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Table 1 Baseline characteristics of study participants by physical activity categories, Aerobics Center Longitudinal Study, 1970-2003

Physical activity categories

Sedentary Walker/jogger/runner Sport/fitness p Value

N 7158 11478 4808
Age (mean=SD, years) 447+97 44,9+9.8 455+9.9 <0.0001
Body mass index (mean=SD, kg/m?) 26.7+3.8 25.7+3.3 26.4+3.7 <0.0001
Exercise tolerance (mean+SD, maximal metabolic equivalents 10.4+2.0 12125 11.5+2.2 <0.0001
achieved during the treadmill test)
Treadmill test duration {mean=+SD, min) 15.2+4.2 20.1+4.8 17.6x4.5 <0.0001
Lipids {(mean=SD, mg/dl)

Total cholesterol 216.1£39.9 204.6+37.8 206.9+38.8 <0.0001

High-density lipoprotein cholesterol 43.8x11.4 47.6+12.2 46.2+11.9 <0.0001

Triglycerides 147.8+107.6 119.5+82.1 134.1+ 107.0 <0.0001
Fasting blood glucose (mean=SD, mg/dl) 99.6+10.0 98.2+9.2 98.2+9.1 <0.0001
Blood pressure (mean=SD, mm Hg)

Systolic 123+14 122+14 12113 <0.0001

Diastolic 8210 81+9 81£9 <0.0001
Smoking status (%) <0.0001

Never smoker 50.9 52.5 53.9

Past smoker 214 36.8 29.8

Current smoker 21.7 10.8 16.4
Alcohol consumption {mean==SD, drinks/week) 8.4x11.8 7.9+12.5 8.1+12.6 0.12
Hypercholesterolaemia (%) 24.4 15.5 114 <0.0001
Hypertension (%) 339 29.6 307 <0.0001
Family history of diabetes (%) 43 6.2 7.1 <0.0001
Family history of cardiovascular disease {%) 37 5.5 5.5 <0.0001

Sl conversion factors: to convert total cholesterol and high-density lipoprotein cholesterol values to mmol/l, multiply by 0.0259; triglycerides values to mmol/l, by 0.0113;
glucose values to mmol/l, by 0.0555.

Table 2 Baseline characteristics of study participants by cardiorespiratory fitness categories, Aerobics Center Longitudinal Study, 1970-2003

Cardiorespiratory fitness categories

Low Moderate High p Value
N 3301 9101 11042
Age (mean=SD, years) 44,2+9.5 45,0+9.6 451+9.9 <0.0001
Body mass index (mean=SD, kg/m?) 28.8+5.0 26.6x3.3 24.9+2.6 <0.0001
Exercise tolerance (mean=SD, maximal metabolic equivalents 8.5+1.3 10.7£1.2 13.6%+2.0 <0.0001
achieved during the treadmill test)
Treadmill test duration {mean=SD, min) 11.2+2.7 15.9+2.5 22.1+3.6 <0.0001
Lipids (mean=SD, mg/dI)
Total cholesterol 218.5+41.2 212.1%39.0 202.6+37.3 <0.0001
High-density lipoprotein cholesterol 40.9+10.8 44,0+11.0 49.3+12.2 <0.0001
Triglycerides 176.3x129.0 144.2 +104.5 106.6+66.7 <0.0001
Fasting blood glucose (mean=SD, mg/dl) 100.3:10.1 99.1+ 9.6 97.7+£8.9 <0.0001
Blood pressure (mean=SD, mm Hg)
Systolic 125+15 122+13 121+13 <0.0001
Diastolic 84+10 82+10 80+9 <0.0001
Physical activity (%) <0.0001
Sedentary 63.9 40.2 12.6
Walker/jogger/runner 19.1 36.2 68.4
Sport/fitness 17.0 23.6 19.0
Smoking status (%) <0.0001
Never smoker 40.8 50.0 57.6
Past smoker 31.0 320 333
Current smoker 28.3 18.0 9.2
Alcohol consumption (mean=SD, drinks/week) 8.8+12.3 8.4+12.6 7.6x+121 <0.0001
Hypercholesterolaemia (%) 26.9 21.2 141 <0.0001
Hypertension (%) 44.0 335 25.3 <0.0001
Family history of diabetes {%) 4.5 5.9 6.1 <0.003
Family history of cardiovascular disease (%) 3.9 45 5.6 <0.0001

Sl conversion factors: To convert total cholesterol and high-density lipoprotein cholesterol values to mmol/l, multiply by 0.0258; triglycerides values to mmol/l, by 0.0113;
glucose values to mmol/l, by 0.0555.
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Table 3 Hazard ratios (HR) for developing diabetes, according to baseline physical activity and cardiorespiratory fitness category

Model 17
HR (95% CI)

Model 2*
HR (85% Cl)

Model 3%
HR (95% Cl)

Cases Man-years Rate*
Physical activity
Sedentary 300 152 680 201
Walker/jogger/runner 195 198 569 9.6
Sport/fitness 94 73178 12.4
Cardiorespiratory fitness
Low 214 69 387 31.9
Moderate 250 170 553 14.5
High 125 184 401 6.5
p Value for linear trend <0.0001

1.0 (referent)
0.44 {0.37 to 0.53)
0.60(0.47 to 0.76)

1.0 {referent)
0.42{0.35t0 0.51)
0.18{0.14 t0 0.23)
<0.0001

1.0 (referent)
0.60(0.48 to 0.74)
0.72 (0.55 t0 0.94)

1.0 (referent)
0.62 {0.49t0 0.78)
0.37(0.28 to 0.50)
<0.0001

1.0 {referent)
0.76 (0.60 to 0.96)
0.81(0.62t0 1.07)

1.0 {referent)
0.65 (0.51t0 0.82)
0.43{0.31 to 0.60)
<0.0001

“Rate per 10 000 man-years adjusted for age and examination year.
*Model 1: adjusted for baseline age, examination year and survey response pattern.

*Model 2: adjusted for all variables in Model 1 plus body mass index (kg/m?), smoking status (never, former and current), alchol intake (drinks per week), fasting
glucose {mg/dl}, hypercholesterolaemia (yes or no), hypertension (yes or not), family history of diabetes (present or not) and family history of cardiovascular disease

(present or not).

$Model 3: adjusted for all variables in Model 2 plus physical activity or cardiorespiratory fitness.
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Figure 1 Total number of cases (N) and age- and examination
year-adjusted diabetes incidence rates per 10 000 man-years
according to cardiorespiratory fitness (CRF) and physical activity
(PA) categories. The adjusted incidence rate was inversely related to
CRF within each of the PA groups (all p<0.0001 for trend); however,
there was no association between walking/jogging/running or
sport/fitness activity group and outcome within any of the fitness
groups, compared with the sedentary men (all p>0.05). *Significant
difference compared with the reference.

found that physical fitness, not PA, was an important predictor
independent of other risk factors. They explained that some of
the discrepant results for the influence of PA may be related
to the measures of PA versus physical fitness.!® We found that
both PA and fitness affected incidence diabetes, even after
adjusting for each other. Some of the possible explanations
about the different findings from PALS are as follows. They

modelled their questionnaire after the Minnesota Leisure -

Time PA questionnaire, which collects information over the
previous 12 months. In our study, we only collected activity
data over the previous 3 months. PALS calculated the average
daily leisure-time activity energy expenditure; however, we
have no such data available. Insufficient sample size in PALS
and differences in population age may also play a role.
Theeffectof CRForPA onincidentdiabetes may be explained
by several pathways. Upregulation of glucose from enhanced
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Figure 2 Multivariate-adjusted hazard ratios for cardiorespiratory
fitness (CRF) and incident diabetes by baseline glucose levels.

