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Abstract
Purpose—To estimate the independent relationships of running intensity with antihypertensive,
LDL-cholesterol–lowering, and antidiabetic medication use when adjusted for running volume (km/
d).

Methods—Self-reported medication use was compared cross-sectionally to running pace (m/s
during usual run) in 25,552 male and 29,148 female National Runners’ Health Study participants.

Results—The men ran a mean ± SD of 5.2 ± 3.1 km/d at 3.3 ± 0.5 m/s (8.3 ± 1.4 min/mile) and the
women 4.7 ± 2.9 km/wk at 3.0 ± 0.4 m/s (9.2 ± 1.8 min/mile). When adjusted for kilometers per day,
each meter-per second increment in intensity in men and women reduced the odds for
antihypertensive drug use by 54% and 46%, respectively, reduced the odds for LDL-cholesterol–
lowering medication use by 55% and 48%, respectively, and reduced the odds for antidiabetic
medication use by 50% and 75%, respectively (all P < 0.0001). Compared with men who ran slower
than 10 min/mile, the odds for medication use in those who ran or exceeded a 7-min/mile pace were
72% less for antihypertensive, 78% less for LDL-cholesterol lowering, and 67% less for antidiabetic
medications (the corresponding odds reductions in women were 61%, 64%, and 87%, respectively,
for 8 min/mile or faster versus slower than 11 min/mile). Although usual running pace correlated
significantly with a 10-km performance (male, r = 0.55; females, r = 0.49), usual pace remained
significantly related to lower use of all three medications in men and antihypertension and antidiabetic
medications in women when adjusted for a 10-km performance.

Conclusions—Although these results do not prove causality, they show that exercise intensity is
inversely associated with the prevalence of hypertension, hypercholesterolemia, and diabetes
independent of exercise volume and cardiorespiratory fitness (10-km performance), suggesting that
the more vigorous the exercise, the healthier the health benefits.

INTRODUCTION
Physical activities may be characterized by their energy expenditure into light intensity,
requiring less than threefold the energy expenditure of sitting at rest (3 METs, 1 MET = 3.5
mL/min/kg), moderate intensity (3 to 6 METs), and vigorous intensity (> 6 METs) [1]. Most
of what is known about the relationships of exercise intensity to health outcomes pertain to
differences between moderate and vigorous exercise [31]. When total energy is held constant,
vigorous exercise is reported to produce greater reductions in diastolic blood pressure and to
produce greater improvements in glucose control than moderate exercise, whereas vigorous
and moderate activities are reported to have equivalent effects on systolic blood pressure,
lipoproteins, and body fat [31]. There are also reports on the health effects of varying intensities
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of light and moderate exercise [31], including those showing that the prevalence or incidence
of coronary heart disease [22], diabetes [15,16,36], hypertension [36], and
hypercholesterolemia [36] decline with faster walking speed.

The focus on moderate versus vigorous exercise arises from the public health issue of whether
it is necessary to break a sweat to obtain the health benefits of physical activity [12]. Little has
been reported on the health effects of increasing intensities of vigorous exercise. Running
typically spans a range from 8 [12 min/mile] to 15 METs (6.5 min/mile) [1]. This range exceeds
the entire intensity range of all light-to-moderate exercise. We have reported that faster 10-km
performance times were associated with lower BMI [33,35] and lower mean blood pressure
levels when adjusted for BMI [33]. In addition, greater cardiorespiratory fitness is associated
with lower risks for hypercholesterolemia, diabetes, hypertension, and coronary heart disease
[5,37,38].

