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Abstract
Purpose—The prevalences of diabetes, hypertension, and high cholesterol all decrease with
increased levels of physical activity and cardiorespiratory fitness. Whether these reductions extend
beyond contemporary guideline activity levels and whether fitness affects medication use
independent of activity, remains unclear.

Methods—Cross-sectional analyses of 62,291 male and 45,041 female runners, of whom 496 used
antidiabetic, 3738 used antihypertension, and 2360 used low-density lipoprotein cholesterol (LDL-
C)–lowering medications. Cardiorespiratory fitness was reported as speed (m/s) during a 10-km foot
race.

Results—Medication use was significantly inversely associated with activity and fitness (P < 0.001,
except LDL-C–lowering versus women’s fitness). Compared with ≤ 16 km/wk (guideline levels),
the odds in men and women who ran > 64 km/wk were, respectively, 69% and 55% lower for
antidiabetic, 48% and 52% lower for antihypertension, and 64% and 51% lower for LDL-C–lowering
medication use. Compared with the least-fit men (< 3.25 m/s) and women (< 2.8 m/s), the odds for
those who were most fit (men > 4.75 m/s; women > 4.0 m/s) were 58% and 65% lower for antidiabetic,
and 76% and 55% lower for antihypertensive medication use. Odds for LDL-C–lowering medication
use was 87% lower in the fittest versus the least-fit men. Adjustment for activity only moderately
diminished the inverse relationships of fitness with medication use.

Conclusion—Among individuals who exceed current guideline levels, antidiabetic,
antihypertension, and LDL-C–lowering medications are inversely related to vigorous physical
activity and cardiorespiratory fitness. Lower odds of medication use with higher fitness occur
independently of physical activity.

INTRODUCTION
Nearly 100 million American adults have total blood cholesterol values ≥ 200 mg/dL, and
among these about 34.5 million have levels ≥ 240 mg/dL [16]. Hypertension affects
approximately 50 million U.S. adults [5]. The risk of becoming hypertensive increases with
age, such that the lifetime risk of becoming hypertensive exceeds 80% [5]. More than one half
of those 60–69 yr old and three quarters of those ≥ 70 are hypertensive [5]. Approximately 18
million Americans are estimated to have diabetes, and this number is expected to increase to
30 million by 2030 [10,15,17].
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Clinical trials have demonstrated a 30% reduction in coronary heart disease (CHD) incidence,
a 29% reduction in CHD mortality, and 27–31% reductions in strokes by lowering low-density
lipoprotein cholesterol (LDL-C) with statins (HMG-CoA reductase inhibitors) [16]. This
success has led to LDL-C–lowering drugs being typically recommended for patients with total
blood cholesterol levels > 200 mg/dL [16]. Elevated blood pressure is estimated to cause 62%
of cerebrovascular disease and 49% of ischemic heart disease [5]. Clinical trials show
significant reductions in CHD and stroke risk when lowering blood pressure by
antihypertensive drugs [5]. Type II diabetes accounts for about 90% of diabetic cases [17],
which may be treated by oral antidiabetic agents, insulin, or both. Improved glucose control
through treatment leads to reduced risks for proliferative retinopathy, amputations, ischemic
heart disease, and cardiovascular mortality [15].

For some individuals, therapeutic lifestyle changes may postpone or eliminate the need for
cardioprotective medications, thereby both improving their quality of life and reducing the
economic cost to society. With respect to high cholesterol, hypertension, and diabetes, modified
lifestyle alternatives include eating low-fat diets rich in fruits and vegetables, maintaining ideal
weight, and exercising regularly [5,16]. Guidelines for the promotion of physical activity have
generally focused on moderate amounts of moderate-intensity activity [19,23]. This report
examines relationships of varying levels of self-reported physical activity and cardiorespiratory
fitness with reported medication use to lower LDL-C and blood pressure and to manage
diabetes in a large, vigorously active cohort of men and women runners. The hypotheses to be
tested are whether beyond current guideline levels [19,23], higher doses of physical activity
and greater cardiorespiratory fitness are associated with reduced medication use, and whether
the effects of exercise and fitness are statistically independent of each other.