The height of bars represent HRs adjusted for age, examination
year, body mass index (kg/m?), smoking status (never, former and
current), alcohol intake {drinks per week), fasting glucose {mg/dl),
hypercholesterolaemia (yes or no), hypertension (yes or not), family
history of diabetes (present or not), family history of cardiovascular
disease (present or not) and physical activity.

skeletal muscle mitochondria enzyme activity may be the
contributor enhanced in those participating in PA. Decrease
in insulin resistance and increase in insulin sensitivity** of
skeletal muscle may be due to increased activity for physical
demands. Although CRF has a genetic component (25-40%),%
%6 it is clear that usual PA habits are the primary determinant
of fitness. In the current study, PA and CRF were only weakly
associated (r=0.26). Finally, greater activity may improve one’s
concurrent conditions 'such as hypertension, dyslipidaemia
and abdominal obesity, where the body is reacting to chronic
systemic inflammation.®

Strengths of this study include the extensive baseline exam-
ination, the large size of the cohort, the long follow-up period
and the objective laboratory treadmill testing for quantifying
CRE. There are several limitations that need to be considered
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when interpreting these data. Recall bias might lead to the
misclassification of the PA groups. In terms of exposure assess-
ment, we classified men at study enrolment, but in the present
analysis, we were unable to evaluate the effect of changes in
PA and fitness over time on our diabetes outcomes. It is pos-
sible that sedentary or low-fitness men increased their activ-
ity or fitness levels at some point in the follow-up interval.
Additionally, others may have experienced decreases in these
characteristics. Such misclassification of exposure would likely
underestimate the magnitude of the association observed in
the present study. Other risk factors might also change during
the long period of follow-up. Most of the men were white and
from middle-to-upper socio-economic strata, which may limit
the generalizability but should not affect the internal valid-
ity. Furthermore, the activity intensity of the WJR group and
sports/fitness groups was not distinguished. We have no data
from the oral glucose tolerance test (OGTT). It is likely that
OGTT would have identified some of the men as having dia-
betes at baseline, and this could have influenced the results.
Since we are only counting those diagnosed as having diabe-
tes from the returned surveys, it is possible that those undiag-
nosed cases may be misclassified. However, our methods of
case ascertainment should not be less valid than those of other
epidemiological studies!® 38 % in which self-reported diabetes
were used. Finally, there is no sufficient diet or medication
information available to include in the analysis.

CONCLUSION

In conclusion, our prospective findings show a lower risk of
developing diabetes if men participated in WJR or some type
of sport activity rather than being sedentary. CRF had a strong
inverse association with incident diabetes. The joint asso-
ciation of either WJR or sport/fitness combined with a high
level of CRF provided the higher protective influence on type
2 diabetes, compared with a sedentary lifestyle. Even with

BrJ Sports Med 2010;44:238-244. doi:10.1136/bjsm.2009.062117

overwhelming evidence that it is important to stay physically
active and to improve CRE, less than 40% of adults with diabe-
tes reported being regularly engaged in moderate or vigorous
PA.1?2 Therefore, health professionals should actively advise
the general public as well as people with diabetes to lead an
active lifestyle and improve their fitness level.
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Associations of fitness and fatness with mortality in
Russian and American men in the lipids research clinics
study

J Stevens'?*, KR Evenson?, O Thomas!, J Cai® and R Thomas>

Department of Nutrition, School of Public Health, University of North Carolina, Chapel Hill, NC, USA; 2Department of
Epidemiology, School of Public Health, University of North Carolina, Chapel Hill, NC, USA; and *Department of
Biostatistics, School of Public Health, University of North Carolina, Chapel Hill, NC, USA

OBEJECTIVE: To examine the relative size of the effects of fitness and fatness on mortality in Russian men, and to make
comparison to US men.

DESIGN: Prospective closed cohort.

SUBJECTS: 1359 Russian men and 1716 US men aged 40-59y at baseline (1972-1977) who were enrolled in the Lipids
Research Clinics Study.

MEASUREMENTS: Fitness was assessed using a treadmill test and fatness was assessed as body mass index (BMI) calculated from
measured height and weight. Hazard ratios were calculated using proportional hazard models that included covariates for age,
education, smoking, alcohol intake and dietary keys score. All-cause and cardiovascular disease (CVD) mortality were assessed
through 1995.

RESULTS: In Russian men, fitness was associated with all-cause and CVD mortality, but fatness was not. For mortality from all
causes, compared to the fit-not fat, the adjusted hazard ratios were 0.87 (95% Cl: 0.55, 1.37) among the fit-fat, 1.86 (95% Cl:
1.31, 2.62) among the unfit-not fat and 1.68 (95% ClI: 1.06, 2.68) among the unfit-fat. Among US men, the same hazard ratios
were 1.40 (95% CI: 1.07, 1.83), 1.41 (95% CI: 1.12, 1.77) and 1.54 (95% Cl: 1.24, 2.06), respectively. There were no
statistically significant interactions between fitness and fatness in either group of men for all-cause or CVD mortality.
CONCLUSION: The effects of fitness on mortality may be more robust across populations than are the effects of fatness.
International Journal of Obesity (2004) 28, 1463-1470. doi:10.1038/sj.ij0.0802770

Published online 14 September 2004
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Introduction sented some evidence that fitness was a more potent risk

Reports from the Aerobics Center Longitudinal Study have
examined the independent and combined effects of fatness
and fitness on all-cause and cardiovascular disease (CVD)
mortality in men!® and in women.*” These studies
examined clients who received medical examinations at
the Cooper Institute for Aerobics Research in Dallas, Texas?
and who were predominantly white, college graduates. The
reports from the Aerobics Center Longitudinal Study pre-

*Correspondence: Dr | Stevens, Department of Nutrition and Epidemiol-
ogy, Campus Box 7461, University of North Carolina, Chapel Hill, NC
27599, USA.

E-mail: June_Stevens@unc.edu

Received 4 July 2003; revised 9 July 2003; accepted 13 july 2003;
published online 14 September 2004

factor for mortality than was fatness. Recently, we reported
an analysis of data from a cohort of US women and men
drawn from diverse geographic locations examining the
inter-related effects of fitness and body mass index (BMI) on
all-cause and CVD mortality.® We found that both fitness
and fatness were associated with mortality from all causes
and from CVD and that fit men and women were not
protected from increased risk associated with fatness.
Additional studies in other populations are needed. In an
effort to broaden the reports on this topic to more diverse
groups, we undertook the examination of the fitness and
fatness controversy in men living in Russia (previously
United Soviet Socialist Republic (USSR)). The current study
examines the magnitude of the effects of cardiorespiratory
fitness and BMI on mortality from all causes and from CVD
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in Russian men and contrasts those findings with those from
US men obtained using the same methodologies and
analytic strategies.

