studies Depression Scale Questionnaire (11-Item Version)

B ig ast week

Would you say in the last week . .. Rarely or none of Some or a little of  Occasionally or a moderate Most of
the time (less than 1 day) the time (1-2 days) amount of the time (3—4 days) the time

1. You: ) ally don
2. You did not feel like eating, your appetite was poor. 0 1 2 3

4. You felt that everything you did was an effort. 0 1 2 3

6. You felt hopeful about the future
7 feariul

8. Your sleep was restless. 0 1 2 3

10. You felt lonely. 0 1 2 3
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ships Between 8-Year Incident Depressive Symptoms and
Distance Walked per Day with Adjustments for Con-
founding Variables
Walking Distance Odds Ratio P-
{Low is Reference) (95% Contidence interval) Vatue
B %
Model 1 unadjusted.
Model 2 adjusted for age, education, marital status, body mass index, hyper-
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heart disease, stroke, cancer, Parkinson’s disease, dementa, cognitive im-
pairment, and functional impairment.
Model 3 adjusted for factors in Model @ and 8-year incident dementia or
cognitive impairment.
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Original Contributions

Physical Fithess and Incidence of Hypertension
in Healthy Normotensive Men and Women

Steven N. Blair, PED; Nancy N. Goodyear, MSPH; Larry W. Gibbons, MD, MPH; Kenneth H.-Cooper, MD, MPH

® We measured physical fitness, assessed by maximal treadmill testing in
4,820 men and 1,219 women aged 20 to 65 years. Participants had no
s history of cardiovascular disease and were normotensive at baseline. We
followed up these persons for one to 12 years (median, four vears) for the
development of hypertension. Multiple logistic risk analysis was used to
estimate the independent coniribution of physical fitness to risk of becoming
hypertensive. After adjustment for sex;, age, follow-up interval, baseline
blood pressure, and baseline body-mass index, persons with low levels of
physical fitness (72% of the group) had a relative risk of 1.52 for the
development of hypertension when compared with highly fit persons. Risk of
hypertension developing also increased substantially with increased base-

line blood pressure.
{(JAMA 1984;252:487-480)

SELF-REPORTS of exercise partici-
pation are associated with reduced
total mortality' and mortality from
coronary heart disease.” Low levels
of physical fitness are associated with
increased incidence of myoeardial

See also pp 528.

infaretion.’ Regular aerobic exercise
increases physical fitness,’ improves
lipid metabolism*® and reduces body
fat.” Physical fitness is associated
with improved high-risk profiles for
coronary heart disease in cross-
sectional and longitudinal studies in
men and women.™"

Aerobic exercise may reduce blood
pressure in moderate hypertensives,"

From the Department of Health Education, Schaool
of Public Health, University of South Carolina,
Columbia {Dr Blair and Ms Goodyear); the Institute
for Aerobics Research (Drs Blair and Cooper), and
the Cooper Clinic {Drs Gibbons and Cooper), Dal-
las.

Reprint requests to the Institute for. Aerobics
Research, 12200 Preston Rd, Dallas, TX 75230 (Dr
Blair).

JAMA, July 27, 1884—Vol 252, No. 4

although the evidence is weak and
previous studies have numerous de-
sign flaws. Incidence of hypertension
ig associated with low levels of vigor-
ous exercise in a large epidemiologic
study of Harvard alumni.”

The purpose of this study was
to examine the association between
baseline physical fitness and the
development of hypertension in a
group of normotensive men and wom-
en followed up for one te 12 years.

SUBJECTS AND METHODS

Study participants were men and wom-
en who received a preventive medical
examination at the Cooper Clinic in Dallas
during 1970 o 1981 and participated in a
follow-up mail survey in 1982, The follow-
up interval ranged fror one to 12 years,
with a median of four years. Persons were
included in the study if they had no
history of hypertension or other cardio-
vascular disease, had normal resting and
exercise ECGs, had resting BPs under 141
mm Hg systolic and 91 mm Hg diastolie,
and had achieved at least B5% of their
age-predicted maximum heart rate on an
exercise test at the initial elinic visit.

Physical Fitness and Hypertension—Blair et al
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There were 4,820 men and 1,219 women
aged 20 to 65 years at baseline who met all
entry criteria for the study.

Clinical Examination

~ The baseline examination was given
after an overnight fast and after partici-
pants gave their informed consent. The
examination included a medieal history, a
physical examination, a questionnaire on
demographic characteristics and health
habits, height and weight measurements,
blood pressures, resting ECG, blood chem-
istries, and a maximal treadmill exercise
test.” Resting blood pressure was obtained
by trained technicians with mercury
sphygmomanometers according to a stan-
dard protocol. Six readings were taken
after a five-minute rest, and the lowest
reading was recorded for analysis. Diastol-
ic pressure was recorded at the disappear-
ance of sound. Examination procedures
have been described in more detail in
previous reports.*”

Physical fitness, defined here as physi-
cal work capacity, was assessed by a
maximal treadmill fest. Data used for
analysis were the maximum {readmill
times achieved by patients during the
exercise test. Specifically, treadmill speed
was set at 8.3 mph. The grade of the
treadmill was 0% for the first minute,
raised 2% for the second minute, and
raised 1% each minute up to the 25th
minute. After 25 minutes, the grade
remained constant and the speed was
increased 0.2 mph each minute until the
test was terminated. Participants were
encouraged to give a maximal effort. Total
test time from the treadmill test is highly
correlated with maximal oxygen uptake in
men (r=.92)" and women {r=.94).”

Follow-up Study

Incidence of hypertension was ascer-
tained in 1982 as part of a follow-up study.
Twelve thousand two hundred twenty-five
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patients (17% response rate) responded to
a mail survey on current health habits and
health status, After exclusions for history
of hypertension (907 patients), elevated
blood pressure (1,267 patients), failure to
achieve 85% of maximal heart rate on the
treadmill test (498 patients), abnormal
ECG (1,681 patients), out of the age range
{481 patients), or missing values (1,382
patients); 6,039 patients remained for
analysis. It is Important to consider
whether or not selection bias might have
significantly influenced the results. Re-
spondents to the mail survey were similar
to nonrespondents. At their first clinie
visit the two groups differed less than one
year on age, 1 mm Hg on systolic BP, 1.5
minutes on treadmill time, 4 mg/dL on
cholesterol, and one unit on the body mass
index (weight/height’ for men and
weight/height'* for women}." Persons who
died were not included in the analysis
since mortality follow-up and coding for
eause of death are still incomplete.

The survey questionnaire included ques-
tions on current health habits and health
status. A case-finding question, designed
to identify physician-diagnosed ailments,
was patterned after a similar question
used by Paffenbarger et al™ in studies on
college alumuni. Tn the present study, par-
ticipants were asked if a physician had
ever told them that they had hypertension
or high blood pressure. If yes, the year of
diagnosis was obtained. Normotensive
partieipants who had no history of hyper-
tension at the baseline elinie visit, but who
reported hypertension during follow-up,
were clagsified as incident cases of hyper-
tension. Persons who reported taking anti-
hypertensive medication during follow-up
were also clagsified as hypertensive.

