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Background-—Increased physical fitness is protective against cardiovascular disease. We hypothesized that increased fitness
would be inversely associated with hypertension.

Methods and Results-—We examined the association of fitness with prevalent and incident hypertension in 57 284 participants
from The Henry Ford ExercIse Testing (FIT) Project (1991–2009). Fitness was measured during a clinician-referred treadmill stress
test. Incident hypertension was defined as a new diagnosis of hypertension on 3 separate consecutive encounters derived from
electronic medical records or administrative claims files. Analyses were performed with logistic regression or Cox proportional
hazards models and were adjusted for hypertension risk factors. The mean age overall was 53 years, with 49% women and 29%
black. Mean peak metabolic equivalents (METs) achieved was 9.2 (SD, 3.0). Fitness was inversely associated with prevalent
hypertension even after adjustment (≥12 METs versus <6 METs; OR: 0.73; 95% CI: 0.67, 0.80). During a median follow-up period of
4.4 years (interquartile range: 2.2 to 7.7 years), there were 8053 new cases of hypertension (36.4% of 22 109 participants without
baseline hypertension). The unadjusted 5-year cumulative incidences across categories of METs (<6, 6 to 9, 10 to 11, and ≥12)
were 49%, 41%, 30%, and 21%. After adjustment, participants achieving ≥12 METs had a 20% lower risk of incident hypertension
compared to participants achieving <6 METs (HR: 0.80; 95% CI: 0.72, 0.89). This relationship was preserved across strata of age,
sex, race, obesity, resting blood pressure, and diabetes.

Conclusions-—Higher fitness is associated with a lower probability of prevalent and incident hypertension independent of baseline
risk factors. ( J Am Heart Assoc. 2014;3:e001268 doi: 10.1161/JAHA.114.001268)
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H ypertension is highly prevalent, affecting >33% of adults
in the United States alone.1 In 2008, hypertension was

the most commonly diagnosed medical condition in the United
States.2 Hypertension is an important risk factor for cardiovas-
cular disease and mortality,3 such that blood pressure reduc-
tion has been a major focus of primary prevention efforts.4

Numerous cross-sectional studies have described a rela-
tionship between reduced fitness and blood pressure or
hypertension.5–9 Furthermore, large cohort studies have
demonstrated that low fitness precedes new-onset hyperten-
sion10–18 even in normotensive populations,19,20 and among
persons with an elevated risk for hypertension.21 Neverthe-
less, few studies13 have examined the effect of demographic
factors (age, sex, race) or common comorbidities (obesity,
diabetes) on the association between direct measures of
fitness and risk for hypertension. Furthermore, few studies
have been conducted in a clinical setting.

The purpose of this study was to (1) describe the association
between physical fitness and prevalent hypertension at the time
of stress testing at baseline; (2) examine the prospective
relationship betweenphysical fitness and incident hypertension
among participants without hypertension at the time of stress
testing at baseline; and (3) to examine whether the prospective
relationship betweenphysical fitness and incident hypertension
differed across demographic or hypertension risk factors. We
hypothesized that a higher level of fitness would be inversely
associated with both prevalent and incident hypertension,
independent of hypertension risk factors.
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Methods

Study Population
The Henry Ford ExercIse Testing Project (The FIT Project)
includes 69 885 patients who underwent physician-referred
treadmill stress testing at Henry Ford Health System Affiliated
Subsidiaries in metropolitan Detroit, MI between 1991 and
2009. Study details are described elsewhere.22 In brief,
patients were excluded from the study population if they were
<18 years old at the time of stress testing or if the testing
protocol was not the standard Bruce protocol. Among the
69 885 included in our study population, we further excluded
patients who had a history of coronary artery disease
(N=10 190), or a history of congestive heart disease
(N=877) as well as patients missing relevant covariate data
(N=1534). Known coronary artery disease was defined as an
existing history of any of the following: myocardial infarction,
coronary angioplasty, coronary artery bypass surgery, or
documented obstructive coronary artery disease on angio-
gram. Congestive heart failure was defined as prior clinical
diagnosis of systolic or diastolic heart failure.