METHODS
The design and baseline characteristics of the National Runners’ Health Study have been
reported previously [25-29]. Briefly, a two-page questionnaire, distributed nationally at races
and to subscribers of the nation’s largest running magazine (Runner’s World, Emmaus, PA),
solicited information on demographics (age, race, education), running history (age when began
running at least 12 miles per week, average weekly mileage, number of marathons run during
the preceding 5 yr, and best marathon and 10-km times), weight history (greatest and current
weight, weight when began running, least weight as a runner, circumferences of the chest,
waist, and hips), diet (vegetarianism and the current weekly intakes of alcohol, red meat, fish,
fruit, vitamin C, vitamin E, and aspirin), current and past cigarette use, prior history of heart
attacks and cancer, and medications for blood pressure, thyroid conditions, cholesterol levels,
or diabetes. Recruitment took place during two phases, between 1991 and 1993 and between
1998 and 1999. Runners were excluded from these analyses if they smoked or followed strict
vegetarian diets. All participants signed a statement of informed consent in accordance with
the study protocol approved by the University of California, Berkeley review board.

Height and weight were determined by asking the participant, ‘‘What is your current height
(in inches, without shoes)?’’ and ‘‘What is your current weight (prepregnancy weight if
pregnant)?’’ Running distances were reported in miles run per week and body weights in
pounds, which were converted to kilometers and kilograms for this report. Body mass index
(BMI) was calculated as the weight in kilograms divided by the height in meters squared.
Previously, we reported strong correlations between repeated questionnaires for self-reported
running distances (r = 0.89) [26], between self-reported and clinically measured heights (r =
0.96) and weights (r = 0.96) [26], and for self-reported running distances versus self-reported
BMI and body circumferences in cross-sectional analyses [25-29]. Running was the
predominant physical activity of the study population. Although other leisure-time physical
activities were not recorded for many in this cohort, data from runners recruited after 1998
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(when the question was introduced in the survey) show that running represents (mean ± SD)
91.5 ± 19.1% and 85.2 ± 24.0% of all vigorously intense activity in men and women,
respectively, and 73.5 ± 23.7% and 69.4% ± 25.7% of total leisure-time physical activity. Use
of antidiabetic, antihypertensive, or LDL-C–lowering medications was reported by the
participants as part of their baseline survey.

For this report, cardiorespiratory fitness is defined as speed (m/s) during the participant’s best
10-km race during the previous 5 yr. The positive correlation between walk–run endurance
performance and aerobic capacity was initially reported by Balke and Ware [2] when they
suggested relating laboratory-determined maximal oxygen consumption (VO2max) either to
the distance covered in a given time period or to the time required to run a given distance.
Using previously published data regarding the energy cost of progressive running speeds
[13], Hellerstein [9] accurately estimated the time in minutes to complete a marathon race,
assuming that 70% of the VO2max was used. Cooper [6] studied 115 U.S. Air Force male
officers and airmen (mean age = 22 yr) who were evaluated by a 12-min walk–run test for
distance and a treadmill VO2max test. The correlation of the walk–run test data with the
laboratory-determined VO2max was 0.90. Collectively, these findings suggest that the 10-km
performance time provides a good estimate of treadmill-determined VO2max in well-motivated
subjects, and vice versa.

Statistical analyses
Table 1 presents means ± SD for all variables assessed; all other statistics are expressed as
means ± SE or coefficients ± SE. Least-squares regression was used to estimate the adjusted
differences in running distances and 10-km race performance times, and logistic regression
was used to estimate the dose–response relationships of medication use with distances run and
fitness. The logistic regression models were computed with the log odds of medication users
as linear functions of running distances and fitness, and as functions of coefficients of distance
and fitness intervals. We also included covariates for age and the reported intakes of meat, fish,
fruit, and alcohol in all analyses because age is a strong determinant for the risk of all three
conditions and because dietary and alcohol intake are also known to affect risk. Results are
included with and without adjusting for BMI because of its strong relationships to running
distance, 10-km performance time, and the risks for diabetes, hypertension, and
hypercholesterolemia. The adjustment for age and BMI included quadratic terms to allow for
nonlinear relationships.