Paffenbarger et al” report good sensitiv-
ity (82%) and specificity (98%) for the
hypertension question in their mail sor-
vey. In the present study, accuracy of
responses was checked by a careful study
of possible eoding and keypunch errors”
The validity of self-reported hypertension
was then checked in a group of 207 respon-
dents to the mail survey. Random samples
of participants who had recent follow-up
clinie vigits were selected for validation.
Of 48 persons who were classified as
hypertensive from fhe mail survey, 47
cases were confirmed at the elinic visit, for
a sensitivity of 98%. There were 159
persons randomly selected who did not
report hypertension on the mail question-
naire. Of these, 158 were found to be
nonhypertensive at the clinie visit {(speei-
fieity, 99% ). Age, blood pressure, and body
mass index were examined to determine if
patients returning for examinations were
similar to nonreturnees. The two groups
differed less than two years on age, 2 mm
Hg on systolic BP, one unit on body mass
index, and 1.5 minutes on treadmill time
at their first clinic visit. These findings
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support the validity of the follow-up gues-

tionnaire hypertension classifications.

Data Analysis

Data analysis was done with the Statis-
tical Analysis System software package.”
To aid in understanding the effects of
baseline systolic and diastelic bleod pres-
sures and physical fitness in predicting
subsequent hypertension, relative rvisks
were caleulated using multiple logistic
regression™ after adjusting for sex, age,
body mass index, and follow-up interval.
Logistic regression was used for the pri-
mary analysis sinee almost one third of
the subjeets had missing values for the
year of hypertension diagnosis. The logis-
tie analysis categorizes a person as either
having the disease or not and does not rely
on the time between the start of the study
and diagnosis as do other methods of
survival analysis. To further clarify the
importance of the missing data on year of
diagnosis, two Cox proportional hazards
models were examined.” One Cox model
was run defining time between baseline
and time of diagnosis, when year of diag-
nosis was unknown, as the longest possible
time {caleulated as 1982 minus the year of
baseline examination) and one defining
this time peried as the shortest possible
time (one year). In the logistic and hazard
models, resting systolic blood pressure was
divided into three categories: high, at least
130 mum Hg or greater; medium, 121 to 129
mm Hg; and low, 120 mm Hg or less.
Diastolic blood pressure was also catego-
rized: high, 86 mm Hg or greater; medium,
81 to 84 mm Hg; and low, 80 mm Hg or
less, Age was entered as a continuous
variable in both the logistic and hazard
models and follow-up interval wag entered
as continuous in the logistie model. Bix
age- and sex-gpecific eategories for physi-
cal fitness {very poor to superior) have
been established st the Cooper Clinie* The
top two categories (exeellent and superior)
were combined and comprised the refer-
ence physical fitness category in logistie
analyses. These two categories represent a
maximal treadmill time at or above the
85th percentile on all persons who have
been tested at the Cooper Clinic. Partici-
pants in the present study were somewhat
more physically fit than typical patients
at the Cooper Clini¢ as indicated by a
higher perceniage being in the top two
categories (29% of the men, 27% of the
women). The remaining four physical fit-
ness categories (very poer to gooed) com-
prised the comparison group. This break-
point was determined by previous logistic
analyses where the maximum likelihood
estimates were almost identical for each of
the bottem four categories when compared
with the top two categories, indicating
that the association between physical fit-
ness and hypertension may not be entirely

linear, but that the threshold for an effect
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may be limited to the higher levels of
fitness. Selection of the breakpoint is
supported by earlier eross-gectional stud-
ies on patients at the Cooper Clinic indi-
cating that elinically important and statis-
tically significant assoeiations between
coronary heart disease risk faetors (in-
cluding blood pressures) tend to be concen-
trated in the top two physical fitnesy
categories (especially for men)."’

RESULTS

Baseline characteristics for the
6,039 study subjects are presented in
Table 1. These data are from the first
clinic visit for each patient. These
patients were comparable on body
mass index to adults measured in the
National Health and Nutrition Exam-
ination Survey." Because they were
deliberately selected to be normoten-

Table 1,—Characteristics of
6,039 Men and Women Patients*®
Charac~
teristics Men Women
Age, yr 41.5::851  40.1:£8.9
Weight, kg 8034108 59.2193
Height, m 179+ .06 1.65+ .06
Resting blood
pressure
Sysiolic,
mm Hg 117.0:£10.0 1083+ 11,0
Diastotic,
mmHg 77.617.1 73.0£1.7
Body mass in-
dext 25.11:£2.94 27.87 1442
Treadmill time  1,087+274 750+ 241

*Patients were from the Cooper Clinic, Dallas,
and were healthy and normotensive at baseling,

+Values are means - SDs.

$Body mass index=weight (kg)’height (my* for
men and weight (k) /height (m)' ¥ for women.

Table 2.—Maximum Likelihood
Estimates of Logistic Parameters”®

Lagistic
Varlable Estimate SE P
intercept ~8.07 70 ca
Sex 15 21 498
Age, yr a8 01 =001
Follow-up interval 20 02 <001

Systolic BP, 1%
120-129 mm Hg 50 .18 005
Systolic BP,t$

=130 mm Hg 1.06 20 <1001
Diastolic BP, 1§

80-84 mm Hg 48 .18 008
Diastolic BP.4§

=88 mm Hg 91 21 <001
Body mass index 05 .02 007
Low physical

fitnass 42 .18 018

*Relating potential risk factors at the time of initial
exarnination to hypertension risk in 6,039 normoten-
sive patients at the Cooper Clinic, Dallas.

tRefarence calegory equals less than 120 mm
Hg.

$Systolic and diastdlic blood pressure were
measured at rest.

§Reference calegory eguals less than 80 mm
Hg.
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sive, mean blood pressures were
slightly below national norms®
Slightly more than a quarter of the
patients were in the high fitness
category.

There were 240 cases of new hyper-
tension reported during the follow-up
period. Bivariate analyses indieated a
strong association between incident
cases of hypertension and physical
fitness in both men and women. Since
several factors such as age, obesity,
and length of follow-up could contrib-
ute to a spurious association between
physical fitness and hypertension,
multivariate analyses were per-
formed.