This report examines the prevalence of hypertension, hypercholesterolemia, and diabetes in
relation to usual running speed when adjusted for age, body mass, and total exercise dose.
Because increases in cardiorespiratory fitness are greater for vigorous than moderate exercise
[30] and are greater for more vigorous than less vigorous exercise [32], we hypothesized that
more intense vigorous exercise may produce greater health benefits than less intense vigorous
exercise. Although related, cardiorespiratory fitness and usual training intensity are distinct
characteristics. Cardiorespiratory fitness is inherited in addition to being affected by training
[6,9]. Exercise intensity is not simply determined by cardiorespiratory fitness but rather is a
behavior based on other factors in addition to fitness (e.g., motivation), subject to individual
control and amenable to change. Although cross-sectional associations cannot prove that
running intensity causally affects disease, the results are consistent with the hypothesis that the
more vigorous the vigorous exercise, the healthier the health benefits.

SUBJECTS AND METHODS
Although the design and methods of the National Runners’ Health Study are described
elsewhere [33–39], information on usual running pace was obtained only for those runners
recruited between 1998 and 2001. Briefly, a two-page questionnaire was distributed nationally
to runners identified among running magazine subscribers and participants of foot race events.
The questionnaire solicited information on demographics, running history, weight history,
smoking habits, history of heart attacks and cancer, and medications for blood pressure, thyroid,
cholesterol, and diabetes. From our initial cohort, we estimate that approximately 15% returned
the questionnaires among the total number contacted. The University of California Berkeley
Committee for the Protection of Human Subjects approved the study protocol, and all
participants signed committee-approved informed consents.

Participants reported whether they took medications for diabetes, high blood pressure, and high
cholesterol at the time of the survey. Usual running pace was reported as minutes per mile,
which was then converted by us into meters per second. Running distances were reported in
usual miles run per week for the year in which the baseline survey was taken, which has been
shown to correlate strongly between duplicate questionnaires (r = 0.89) [34]. Running
represented (mean ± SD) 91.5 ± 19.1% of all vigorously intense activity and 73.5 ± 23.7% of
total leisure time physical activity in these runners.

BMI was calculated as weight in kilograms divided by the square of height in meters. Self-
reported waist circumferences were elicited by the statement, “Please provide, to the best of
your ability, your waist circumference in inches,” without further instruction. Elsewhere, we
have reported the strong correlations between self-reported and clinically measured heights (r
= 0.96) and weights (r = 0.96) [34]. Self-reported waist circumferences are somewhat less
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precise, as indicated by their correlations with reported circumferences on a second
questionnaire (r = 0.84) and with their clinical measurements (r = 0.68) [34]. Others report that
clinically measured waist circumferences correlate significantly with visceral (r = 0.68),
abdominal subcutaneous (r = 0.74), and total abdominal adipose tissue masses (r = 0.82) as
measured by computed tomography [40].

Intakes of meat and fruit were based on the questions “During an average week, how many
servings of beef, lamb, or pork do you eat?”, and “…pieces of fruit do you eat?”. Alcohol intake
was estimated from the corresponding questions for 4-oz (112 mL) glasses of wine, 12-oz (336
mL) bottles of beer, and mixed drinks and liqueurs and computed as 14.2 mL per 4-oz glass
of wine, 14.2 mL per 12-oz bottle of beer, and 17.7 mL per mixed drink. Correlations between
these responses and values obtained from 4-day diet records in 110 men were r = 0.65 for
alcohol intake, r = 0.46 for red meat, and r = 0.38 for fruit. For this report, cardiorespiratory
fitness is defined as speed (m/s) of the participant’s best 10-km race during the previous 5 yr
(reported as finish time in min). Published data support the use of running performance to
estimate maximal oxygen consumption (VO2max) [3,8,13], and 10-km race performance times
have been shown to be more strongly correlated with the incidence and prevalence of diabetes,
hypertension, and hypercholesterolemia than distance run [37,38].

Statistical analyses
Logistic regression analyses (JMP Software Version 5.0; SAS Institute, Cary, NC) were used
to estimate the dose response relationships of medication use to usual running pace. Reported
weekly intakes of alcohol, meat, and fruit along with age, smoking history, and running distance
(km/d) were used as covariates. Additional adjustment for BMI and 10-km performance (m/
s) was included as indicated. Analyses were performed using usual running pace as both
continuous and categorical measures although the statistical power to detect associations may
be less for the categorical scale, reexpressing the exposure variables for categorical measures
provides greater robustness to outliers.