Materials and methods

The lipids research clinics (LRC) cohort

The data used in these analyses were collected as part of the
Joint US-Russia LRC First Prevalence Studies and the
Mortality Follow-up Studies.” The US sample was drawn
from eight geographically diverse centers in the United
States between 1972 and 1976. The Russian sample was
drawn from well-defined residential areas of two major cities
(Moscow and St Petersburg, previously Leningrad) between
1975 and 1977. In both the US and Russia, a two-stage
procedure was used to select participants. A brief initial
examination was followed by a more extensive examination.
In the Russian sample, the second examination followed the
first by 2-6 weeks and in the US sample, the median time
between examinations was 96 days. For both cohorts
participants in the second examination consisted of a 15%
random sample of all visit 1 participants and 100% of those
with elevated plasma lipids and those taking lipid-lowering
medications. In the US cohort, the response rates for each
strata was 85%, and in the Russian cohort, the response rates
were 90% for each strata. It was during the second
examination that cardiorespiratory fitness measures were
obtained, and this examination provided the baseline
measures for this study.

The Russian sample included 1989 men 40-59y of age.
Therefore, only men in this age range were included
here from the US sample (n=2354). Unfortunately,
fitness tests were done on only a subsample of the Russian
women, and therefore, there were inadequate data to
examine associations with fitness in Russian women.
Results on associations of fitness and fatness with mortality
in US women in the LRC study have been published
elsewhere.®1° To reduce confounding from pre-existing
illness*!*? participants who died in the first year of follow-
up, participants who reported a history of coronary heart
disease or stroke and participants with a BMI less than
18.5kg/m?> were excluded (n=306 Russian and 155 Amer-
ican). Since heart rate response to exercise was used as an
indicator of fitness, we excluded participants taking medica-
tion that may alter heart rate and participants with heart
rates outside our quality control limits (resting heart rate
less than 40 or greater than 120bpm or a maximum
heart rate greater than 250bpm). We also excluded partici-
pants with a positive graded exercise test indicating possible
CVD and participants with contraindications for participat-
ing in the exercise test (eg aortic stenosis, congestive heart
failure, excessive blood pressure at rest, R-on-T type
premature ventricular contractions, ventricular tachycardia,
parasystolic focus, atrial flutter, atrial fibrillation, congenital
heart disease).!® If the duration of the graded exercise test
was less than 1min, participants were excluded since a
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steady state for exercise was not reached. These criteria
resulted in the exclusion of an additional 311 Russian
men and 201 American men. Overall, 13 Russian men and
14 US men who were missing data on height, weight or
covariates used in our analyses were excluded. The final
analysis sample included 3075 men: 1359 from Russia and
1716 from the US.

Measurements

The Russian and US cohorts were studied using uniform
protocols and procedures for most variables and a single
Coordinating Center. Height and weight were measured with
the participant wearing light clothing and no shoes. Weight
was measured.to the nearest 0.1kg using a balance scale.
Height was measured to the nearest 0.5cm using a head-
board and a vertical rule fixed to a wall. Fatness was assessed
as BMI and calculated as weight in kilograms divided by
height in meters squared. Quintiles of fatness and fitness
were formed using the data from the Russian men in order to
maximize the statistical power in that group.

Cardiorespiratory fitness, here called ‘fitness’ for the
remainder of this report, was quantified as the duration of
the exercise test in minutes. Participants were told to refrain
from eating for 2h prior to testing and most tests were
performed in the morning. The test was conducted according
to a Bruce protocol, as described in previous publications. "
16 Seven, 3-min stages were used in which the speed and
inclination were increased in a stepwise fashion as follows:
Stage 1-1.7 miles per hour (MPH) and 10% inclination; Stage
2~2.5 MPH and 12% inclination; Stage 3-3.4 MPH and 14%
inclination; Stage 4-4.2 MPH and 16% inclination; Stage 5—
5.0 MPH and 18% inclination; Stage 6-5.5 MPH and 20%
inclination; Stage 7-6.0 MPH and 22% inclination.

The electrocardiogram was monitored continuously and
blood pressure was measured at the end of each stage. Heart
rate was monitored continuously and was also recorded at
the end of each stage, or earlier if the participant stopped
during a stage. The test was terminated early if the
participant was unable to continue because of chest pain,
fatigue, dyspnea, or leg pain or because of abnormalities in
the electrocardiogram (>1mm horizontal ST-segment
change, major arrhythmias or conduction defects), a
decrease in systolic blood pressure, technical difficulties, or
if participants were unwilling to continue. Otherwise, the
test was stopped when the participant attained 90% of
predicted maximal heart rate (based on age and physical
training>!’) and either maintained it for 1 min, maintained
it to the end of the stage, or exceeded the target heart rate by
8 bpm, whichever occurred first.'®

Education was categorized as: less than high school
graduate, high school graduate or more than high school.
Cigarette smoking was categorized as: current > 20 cigarettes
per day, current=20 cigarettes per day, current <20
cigarettes per day, former or never. Participants were
questioned on the type and amount of different types of



alcoholic beverages consumed in the past 7 days and average
grams of ethanol per day was calculated. Dietary intake was
assessed with a 24 h recall and Keys score was calculated as
described by Anderson et al.'®

Physical activity was assessed with two questions and
categorized as: (1) Very active: Individuals reporting stren-
uous exercise >3 times per week; (2) Moderately active:
Individuals reporting strenuous activity <3 times per week;
(3) Inactive: Individuals reporting no strenuous exercise.®

Vital status follow-up

Standardized procedures were used to collect mortality
follow-up information on the Russian and US cohorts.
Deaths were obtained by annual follow-up contacts with
the cohort (predominantly by phone) up to the end of 1987.
At the end of 1987, vital status was known on 99.4% of the
Russian cohort and 99.6% of the US cohort. Subsequent to
1987 annual follow-up contacts were continued for the
Russian cohort, but the US cohort was followed by searching
the National Death Index (1988-1991) and the Epidemiol-
ogy Research Index (1992-1995). Cause of death was
ascertained by nosologist’s codings (International Classifica-
tion of Deaths) of the death certificates for the entire follow-
up in both countries. We used ICD-9 codes 390-459 to
identify CVD deaths. For both cohorts, vital status follow-up
through 1995 was used here.

Statistical analysis

Mortality rates were calculated averaging across lipid strata
using the inverse of the sampling probability as the weight.
Associations between BMI and fitness and mortality were
examined using stratified Cox proportional hazards models,
with the sampling strata (hyperlipidemics and normolipi-
demics) as the stratifying variable. These analytic techniques
permit inferences to be made to the samples screened at visit 1.
The Statistical Analysis System®° was used to conduct analyses.