RESULTS
There were 62,291 nonsmoking men and 45,041 nonsmoking women who provided complete
data on age, current weekly running distance, height, and weight as part of the National
Runners’ Health Study. Included among these were 49,870 men (72.3%) and 30,239 women
(67.1%) who had provided their best 10-km performance times during the past 5 yr. On average,
this subset was similar to the complete sample in age (males, mean ± SD: 44.33 ± 10.55 vs.
44.43 ± 10.86; females: 38.48 ± 9.63 vs. 38.22 ± 10.11 yr) and BMI (males: 24.00 ± 2.71 vs.
24.15 ± 2.82 kg/m2; females: 21.42 ± 2.45 vs. 21.64 ± 2.72 kg/m2), but they ran somewhat
farther (males: 39.22 ± 22.46 vs. 37.15 ± 22.60 km/wk; females: 36.92 ± 20.97 vs. 33.53 ±
21.01 km/wk) and for more years if female (males: 12.68 ± 8.09 vs. 12.63 ± 8.34 yr, females:
9.74 ± 6.59 vs. 9.21 ± 6.73 yr) than the complete sample. When adjusted for age, 10-km
performance speeds were significantly (P < 0.0001), albeit only moderately, correlated with
weekly running distance in men (r = 0.44) and women (r = 0.39).

There were 496 who reported using antidiabetic medications, 3738 who reported using
antihypertension medications, and 2360 who reported using LDL-C–lowering medications. As
shown in Table 1, the pharmacologically treated were significantly older and significantly more
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overweight both before and after starting to run. Being older, medication users might be
expected to have run more years, as shown.

All age-adjusted mean physical activity and fitness differences between those on and off these
medications were statistically significant at P < 0.0001, with one exception: the female fitness
difference associated with using LDL-C– lowering medications (P = 0.24 with adjustment).
Age accounted for approximately one third of the mean differences in weekly running distance
between users and nonusers of antihypertensive or LDL-C–lowering medications. Age
accounted for about one half of fitness differences between users and nonusers of
antihypertensive medications. Age accounted for less than one quarter of the difference in
physical activity and fitness between men reporting and not reporting antidiabetic medication
use, and 7% of these differences in women. Table 2 presents the distribution medication users
and nonusers by weekly running distance and 10-km performance speeds. All of the results to
follow are age adjusted.

Antidiabetic medications
The logistic regression analyses of Table 3 show that the proportions on antidiabetic
medications were significantly lower among those with higher levels of physical activity and
fitness in both men and women. Adjustment for BMI reduced the significance of the
associations, but, with the exception of fitness in women, all remain statistically significant.
These relationships are illustrated in Figures 1 and 2 for men and women. Symbols above the
bars designate significance differences from the least-active or least-fit men, and numerical
probabilities above each bar denote significant differences of the interval compared with all
higher levels. The proportion using each type of medication is lower in a stepped, linear manner
comparing across fitness levels, especially in men. The odds for antidiabetic medication use
is at least 36% lower in men who ran 16–31 km/wk compared with shorter-distance runners,
and 69% lower for ≥ 64 km/wk versus < 16 km/wk. The men’s reductions in odds are attenuated
modestly when adjusted for BMI. The odds reductions also decline in association with
cardiorespiratory fitness, with antidiabetic medication use being 58% less in men who ran ≥
4.75 m/s compared with < 3.25 m/s. Each 0.5-m/s increment in fitness through 4.25 m/s is
associated with a significant reduction in the odds ratio. Among women, odds of antidiabetic
medication use is lower by one half in those running 16–32 km/wk and by nearly three quarters
among those running > 48 km/wk compared with women running less than 16 km/wk, and
these odds reductions are diminished by about 15% when adjusted for BMI. The lower odds
with higher fitness are weakened only slightly when adjusted for BMI in men, and more so in
women.

Table 3 also assesses the relative contributions of physical activity and fitness on the probability
of using diabetic medications. For comparison, the logistic regression analyses for running
distance versus diabetic medication use are repeated for the subset of participants with fitness
data. In men, distance run per week was unrelated to medication use when adjusted for fitness,
whereas cardiorespiratory fitness was significantly related to the probability of using these
medications when adjusted for activity, with or without adjustment for BMI. Female
antidiabetic medication use was more strongly associated with fitness than activity; however,
the differences were less apparent when adjusted for BMI.