RESULTS
From the original 59,506 surveys received on or after 1998 (when the question on usual running
pace was introduced), we excluded 1 survey for missing sex, 76 for missing age, 967 for missing
BMI, 1139 for missing running distance (many presumably nonrunners), and 1494 for missing
usual running pace. We also excluded 1129 current smokers. Thus, complete data on distance
run per day, usual running pace, and BMI were available for 25,552 male and 29,148 female
nonsmoking runners. The sample was primarily white (men = 86.7%; women = 88.5%), with
smaller percentages of Hispanic (men = 6.6%; women = 5.1%), Asian (men = 3.1%; women
= 3.1%), African American (men = 1.9%; women = 1.5%), Native American (men = 0.6%;
women = 0.5%), and mixed race (men = 0.9%; women, 1.1%). The men were significantly
older than the women (mean ± SD: 44.4 ± 11.4 vs. 38.0 ± 10.1 yr), whereas their years of
education were similar (16.5 ± 2.6 vs. 16.2 ± 2.6 yr, respectively).

The characteristics of the sample in relation to their self-reported usual pace are presented in
Table 1. Faster runners of both sexes were younger, lighter, leaner, and smaller waisted but
not necessarily distinguished by stature. Faster runners were also less likely to be ex-smokers.
Younger age probably explains the shorter running history of the faster runners. Medication
use was 8- to 14-fold greater in the slowest than fastest men and 5- to 7-fold greater in the
slowest than fastest women. Intakes of meat and fruit were inversely related to running pace
in women (P < 0.0001) but not men, whereas alcohol intake was inversely related to pace in
men (P < 0.0001) but not women. On average, the men ran at 88.9% and the women at 92.7%
of their 10-km performance speed. Usual running pace averaged 0.47 ± 0.44 m/s slower than
the 10-km performance times in men and 0.30 ± 0.46 m/s slower in women; however, usual
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running pace and 10-km performance were strongly correlated (P < 0.0001) when unadjusted
for other factors (men, r = 0.68; women, r = 0.58) and when adjusted for age (men, r = 0.61;
women, r = 0.56) and kilometers per day (male, r = 0.55; females, r = 0.49) or age, kilometers
per day, and BMI (men, r = 0.51; women, r = 0.46).

Table 2 presents the odds ratios per meters-per-second increment in usual running speed
adjusted for age, ex-smoker status, and diet. The odds for taking medications for high blood
pressure, high cholesterol, or diabetes decreased in association with the meters per second of
usual running speed (P < 0.0001), and these decreases were little affected by additional
adjustment for distance. Further adjustment for BMI somewhat diminished the significances
of the odds reductions; however, all remained statistically significant. With the exception of
antidiabetic use in men, the odds reductions also remained significant when adjusted for waist
circumference. Adjustment for the separate effects of height and weight produced odds ratios
and significance levels entirely consistent with the BMI-adjusted odds ratios of Table 2
(analyses not displayed).

Figure 1 presents the men’s odds ratios for usual running speed adjusted for age, diet, ex-
smoker status, and alcohol. The ratios are calculated relative to the odds for medication use in
men who ran slower than a 10-min/mile (<2.68 m/s). The odds ratio for antihypertensive
medication use declined linearly with usual speed and was significantly less than 1 in men who
ran 9 min/mile or faster. Additional adjustment for running distance increased the odds ratios
only slightly. Above the bars are the kilometers-per-day–adjusted significance levels for
exceeding the running pace represented by the bar (i.e., the odds for using antihypertensive
medications were significantly lower, P = 0.003, in men who ran faster than 7 min/mile than
men who ran 7.1 to 8 min/mile). These significance levels show significant incremental
reductions for antihypertensive medication usage throughout the range of running speeds when
adjusted for distance run. Additional adjustment for BMI lessened the reductions in the odds
ratio with usual running speed; however, medication usage remained significantly lower in
men who ran 8.1 to 9, 7.1 to 8, or 7 min/mile or less compared to those running slower than
10 min/mile.