Results

The mean BMI and fitness measures were similar in Russian
and American men. Among Russian men, 36% were normal
weight (BMI 18.5-24.9kg/m?), 51% were overweight (BMI
25.0-29.9kg/m? and 13% were obese (BMI >30kg/m?).
Among US men, 31% were normal weight, 54%  were
overweight and 15% were obese. The mean (s.d.) time on
the treadmill was 9.8 (1.9) min over all Russian men and 9.4
(2.2) min in US men. Metabolic equivalent (MET) values
were extrapolated from published exercise intensities,*??
and yielded corresponding values of 11.1 METS (stage 4) for
Russian men and 10.6 METS (stage 4) for US men. These
values represent the capacity required to walk on the
treadmill at the corresponding speed and grade. Most
participants stopped the exercise test beyond 90% of
predicted maximal heart rate. In Russian men, the median
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was 96.9% (interquartile range 93.0-99.6%) and 97.7% in US
men (interquartile range 94.3-100%).

Fitness tended to decline as BMI increased, however, the
unadjusted correlation between BMI and fitness was not very
high: r=-0.12 in Russian men, —0.10 in US men. Among
Russian men, 9% who were obese were in the most-fit
quintile, while 19% were in the least-fit quintile. Among
normal weight Russian men, 42% were in the most-fit
quintile, while 34% were in the least fit. For US men, 10%
who were obese were in the most-fit quintile, while 20%
were in the least-fit quintile. Among normal weight US men,
35% were in the most-fit quintile, while 28% were in the
least fit. As shown in Table 1, Russian and US men in the 5th
quintile of BMI tended to have lower scores on the graded
exercise test compared to men with lower BMI values, and
men in the first quintile of fitness tended to be heavier than
more fit men.

Overall, dietary Keys scores were similar in the two groups
of men (US: 58.5 and Russian: 58.6), while alcohol
consumption was higher in US than in Russian men (15.1
and 13.5g, respectively). The percentage of men in Sth
quintile of BMI that had less than a high school education
was larger in Russian men (34%) than in American men
(18%). Similarly, the proportion of men in the first quintile
of fitness who had less than a high school education was also
higher among the Russian men (39%) than the American
men (11%). Overall, smoking was more prevalent among
Russian men (56%) than in US men (35%). The percentage of
never smokers was higher in the 5th quintile of BMI than in
the other quintiles, and higher in fitness quintiles 2-5 than
in the least-fit quintile. Overall, 68% of Russian men and
66% of US men were in the lowest physical activity category.

Confounding by pre-existing illness was tested by examin-
ing coefficients for BMI and fitness after excluding partici-
pants who died in the first year vs the first 4y of follow-up.*?
The hazard ratios were very similar in both sets of analyses
and varied by less than 1%. Therefore, deaths in years 2—4 of
follow-up were not excluded.

We examined possible confounding of BMI by cigarette
smoking by examining the BMI-mortality association within
smokers and nonsmokers in the Russian and US men
separately. We used the full covariate adjusted model, and
included indicators for former vs never smoking in the
analyses of nonsmokers and indicators of smoking
dose (<20, =20, >20 cigarettes per day) in the analyses of
the smokers. In analyses that examined BMI in quintiles,
there was no evidence that the hazard ratio associated with
the lowest quintile of BMI (18.6-22.8 kg/m?), compared to
the second quintile (22.9-24.8kg/m?), was elevated in
smokers compared to nonsmokers, and there was no
evidence of an accentuated J- or U-shape in the smokers
compared to the nonsmokers. There was also no indication
that the association of elevated BMI with all-cause or CVD
mortality was systematically attenuated in smokers com-
pared to nonsmokers in the highest vs the lowest quintiles of
BMI analysis. In addition, two-way interactions of smoking
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Table 1 Description of analysis sample by quintiles of BMI and fitness from the Lipids Research Clinics Prevalence Study

Russian men (n=1359)

United States men (n=1716)

Mean+ s.d. or percentage

Mean+s.d. or percentage

BMI quintiles BMI Sth Fitness 1st Fitness BMI quintiles BMI 5th Fitness 1st Fitness
1-4 quintile quintile quintiles 2-5 14 quintile quintile quintiles 2-5
Age (y) 48.5+5.1 49.0+5.2 50.1+£5.4 48.24+5.0 48.4+6.3 48.0+6.2 50.0+6.4 47.5+6.0
BMI (kg/m?) 249423 30.6+1.8 26.8+3.7 26.1+3.1 253420 31.2+2.6 27.4+3.8 26.6+3.2
Graded Exercise Test (min) 9.9+1.9 9.3+1.8 7.2£1.3 10.5+1.3 9.5+2.2 9.2+21 7.1+1.4 10.6+1.4
Alcohol (g/day) 13.3+21.1 14.04+20.5 13.1+£22.1 13.6+20.6 15.0+19.8 15.44+22.1 17.4+23.0 14.0+19.0
Smoking (cigarettes/day) 11.1+£11.0 7.5+10.4 11.3+11.3 9.9+10.8 9.7+15.6 9.0+17.1 10.6+16.6 9.0+15.7
Keys Score 58.4+16.0 58.5+16.4 58.6+15.5 58.4+16.3 51.3+£15.2 53.6+15.9 51.8+16.3 52.0+15.0
Education (%)
Less than high school 34 34 39 33 12 18 " 15
High school 26 25 23 26 34 36 32 35
Greater than high school 40 41 39 41 54 48 56 50
Smoking (%)
Never smoked 20 22 16 21 26 29 23 28
Quit smoking 21 34 24 24 38 40 39 38
Current smoker
Less than 20/day 22 22 21 22 8 8 8 8
20/day 23 13 23 20 10 7 10 9
Greater than 20/day 14 10 16 12 19 16 21 17
Physical activity (%)
Very active 31 25 21 32 27 26 17 32
Moderate active 2 1 2 2 7 7 5 7
Not active 67 73 77 66 66 67 79 61

with either BMI quintiles or with fitness quintiles were not
significant.

Overall, the age-adjusted rates for mortality from both all
causes and CVD mortality were higher in the Russian men
(13.5 and 6.5 per 100000 person-years) than in the US men
(9.8 and 3.8 per 100 000 person-years). The number of deaths
and the age-adjusted death rates for each quintile of BMI and
fitness are shown in Table 2. In Russian men, the highest all-
cause mortality rate was seen in the lowest quintile of BMI
and the rate tended to decline as BMI increased. This differed
from what was seen in US men in whom the highest all-cause
death rate was in the quintile with the highest BMIL. For CVD
mortality there was no pattern among Russian men, but in
US men the death rate tended to increase with increasing
BMI quintiles. For fitness, the age-adjusted death rate was
consistently highest in the least-fit quintile for both all-cause
and CVD mortality for both Russian and the US men.

Table 3 shows associations between BMI and all-cause and
CVD mortality, with and without adjustment for fitness (in
the continuous form). The hazard ratios showed no statis-
tically significant differences among the BMI quintiles in
either Russian or American men. The highest BMI quintile
tended to be associated with the highest relative risk in all
comparisons in the US men. For fitness, the hazard ratio was
elevated for the least-fit quintile compared to the most-fit
quintile, although the P-value for this difference was not less
than 0.05 for CVD mortality in the US men. The addition of
BMI to the models examining fitness, and the addition of
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fitness to the models examining BMI changed the hazard
ratios only slightly.