Antihypertensive medications
The logistic regression analyses of Table 3 suggest that in both sexes, the proportions using
antihypertensive medications are significantly lower with higher levels of physical activity and
fitness. Adjustment for BMI attenuated the significance of the associations, but the lower odds
associated with longer running distances remained significant, albeit weakened in women.
Figure 1 shows that the odds ratio for men’s antihypertensive medication use decreased
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significantly with each 16-km/wk increment in running distance through 48 km/wk. The
apparent decline in the odds ratios are even more pronounced in association with
cardiorespiratory fitness, with the odds for medication use being 76% less in men who ran >
4.75 m/s compared with < 3.25 m/s. These odds reductions are attenuated slightly when
adjusted for BMI, but for both sexes they remain significantly less than the odds for the least
fit. When both fitness and activity are considered simultaneously (Table 3), greater
cardiorespiratory fitness in both sexes is associated with significantly less medication use when
adjusted for physical activity, with or without adjustment for BMI. Antihypertensive
medication use is associated with the quantity of physical activity when adjusted for fitness in
men only, and only without adjustment for BMI.

LDL-C–lowering medications
In both sexes, the proportions on cholesterol-lowering medications were significantly lower
among those with higher levels of physical activity, including when adjusted for BMI (Table
3). The odds for LDL-C lowering-medication use is 64% less for men who run more than 64
km/wk compared with those who run < 16 km/wk, and at shorter distances the odds increase
in a stepped fashion with lower self-reported running distances (Fig. 1). BMI adjustment
weakens the odds reductions and corresponding significance levels. The odds reduction for
individual distance categories in women is less consistent (Fig. 2) and does not persist when
adjusted for BMI. In men, but not women, the odds of using LDL-C– lowering medications
decreases significantly in association with greater cardiorespiratory fitness (Table 3). For men,
the plot of Figure 1 shows lower odds with higher fitness, with significance achieved above
3.25 m/s, with or without BMI adjustment. When both cardiorespiratory fitness and physical
activity are used simultaneously to predict men’s medication use, fitness is the stronger
predictor, but both are significant, except when adjusted for BMI; then, fitness is strongly
predictive, and physical activity is not.

DISCUSSION
Dose–response relationships to physical activity

During the past decade, physical activity guidelines of the Centers for Disease Control and
Prevention, National Institutes of Health and the American Heart Association have emphasized
the health benefits of walking 2 miles (3.2 km) briskly on most days of the week (the energy
equivalent of running 8–12 km/wk) [19,23]. This corresponds to the referent activity levels of
Figures 1 and 2. These guidelines acknowledge that additional benefits may accrue for longer,
more intense activity. Consistent with this premise, our findings indicate that the odds of self-
reported use of LDL-C–lowering, antihypertensive, and antidiabetic medications are lower
among those reporting longer running distances. Compared with ≤ 16 km/wk (guideline levels),
the odds in men and women who ran > 64 km/wk were, respectively, 69% and 55% lower for
antidiabetic, 48% and 52% lower for antihypertension, and 64% and 51% lower for LDL-C–
lowering medication use. Runners with levels of activity greater than the recommended levels
but less than 64 km/wk (40 miles) had odds of medication use that were lower than the referent
group of 0–15 miles per week, but greater than for those reporting the highest weekly running
distances.

The 107,332 runners reported here represent the largest cross-sectional study of LDL-C–
lowering, antihypertension, and antidiabetic medications in vigorously active men and women.
These associations complement randomized clinical trials of exercise training by establishing
associations across a range of activity levels generally unattainable in trials. As with all cross-
sectional associations, it is not possible to distinguish the causal direction of the relationship
— that is, whether physical activity reduces the need for medications, or, contrariwise, whether
medications reduce cardiorespiratory fitness and impair exercise capacity. For example, mild
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musculoskeletal symptoms such as cramps, stiffness, and tendonitis are reported in about 20%
of patients using LDL-C–lowering medications [8]. We also cannot exclude the possibility that
the frequency of medical checkups might differ by running distance or race performance, thus
affecting the opportunity for diagnosis.