After exclusions, our analytic sample included 35 175
patients with a history of hypertension and 22 109 patients
without a history of hypertension. The FIT project was
approved by the Henry Ford Hospital Institutional Review
Board. Study participants provided informed consent.

Treadmill Stress Testing and Metabolic
Equivalents
All patients underwent routine clinical treadmill stress testing
using the standard Bruce protocol. The treadmill test was
symptom-limited and was terminated if the patient had
exercise-limiting chest pain, shortness of breath, or other
symptoms as assessed by the supervising clinician indepen-
dent of the achieved heart rate. In accordance with American
Heart Association and American College of Cardiology
guidelines, testing could be terminated early at the discretion
of the supervising clinician for significant arrhythmias, abnor-
mal hemodynamic responses, diagnostic ST-segment
changes, or if the participant was unwilling or unable to
continue.

Participants were asked to rest for few minutes prior to the
start of the stress test. A single resting blood pressure was
obtained in the seated position just prior to the start of
exercise. Both standard and large cuff sizes were available as
needed. Resting heart rate was also assessed and based on
the age-predicted maximal heart rate formula: 220 – age.
Physical fitness, expressed in metabolic equivalents (METs),
was based on the workload derived from the maximal speed
and grade achieved during the total treadmill time. METs

results were categorized into 4 groups based on distribution
of the data as follows: <6, 6 to 9, 10 to 11, and ≥12 METs.

Primary Outcomes: Prevalent and Incident
Hypertension
Prevalent hypertension was defined as a prior diagnosis of
hypertension, use of antihypertensive medications, or an
electronic medical record (EMR) problem list-based diagnosis
of hypertension at the time of stress testing (study baseline).

Incident hypertension was ascertained among participants
without hypertension at baseline by search of the EMR as well
as through linkage with administrative claims files from
services delivered by the affiliated group practice or reim-
bursed by the health plan. A new diagnosis was considered
present when a diagnosis of hypertension (ICD-9 401.XX), was
listed in at least 3 separate encounters. Time-to-incident
hypertension was based on the time between treadmill testing
and the date of the first encounter. Patients were censored at
their last contact with the integrated Henry Ford Health
System group practice when ongoing coverage with the health
plan could no longer be confirmed.

Other Measurements
Nurses and/or exercise physiologists collected all data
immediately prior to the stress test. Age, sex, and race
were assessed via self-report. Risk factors were defined and
gathered prospectively by self-report, and then augmented
by a retrospective search of the EMR. Current smoking was
defined as actively smoking at the time of stress testing.
Diabetes mellitus was defined as a prior diagnosis of
diabetes, use of antihyperglycemic medications including
insulin, or an EMR, problem list-based diagnosis of diabe-
tes. Dyslipidemia was defined by prior diagnosis of any
major lipid abnormality, use of lipid-lowering medications, or
EMR, problem list-based diagnosis of hypercholesterolemia
or dyslipidemia. Obesity was defined by self-report and/or
assessment by the clinician historian. Family history of
coronary artery disease in a first-degree relative was based
on self-report. Physical activity was assessed informally via
survey question, which asked participants if they regularly
exercised (yes or no).

In all cases, complete medication use history was collected
prior to the stress test. Medication use was then retrospec-
tively verified and supplemented using the EMR, as well as
pharmacy claims files from enrollees in the health system’s
integrated health plan. Medications were categorized as b-
blockers, lipid-lowering medications, or medications for lung
disease.

Indication for stress test referral was provided by the
referring physician, and subsequently categorized into common
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indications (chest pain, shortness of breath, “rule out” ische-
mia, or other).

Statistical Analysis
Means and proportions of the study population were calcu-
lated for study participants with prevalent hypertension and
study participants without prevalent hypertension (overall and
in categories of METs). Logistic regression models were
utilized to evaluate the cross-sectional association between
METs (in categories and as a continuous variable) and
prevalent hypertension at the time of stress testing at
baseline. Models were nested. Model 1 was adjusted for age,
sex, and race (white, black, other). Model 2 was adjusted for

Model 1 covariates as well as history of diabetes, history of
hyperlipidemia, lipid-lowering medication use, history of
obesity, family history of coronary heart disease, current
smoking status, pulmonary disease medication use, and
indication for stress testing. Model 3 was adjusted for
covariates of Model 2 and resting systolic blood pressure,
resting diastolic blood pressure, and percent of maximal heart
rate achieved. Further, we plotted the unadjusted probability
of hypertension at baseline (ie, prevalent hypertension) across
METs.