Figure 1 shows the hazard ratios for participants categor-
ized as fit-not fat (the reference), fit-fat, unfit-fat, and unfit-
not fat. For this analysis, both fitness and fatness were
categorized using the highest risk quintile (Quintile 5 for
BMI, Quintile 1 for fitness) vs all other quintiles combined.
In Russian men, the hazard ratios for mortality from all
causes (0.87, 95% CI: 0.55, 1.37) and from CVD (0.94, 95%
CI: 0.49, 1.81) were not elevated in the fit-fat group, and in
fact the point estimates were less than one. The hazard ratios
were increased for both outcomes in both the unfit-not fat
group and the unfit-fat group. Although the hazard ratio for
CVD mortality appeared greater in the unfit-fat men (3.05,
95% CI: 1.74, 5.34) than in the unfit-not fat men (1.85, 95%
CI: 1.09, 3.15) the confidence intervals overlapped. In US
men, for all-cause mortality, the hazard ratio was increased
above the reference for all the groups. For CVD mortality, the
hazard ratios were also increased, but the difference was not
statistically significant in the fit-fat group (1.32, 95% CI:
0.85, 2.06). Two-way interactions between fitness and fatness
were tested for all-cause and CVD mortality in the Russian
and the US men and none were statistically significant.

Discussion
In the LRC cohort, fitness was associated with all-cause and
CVD mortality in both the US and Russian men. BMI was not



Table 2  All-cause and CVD death rates by quintiles of BMI and fitness for LRC
Russian and US men?®

BMIP Fitness®

Age-adjusted Age-adjusted
death rate death rate
Number of (per 100 000 Number of (per 100000

deaths  person-years)  deaths  person-years)
Russian men
All-cause mortality
Quintile 1 38 18.2 77 19.9
Quintile 2 41 13.2 36 9.2
Quintile 3 45 13.7 32 9.8
Quintile 4 36 9.7 39 13.3
Quintile 5 51 11.9 27 8.8
CVD mortality
Quintile 1 10 5.0 40 9.8
Quintile 2 15 4.6 18 4.7
Quintile 3 22 7.0 10 2.8
Quintile 4 19 5.1 18 6.2
Quintile 5 32 7.3 12 3.8
US men
All-cause mortality
Quintile 1 41 12.0 193 14.0
Quintile 2 79 10.7 80 1.5
Quintile 3 100 10.9 70 12.9
Quintile 4 97 11.1 72 9.0
Quintile 5 143 14.4 45 10.0
CVD mortality
Quintile 1 16 4.9 80 5.9
Quintile 2 26 3.4 29 4.2
Quintile 3 39 43 27 5.1
Quintile 4 43 4.9 23 3.0
Quintile 5 54 5.6 19 4.4

?Adjusted for lipid strata and age adjusted using 5-y age strata and the
distribution of age in visit 1. ®Q1: 18.6-22.8, Q2: 22.9-24.8, Q3: 24.9-26.5,
Q4: 26.6-28.5, Q5: 28.6-37.4. °Q1: 1.5-8.8, Q2: 8.9-9.5, Q3: 9.6-10.2, Q4:
10.3-11.6, Q5: 11.7-18.0.

associated with either outcome in the Russian men. In US
men, BMI tended to be a significant predictor of both
outcomes but was statistically significant only for all-cause
mortality in the final models shown in Figure 1. We have
previously reported the association between BMI and CVD
and all-cause mortality in 30-74y-old US men in this
cohort.® In the current study, the age range of the men
included in the study sample was restricted to 40-59y and
the mortality follow-up was truncated by 3y to match the
data available in the Russian men. In addition, the quintiles
were formed using the distributions of BMI and fitness in the
Russian cohort, and so cut points varied slightly between the
studies. All these changes reduced the statistical power
available in the US men in the current study compared to
the previous study. In both analyses of US men, there were
no statistically significant differences in all-cause mortality
in BMI quintiles 1-4 (separately) compared to the first BMI
quintile, however, in the earlier analysis there was a
statistically significant increase in CVD mortality observed,
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even after controlling for fitness level (hazard ratio for fifth
compared to first BMI quintile was 1.56, 95% CI: 1.01, 2.41).
In the models that compared the Sth quintile of BMI to
quintiles 1-4 (combined), findings were very similar between
the two studies and the largest discrepancy noted between
the hazard ratios in the two studies was 0.15.

In an earlier report on the Russian men from the LRC study
Shestov et al**> found a significant quadratic association
between Quetelet Index (kg/crn2 x 1000) and all-cause and
CVD mortality. Their analyses of crude mortality rates
showed a sharp elevation in all-cause mortality for men in
the lowest quintile of Quetelet Index (23 deaths per
1000 person-years). The lowest mortality rate was observed
in the 3rd quintile of Quetelet index (9 deaths per
1000 person-years), and the death rate was somewhat higher
in the 5th quintile (10.5 deaths per 1000 person-years).
Differences between quintiles of Quetelet Index were smaller
for CVD mortality, but followed the same general pattern.
This study by Shestov ef al had only 7y of follow-up, whereas
the follow-up in the current study was as long as 23y with a
mean of 17.6y. In our analyses an elevated death rate was
not observed in the lowest quintile of BMI, and this
difference from the previous work may have been due to
the exclusions and covariate adjustments used to avoid
sources of confounding and/or to the longer follow-up
period.

We know of no other studies that have examined
associations between fitness and mortality in Russian men,
however, two previous papers have examined data obtained
during the treadmill test from the Russian men in the LRC
study. The first examined blood pressure and heart rate
response during the exercise test.?> The investigators found
that Russian men had higher resting systolic blood pressure
than US men, but lower blood pressure during exercise.
Russian men had significantly lower heart rate at rest and
during exercise compared to US men. In the second report,*
resting heart rate was examined as a predictor of cardiovas-
cular and total mortality. Age- and clinic-adjusted hazard
ratios examining a resting heart rate increment of 10bpm
were similar among the Russian and US men for both
mortality from all causes (Russian hazard ratio=1.35, 95%
CI: 1.22, 1.55; US hazard ratio=1.40, 95% CI: 1.23, 1.60).
and CVD mortality (Russian hazard ratio=1.32, 95% CL:
1.13, 1.53; US hazard ratio=1.42, 95% CI: 1.18, 1.70).

We found that the time on the treadmill was a significant
predictor of all-cause and CVD mortality. The results were
similar among the Russian and US men, although the hazard
ratios comparing the first to the 5th (reference) quintile
tended to be larger in the Russian men (over 2 for all-cause
and CVD mortality) than in the US men (approximately 1.4-
1.5 for the same estimates). Our previous study of US men in
a broader range of ages® gave similar results with hazard
ratios for the first vs the 5th quintile of fitness in the range of
approximately 1.5-1.6.