The result of the logistic analysis is
given in Table 2. The maximum-
likelihood estimates are expressed in
logits where a unit of change in each
independent variable changes the log-

Table 3.—Relative Risk of
Hypertension Developing*
Relative Risk
Low High
Catagory Fitnass  Fliiness
Follow-up intervalt
1-5 yr 1.48 1.0
8-12 yr 4.62 3.16
Aget
<850 yr 151 1.0
=50 yr 1.93 | 1.28
Physical fitnesst 1.52 1.0
Physical fitness$ 1.62 1.0

* By follow-up interval, age category, and physical
fitness.

flLogistic model with age, follow-up interval, rest-
ing blood pressures, and physical fitness.

tlogistic model with blood pressure response to
the treadmill test added to the model.

it of risk for that particular variable
by the parameter estimate. After
adjustment for sex, age, baseline
blood pressures, and body mass index,
the relative risk of hypertension in
the low fitness group was 1.52 times
the risk of a person in the high fitness
group (95% confidence interval=1.08
to 2.15, P=.02). Risks calculated from
the Cox models were similar to those
from the logistic analysis: relative
risk (RR)=1.46 (P=.02) when the
missing follow-up periods were de-
fined as the longest possible time and
RR=151 (P=.02) when the missing
follow-up time was defined as the
shortest possible time.

Additional logistic models were cal-
culated to further explore the associa-
tion between physiecal fitness and
hypertension. Consistency of the fit-
ness and hypertension relationship
was examined in age and follow-up
interval categories. Since blood pres-
sure response during the treadmill
test could be associated with risk of
hypertension and with fitness, maxi-
mal systolic blood pressure was also
added to the model. Relative rigks
from these analyses are given in
Table 3.

Both baseline blood pressure and
low levels of physical fitness were
independent contributors to the risk
of developing hypertension in this
study. The relative risks for various
combinations of these variables are
given in Table 4. The risk increases
tenfold for the person who is in the
highest blood pressure categories at

the time of entry into the study and
has a low level of physical fitness
compared with the person who has
none of these risk characteristies. The
risk ratios presented here indicate a
multiplicative rather than an additive
effect as mulfiple risk factors are
added.

A subsample of study participants
had a second clinic examination dur-
ing the follow-up period. After deter-
mining their fitness category at the
second examination, participants
were classified into two groups.
Group 1 consisted of 1,082 persons
who were in the low fitness eategory
at both examinations. Group 2 con-
tained 271 persons who moved from
the low fitness category at the first
examination to the high category at
the second examination. There were
38 persons in the two groups who
became hypertensive during follow-
up. The incidence of hypertension was
18 per 1,000 in the high fitness group
and 32 per 1,000 in the low fitness
group. A multiple logistic analysis
was performed controlling for sex,
age, body masgs index, and follow-up
interval. The adjusted RR of 1.5 was
in the predieted direction, but was not
statistically significant.

COMMENT

In the present study physical fit-
ness was significantly associated with
hypertension risk after simultaneous
adjustment for the possible confound-
ing factors of body mass index, age,
sex, follow-up interval, and baseline

Table 4.—Relative Risks of Hypertension Among Normotensive Patients at Cooper Clinic, Dallas, in a One- to 12-Year Follow-up®
Systolic BR, Y Systolic BP, T Diastolic BP,t Diastolic BP Low Physical Relative 95% Confidence
120-129 mm Hg 130-139 mm Hg 81-84 mm Hg 85-89 mm Hg Fitnesst Risk Interval

- + - + + 10.80 (6.28-18.58)
- + - + - 7.10 {4.27-11.81)
- + + - + 7.02 (3.90-12.68)
- + + - - 482 (2.95-7.24}
+ - - + + 6.23 (3.54-10.87)
- + - - + 4.35 {2.56-7.39)
+ - - + - 4.10 (2.75-6.10)
+ - + - + 4.08 {2.33-7.05)
- + - - - 2.85 (1.95-4.19)
- - - + + 3.78 {2.24-6.37)
+ - + - - 2.66 (1.74-4.08)
- - - + - 2.48 (1.86-3.71)
- - + - + 2.46 (1.50-4.02)
+ - - + 2.51 {1.62-4.13)
- - + - - 1.62 {1.14-2.30)
+ - - - - 1.85 (1.16-2.)
- - - - + 1.62 {1.08-2.15}
- — - - - 1.00

*By specific combinations of blood pressures and physical fitness categories adjusted for sex, age, body mass index, and length of follow-up.
1A plus indicates presence of charactaristic; minus, absence of characteristic.
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blood pressure levels. After adjust-
ment, the overall exeess risk for per-
sons with low levels of physical fit-
ness in this study was 52%. This is
somewhat higher than the excess risk
of 835% reported by Paffenbarger et
al"” for Harvard alumni who did not
participate in vigorous sports play in
middle age. Althongh our study par-
ticipants ineluded both men and
women, both study groups represent
well-educated persons with a relative-
ly high socioeconomic status and are
preponderantly white.

We have not found other studies in
which baseline physical fitness was
studied as a predictor for hyperien-
sion. Gillum et al® reported that
exercise heart rate {(which is a marker
for physical fitness) at baseline was
associated with blood pressure read-
ings 32 years later in 112 men.® Men
below the median exercise heart rate
had follow-up BPs 10 (systolie) and 5
{diastolic) mm Hg lower than men in
the upper half of the distribution.

Other possible confounding varia-
hles for the observed association
hetween physical fitness and hyper-
tension could be dietary factors such
as caffeine, salt, or alecohol intake. We
doubt that this is the case as prelimi-
nary analyses on patients at the Coo-
per Clinic indicate no association
hetween dietary patterns and physi-
sal fithess, and in a previous study we

1. Breslow L, Faostrom JE; Persistence of
health habits and their relationship to mertali-
ty. Frev Med 1980,9:464-483.

2, Puffenburger RS, Wing AL, Hyde RT: Phys-
ienl netivity as an index of heart attuck risk in
volligge aluwni. dm J Epidemiol 1975;108:161-
176

3. Moreis N, Pollurd R, Feeritt MG, el al
Vigorous exervise in leisure timig: Protection
syeninst eororary heart disease. Lamcet 1980;
212071210,

4. Peters RK, Cady LD, Bischoff DP, et al:
Physien] fitness and subsequent myocavdial
infaretion in healthy workers. JAMA 1083;
2SR 3056,

5. Awmerican College of Sports Medicine: Posi-
tion statement on the recommended guuntity
aml quality of exereise for developing and main-
fuining ftness in healthy adults, Med Sei Sporis
Faere 197810:VIL-X.

6. Wood P, TTaskell W1, Blair SN, vl ul
Inereasvd oxercise level and plasma lipopratein
comeenirations: A one-year, randomized, con-
trolled stwdy in sedentary middle-aged men.
Metabolism 1983,32:31-34.

7. Wilmaore JH: Budy compuosition in sport and
exereise: Directions for fulure research. Med Sei
Sporls Brere 198351n21-31,

8. Cooper KH, Pollock ML, Martin RP, el ab
Physieal filness lovels vs selected voronary risk
factors. JAMA 1976.226:166-169.

4. Gibbons LW, Blair 8N, Cooper KH, ¢t al
Association between coranary heart disease risk
factors and physical fitness in healthy adult
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found that highly active and seden-
tary people have gualitatively similar
diets.”