We used Cox proportional hazards models to examine the
association between fitness and incident hypertension
among participants without a diagnosis of hypertension at
baseline. We employed the same Models 1 to 3 as utilized in

Table 1. Baseline Population Characteristics by Metabolic Equivalents (METs), Mean (SD) or %

Characteristics

Prevalent Cases
of Hypertension
at Baseline Participants Without Diagnosed Hypertension at Baseline

Overall
(N=35 175)

Overall
(N=22109)

<6 METs
(N=1229)

6 to 9 METs
(N=4171)

10 to 11 METs
(N=8996)

≥12 METs
(N=7713)

P across
METs*

Age, y 56.4 (12.1) 48.5 (11.8) 61.4 (13.4) 54.4 (11.8) 48.5 (10.4) 43.3 (9.9) <0.001

Female, % 50.2 46.0 65.9 67.6 53 22.9 <0.001

Race, %

White 59.9 71.0 65.5 67.8 70 74.8 <0.001

Black 33.9 20.4 28.8 24.5 21.8 15.2 <0.001

Other 6.2 8.6 5.7 7.8 8.3 10 <0.001

History of diabetes, % 24.4 7.9 14.9 11.7 8.2 4.4 <0.001

History of hyperlipidemia, % 49.0 33.4 30.8 35.7 34.6 31.1 0.001

History of obesity, % 27.3 16.4 21.5 27.0 19.1 6.8 <0.001

Family history of coronary heart disease, % 51.1 52.0 46.1 51.6 53.2 51.8 0.03

Lipid-lowering medication use, % 26.1 10.4 11.8 13.6 10.7 8.0 <0.001

Diabetes medication use, % 11.4 2.9 6.4 5.0 2.8 1.2 <0.001

Aspirin use, % 21.2 10.8 18.1 13.3 10.6 8.6 <0.001

Lung disease medication use, % 9.6 7.9 15.2 9.1 8.0 5.8 <0.001

Current smoking status, % 41.7 41.1 43.4 44.6 43.0 36.7 <0.001

Reason for stress test, %

Chest pain 48.2 55.7 49.8 56.3 57.1 54.6 0.62

Shortness of breath 9.2 8.4 11.1 8.4 8.1 8.4 0.06

Rule out ischemia 11.6 10.1 10.3 10.0 10.0 10.0 0.88

Other 31.0 25.9 28.8 25.2 24.8 27.0 0.46

METs achieved, units 8.5 (2.9) 10.3 (2.7) 4.3 (1.1) 7.0 (0.2) 10.0 (0.0) 13.3 (0.9) <0.001

Achieved a heart rate of 85% 74.3 90.7 66.7 82.9 92.5 96.7 <0.001

% Heart rate achieved, mean % 89.2 (10.9) 93.0 (7.8) 88.3 (13.1) 91.2 (8.6) 92.9 (7.0) 94.8 (6.4) <0.001

Resting systolic blood pressure, mm Hg 135.2 (18.9) 124.2 (16.5) 133.6 (19.8) 127.9 (17.7) 123.3 (15.9) 121.7 (15.0) <0.001

Resting diastolic blood pressure, mm Hg 82.6 (10.5) 78.7 (9.8) 80.2 (10.4) 79.3 (9.9) 78.5 (9.7) 78.3 (9.7) <0.001

*P-values for trends across METs determined via linear and logistic regression.
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the cross-sectional analysis. A Kaplan-Meier cumulative
incidence plot was used to depict the crude relationship
between categories of METs and incident hypertension. We
also plotted a restricted cubic spline model (relative to a
METs value of 6) to visualize the continuous relationship
between METs and incident hypertension after adjustment
for covariates.