When adjusted for distance, reductions in men’s use of LDL-cholesterol–lowering medication
were significant for each minute per mile increment in usual running speed. The results were
similar with or without kilometers per day and BMI adjustment. Relative to the slowest men,
the odds for medication use in those who ran 7 min/mile or faster were reduced 81% without
adjustment for kilometers per day, 78% with adjustment for kilometers per day, and 72%
adjusted for kilometers per day and BMI.

There were also substantial reductions in antidiabetic medication use with usual running speed,
particularly with respect to slower than 10 min/mile versus faster paces. Adjustment for BMI
did lessen the significance of the odds reduction; however, men whose speed was 8 min/mile
or faster had less than one half the odds for using antidiabetic medications than those requiring
over 10 minutes to run a mile.

Figure 2 presents the corresponding graphs for women. Because the women averaged about a
mile per minute slower than the men (mean ± SD: 9.2 ± 1.8 vs. 8.3 ± 1.4 min/mile), their speed
categories were shifted to be 1 min/mile slower. Running an 11-min/mile or faster was
associated with significantly lower odds for medication use than slower women (P < 0.0001
for antihypertensive and antidiabetic medications, and P = 0.0006 for LDL-cholesterol–
lowering medications). Running a 10-min/mile or faster was also associated with lower odds
for antihypertensive (P = 0.03), LDL-cholesterol–lowering (P = 0.02), and antidiabetic
medications (P = 0.06) than running 10.1 to 11 min/mile. Adjustment for running distance had
little effect on the women’s odds ratios, and although adjustment for BMI had a somewhat
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greater effect, the significance of the odds ratios was generally not lost except for LDL-
cholesterol–lowering.

Table 3 presents the odds ratios for antihypertensive, LDL-cholesterol–lowering, and
antidiabetic medication use by running distance in this sample. In men, usual running distance
was associated with lower medication use both before and after adjustment for usual running
speed, albeit the odds reductions per kilometers-per-day run were reduced when adjusted. The
women’s odds reductions for antihypertensive and LDL-cholesterol–lowering medications
were similar to those of men but lacked statistical significance when adjusted for usual running
speed.

Table 4 examines the independent contributions of running speed (m/s) during a usual run and
maximum performance over a 10-km footrace by simultaneously including both in the logistic
regression model. The analyses are restricted to 75% of men and 64.5% of women who
provided their race times. Compared with those excluded for lacking these data, the runners
included in these analyses were similar in age (mean ± SD for included vs. excluded males =
44.3 ± 10.6 vs. 44.9 ± 12.0 yr, females = 38.5 ± 9.6 vs. 37.7 ± 11.0 yr) but tended to be leaner
(males = 24.0 ± 2.7 vs. 24.8 ± 3.1 kg/m2, females = 21.4 ± 2.5 vs. 22.1 ± 3.2 kg/m2), and run
farther (males = 39.2 ± 22.5 vs. 28.8 ± 21.3 km/wk, females = 36.9 ± 21.0 vs. 26.6 ± 19.3 km/
wk) and faster during their usual runs (males = 3.35 ± 0.45 vs. 3.22 ± 0.55 m/s, females = 3.05
± 0.39 vs. 2.90 ± 0.51 m/s). The subset shows the same odds reduction in medication use with
usual running speed in men as the complete sample but somewhat weaker odds reduction
compared with the complete sample of women (cf. Table 2 and Table 4). There is also a general
agreement between the odds ratio for medication use versus the 10-km performance for this
subset and the entire cross-sectional sample [38]. The analyses show that when adjusted for
10-km performance times (a measure of cardiorespiratory fitness), the odds ratio per meters-
per-second increment in usual running speed remains significantly less than 1 for antidiabetic,
LDL-cholesterol–lowering, and antidiabetic medication use in men and for antidiabetic and
antihypertensive medication use in women. After additional adjustment for BMI, the separate
contributions of usual running speed and 10-km performance are less distinguishable for
antidiabetic medication use in men and all three medications in women. However, men’s usual
running speed remains significantly related to their odds ratio for antihypertensive and LDL-
cholesterol–lowering medications when adjusted for 10-km performance and BMI in addition
to age, diet, and ex-smoker status. Faster 10-km performance was significantly related to lower
antihypertensive and LDL-cholesterol–lowering medication use in men and antihypertensive
medication use in women when adjusted for usual running speed. However, adjusting for the
10-km performance diminishes the odds reduction for medication use versus running speed,
and correspondingly, adjusting for running speed diminishes the odds reduction for medication
use versus the 10-km performance.