Although subjects in the present
study were normotensive at baseline
(<140 mm Hg systolic BP and =90
mm Hg diastolic BP), baseline blood
pressures were powerful predictors of
hypertension risk. This is not surpris-
ing in view of previous reports,” but it
is of eclinical interest that even
patients in the normal range (120 to
129 mm Hg systolic BP and 81 to 84
mm Hg diastolic BP) had almost a
threefold increase in risk over sub-
jects with lower baseline levels. When
these normal levels of blood pressure
were found in physically unfit per-
sons, the risk of hypertension in-
creased to four times the risk of
highly fit subjects in the lowest blood
pressure category.

Assumption of causality in any bio-
medical study requires elucidation of
a plausible biologic mechanism. Al-
though we do not have additional
data in the present study to address
this issue directly, a possible mecha-
nism has been suggested by Bjorn-
torp.” Higher resting heart rates and
cardiac outputs are associated with
elevated systolic blood pressures. Be-
cause all three variables are mediated
by sympathetic nervous system activ-
ity, excess sympathetic nervous sys-
tem stimulation may be an under-
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The Association of Cardiorespiratory Fitness
and Physical Activity With Incidence of Hypertension

1n Men

Nancy L. Chase!, Xuemei Sui', Duck-chul Lee! and Steven N. Blair'-2

BACKGROUND :

Few prospective studies have sumultaneously mves‘ugated

the relationship between physical activity, cardiorespiratory
fitness (CRF), and the development of hypertension in initialkly
normotensive individuals. In the Aerobics Center Longitudinal
Study (ACLS), we examined this association among mltually healthy
normotensnve men .

METHODS

Participants were 16,601 men aged 20-82 years who completed

a baseline examination during 1970-2002 and were followed for
hypertension incidence. Physical activity was self-reported and CRF
was quantified from the duration of a maximal treadmill test.

RESULTS

A total of 2,346 men reported hypertension during a mean 18 years

of follow-up. Event rates per 10,000 man-years adjusted for age

Elevated systolic and diastolic blood pressure are associated
with increased risk for stroke, coronary heart disease,
congestive heart failure, peripheral vascular disease, and
renal disease.! In patients with cardiovascular disease (CVD),
elevated systolic blood pressure is one of the strongest predic-
tors of secondary CVD events.? Lifestyle modifications such
as increasing physical activity, losing weight, and reducing
sodium are recommended for treating hypertension.>*

Most previous studies have reported that higher levels
of physical activity are related to a reduced risk of incident
hypertension.>"1! The physical activity measures employed
in these studies have been based on self-reported question-
naire measures. Self-reported measures of physical activity are
only modestly correlated with objective measures obtained
using criterion methods.!?"!> One approach to objectively
assess recent physical activity level is to assess cardiorespira-
tory fitness (CRF).!>16 However, few prospective studies have
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' and examination year were 86.2, 76.6, and 66.7 across physical
activity.groups of sedentary, walker/Jogger/runner (WJR), and
sport/fitness, respectively, and 89.8, 78.4, and 64.6 for low, midd|e,

and high CRF, respectively (trend P < 0.0001). These associations

_ persisted after further adjustment for body mass index (BMI),

smoking, alcohol intake, resting systohc bload pressure, baseline

‘health status, famlly hlstory of dlseases and survey response

patterns.

CONCLUSION ;

Both physical activity and CRF are associated with lower risk of
developing hypertension in a graded fashion.These findings provide
a basis for health professionals to emphasize the importance of
participating in regular physical activity to improve fitness for the
primary prevention of hypertension in men.

- AmJHypertens2009; 22:417-424-© 2009 American-Journal of Hypertension; Ltd.

investigated the relationship between baseline CRF levels and
the development of hypertension in initially normotensive
individuals.!”-20 Therefore, it is important to understand how
or if different types of physical activity and CRE, an objective
reproducible measure that reflects the functional consequences
of recent physical activity habits, disease, and genetics,?! have
different effects on the incidence of hypertension.

To the best of our knowledge, only one study has simulta-
neously examined CRE, vigorous exercise, and incident hyper-
tension.’” However, this report was limited by only studying
runners. Therefore, the goal of the current study was to eval-
uate the independent and joint associations among fitness,
various types of physical activity, and incident hypertension in
a cohort of men enrolled in the Aerobics Center Longitudinal
Study (ACLS).

METHODS

Participants. The ACLS is a prospective study of the health
effects of physical activity and fitness. Data were obtained from
patients of the Cooper Clinic, a preventive medicine clinic in
Dallas, Texas. Participants were self- or employer referred
to the clinic for various services such as preventive medical
examinations and health, nutrition, and exercise counseling.
Participants for the current analysis were 16,601 men aged
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20-82 years who completed a health examination during
1970-2002. At baseline, all participants were free of known
CVD and cancer. They also reported no physician diagnosis of
hypertension and had resting blood pressure of <140/90 mm
Hg at baseline. A large majority of participants were Caucasian
(97%) and from middle and upper socioeconomic strata. Very
few participants were from other ethnic groups (0.6% African
American and 2.4% Asians and others). All participants pro-
vided written consent to participate in the examination and
in the follow-up research. The study protocol was reviewed
and approved annually by the Cooper Institute Institutional
Review Board.

Clinical examination. Clinical examinations were com-
pleted after a 12-h fast and have been described in detail
elsewhere.?>?* Briefly, information pertaining to personal
and family health histories, personal health habits, and
demographic information was obtained from standardized
medical history questionnaires. Height and weight were
measured in light clothing and without shoes using a stand-
ard clinical scale and stadiometer. Body mass index (BMI)
was calculated as kg/m?. Seated blood pressure was recorded
as the first and fifth Korotkoff sounds using auscultation
methods.?* Fasting serum samples were analyzed for lipids
and glucose using standardized automated bioassays at the
Cooper Clinic Laboratory, which participated in and met
quality control criteria of the Centers for Disease Control
and Prevention Lipid Standardization Program. Diabetes
mellitus was defined as fasting plasma glucose concentra-
tion of 126 mg/dl or greater, a history of physician diagno-
sis, or insulin use. Hypercholesterolemia was defined as total
cholesterol of 240 mg/dl or greater. Personal history of CVD
(myocardial infarction or stroke), information on smok-
ing habits (current smoker or not), alcohol intake (drinks
per week), family history of CVD or hypertension, and phys-
ical activity habits (sedentary, walker/jogger/runner (WJR),
and sport/fitness participants) were obtained from a stand-
ardized questionnaire.