We assessed for effect modification in strata of age (<40,
40 to 49, 50 to 59, ≥60), sex, race (black, white, other),
history of obesity, normotensive resting blood pressure
(defined as a resting systolic blood pressure <120 mm Hg
and a resting diastolic blood pressure <80 mm Hg), and

history of diabetes. These findings were presented as a forest
plot. Strata were compared via Wald v2 testing, which was
used to evaluate whether interaction terms were statistically
significant additions to the models. Finally, we conducted
sensitivity analyses, excluding from our prospective analysis
(1) those participants who had a baseline resting systolic
blood pressure ≥140 mm Hg or diastolic blood pressure
≥90 mm Hg, and (2) participants taking pulmonary disease
medications. Further, in addition to the forest plot, we
repeated our primary analysis in strata of sex. Finally, we
performed a sensitivity analysis adjusting for self-reported
sedentary lifestyle.

P-value < 0.001 

.2
.4

.6
.8

1

P
ro

ba
bi

lit
y 

of
 h

yp
er

te
ns

io
n

P
ro

ba
bi

lit
y 

of
 h

yp
er

te
ns

io
n

0 5 10 15 20

METs

Both P-values < 0.001 

MF
.2

.4
.6

.8
1

0 5 10 15 20

METs

Male vs. Female Overall
A B

Figure 1. Probability (95% CI) of participants having hypertension across the range of peak metabolic
equivalents (METs) values: (A) by sex and (B) overall.

Table 2. Association Between Peak Metabolic Equivalents (METs) Achieved and Baseline Hypertension (Odds Ratios, 95% CI),
N=57 284

Hazard Ratio (95% CI)

Model 1 Model 2 Model 3

Categories of fitness (METs)

<6 1.0 (reference) 1.0 (reference) 1.0 (reference)

6 to 9 0.73 (0.68, 0.79) 0.71 (0.66, 0.77) 0.88 (0.81, 0.95)

10 to 11 0.48 (0.45, 0.52) 0.52 (0.49, 0.56) 0.77 (0.72, 0.84)

≥12 0.33 (0.30, 0.36) 0.41 (0.38, 0.44) 0.73 (0.67, 0.80)

P-trend across categories as ordinal variable <0.001 <0.001 <0.001

METS per 1 unit 0.88 (0.87, 0.89) 0.91 (0.90, 0.91) 0.97 (0.96, 0.98)

P value <0.001 <0.001 <0.001

Model 1: Adjusted for age, sex, and race. Model 2: Model 1 + history of diabetes, history of hyperlipidemia, lipid-lowering medication use, history of obesity, family history of coronary heart
disease, current smoking status, pulmonary medication use, and indication for stress testing. Model 3: Model 2 + resting systolic blood pressure, resting diastolic blood pressure, and % of
maximal heart rate achieved.
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All analyses were performed with STATA version 11.1
(Stata Corporation, College Station, TX). Statistical signifi-
cance was defined as P≤0.05, using 2-tailed tests.

Results

Population Characteristics
Participants with hypertension at baseline had an average age
of 56 years (Table 1). They were 50% women and 34% black.
The most common indications for stress testing were chest
pain (56%), “rule out” ischemia (12%), and shortness of breath
(9%). The average age among participants without hyperten-
sion at baseline was 49 years. These participants were 46%

women and 20% black. The most common indications for
stress testing were the same: chest pain (48%), “rule out”
ischemia (10%), and shortness of breath (8%).

Prevalent Hypertension
Higher fitness was significantly associated with a lower
probability of having a diagnosis of hypertension at baseline
(P-trend <0.001). In fact, among participants with METs <6,
the probability of hypertension was >70% versus <50% among
those with METs ≥12 (Figure 1). Further, participants achiev-
ing METs ≥12 during stress testing had a 27% lower odds of
having a diagnosis of hypertension at baseline compared to
participants achieving a METs level <6 (OR: 0.73; 95% CI:
0.67, 0.80), even after adjustment for hypertension risk
factors including resting systolic and diastolic blood pressure
(Table 2).