Additional analyses to assess whether relative intensity predicted the odds for medication use
showed that runners who typically ran at a higher percentage of their 10-km performance were
not at significantly lower odds for using antihypertensive, antidiabetic, or LDL-lowering
medications (analyses not displayed).

DISCUSSION
The health benefits of exercising at greater intensities have been previously demonstrated by
comparing vigorous to moderate exercise [31], by comparing across intensities of primarily
light to moderate exercise [31], and by comparing different walking speeds [15,16,22,36].
Running is vigorously intense [1]. There is a linear relationship between V̇O2 and running
speed below the lactate threshold [4]. The estimated MET expenditures by running speed range
from 8 to 18 METs for running paces of 12 to 5.5 min/mile [1]. These MET values translate
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into an exercise dose that is solely a function of distance (1.02 kcal/kg per kilometer). Thus,
when statistically adjusted for average kilometers-per-week run, the effects of exercise
intensity on health outcomes are obtained independent of the total activity dose. By this
approach, we have shown that the prevalence of hypertension, hypercholesterolemia, and
diabetes were all significantly and inversely correlated with usual running intensity.

Recent updates to the physical activity recommendations by the American College of Sports
Medicine and the American Heart Association [12] largely adhere to the tenet that training
response and adaptation are directly related to exercise volume [10]. A minimum of 30 min of
moderate-intensity aerobic activity (such as brisk walking) for 5 d/wk, or 20 min of vigorous-
intensity aerobic activity (such as jogging) 3 d/wk are specifically recommended [12]. The
updates acknowledge that exceeding the recommended amounts may yield additional health
benefits. Our analyses, and those by others [31], suggest that the benefits of more intense
exercise go beyond providing flexibility in achieving the minimum exercise dose. When total
volume is held constant, more vigorous exercise provides greater health benefits than moderate
exercise [31], and more intense vigorous exercise is associated with greater health benefits
than less-intense vigorous exercise (Table 2, Fig. 1 and Fig. 2).

The ACSM position statement on exercise and hypertension [24] endorses moderate-intensity
physical activity. In part, this is because meta-analyses show no influence of exercise intensity
on blood pressure lowering during training. Those meta-analyses considered different
intensities from different clinical trials; however, when different intensities are compared
within the same clinical trial, an intensity effect on resting blood pressure is suggested [23,
31]. The inverse relationship we observed between running intensity and the prevalence of
hypertension in both men and women runners (Figs. 1 and 2) may suggest a greater influence
of exercise intensity than currently acknowledged by the position statement. This effect may
be more evident in our data because the effect may be greater for different intensities of
vigorous exercise than between moderate and vigorous exercise. Alternatively, self-selection
on the basis of blood pressure or other factors that confound cross-sectional relationships but
not training studies may account for the discrepancy.