We suspect, however, that the associations depicted in the figures are unlikely to have been
appreciably influenced by medications affecting running ability. This is because these
associations are consistent with the declines in blood pressure and LDL-C reported previously
for a minor subset of the National Runners’ Health Study. These earlier analyses showed that
among 7059 male and 1837 female runners who did not use medications for the treatment of
blood pressure, cholesterol level, or diabetes, physician-reported systolic and diastolic blood
pressure, respectively, were lower with greater running distance (−0.040 ± 0.009 and −0.027
± 0.006 mm Hg/km per week run in men, and −0.06 ± 0.02 and −0.028 ± 0.013 mm Hg/km
per week run in women [27]). Men’s plasma LDL-C and plasma glucose concentrations were
also significantly lower among those with greater self-reported running distance (−0.002 ±
0.001 mg/dL per kilometer per week and −0.001 ± 0.000 mg/dL per kilometer per week),
whereas women’s LDL-C was not (−0.03 ± 0.04 mg/dL) [27]. To our knowledge, LDL-C and
blood pressure do not affect the ability to run longer distances. We abandoned our intentions
to retrieve cholesterol, blood pressure, and fasting glucose concentrations from the medical
records of the entire 107,332 runners reported herein after legislation that changed the consent
requirement and increased the potential liability to medical entities that might make errors in
sharing this information.

Obesity increases the risk for elevated LDL-C, hypertension, and diabetes [11], and there is a
strong, inverse association between body weight and running distance [28,29]. Table 1 shows
that each medication was associated with significantly higher BMI, and although the
differences between users and nonusers were not great among men, they were more substantial
among women. Table 3 presents the logistic regression coefficients for the effects of running
distance on medication use, with and without adjustment for BMI. In all cases, 1) the
coefficients for BMI are statistically significant, and 2) the coefficients for distance run are
reduced but remain significant when adjusted for BMI. Figure 2 shows further that the reduction
in medication use remains significant when adjusted for BMI, albeit slightly diminished. These
statistical adjustments are presented with the caveat that the underlying statistical model may
not strictly apply (i.e., the relationship of running distance to the 95th, 90th, or 80th BMI
percentile are substantially greater than the corresponding relationships at the 5th, 10th, or 25th
percentile) [28,29]. Our analyses are consistent with meta-analyses showing that aerobic
exercise decreases systolic (3.8 mm Hg) and diastolic blood pressure (2.6 mm Hg) without a
significant reduction in body weight [24].

Dose–response relationship to cardiorespiratory fitness
In both sexes, the proportion using antidiabetic and antihypertensive drugs was lower among
those with higher levels of cardiorespiratory fitness, independently of the physical activity dose
(kilometers run per week). Similarly, LDL-C–lowering drug use was lower in association with
higher cardiorespiratory fitness in men but not women, with the association being largely
independent of weekly distance run. The difference in the men’s odds of medication use were
the same or greater across categories of fitness than across categories of physical activity (Fig.
1). Although beta-blocker therapy may decrease physical work capacity and/or the ability to
sustain submaximal exercise [30], cardiorespiratory fitness is generally unaffected by diuretics,
angiotensin converting enzyme inhibitors, hypoglycemic medications, and antihyperlipidemic
agents [1]. Our previous report has shown that men’s blood pressures and LDL-C levels both
declined significantly with greater cardiorespiratory fitness [26], substantiating the lower odds
of medication use reported here.
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The Aerobics Center Longitudinal Study (ACLS) 5-yr follow-up of 4884 normotensive women
showed that compared with rates in the least-fit cohort, women in the intermediate-fit category
had a 60% lower risk of becoming hypertensive, and those in the highest fitness category had
a 79% lower risk of becoming hypertensive. From this, the authors inferred that physical
activity lowers the risk of developing hypertension [3]. Our analyses fully support the
association that the ACLS reported between fitness and hypertension but also suggest that the
ACLS results may not necessarily be attributable to physical activity. Table 2 suggests that
lower odds of antihypertensive medication use with fitness could not be attributed to activity
per se. Previously, we reported that lower physician-reported blood pressure with higher fitness
remain strongly significant when adjusted for physical activity [26]. Cardiorespiratory fitness
is known to reflect a substantial hereditary component [4], and genetic factors associated with
higher fitness levels might also reduce the risks for becoming hypertensive.