Incident Hypertension
Over a median follow-up period of 4.4 years (interquartile
range: 2.2 to 7.7 years), there were 8053 new cases of
hypertension among those without a prior history of hyper-
tension (N=22 109). The unadjusted 5-year cumulative inci-
dences across categories of METs (<6, 6 to 9, 10 to 11, and
≥12) were 49%, 41%, 30%, and 21%, respectively (Figure 2 for
Kaplan-Meier cumulative incidence plot). There was a signif-
icant association between categories of METs and risk of
incident hypertension after adjustment for demographic
characteristics (Model 1, P-trend <0.001) (Table 3). This
trend was attenuated, but still significant after adjustment for
hypertension risk factors, including resting systolic and
diastolic blood pressure (Models 2 and 3; P-trends <0.001).
Compared with participants achieving <6 METs, participants
achieving ≥12 METs had a 20% lower risk of incident

Figure 2. Cumulative incidence of incident hypertension by
category of metabolic equivalents (METs) achieved.

Table 3. Association Between Peak Metabolic Equivalents (METs) Achieved and Incident Hypertension Among Participants
Without Hypertension at Baseline (Hazard Ratios, 95% CI), N=22 109

Hazard Ratio (95% CI)

Model 1 Model 2 Model 3

Categories of fitness (METs)

<6 1.0 (reference) 1.0 (reference) 1.0 (reference)

6 to 9 0.98 (0.90, 1.07) 0.97 (0.89, 1.06) 1.02 (0.93, 1.12)

10 to 11 0.83 (0.76, 0.90) 0.85 (0.77, 0.93) 0.93 (0.85, 1.02)

≥12 0.65 (0.59, 0.72) 0.70 (0.63, 0.77) 0.80 (0.72, 0.89)

P-trend across categories as ordinal variable <0.001 <0.001 <0.001

Model 1: Adjusted for age, sex, and race. Model 2: Model 1 + history of diabetes, history of hyperlipidemia, lipid-lowering medication use, history of obesity, family history of coronary heart
disease, current smoking status, pulmonary medication use, and indication for stress testing. Model 3: Model 2 + resting systolic blood pressure, resting diastolic blood pressure, and % of
maximal heart rate achieved.
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hypertension even after full adjustment (Model 3 hazard ratio:
0.80; 95% CI: 0.72, 0.89). We observed an inverse, nonlinear
relationship between baseline MET achievement and subse-
quent risk of diagnosed hypertension. This association was
greatest when MET achievement was >10 (Figure 3). While
we initially performed the prospective analysis modeling METs
as a continuous variable and found a significant, inverse
relationship, these results were ultimately removed upon
discovery that the relationship between METs and incident
hypertension was nonlinear.

Effect Modification and Sensitivity Analyses
We assessed for effect modification of the relationship
between METs and incident hypertension by strata of
hypertension risk factors and found significant interactions
across strata of age, but not across strata of sex, race,
obesity, resting blood pressure, or diabetes (Figure 4).
Further, we conducted a sensitivity analysis, excluding from
our prospective analysis participants with a resting systolic
blood pressure ≥140 mm Hg or diastolic blood pressure

≥90 mm Hg. Our results were virtually identical (Table 4). A
sensitivity analysis, excluding participants on pulmonary
disease medications, also did not significantly change our
findings (Table 5). In addition, a more detailed examination by
sex revealed no difference in the association between fitness
and incident hypertension overall (Table 6). Finally, adjust-
ment for physical activity had no impact on our findings
(Table 7).

Discussion
This study represents one of the largest cross-sectional and
longitudinal studies on the association between fitness and
hypertension. Higher fitness was strongly associated with a

Figure 3. Adjusted hazard ratios (solid line) from a restricted
cubic spline model for incident hypertension using categories of
baseline peak metabolic equivalents (METs). Shaded region
represents the 95% CIs. The models were expressed relative to
a METs value of 6 (the reference value) with knots specified at
METs values of 6, 10, and 12. Model was adjusted for age, sex,
race, history of diabetes, history of hyperlipidemia, lipid-lowering
medication use, history of obesity, family history of coronary heart
disease, current smoking status, pulmonary medication use,
indication for stress testing, resting systolic blood pressure, and
resting diastolic blood pressure. The hazard ratios are shown on a
natural log scale.