Prior research on running intensities has focused primarily on the maximal efforts that
determine 10-km or marathon performance times rather than the physiological and
motivational determinants of self-selected usual running pace. In our study, the faster runners
were younger, leaner, weighed less, and were smaller waisted (Table 1). Others have shown
that increases in cardiorespiratory fitness are greater for more vigorous than for less vigorous
exercise [32]. The correlations between usual running speed and 10-km performance in our
men (r = 0.68) and women (r = 0.58) were strongly significant and were significant when
adjusted for age (r = 0.61 and r = 0.56, respectively) or for age and BMI (r = 0.51 and r = 0.46,
respectively). Greater cardiorespiratory fitness facilitates the ability to maintain a faster usual
pace, and conversely, training harder improves cardiorespiratory fitness. However, our data
suggest a significant association between disease prevalence and usual exercise intensity that
is independent of maximum performance. For any given fitness, there is variation in the
runners’ chosen training intensities, which appears to be associated with the prevalence of
diabetes, hypertension, or hypercholesterolemia independent of the runner’s 10-km
performance.

In addition to greater cardiorespiratory fitness facilitating the ability to run faster, improved
substrate use may contribute to running speed. Although faster marathon speed is achieved by
a combination of both fat and carbohydrate oxidation, the use of carbohydrate-derived energy
increases with marathon running intensity [28]. Significant improvements in running
performance do not necessarily require concomitant improvements in peak oxygen uptake
[19]. Additional requirements for running a fast marathon include high cardiac output, transport
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of oxygen to exercising muscles, fractional V̇O2max use, running economy, and lactate response
[11]. Exercise-induced hypoxemia, a condition characterized by reduced arterial oxygen
content, significantly reduces exercise performance and maximum aerobic capacity in 50% of
endurance athletes [17]. The ability to run faster may also be in part genetic. As of 2005, over
187 genetic variants have been associated with performance and health-related fitness
phenotypes, including 17 mitochondrial sequence variants [25]. For example, the I/I genotype
of the ACE I/D polymorphism is reported to be significantly more common in the fastest
marathon runners compared to controls [2,14], although its significance at lower intensities is
less clear.

The inverse relationship between usual running pace and these conditions remained significant
when adjusted for 10-km performance (Table 4), suggesting its independent contribution to
disease risk. More intense training may accentuate muscular changes beyond that produced by
volume alone. For example, despite the 10-fold difference in exercise volume, comparable
increases in skeletal muscle carbohydrate metabolism, lipid oxidation, and mitochondrial
biogenesis have been reported for four to six 30-s sprints performed thrice weekly as for 200–
300 min/wk of submaximal cycling [7]. Whether the principles involved apply in part to slow
and fast running remains to be determined, given other differences between sprinting and
endurance training.

Although some of the reduced medication usage may be attributable to lower adiposity of the
faster runners (Table 2), the proportions are modest. The prevalence of hypertension,
hypercholesterolemia, and diabetes all remained significantly related with usual running pace
when adjusted for BMI, with very modest changes in the odds ratios. However, even among
lean, vigorously active men and women who are ostensibly at a healthy weight and have
desirable waist circumferences, those with greater BMI and waist circumference are at an
increased risk for these conditions [39]. With the exception of diabetes in women, we were
also unable to attribute the relationships between disease prevalence and running intensity to
abdominal adiposity as measured by waist circumference, nor to the shorter stature or smaller
body size of faster runners. These adjustments were pursued because abdominal adiposity
increases metabolic risk [18] and is reduced by training [26] independent of BMI and because
of the greater running economy in being smaller [27].

We have previously demonstrated that faster 10-km performance, a measure of
cardiorespiratory fitness, is associated with decreased prevalence of hypertension,
hypercholesterolemia, and diabetes cross-sectionally [38], and their decreased incidence
prospectively [37], independent of total kilometers-per-week run. The current results suggest
that the lower prevalence for hypertension, hypercholesterolemia, and diabetes is related to at
least three characteristics of physically active individuals: their exercise dose, exercise
intensity, and cardiorespiratory fitness. Tables 2–4 show that the odds reductions for each
characteristic are diminished by adjustment for the other characteristics, and yet all three retain
their significance, suggesting that exercise dose, intensity, and cardiorespiratory fitness may
affect these conditions through both common and independent mechanisms.