Physical activity. Physical activity status was categorized
into three mutually exclusive groups according to the usual
type of physical activity reported during the preceding 3
months.?>?¢ Sedentary individuals were those participants
who answered “no” to all activity questions (running, walk-
ing, jogging, bicycling, swimming, racquet sports, and other
strenuous sports). Sport/fitness activity (hereafter referred to
as “sport”) participants were those who answered “no” to the
run/walk/jog question but “yes” to a wide range of questions
about participation in racquet sports, other strenuous sports
(football, basketball, softball, etc.), cycling, stair climbing,
cross-country skiing, aerobic dancing, or swimming. Due to
the small number of participants and hypertension events in
different sport groups, it was not possible to evaluate sepa-
rate sport categories. We classified participants as WJR if they
answered “yes” to the question, “Have you participated in a
run/walk/jog program in the last three months?”
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CRF. CRF was quantified as the duration of a symptom-
limited maximal treadmill exercise test using a modified
Balke protocol.?*?” The treadmill test began with the patient
walking 88 m/min at 0% grade. At the end of the first minute,
elevation was increased to 2% and thereafter increased 1% per
minute until the 25th min. For those who were able to con-
tinue past 25min, the treadmill speed was increased by 54m
per minute, for each minute after the 25th. Exercise duration
on this protocol is highly correlated with measured maximal
oxygen uptake in men (r = 0.92).?8 The test endpoint was voli-
tional exhaustion or termination by the supervising physi-
cian. Maximal metabolic equivalents (METs, 1 MET = 3.5ml
O, uptake/kg/min) were estimated from the final treadmill
speed and grade.?’ We categorized men into thirds depending
on age-specific (20-29, 30-39, 40-49, 50-59, and 260 years)
distributions of treadmill time.

Morbidity surveillance. The incidence of hypertension was
ascertained from responses to mail-back health surveys in
1982, 1986, 1990, 1995, 1999, and 2004. The aggregate survey
response rate across all survey periods in the ACLS is ~65%.
Nonresponse bias is a concern in epidemiological surveillance.
This issue has been investigated in the ACLS,?** and found not
to present a major source of bias. Baseline health histories
and clinical measures were similar between responders and
nonresponders and between early and late responders.*® The
endpoint was defined as a participant report of a physician
diagnosis of hypertension and has been described in detail
elsewhere.171831 We previously verified the accuracy of self-
reported, physician-diagnosed hypertension in this cohort and
observed 98% sensitivity and 99% specificity.!” Our methods
of case ascertainment are similar to those used in other
established epidemiologic studies on hypertension.®3%33

Statistical analysis. Baseline characteristics of the popula-
tion were calculated for physical activity and CRF catego-
ries. Differences in covariates were tested using analysis of
variance tests for continuous variables and chi-square tests
for categorical variables. We performed an overall F-test for
one-way analysis of variance and then compared two pairs
of groups (sedentary vs. WJR or sport, low vs. middle or high
fitness), which had been planned in advance, with the least-
squares means procedure if the overall F-test was statistically
significant. We used Fisher’s Z transformation to examine the
correlations among physical activity categories and exercise
duration by assessing Pearson coefficients (Table 3). Treadmill
test duration was compared across the three physical activity
groups using general linear models with Bonferonni post hoc
comparison tests (Figure 1). Follow-up time among noncases
was computed as the difference between the date of the baseline
examination and the date of the last returned survey in which
the participant reported being free of hypertension. Follow-up
time among cases was computed as the difference between the
baseline examination date and the reported date of the hyper-
tension event. If a diagnosis date was not provided, we used the
midpoint between the date of the case-finding survey and either
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the baseline examination date or the date of the last returned
survey in which the participant reported being free of hyper-
tension. Cox proportional hazards regression analysis was used
to estimate hazard ratios, 95% confidence intervals, and hyper-

22 5 P <0.0001

P <0.0001

*k

Adjusted* treadmill test duration (min)

T

Sedentary WJR
Physical activity categories

Sport

Figure 1| Associations between cardiorespiratory fitness (expressed by
treadmill test duration in minutes) and physical activity categories. *Adjusted
for age, examination year, survey response patterns, body mass index (kg/m?),
current smoking (yes or no), alcohol intake (=5 drinks/wk, yes or no), resting
systolic and diastolic blood pressure (mm Hg), hypercholesterolemia (yes or
no), diabetes (yes or no), family history of hypertension (present or not), and
family history of cardiovascular disease (present or not). **Reference. WJR,
walker/jogger/runner.

tension incidence rates (per 10,000 man-years) according to
exposure categories. Multivariable analyses included controls
for baseline measures: age (in years), BMI (kg/m?), smoking
status (current smoker or not), alcohol intake (=5 drinks/
wk or not), resting systolic and diastolic blood pressure (mm
Hg), medical conditions (the presence or absence, separately
measured, of diabetes or hypercholesterolemia), and family
history of CVD or hypertension (present or not for each). We
also constructed indicator variables (yes/no) for each survey
period to account for differences in survey response patterns
in order to reduce the influence of ascertainment bias.!®3! To
standardize for surveillance period and length of follow-up, we
entered these variables, as well as the year of the baseline exam-
ination, into our analyses as covariables. Cumulative hazard
plots grouped by exposure suggested no appreciable violations
of the proportional hazards assumption. Finally, we examined
the joint effects of physical activity (sedentary, WJR, and sport)
and CRF (low, middle, and high) on incident hypertension. For
this analysis, we created nine activity-fitness combination cat-
egories. We compared the effect of each combination of activity
and fitness status (sedentary-low, sedentary-middle, sedentary-
high, WJR-low, WJR-middle, WJR-high, sport-low, sport-mid-
dle, and sport-high) with the referent group (sedentary-low).
We also performed additional analyses using logistic regression

Table 1 | Basellne charactenstlcs of study partmpants by physn:al actlwty categorles, Aeroblcs Center Longltudmal Study,

‘1970 2002
s 5 : : Sedentary -
N o , , . 5030
 Age (mean+s.d, years) 435191
Waist circumference (mean +s.d., cm) 9394143
Body mass index (mean +s.d., kg/m?) - 260% 34
k Exercisétolerance (mean +sd, MET;) : ’ 107i19
‘Tryéadmill fést duraﬁon (mean +s.d,min): ,16’.'0 +4.0
,Llplds(mean+sd mg/dl) ’
Total cholesterol 2135 i 388
HDL-C : - 438%116:
Triglycéﬁ‘des  1400£101.7
’Fastmg blood glucose (mean +sd, mg/dl) 10024172
Blood pressure (mean s d mmHg) , '
Systolic : 11749
Diastolic. = 77+7
‘Curren'tsmoker (%) e 221
 Alcohol consumption (25 drinks/week) (%) fffff o 334
Hypercholesterolemla (%) e - - »8
Diabetes (%) . " e 46
' Fam|lyhlstoryofhypertensnon (%) - - 86
Family hlstoryofC\/D (%) e ' ... 34

Physical,activity categories o

WIR . Sport Pvalue
8400 317
438+94 441+97° 0.04
| 88441590 90.2416.12 <0.0001
:  25 24290 2584320 . <0.0001
131£24 11.8+2.0° <0.0001
2094462 18342 - <0.0001
203.0£37.6° 205.8+38.52 <0.0001
4782121 460+116° <0.0001
112.9480.4° 124247867 <0.0001
98211267 198.5%135 <0.0001
117410 116497 0.004
76+72 77T <0.0001
1087 , 1657 <0.0001
3812 ' 359 <0.0001
1442 1692 - <0,0001
26 . 5o <0.0001
e 120 <00001
44 44 002