Figure 4. Forest plot portraying the hazard ratio (HR) and 95%
CI of the association between metabolic equivalents (≥12 METs vs
<6 METs) and incident hypertension. Strata were age (<40, 40 to
49, 50 to 59, ≥60), sex (female or male), race (white, black, or
other), obese (yes or no), normotensive resting blood pressure
(defined as a resting systolic blood pressure <120 mm Hg and a
resting diastolic blood pressure <80 mm Hg), or diabetes (no or
yes). In general, all models were adjusted for age, sex, race,
history of diabetes, history of hyperlipidemia, lipid-lowering
medication use, history of obesity, family history of coronary
heart disease, current smoking status, pulmonary medication use,
indication for stress testing, resting systolic blood pressure, and
resting diastolic blood pressure. In strata of age, the age variable
was replaced with a simplified variable <40, 40 to 49, 50 to 59,
≥60). P-values were determined via the F-statistic for interaction
terms between all strata and categories of METs (METs categories
in the 7 to 9 and 10 to 11 range are not shown).
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lower prevalence of hypertension at baseline. Furthermore,
among participants with no baseline hypertension, increased
fitness demonstrated a strong, inverse relationship with
incident hypertension. These associations were observed
regardless of demographic characteristics and common
hypertension risk factors.

A number of studies have described a cross-sectional
association between fitness and hypertension.5–7 Others have
further demonstrated that low fitness was inversely associ-
ated with the risk of developing hypertension.10–15 One study
evaluated fitness among 4487 young adults from the general
population using a Balke protocol treadmill test. They found
that after adjustment for hypertension risk factors, including
obesity, low fitness (<20th percentile) compared to high
fitness (≥ 60th percentile) was associated with twice the risk
of developing hypertension.11 Similarly, another large study
assessing maximal treadmill exertion in 6039 normotensive
men and women with no history of cardiovascular disease

found that after a median 4 years of follow-up, participants
with low levels of fitness had a 52% greater risk of developing
hypertension compared to highly fit persons.20 Our study is
unique in that we examined fitness in a large, diverse patient
population, using a standardized clinical assessment tool, the
Bruce protocol stress test. Furthermore, our patient popula-
tion was at greater risk of developing cardiovascular disease,
having already been referred for stress test. Not only did we
find fitness to be associated with hypertension independent of
traditional hypertension risk factors, but this association was
preserved even after excluding participants with a resting
blood pressure in the prehypertensive or hypertensive range.

Several mechanisms have been proffered to explain how
increased fitness might prevent hypertension. One recent
study has shown that exercise training increases endothelial
production of nitric oxide synthase, decreases aortic stiff-
ness, and increases whole-body insulin sensitivity.6 Other
studies have found that exercise training reduces circulating

Table 4. Association Between Peak Metabolic Equivalents (METs) Achieved and Incident Hypertension Among Participants
Without Hypertension at Baseline (Hazard Ratios, 95% CI), Restricted to Patients With a Resting Systolic Blood Pressure
<140 mm Hg and a Resting Diastolic Blood Pressure <90 mm Hg (N=16 299)

Hazard Ratio (95% CI)

Model 1 Model 2 Model 3

Categories of fitness (METs)

<6 1.0 (reference) 1.0 (reference) 1.0 (reference)

6 to 9 1.00 (0.88, 1.14) 1.00 (0.88, 1.13) 0.99 (0.87, 1.13)

10 to 11 0.85 (0.75, 0.96) 0.89 (0.78, 1.01) 0.89 (0.78, 1.02)

≥12 0.66 (0.58, 0.76) 0.73 (0.63, 0.84) 0.74 (0.64, 0.86)

P-trend across categories as ordinal variable <0.001 <0.001 <0.001

Model 1: Adjusted for age, sex, and race. Model 2: Model 1 + history of diabetes, history of hyperlipidemia, lipid-lowering medication use, history of obesity, family history of coronary heart
disease, current smoking status, pulmonary medication use, and indication for stress testing. Model 3: Model 2 + resting systolic blood pressure, resting diastolic blood pressure, and % of
maximal heart rate achieved.