In the LRC cohort, the age-adjusted death rate from all
causes was 37% higher in Russian men than in US men,
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Table 3 Adjusted hazard ratios® (95% confidence intervals—Cl) by quintiles of BMI and fitness for LRC Russian and US men

BMP Fitness*
Hazard ratio Hazard ratio
adjusted for adjusted for
Hazard ratio 95% CI fitness 95% CI Hazard ratio 95% Cl BmI 95% Cl
Russian men

All-cause mortality
Quintile 1 1.00 1.00 2.10 1.32-3.33 2.13 1.34-3.38
Quintile 2 0.87 0.55-1.39 0.90 0.56-1.44 1.05 0.62-1.77 1.07 0.63-1.81
Quintile 3 1.16 0.72-1.86 1.19 0.74-1.92 1.11 0.65-1.88 1.10 0.65-1.87
Quintile 4 0.84 0.51-1.38 0.88 0.53-1.44 1.42 0.84-2.38 1.41 0.84-2.38
Quintile § 0.92 0.57-1.47 0.88 0.55-1.41 1.00 1.00

CVD mortality
Quintile 1 1.00 1.00 2.23 1.16-4.29 217 1.12-4.18
Quintile 2 1.04 0.45-2.43 1.07 0.46-2.50 1.01 0.48-2.14 0.98 0.46-2.07
Quintile 3 1.83 0.82-4.08 1.88 0.84-4.22 0.65 0.27-1.54 0.65 0.27-1.54
Quintile 4 1.33 0.58-3.03 1.40 0.61-3.21 1.25 0.58-2.68 1.25 0.58-2.68
Quintile 5 1.82 0.84-3.95 1.74 0.80-3.79 1.00 1.00

US men

All-cause mortality
Quintile 1 1.00 1.00 1.54 1.10-2.14 1.51 1.08-2.11
Quintile 2 0.87 0.60--1.28 0.86 0.59-1.25 1.28 0.88-1.84 1.27 0.88-1.83
Quintile 3 : 0.88 0.61-1.27 0.90 0.62-1.30 1.33 0.91-1.95 1.34 0.92-1.95
Quintile 4 0.90 0.62-1.31 0.88 0.61-1.28 1 0.69-1.46 1 0.69-1.45
Quintile 5 1.15 0.80-1.65 1.1 0.77-1.59 1.00 1.00

CVD mortality
Quintile 1 1.00 1.00 1.45 0.86-2.43 1.43 0.85-2.40
Quintile 2 0.72 0.38-1.34 0.71 0.38-1.32 1.07 0.60-1.92 1.06 0.59-1.91
Quintile 3 0.87 0.48-1.56 0.90 0.50-1.63 1.20 0.66-2.18 1.20 0.66-2.19
Quintile 4 0.98 0.55-1.76 0.96 0.53-1.72 0.74 0.40-1.36 0.74 0.40-1.35
Quintile 5 1.07 0.60-1.91 1.02 0.57-1.82 1.00 1.00

*Adjusted for age, smoking, education, alcohol, and Keys score. ®Q1:18.6-22.8,

8.9-9.5, Q3: 9.6-10.2, Q4: 10.3-11.6, Q5: 11.7-18.0.

whereas the CVD death rate was 70% higher. During the
years of this study of Russian men (1975-1995) there were
important social, political and economic changes in Russia
that dramatically impacted the death rate. After World War II
life expectancy in Russia rose rapidly, and for the first time in
recorded history became similar to that of Western countries.
In 1965, male life expectancy was 64.3y in Russia compared
to 67.5 in France and 66.8 in the United States.®® As
summarized by Notzon et al,2° after that time life expectancy
went through two decades of decline in Russia, while it
increased steadily in the United States. Between 1985 and
1987 life expectancy abruptly increased in Russia. This
increase has been attributed to the sudden drop in per capita
alcohol consumption brought about by Gorbachev’s anti-
alcohol campaign, and may also have been stimulated by the
period of ‘perestroika’ that introduced the notion of social
democratization. However, between 1990 and 1994 life
expectancy in Russia again dropped and the age-adjusted
mortality rates rose by approximately 33%. In 1994, life
expectancy for Russian men was 57.7 y compared to 72.4y in
US men. The most important contributors to this decline in
life expectancy were cardiovascular diseases (36%) and
injuries (29%).2°
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Q2: 22.9-24.8, Q3: 24.9-26.5, Q4: 26.6-28.5, Q5: 28.6-37.4. “Q1: 1.5-8.8, Q2:

Given the differences in the patterns of mortality in the
two nations over the study period it is remarkable that the
associations with fitness were so similar between the two
groups of men, while the associations with BMI were
different. One possible explanation for this difference is that
the association between BMI and mortality was attenuated
by confounding, while the association between fitness and
mortality was not. We can only speculate on this point.

One potential confounding factor is alcohol intake. Self-
report of alcohol intake is known to be susceptible to subject
response bias related to social desirability. The Russian data
reported here were collected between 1975 and 1977, which
was 5-10y before aggressive public health measures to limit
alcohol intake were instituted. Therefore, it does not seem
very likely that this group of Russian men would be strongly
motivated to under-report alcohol consumption. Further, it
seems unlikely that reported alcohol consumption would be
differentially biased by weight status, but not by fitness
status. Nevertheless, it is troublesome that reported alcohol
intake was slightly lower in the Russian men than in the US
men in this study, as other studies indicate the opposite.?’

Of course, many factors other than alcohol differed
between the Russian and the US men in this study and
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Figure 1 Relative hazard in LRC participants categorized by fitness level (quintile 1 vs 2-5) and BMI (quintiles 1-4 vs 5) adjusted for age, education, smoking,
alcohol, and Keys score. * =P <0.05. Hazard ratios were calculated using the fit-not fat group as the reference. Estimates and 95% confidence intervals (Cl) for the fit-
fat, the unfit-not fat and the unfit-fat were: all-cause mortality in Russian men, 0.87 (0.55, 1.37), 1.86 (1.31, 2.62), 1.68 (1.06, 2.68); CVD mortality in Russian men,
0.94 (0.49, 1.81), 1.85 (1.09, 3.15), 3.05 (1.74, 5.34); all-cause mortality in US men, 1.40 (1.07, 1.83), 1.41 (1.12, 1.77), 1.54 (1.24, 2.06); CVD mortality in US

men, 1.32 (0.85, 2.06), 1.62 (1.01, 2.58), 1.56 (1.08, 2.24).

could have influenced the measured effect of BMI on
mortality. Some other potential factors are tobacco use, diet,
stress and depression, health care availability and pollution.
Although we attempted to control for the effects of tobacco
use and diet in our analysis, residual confounding could still
remain for these factors. We were unable to control for the
other factors.

This study has several strengths and limitations. As in our
previous study® we chose to form joint categories of fitness
and fatness drawing the cut point at the boundary of the
highest risk quintile for both BMI and fitness. This method
of categorization is arbitrary, but it has the advantage of
providing a cut point for the two different measures that is
equivalent in at least one aspect, that is, as marker of the
20% at highest risk among the population studied. Other
methods of defining these groups could have been used. It
should also be noted that BMI is an imperfect measure of
adiposity and a more precise measure of body composition
could have given different results.

The cohorts studied were not nationally representative
samples of either US men or Russian men, but they were
drawn from well-defined groups. It is a weakness that
the comparability of the nosologists’ diagnoses of
primary cause of death in the US vs in Russia is not
known. Because of this, comparisons of cause-specific
deaths must be made with caution. It is a strength of the
study that the cohorts drawn from such different locations
were studied using the same procedures and a single
coordinating center.