Sl.conversion factors:To convert total cholestero{ and HDL- Cva]ues 10 mmo!/l multsply by 0.0259; tnglycendes values to mmal/l, by 0.0113; glucose values to mmol/l by 0.0555.
CVD, cardiovascular disease; HDL-C, high-density hpoprotem choiesterol METs, maxnmal metabolic equ:valents ach;eved during the treadmill test; WIR, walker/Jogger/runner

aS;gn|ﬁcantlyd[fferem: from sedentary mdnv:duals (P <005).
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Table 2| Baseline characteristics of study participants by cardiorespiratory fitness categories, Aerobics Center Longltudmal Study,

1970-2002
Low
N , 5518
Age(means.d. years) ’ 443185
Waist circumference (mean +5.d., cm) 96.1+15.5
Body mass index (mean +s.d., kg/m?) 26.9%3.7
Exercise tolerance (mean +s.d., METs) 9.7%1.2
Treadmill test duration (mean + s.d., min) 139426
Lipids (meanis.d., mg/dl) ’
Total cholesterol 214.0+389
HDL-C 42.4+10.8
Triglycerides 152.7+106.1
Fasting blood glucose (mean % s.d., mg/dl) 100.7+17.0
Blood pressure (mean=s.d, mmHg) ' :
Systolic 117£9
Diastolic 78%6
Physical activity (%)
Sedentary 554
WIR 24.5
Sport ; 201
Current smoker (%) 243
Alcohol consumptlon (=5 dnnks/week) (%) : 374 .
Hypercholesterolemla (%) k 23.0
Diabetes (%) ' 5.4
Family hlstory of hypertens;on (%) 8.7
Family history of CVD (%) ? 33"

Cardiorespiratory fitness thirds

Middle High Pfor trend
5,533 5,550 iy
4334942 43.6+9.4° <0.0001
904+15.12 85.1+14.9° <0.0001
255+2.7° 243422 <0.0001
120+09? 14.7+1.8° <0.0001
18.8+20° 2414307 <0.0001
206.9+38.3° 199.1 £36.52 <0.0001
455+11.12 50.6+12.4%  <0.0001
122.6i85.03 94045372 <0.0001
9'8.4:13‘1a 974+12.17 <0.0001
116107 117+10 0.02
7747 7777 <0.0007
26.6° 9 <0.0001
5097 763° <0.0001
- 225° 14.72 <0.0001
1412 768 <0.0001
358 356 009
17.28 12.12 <0.0001
26° 1.9 <0.0001
B 1200 ~ <00001
430 a4 00004

St conversion factors:To convert total cholesterol and HDL-C values to mmol/, mu!tlply by 0.0259; triglycerides values to mmol/l, by 0. 01 13;glucose values to mmol/l by 0.0555.
CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesteral; METs, maximal metabolic equiva lents achleved dunng the treadmill test; WIR, walker/Jogger/runner ,

3Significantly different from low cardiorespiratory fitness (P < 0.05).

to verify the results to account for the possible inaccuracy of the
diagnostic date of incident hypertension. All P values were cal-
culated assuming 2-sided alternative hypotheses; P values <0.05
were taken to indicate statistically significant comparisons. All
analyses were performed using SAS statistical software, version
9.1 (SAS, Cary, NC).

RESULTS

The baseline characteristics of the study sample by their
physical activity and CRF measures are presented in Table 1
and Table 2, respectively. The proportion of men who par-
ticipated in the sport category was 19.1%. There were signifi-
cant differences in the three physical activity groups on all
of the baseline variables (Table 1). The average duration of
WIR per week was 11 miles (data not shown). Participants
with lower CRF values tended to be older, were less active,
had higher BMI values, and were more likely to have major
CVD risk factors, such as hypercholesterolemia, diabe-
tes, and less likely to have family history of hypertension or
CVD (Table 2). Table 3 shows that all three activity groups
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Table 3| Umvarlate associations between physmal actlvnty
categorles and treadmlll exemse duration

Pearson correlatlon coefﬂc:ents*

L ’ . Treadmill

’ ~ Sedentary WIR Sport  testduration
Sedentary 100 067 =032 040
WIR 100 -049 042
Sports 000 033
Treadmill test 1.00

duration (min)

WIR, walker/jogger/runner.
*P<0.0001.

and treadmill exercise duration were significantly correlated.
Each of the activity groups was modestly correlated with
CRF levels. After adjusting for the potential confounders,
treadmill test duration within WJR and sport groups was sig-
nificantly higher compared with sedentary men, respectively
(Figure 1).
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Table 4| Rates and hazard ratios for developing hypertension, according to baseline physical activity and cardiorespiratory fitness

(CRF) category
‘ Cases Man-years -
Physical éctivity §
Sedentary 863 101,355
WIR 131 147,000
~ sport o35 51,878
pforlineartrend ‘ e
CRF thirds :
Low 969 106,884
Middle 765 99,151
High 612 194,239

Pfor linear trend

Rate? Model 1° HR (95% Cl) Model 2°HR (95% Cl)

86.2 1.0 (Referent) 1.0 (Referent)

766 0.82(0.75-0.90) 0.87.(0.79-0.95)
667 0.74(0.65-0.84) 0.76 (0.66-0.86)

<0.0001 <0.0001 <0.0007

89.8 1.0 (Refereﬁt) 1.0 (Referent)

784 0.82(0.75-0.90) 0.89 (0.80-0.98)
646 0.64(0.57-0.71) 0.71(0.64-0.80)

<0.0001 <0.0001 <0.0001

Cl, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; WIR, walker/jogger/runner. :
Rate per 10,000 man-years adjusted for age and examination year. PModel 1: adjusted for baseline age, examination year, and stirvey response pattern. “Model 2: adjusted for
all variables in Model 1 plus body mass index (kg/m?), current smoking (yes or no), alcohol intake (=5 drinks/wk, yes or na), resting systolic and diastolic blood pressure (mm Hg),
hypercholesterolemia (yes or no), diabetes {yes orno), family history of hypertension (present or not), and family history of CVD (present or not).

Over a mean (s.d., range) 18.1 (8.1, 1-34) years of follow-up
(300,312 man-years), we documented 2,346 incident cases
of hypertension. Age and examination year-adjusted hazard
ratios and event rates (per 10,000 man-years) for the categories
of physical activity and thirds of CRF are presented in Tabie 4.
Across physical activity groups, the event rates were 86.2, 76.6,
and 66.7 in men who were sedentary, who participated in WJR
activity, and who participated in sport activity, respectively.
After further adjusting for survey response pattern, the men
in the WJR group had 13% lower, and men in the sport cat-
egory had 24% lower hypertension risks than sedentary men.
Additional adjustment for BMI, smoking, alcohol intake,
systolic and diastolic blood pressure, hypercholesterolemia,
diabetes, and family history of hypertension or CVD did not
significantly change the results. For CRE an inverse gradi-
ent (P trend < 0.0001) of incident hypertension event rates
was observed across incremental thirds of CRF groups. After
adjustment for the same covariables, men with middle and
high CRF had an 11% and 29% lower hypertension risk than
did men with low CRF (P trend < 0.0001).