Table 5. Association Between Metabolic Equivalents Achieved and Incident Hypertension Among Participants Without
Hypertension at Baseline, Excluding Participants Using Medications for Pulmonary Disease (Hazard Ratios, 95% CI), N=20 372

Hazard Ratio (95% CI)

Model 1 Model 2 Model 3

Categories of fitness

<6 1.0 (reference) 1.0 (reference) 1.0 (reference)

6 to 10 1.00 (0.91, 1.10) 0.99 (0.90, 1.09) 1.03 (0.94, 1.14)

10 to 12 0.85 (0.77, 0.94) 0.87 (0.79, 0.96) 0.96 (0.87, 1.06)

>12 0.67 (0.60, 0.75) 0.71 (0.64, 0.79) 0.82 (0.73, 0.92)

P-trend across categories as ordinal variable <0.001 <0.001 <0.001

Model 1: Adjusted for age, sex, and race. Model 2: Model 1 + history of diabetes, history of hyperlipidemia, lipid-lowering medication use, history of obesity, family history of coronary heart
disease, current smoking status, and indication for stress testing. Model 3: Model 2 + resting systolic blood pressure, resting diastolic blood pressure, and % of maximal heart rate
achieved.
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noradrenaline and decreases vascular resistance.23 It has
also been shown that greater fitness is associated with lower
body weight,24 an important risk factor for hypertension.25

Another pathway is through heart rate—fitness reduces heart
rate, an important mediator of arterial stiffness.26,27 Finally, it
has also recently been shown that lactate, a marker strongly
associated with fitness, is a risk factor for incident hyper-
tension.28 It is possible that rather than contribute directly to
hypertension, fitness represents preexistent, oxidative capac-
ity based on one’s genetic constitution rather than physical
conditioning.

Among various subgroups of patients, we found that
fitness was inversely associated with incident hypertension in
the old (>59 years) and young (<40 years), in men and
women, and in black and white participants. While fitness has

been shown to be similarly associated with incident hyper-
tension in young people,13 men,14 and women,10 few studies
have examined the association between fitness in the
elderly29 or in black versus white racial groups. Also, similar
to other studies, we found that obesity23 did not alter the
relationship between fitness and incident hypertension. With
regard to normotensive resting blood pressure, like other
studies, fitness was significantly associated with incident
hypertension regardless of normotensive status.19,20 How-
ever, in participants with diabetes, we found the relationship
between fitness and incident hypertension was substantially
attenuated, though the interaction term was not significant.
This is in contrast to studies showing a strong relationship
between fitness and incident hypertension in persons with
diabetes.9 This may reflect the fact that the maximal level of
METs achieved among participants with diabetes was lower
than the METs achieved among those without diabetes. This
would attenuate the relationship in participants with diabetes,
since METs demonstrate the strongest inverse relationship
with incident hypertension at higher levels.

This study has important public health ramifications. In
2008, hypertension was diagnosed in about 46 000 ambula-
tory visits in the United States, making it the most commonly
diagnosed medical condition.2 Hypertension is an important
risk factor for cardiovascular events.3,30 Our findings add
compelling evidence in support of a role for fitness and
regular exercise in the prevention of hypertension regardless
of age, sex, or race. Furthermore, our study demonstrates that
fitness is inversely associated with incident hypertension in
persons with and without cardiovascular risk factors such as
obesity or an elevated resting blood pressure, suggesting a
role for fitness in at-risk populations.