This study of two populations of men living in very
different environments was able to compare the effects of
fitness and fatness on mortality. As has been shown before,
both fitness and fatness were associated with all-cause and
CVD mortality in American men. However in the Russian
men, fitness but not fatness, was associated with both types
of mortality. This study gives some indication that the effects
of fitness on mortality may be more robust across popula-
tions than are the effects of fatness.
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1. Introduction

ABSTRACT

Most studies of the relationship between cardiorespiratory fitness (CRF) and depression have been lim-
ited to cross-sectional designs. The objective of this study was to follow individuals over time to examine
whether those with higher levels of CRF have lower risk of developing depressive symptoms. Participants
were 11,258 men and 3085 women enrolled in the Aerobics Center Longitudinal Study in Dallas, TX. All
participants completed a maximal treadmill exercise test at baseline (1970-1995) and a follow-up health
survey in 1990 and/or 1995. Individuals with a history of a mental disorder, cardiovascular disease, or
cancer were excluded. CRF was quantified by exercise test duration, and categorized into age and sex-
stratified groups as low (lowest 20%), moderate (middle 40%), or high (upper 40%). Depressive symptoms
were assessed using the 20-item Center for Epidemiologic Studies Depression Scale (CES-D). Those who
scored 16 or more on the CES-D were considered to have depressive symptoms. After an average of 12
years of follow-up, 282 women and 740 men reported depressive symptoms. After adjusting for age,
baseline examination year, and survey response year, the odds of reporting depressive symptoms were
31% lower for men with moderate CRF (odds ratio, OR 0.69; 95% confidence interval, CI 0.56-0.85) and
51% lower for men with high CRF (OR 0.49, C1 0.39-0.60), compared to men with low CRF. Corresponding
ORs for women were 0.56 (CI 0.40-0.80) and 0.46 (CI 0.32-0.65). Higher CRF is associated with lower risk
of incident depressive symptoms independent of other clinical risk predictors.

© 2008 Elsevier Ltd. All rights reserved.

et al, 1988; Camacho et al, 1991; Paffenbarger et al, 1994;
Kritz-Silverstein et al., 2001; Strawbridge et al., 2002; Wiles

In any given year, depressive disorders affect about 18.8 million
Americans, 9.5% of all adults (NIMH, 2006). The costs associated
with depression for the year 2000 have been estimated at $83.1
billion (Greenberg et al., 2003). Depressive symptoms are associ-
ated with greater morbidity and mortality, less ability to function
independently, and lower occupational performance (Penninx
et al, 2001; Kouzis et al., 1995; Druss et al, 2000; Krishnan
et al,, 2002). There is also evidence suggesting that depression
may increase the risks of developing Alzheimer’s disease and cog-
nitive decline (Jorm, 2000; Green et al., 2003).

Many population-based studies have reported that physical
activity may reduce the risk of developing depression (Farmer

* Corresponding author. Tel.: +1 803 777 3881; fax: +1 803 777 2504.
E-mail address: msui@gwm.sc.edu (X. Sui).

0022-3956/$34.00 © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jpsychires.2008.08.002

et al., 2007; Thirlaway and Benton, 1992; Galper et al., 2006; Tolm-
unen et al., 2006). Meta-analyses based on cross-sectional studies,
fongitudinal studies, and randomized clinical trials appear to con-
firm this association (Lawlor and Hopker, 2001; Dunn et al., 2001;
Stathopoulou et al,, 2006; Blumenthal et al., 1999). However, some
studies have not found this effect (Lennox et al., 1990; Cooper-Pat-
rick et al.,, 1997; Weyerer, 1992). The inconsistent findings of pre-
vious research may be due to: cross-sectional analyses or
experimental designs with short term follow-up; selection biases
associated with age, gender, or other non-representative sampling;
nonstandardized measurement of depression; and the variety of
ways in which physical activity has been measured, most com-
monly with self-reports (Hopko et al., 2008).

For the measure of depressive symptoms, we employed the val-
idated and widely-used Center for Epidemiologic Studies Depres-

-1122-
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sion Scale (CES-D). Although the CES-D cannot diagnose depres-
sion, it is not diagnostic, the CES-D is a valid and reliable measure
of depressive symptoms among adults in the general population
(Beekman et al., 1997). We sought to overcome many of the limi-
tations of previous research in the current study by examining
the prospective relationship between cardiorespiratory fitness
(CRF) and depressive symptoms. CRF is an objective and reproduc-
ible physiological measure that reflects functional influences of
physical activity habits, genetics, and disease status. CRF has been
found to be inversely associated with the risks of developing fatal
and nonfatal chronic diseases (Bouchard et al., 2006; Blair et al.,
1989; Blair et al.,, 1996; Sui et al., 2007). Less research has exam-
ined associations between CRF and emotional well being. To our
knowledge, only three previous studies have investigated the asso-
ciation between symptoms of depression and CRF (Tolmunen et al,,
2006; Galper et al.,, 2006; Thirlaway and Benton, 1992). One fo-
cused on middle-aged men, reporting that those with low CRF
(measured by VO,max, maximal oxygen uptake) were more likely
to have depressive symptoms (Tolmunen et al., 2006). The others
included both women and men (Thirlaway and Benton, 1992; Gal-
per et al.,, 2006). Thirlaway and Benton (1992) studied a group of
relatively young subjects, the majority between ages 30 and 40,
finding an inverse association between CRF and depressive symp-
toms. This result was found only for those who were physically
inactive, however, not for those who were at least moderately ac-
tive. More recently, in the Aerobics Center Longitudinal Study
(ACLS), (Galper et al. (2006) also reported that CRF was inversely
associated with depressive symptoms. All of these studies were
limited by their cross-sectional designs. The present study will ex-
pand the earlier report from the ACLS, by examining the longitudi-
nal association between CRF and depressive symptoms.

2. Methods
2.1. Study population

The ACLS is a prospective epidemiological study investigating
health outcomes associated with physical activity and CRF at the
Cooper Clinic, Dallas, TX (Blair et al., 1989; Blair et al., 1996; Sui
et al,, 2007). All patients had a baseline health examination. All pa-
tients included in this study had normal resting electrocardiograms
(ECGs), and were able to complete an exercise stress test to at least
85% of their age-predicted maximal heartrate (defined as 220 minus
age) during 1970-1995. The mean (SD) percentage of age-predicted
maximal heart rate achieved during exercise was 101.2 (6.0) in wo-
men, and 102.5 (7.0) in men, thus indicating maximal or near max-
imal exertion. Those who reported having previously been
diagnosed with a mental disorder — such as depression, anxiety,
thoughts of suicide, nervous breakdown, difficulty sleeping, nervous
disorder, or psychiatric counseling — were excluded from the analy-
sis. We also excluded individuals with a history of myocardial
infarction, stroke, or cancer, because these diseases might be related
to depression and/or fitness. The current analysis included 14,343
individuals (aged 20-81 years) who met the above criteria and re-
sponded to at least one mail-back health survey in 1990 and/or
1995. Most participants were Caucasian, relatively well-educated,
and from middle and upper socioeconomic strata. Participants were
told the purpose of the study and provided their written informed
consent to participate. The study protocol was approved annually
by the Cooper Institute’s institutional review board.