If the fitness–hypertension relations reported by us and the ACLS were attributable to physical
activity, then we might anticipate that vigorous exercise would produce a greater reduction in
blood pressure than would moderate-intensity exercise. This is because cardiorespiratory
fitness is increased to a greater extent by vigorous physical activity (> 6 METs) as compared
with moderate-intensity activity (3–6 METs) [21]. In fact, separate meta-analyses by Whelton
et al. [24] and Fagard [7] suggest that clinical trials generally report similar blood pressure
reductions by moderate-intensity exercise as compared with vigorous exercise. In a detailed
analysis by Swain and Franklin [22] of selected studies where total energy expenditure was
held constant, trials employing more vigorous exercise (typically ≥ 60% aerobic capacity)
generally have reported greater improvements in diastolic blood pressure as compared with
moderate-intensity exercise, but they have found no intensity effect on improvements in
systolic blood pressure. Epidemiological studies that report lower blood pressures among more
vigorously active than moderately active individuals [14] and reduced incidences of
hypertension among men engaged in activities requiring at least 4.5 METs than those engaged
in less-intense activities [18] may also reflect a tendency for those endowed with greater
cardiorespiratory fitness to choose to exercise more vigorously.

Summary
We have demonstrated cross-sectionally the association between daily dose of vigorous
exercise and lower odds of use of antidiabetic, antihypertensive, and LDL-C–lowering
medications. Larger doses of exercise than are currently recommended are associated with
reduced odds of taking these medications. Unfortunately, we do not have data available from
this cohort on the injury rates associated with running distance, and, therefore, we cannot
estimate the costs and interruptions associated with running longer distances. Injuries could
limit the adoption of physical activity for doses and intensities that exceed guideline levels.
We also acknowledge that the higher-mileage runners of this cohort may be genetically
different from those who can only achieve shorter distances. Our analyses of self-selection
shows that whereas the leanness of men and women who run faster 10-km races can be
attributed entirely to self-selection based on pre-exercising weight, self-selection based on pre-
exercising weights accounts for only a portion (26% in men and 58% in women) of the leanness
associated with running longer distances [25]. We also acknowledge that we have no
information on the training regimen preceding their fastest recent 10-km race, which may affect
performance time. However, our expectation is that usual activity levels, rather than
exceptional periods of training, are likely to influence health most directly.

Currently, 27% of U.S. women and 34% of U.S. men meet or exceed the more general exercise
recommendations for health benefits [20]. However, this percentage may better be assessed
relative to the success of other treatment alternatives (e.g., use of adjunctive
pharmacotherapies). Only one half of those for whom LDL-C–lowering medications are
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indicated take these drugs, despite their few side effects [16]. An advantage of physical activity
over medications is that this intervention may be advocated and more readily embraced at a
much earlier age. This is important because LDL-C–lowering medications produce
substantially greater CHD risk reductions when started earlier in life [12]. Cross-sectional data
from this large study support the need for further research to understand the relative costs of
more widely promoting exercise, the costs of the injuries resulting from the high doses of
exercise, and the costs of prescription medications.
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FIGURE 1.
Odds ratios for men’s medication use by physical activity (weekly distance run) or
cardiorespiratory fitness (10-km performance speed) relative to the least-active or least-fit men.
The odds ratios are adjusted for age and intakes of meat, fish, fruit, and alcohol. The odds ratios
were also adjusted for BMI where indicated. Symbols above the bars designate significance
levels of the interval relative to the least-active or least-fit interval: * P < 0.05; † P < 0.01; ‡ P
< 0.001; § P < 0.0001 (the absence of a symbol designates nonsignificance). The numeric
probabilities above the bars represent the significance of the interval relative to all greater levels
without adjustment for BMI.
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FIGURE 2.
Odds ratios for women’s medication use by physical activity (weekly distance run) or
cardiorespiratory fitness (10-km performance speed) relative to the least-active or least-fit
women. The odds ratios are adjusted for age and intakes of red meat, fish, fruit, and alcohol.
The odds ratios were also adjusted for BMI where indicated. Symbols above the bars designate
significance levels of the interval relative to the least-active or least-fit interval: * P < 0.05; †
P < 0.01; ‡ P < 0.001; § P < 0.0001 (the absence of a symbol designates nonsignificance). The
numeric probabilities above the bars represent the significance of the interval relative to all
greater levels without adjustment for BMI.
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