This study has a number of important limitations that
warrant discussion. First, incident hypertension was based on
medical records and administrative claims files, which did not

Table 7. Association Between Metabolic Equivalents Achieved and Incident Hypertension Among Participants Without
Hypertension at Baseline (Hazard Ratios, 95% CI) With Adjustment for Sedentary Lifestyle, N=22 109

Hazard Ratio (95% CI)

Model 1 Model 2 Model 3

Categories of fitness

<6 1.0 (reference) 1.0 (reference) 1.0 (reference)

6 to 10 0.98 (0.90, 1.07) 0.97 (0.89, 1.06) 1.02 (0.93, 1.12)

10 to 12 0.83 (0.76, 0.90) 0.85 (0.77, 0.93) 0.94 (0.85, 1.03)

>12 0.65 (0.59, 0.72) 0.70 (0.63, 0.77) 0.81 (0.73, 0.90)

P-trend across categories as ordinal variable <0.001 <0.001 <0.001

Model 1: Adjusted for age, sex, and race. Model 2: Model 1 + history of diabetes, history of hyperlipidemia, lipid-lowering medication use, history of obesity, family history of coronary heart
disease, current smoking status, pulmonary medication use, indication for stress testing, and sedentary lifestyle. Model 3: Model 2 + resting systolic blood pressure, resting diastolic blood
pressure, and % of maximal heart rate achieved.

Table 6. Association Between Metabolic Equivalents
Achieved and Incident Hypertension Among Participants
Without Hypertension at Baseline (Hazard Ratios, 95% CI), by
Sex

Hazard Ratio (95% CI)

Women (N=10 164) Men (N=11 945)

Categories of fitness

<6 1.0 (reference) 1.0 (reference)

6 to 10 1.00 (0.89, 1.12) 1.05 (0.90, 1.22)

10 to 12 0.91 (0.81, 1.03) 0.96 (0.83, 1.12)

>12 0.74 (0.63, 0.86) 0.86 (0.73, 1.00)

P-trend across
categories as
ordinal variable

<0.001 <0.001

Model adjusted for age, race, history of diabetes, history of hyperlipidemia, lipid-lowering
medication use, history of obesity, family history of coronary heart disease, current
smoking status, pulmonary medication use, indication for stress testing, resting systolic
blood pressure, resting diastolic blood pressure, and % of maximal heart rate achieved.
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include direct measurement of blood pressure. As a result, a
number of persons with undiagnosed hypertension may have
been misclassified as noncases, attenuating our results.
Furthermore, diagnostic criteria for the diagnosis of hyper-
tension may have varied by clinic setting. Despite this, our
study has the advantage of having been reviewed by clinical
practitioners responsible for the medical record entry or
claims data. Second, hypertensive medication use was utilized
in the determination of hypertensive status. However, some
medications commonly used for the treatment of hyperten-
sion have other clinical indications, which could lead to
misclassification. Third, our assessment of baseline fitness
was based on a single measurement. As a result, we could not
evaluate changes in fitness over time. Despite this point, a
number of studies suggest that physical activity behaviors
only account for a fraction of fitness, while genetic compo-
sition may be a more significant determinant of fitness.31

Fourth, physical activity was not formally assessed in this
study. Other studies have suggested an independent role for
physical activity with regard to hypertension risk;13,27 how-
ever, self-identified sedentary lifestyle was not associated
with incident hypertension in this study. Fifth, our study
population was derived from persons referred for a stress
test. As a result, their baseline risk of cardiovascular disease
is likely greater than the general population, which may affect
the generalizability of our findings. Sixth, logistic regression
was used in the prevalence analysis, which while more readily
interpretable, does not approximate relative risk well because
hypertension was not a rare diagnosis at baseline. Finally,
residual confounding is always a limitation of observational
studies. This is particularly a concern with regard to several
covariates (eg, socioeconomic status [not assessed] or
obesity, which was assessed via self-report and via the
medical record rather than through direct measurement).

Our study also has multiple strengths, including its large
and diverse population sample, accurate and detailed medical
records, variety of indications for stress testing, and rigorous
direct assessment of fitness via treadmill stress testing.
Furthermore, we utilized the Bruce protocol for treadmill
testing, a standardized clinical measure readily interpreted in
clinical settings.

Perspectives
In conclusion, greater fitness is not only associated with a
lower probability of having hypertension, but moreover it is
associated with a lower risk of developing hypertension in the
future. These findings provide additional support for fitness in
the prevention of hypertension, even in individuals at
increased risk for cardiovascular disease. Future studies are
necessary to delineate the specific biologic pathways by

which increased fitness level decreases risk of incident
hypertension.
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