CAVEATS AND LIMITATIONS
There are important limitations to these analyses. As with all cross-sectional associations, it is
not possible to distinguish the causal direction of the relationship; that is, whether running
intensity reduces the need for medications, or contrariwise, whether medications reduce usual
running speed. Underlying hypertension, hypercholesterolemia, diabetes, or atherosclerosis
might also affect exercise intensity. The analyses included 357 runners (0.65%) who reported
having had a heart attack before their baseline survey; however, excluding these subjects from
the analyses did not affect the results (analyses not displayed).

Williams Page 7

Med Sci Sports Exerc. Author manuscript; available in PMC 2010 January 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Self-reported antihypertension, LDL-cholesterol–lowering, and antidiabetic medication use
and usual running speed have not been validated in this sample of runners. The proportion of
patients with type 1 diabetes, whose medication use would not be affected by running intensity,
is not known. The runners’ best 10-km performance time during the previous 5 yr may not
reflect the participants’ cardiorespiratory fitness at the time of their baseline survey. We also
note that our findings rely on the adequacy of the statistical procedures to correct for age,
adiposity, and running distance because all three factors related to the prevalence of
hypertension, diabetes, and hypercholesterolemia [38,39]. Elsewhere, we have shown that the
relationships of running distance and BMI with each other and with other variables differ by
the percentile of the dependent variable [34], which violates the principles of statistical
adjustment. In addition, we caution that adjustment for BMI may not adequately correct for
adiposity differences between faster and slower runners given that for any given BMI, men
with high cardiorespiratory fitness have less total, visceral, and subcutaneous abdominal
adipose tissue than those of low cardiorespiratory fitness [40]. Although the findings for BMI
adjustment were corroborated by adjustment for waist circumference, imprecision in self-
reported waist circumference, and its correlation with fat mass suggest that adjustment for waist
circumference may not eliminate the effects of adiposity [40]. We do not believe that the
declining incidence of hypertension, hypercholesterolemia, and diabetes with running speed
is because of the avoidance of opportunities for diagnosis in the more athletic men and women.
The Health Professionals Study reported that their more vigorously active participants had
more routine medical checkups than less active men [20], and there was no difference in routine
medical check-up by activity level in the Nurses’ Health Study [21].

Finally, the analyses were restricted to runners, and it is not known whether other vigorous
activities performed at greater intensities lead to greater health benefits. However, restricting
our analyses exclusively to running may provide a cleaner analysis than provided by earlier
epidemiological studies that report the sum calorie expenditure over a diverse set of physical
activities. In summary, the results are consistent with the hypothesis that physiological and
metabolic characteristics associated with preferred running speed may confer important health
benefits beyond those associated with usual distance or cardiorespiratory fitness as assessed
by 10-km performance. The odds for medication use remained significantly related to the
volume of vigorous exercise when adjusted for usual running speed (Table 3) and significantly
related to the intensity of vigorous exercise when adjusted for volume (Table 2). If these
findings are causal and apply more generally to vigorous physical activities in the population
at large, then they suggest that the more vigorous the vigorous exercise, the healthier the health
benefits.
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FIGURE 1.
Odds ratios for medication use by usual running pace relative to the slowest men (referent
group >10 min/mile), adjusted for age and intakes of meat, fish, fruit, and alcohol. Additional
adjustment for running distance (km/wk) and BMI where indicated. Brackets designate 95%
confidence intervals. Significance levels relative to the slowest men are coded *P < 0.05, †P
< 0.01, ‡P < 0.001, §P < 0.0001. Significance levels relative to all faster men are presented
above the bars and to the left of the arrows (e.g., men who ran faster than 9 min/mile were
significantly less likely to use antidiabetic medications than those who ran a 9- to 10-min/mile
at P = 0.05 when adjusted for km/d run).
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FIGURE 2.
Odds ratios for medication use by usual running pace relative to the slowest women (referent
group >11 min/mile), adjusted for age and intakes of meat, fish, fruit, and alcohol. Additional
adjustment for running distance (km/wk) and BMI where indicated. Brackets indicate 95%
confidence intervals. Significance levels relative to the slowest women are coded *P < 0.05,
†P < 0.01, ‡P < 0.001, §P < 0.0001. Significance levels relative to all faster women are
presented above the bars and to the left of the arrows (e.g., women who ran 9 min/mile or faster
were significantly less likely to use antidiabetic medications than those who ran 9.1 to 10 min/
mile at P = 0.05 when adjusted for km/d run).
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Table 2