Finally, we analyzed the joint associations of physical activ-
ity and CRF with incident hypertension. Figure 2 shows the
age- and examination year-adjusted event rates across physi-
cal activity (sedentary, WJR, and sport/fitness activity) and
CRF (low, middle, and high) categories, which resulted in nine
activity-CRF groups. The event rate in the high CRF men who
participated in the sport/fitness activities was the lowest among
the nine combination groups. The adjusted incidence rate was
inversely related to CRF within each of the physical activity
categories (all P < 0.05 for trends). However, there was no asso-
ciation between WJR or sport/fitness activity groups and out-
come within the low and middle CRF groups, compared with
the sedentary men (P > 0.05 for each). There was an inverse
association between sport group and outcome within the high
CRF group, compared with the sedentary men (P = 0.003). The
results were similar when we performed logistic regression
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Figure 2 | Total number of cases (N) and age- and examination year-

adjusted hypertension incidence rates per 10,000 man-years according

to cardiorespiratory fitness and physical activity categories. The adjusted
incidence rates were inversely related to cardiorespiratory fitness within each
of the physical activity categories (all P < 0.05 for trend); however, there was
no association between WJR or sport/fitness activity groups and outcomes
within the low and middle fitness groups, compared with the sedentary

men (all P > 0.05). There was an inverse association between sport/fitness
activity group and outcome within the high fitness group, compared with the
sedentary men (P=0.003). WJR, walker/jogger/runner.

models instead of Cox regression models. Therefore, only the
proportional hazard analysis results are shown.

DISCUSSION

The principal finding of this report is that both higher CRF and
participating in sport or walking/jogging/running decrease
the risk of developing hypertension in comparison with low
fitness or sedentary lifestyle, respectively. We believe that this
is the first study that has evaluated both fitness and different
types of activity in relation to risk of incident hypertension.
Sedentary men had the highest incidence rate of hypertension,
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while men who participated in sport activity had the lowest
rates of incident hypertension. After adjustment for several
potential confounders, the inverse association between the
sport or WJR group and the risk of hypertension was attenu-
ated, but remained significant. These results suggest that regu-
lar activity like walking/jogging/running or participating in
sports, appears to reduce the risk of developing hypertension.

The data reported here also show an inverse dose-response
association between CRF and risk of incident hypertension
in initially normotensive and healthy middle-aged men. The
association persisted after extensive adjustment for potential
confounding factors. The inverse association also persisted
when stratified on the physical activity groups. This further
strengthens the evidence that there is an inverse relationship
between higher CRF levels and lower risk of hypertension.

Our results are consistent with several large, epidemiologi-
cal studies examining the association between physical activity
and the incidence of hypertension.

The Harvard Alumni Study showed that men who regu-
larly participated in sports activity had a 19-29% lower risk of
developing hypertension.®® Lack of strenuous exercise inde-
pendently predicted a higher risk of hypertension.’ Alumni
who did not participate in vigorous physical activity had a 35%
greater risk of hypertension than those who did.’ In a later
analysis, Paffenbarger and Lee® concluded that lack of moder-
ately vigorous physical activity, being overweight, and family
history of hypertension increased the risk of developing hyper-
tension. In the Atherosclerosis Risk in Communities Study,
Pereira et al.!? showed an inverse association between leisure-
time physical activity and incidence of hypertension in 7,459
African American and Caucasian adults aged 45-65 years
between 1987 and 1995. Caucasian men in the highest
quartiles of sports and leisure activity had 23% and 34% lower
risk of developing hypertension in comparison with Caucasian
men in the lowest quartiles.!® Caucasians who maintained or
increased their amount of sports or exercise had a 14% and
22% reduction in the odds of developing hypertension in men
and 15% and 17% in women.!? Folsom ef al.3* examined the
2-year incidence of hypertension in a cohort of 41,837 women
aged 55-69 years and found that high levels of leisure physical
activity were associated with a 30% reduction in risk of hyper-
tension. However, physical activity no longer contributed to
hypertension risk after adjustment for age, BMI, waist-to-hip
ratio, and smoking status.>*

Higher CRF levels are associated with lower risk of devel-
oping hypertension.!”!® Our previous studies found that
participants with higher fitness levels had lower incidence
rates of hypertension in men!” and in women!®. Barlow et al.!8
examined 4,884 middle-aged normotensive women in the
ACLS and found that women in the middle and high fitness
categories had a 61% and 81% lower risk of developing hyper-
tension in comparison with low-fit participants. Carnethon
et al.3® showed that each 1-min decrease in maximal treadmill
performance was associated with a 19% higher 15-year risk of
developing hypertension among men and women. This study
also suggests that 21% of the hypertension cases could be
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avoided by increasing fitness levels.3® In the current study, we
found a 11% and 29% lower risk of incident hypertension in
men who were middle and high fit compared with men who
were low fit, respectively.

Previous literature shows that self-reported measures of
physical activity are only modestly correlated with objec-
tive measures obtained using criterion methods.!>"1> We
found similar associations in the current study (Table 3 and
Figure 1). Further joint analysis (Figure 2) showed that in
each physical activity group, the hypertension risk was sig-
nificantly lower across incremental fitness levels. These results
support the hypothesis that middle and high fitness levels
favorably influence hypertension risk across different types of
physical activity. These findings are in agreement with a recent
study that found that higher CRF reduces the odds for hyper-
tension, independent of physical activity, and is an important
risk factor separate from physical activity.!?

Several mechanisms are speculated regarding the inverse rela-
tionship between physical activity and hypertension, though
these possible mechanisms were beyond the scope of this inves-
tigation. Regular physical activity can reduce norepinephrine.
The reduction in norepinephrine was associated with decreased
spillover, which suggests that sympathetic nervous system
activity was decreased.*® This in turn may cause reductions
in vasoconstriction and total peripheral resistance.” Other
studies®®3? have found that nitric oxide production, which
influences endothelial cell-dependent vasodilation, is increased
through exercise training. Increased insulin sensitivity was also
a possible pathway by which physical activity influences blood
pressure.40:41

Strengths of the current study include the extensive baseline
examination to detect subclinical disease, the large size of the
cohort, the relatively long follow-up period, the assessment of
different types of physical activity, and the objective measures
of CRF levels, which were quantified from the use of maximal
exercise testing. Participation in certain sports may be con-
founded by education level, health knowledge, and other soci-
odemographic factors. However, a majority of the participants
in this study were Caucasian, well educated, middle to upper
class, which limits the generalizability of the study’s findings,
although this limitation should not affect the study’s internal
validity. There was insufficient information about hyperten-
sion medication use or dietary habits to include these factors
in the analysis. Due to the widespread geographic distribution
of patients evaluated at the Cooper Clinic, we were unable to
verify all reported hypertension events. However, based on a
random sample of verified events, it appears that an acceptable
level of agreement exists between the participant’s self-reported
history and his medical records. In terms of exposure assess-
ment, we classified men at study enrollment, but in the present
analysis we were unable to evaluate the effect of changes in
physical activity and fitness over time on our outcomes. It is
possible that sedentary or low fit men increased their activ-
ity or fitness levels at some point in the follow-up interval. In
addition, others may have experienced decreases in these char-
acteristics. Such misclassification of exposure would likely lead
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to underestimating the magnitude of the association observed
in the present study. We did not have sufficient information on
frequency and intensity reported in the WJR or sports group.
Therefore, we could not account for exercise volume in each of
the activity groups. Future studies should include such infor-
mation whenever possible.