Odds ratio (95% confidence intervals) for the prevalence of anti-hypertensive, LDL-cholesterol lowering, and
anti-diabetic medication use per m/s of reported running speed during usual run (N=29,726 men and 12,222
women).

Unadjusted for
km/day & BMI

(kg/m2) Adjusted for km/day

Adjusted for km/
day & BMI (kg/

m2)

Adjusted for km/
day & waist

circumference
(cm)

Males

 Anti-hypertensive 0.43§ (0.38, 0.49) 0.46§ (0.40, 0.53) 0.58§ (0.50, 0.67) 0.55§ (0.46, 0.65)

 LDL-cholesterol lowering 0.41§ (0.36, 0.47) 0.45§ (0.39, 0.52) 0.51§ (0.44, 0.60) 0.42§ (0.35, 0.51)

 Anti-diabetic 0.43§ (0.30, 0.60) 0.50§ (0.35, 0.71) 0.62† (0.43, 0.91) 0.71 (0.45, 1.11)

Females

 Anti-hypertensive 0.51§ (0.42, 0.62) 0.54§ (0.44, 0.66) 0.69‡ (0.56, 0.87) 0.56§ (0.43, 0.73)

 LDL-cholesterol lowering 0.45§ (0.33, 0.61) 0.52§ (0.38, 0.73) 0.71* (0.50, 1.00) 0.42§ (0.28, 0.63)

 Anti-diabetic 0.25§ (0.16, 0.38) 0.25§ (0.16, 0.41) 0.35§ (0.21, 0.59) 0.30‡ (0.16, 0.57)

Odds ratios adjusted for age (age and age2), ex-smoker status, and intakes of meat, fruit, and alcohol. Additional adjustment for km/day, BMI and
waist circumference where indicated. Significance levels are coded

*
P<0.05,

†
P<0.01,

‡
P<0.001, and

§
P<0.0001.
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Table 3

Odds ratio (95% confidence intervals) for the prevalence of anti-hypertensive, LDL-cholesterol lowering, and
anti-diabetic medication use by running distance (km/day) before and after adjustment usual running speed
(N=29,726 men and 12,222 women).

Unadjusted for usual running speed Adjusted for usual running speed

Males

 Anti-hypertensive 0.93§ (0.91, 0.95) 0.96‡ (0.94, 0.98)

 LDL-cholesterol lowering 0.92§ (0.90, 0.94) 0.95§ (0.92, 0.97)

 Anti-diabetic 0.89‡ (0.84, 0.95) 0.92† (0.86, 0.98)

Females

 Anti-hypertensive 0.94‡ (0.91, 0.97) 0.97 (0.94, 1.01)

 LDL-cholesterol lowering 0.90‡ (0.85, 0.96) 0.94 (0.88, 1.01)

 Anti-diabetic 0.92 (0.84, 1.01) 1.02 (0.93, 1.12)

Odds ratios adjusted for age (age and age2), ex-smoker status, and intakes of meat, fruit, and alcohol. Additional adjustment for usual running speed
where indicated. Significance levels are coded

*
P<0.05,

†
P<0.01,

‡
P<0.001, and

§
P<0.0001.
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