In conclusion, our prospective findings in a large cohort of
initially normotensive and healthy middle-aged men show that
both physical activity and CRF are independent predictors of
incident hypertension in men. Lifestyle modification has long
been encouraged particularly for those with hypertension
as well as for the entire population.*> We believe health pro-
fessionals should counsel their sedentary patients to become
physically active through participating in regular physical
activity, such as walking, jogging, bicycling, swimming, and
playing sports,*3 and to improve their fitness for the primary
prevention of hypertension.
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PHYSICAL FITNESS AS A PREDICTOR OF CARDIOVASCULAR MORTALITY IN
ASYMPTOMATIC NORTH AMERICAN MEN

The Lipid Research Clinics Mortality Follow-up Study

Lars-Goran Exerunp, M.D., Pu.D., WirLiam L. Haskeor, Pa.D., JEFrrey L. Jounson, M.S,,
Freprick S. Wrarey, Pu.D., Micuaer H. Crigui, M.D.,, M.P.H.,
anp Davip S. Suees, M.D., M.S.P.H. ‘

Abstract Limited data are available on the relation be-
tween physical fitness and mortality from cardiovascular
disease. We examined this question in a study of 4276
men, 30 to 69 years of age, whom we followed for an
average of 8.5 years. Examinations at base line included
assessment of conventional coronary risk factors and
treadmill exercise testing. The heart rate during submaxi-
mal exercise (stage 2 of the exercise test) and the duration
of exercise were used as measures of physical fitness.
Men with incomplete data (n = 308) or who were using
cardiovascular drugs {n = 213) were excluded from the
analysis. Men who had clinical evidence of cardiovascular
disease at base line (n = 649) were analyzed separately.
Forty-five deaths from cardiovascular causes occurred
among the remaining 3106 men.

A lower level of physical fitness was associated with a
higher risk of death from cardiovascular and coronary

UBSTANTIAL evidence suggests that regular
physical activity is associated with a reduced risk
of coronary heart disease.!™ It is also known that reg-
ular physical activity is associated with higher levels
of physical fitness, as measured by maximal oxygen
uptake and heart—rate response to submaximal exer-
cise,>® and with a more favorable risk profile for coro-
nary heart disease.”!’ However, limited data are
available on the relation between physical fitness as
measured by exercise testing and subsequent cardio-
vascular morbidity or mortality.'*"?

The purpose of the present study was to test the
bypotheses that physical fitness, as assessed by meas-
urements easily obtained from a standard treadmill
exercise test, is associated with subsequent mortality
from coronary heart disease and cardiovascular dis-
ease in a heterogeneous population of asymptomatic

From the Department of Medicine (L..~-G.E., D.8.5.) and the Collaborative
Studies Coordinating Center, Department of Biostatistics (J.L.J., F.S.W.}, Uni-
versity of North Carolina, Chapel Hill; the Stanford Center for Research in
Disease Prevention, Stanford University, Stanford, Calif. (W.L.H.}; and the
Division of Epidemiology, Department of Community and Family Medicine.
University of California, La Jolla (M.H.C.). Address reprint requests to Basil M.
Rifkind, M.D., at the Lipid Metabolism—Atherogenesis Branch, National Heart,
Lung, and Blood Institute, National Institutes of Health, Rm. 401, Federal Bldg.,
Bethesda, MD 20892.

Supported by contracts (NOI-HV12139, NOI-HVI2156, NOI-HV12160,
NO1-HV22914, NOI1-HV22913, NOI-HV 12158, NOI-HV12161, NO1-
HV22915, NOI-HV22032, NOI-HY22917, NOI-HVIZIS7, NOI-HV12243,
NO1-HV32961, NO1-HV12903, and YO1-HV30010) from the National Heart,
Lung, and Blood Institute.

Presented in part at the 59th Scientific Session of the American Heart Associ~
ation, Dallas, November 17 through 20, 1986.

The members of the committees of the Lipid Research Clinics study are as
follows: Lipid Research Clinics Directors Committee: Francols Abboud, M.D.,
Stewart Agras, M.D., Edwin Bierman, M.D., Reagan Bradford, M.D., Ph.D.,
Virgit Brown, M.D., Marilyn Buzzard, Ph.D., William Connor, M.D., Gerald

heart disease, after adjustment for age and cardiovascular
risk factors. The relative risk of death from cardiovascular
causeswas 2.7 (85 percent confidence interval, 1.4 10 5.1;
P = 0.003) for healthy men with an increment of 35 beats
per minute in the heart rate during stage 2, and 3.0 (95
percent confidence interval, 1.6 to 5.5; P = 0. 0004)
for those with a decrement of 4.4 minutes in the exercise
time spent on the treadmill. The corresponding values for
death from coronary heart disease were 3.2 (95 percent
confidence interval, 1.5 to 6.7; P = 0.003) and 2.8 (95
percent confidence interval, 1.3 to 6.1; P = 0.007), re-
spectively.

We conciude that a lower level of physical fitness is
associated with a higher risk of death from coronary heart
disease and cardiovascular disease in clinically healthy
men, independent of conventional coronary risk factors.
{N Engl J Med 1988; 319:1379-84.)

middle-aged men and that this relation is independent
of other major cardiovascular risk factors.

METHODS
Study Participants

The Lipid Research Clinics Prevalence survey, conducted be-
tween 1972 and 1976, consisted of a preliminary screening of men
and women sampled from predefined populations at 10 participat-
ing centers in the United States and Canada. Fasting plasma choles-
terol and triglyceride levels were determined in 17,400 men and
16,400 women between 30 and 69 years of age during this initial
visit (Visit 1). The following groups were invited to return for a
second visit (Visit 2): (1) a random sample made up of 15 percent of
all eligible participants; (2) those whose plasma cholesterol levels at
Visit 1 met or exceeded 6.20 mmol per liter (240 mg per deciliter) for
participants 30 to 39 years of age, 6.70 mmol per liter (260 mg per
deciliter) for those 40 to 49 years of age, and 7.25 mmol per liter
(280 myg per deciliter) for those 50 years of age or older; {3) those
whose plasma triglyceride levels at Visit 1 exceeded 2.82 mmol per
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