2.2. Baseline examination

After participants completed an overnight fast of at least 12 h,
an extensive physical examination and preventive health evalua-

tion were performed (Blair et al., 1989; Blair et al., 1996). During
the examination, participants completed a maximal exercise tread-
mill test, provided blood for chemistry analyses, had measures of
blood pressure taken, and responded to a comprehensive question-
naire that elicited demographic characteristics, personal health
history, and lifestyle habits. Height and weight were measured
on a standard physician’s balance beam scale and stadiometer.
Body mass index (BMI) was computed as weight (kg)/height
(m)?. Resting blood pressure was measured using standard auscul-
tation methods after a brief period of quiet sitting. Blood chemistry
was analyzed for lipids and glucose using standardized automated
bioassays. The presence of hypertension and diabetes was deter-
mined based on a self-reported history of physician diagnosis or
measured phenotypes that met clinical thresholds for each condi-
tion. Information on smoking habits (current smoker or not), alco-
hol intake (drinks per week), physician diagnosed mental disorder,
and stressful occupation (yes or no) was obtained from a standard-
ized questionnaire.

CRF was defined as the total time of a symptom-limited maxi-
mal treadmill exercise test, using a modified Balke protocol (Blair
et al., 1989; Balke and Ware, 1959). Total time of the test on this
protocol correlates highly with measured maximal oxygen uptake
in both men (r=0.92) (Pollock et al., 1976) and women (r = 0.94)
(Pollock et al., 1982). The test endpoint was volitional exhaustion
or termination by the supervising physician. Maximal metabolic
equivalents (METs, 1 MET = 3.5 ml O, uptake-kg!-min™!) were cal-
culated from the final treadmill speed and grade.(American College
of Sports Medicine, 2005) Previous ACLS reports have shown that
low CRF is an independent predictor of mortality and morbidity
(Blair et al., 1989; Blair et al., 1996; Sui et al,, 2007). In previous
ACLS reports, we have defined low, moderate, and high CRF expo-
sures as the lowest 20% and the middle and upper 40%, respec-
tively, of the age and sex-specific distribution of treadmill
duration in the overall ACLS population (Sui et al.,, 2007). Abnormal
exercise ECG responses were broadly defined as rhythm and con-
duction disturbances and ischemic ST-T wave abnormalities, as de-
scribed in detail elsewhere (Gibbons et al., 2000). We have found
90% agreement between the ECG interpretation recorded in our
database and that of a group of three physicians who read a ran-
dom sample of 357 patient records and were blinded to the re-
corded interpretation (Gibbons et al., 2000).

2.3. Assessment of outcome

The presence of depressive symptoms was assessed using the
20-item version of the CES-D, a measurement of depressive mood
experienced during the past week. This 20-item self-report scale is
designed to measure depressive symptoms in the general popula-
tion (Radloff, 1977). Although the CES-D is not a diagnostic instru-
ment, it is a valid, reliable, and widely-used tool for screening and
detecting depressive symptoms in the general population (Beek-
man et al., 1997; Cheung et al., 2007). The range of possible scores
is 0~60, with higher scores indicating a higher degree of depressive
symptoms. A CES-D score of 16 or higher is commonly interpreted
as indicating the presence of depressive symptoms. This cutpoint
has been used extensively in studies of the general population
(Radloff, 1977), in studies of older subjects (Beekman et al.,
1997; Heikkinen and Kauppinen, 2004), and also in studies that
separately examined women and men (Ried and Planas, 2002).
We used this cutpoint to define the presence of depressive symp-
toms. All participants completed the CES-D as part of a mail-back
survey in 1990 and/or 1995. There were 10,190 and 9,674 partici-
pants who responded to the 1990 and 1995 surveys, respectively;
5,521 responded to both surveys. The aggregate survey response
rate across these two survey periods was about 65%. Nonresponse
bias is a concern in epidemiological surveillance. This issue has
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been investigated in the ACLS (Macera et al., 1990). Baseline health
histories and clinical measures were similar between responders
and nonresponders, and between early and late responders (Mac-
era et al., 1990). We also investigated whether differential mortal-
ity might have affected response rates, using the National Death
Index to identify decedents. We found that mortality rates were
similar for responders and nonresponders (unpublished data). In
participants who replied to both surveys, the more recent depres-
sive symptom score was used for analysis.

2.4. Statistical analysis

All analyses were sex-specific. Descriptive statistics were calcu-
lated for both women and men. We used logistic regression to
evaluate the association between CRF and depressive symptoms.
Multivariate analyses included 9 covariables: age (years), baseline
examination year, current smoker (yes/no), alcohol intake (=5
drinks/wk, or less), abnormal exercise ECG responses (present or
not), BMI, hypertension (present or not), and diabetes (present or
not). To account for differences in survey response patterns among
study participants, and for the possibility that external events may
have differentially affected responses to the CES-D during the two
survey periods, we created a dummy variable that indicated
whether the outcome measurement was from 1990 or 1995. Inci-
dence rates were calculated by dividing the number of individuals
reporting elevated levels of depressive symptoms by the popula-
tion at risk, both for the total sample and within categories of fit-
ness. Tests of linear trend across CRF categories were conducted
by entering the three-category fitness variable into the regression
models as an ordinal term. To examine potential modifying effects
of selective variables on the fitness-depressive symptoms associa-
tion, we stratified data in the following groups: age (<65 vs. >65
years), BMI (18.5-24.9 vs. 25.0-29.9 vs. >30.0), current smoker,
alcohol consumption, hypertension, and diabetes. All p values are
2-sided with an alpha level of 0.05. All analyses were performed
using SAS, version 9.1 (SAS Institute, Inc., Cary, North Carolina).

3. Results

The mean baseline age of the study sample was 44.9 years (SD,
9.7); 22% were female. Baseline treadmill time ranged from 1.0 to
38.3 min, with a mean of 17.4 (SD, 5.4). Among the participants,
the prevalence of low, moderate, and high CRF was 12.7% (1,816),
37.1% (5,317), and 50.3% (7,210), respectively. Time to follow-up
averaged 12 years (range 1 to 25 years), with 174,554 total per-
son-years of exposure. Among women, 9.1% reported depressive
symptoms at follow-up (CES-D scores above 16). The correspond-
ing rate for men was 6.6%. Table 1 presents characteristics of the
women (n=3,085) and men (n=11,258) in the study.

Fig. 1A (representing men) and Fig. 1B (representing women)
present unadjusted incidence rates of elevated depressive symp-
toms across low, moderate, and high categories of CRF. There
was an inverse gradient for the incidence of depressive symptoms
across incremental levels of CRF (Peend < 0.0001, for both men and
women).

Table 2 shows odds ratios (ORs) for depressive symptoms, and
their associated 95% confidence intervals (Cls), adjusted for age,
baseline examination year, and the survey response year. Each
additional minute of treadmill test duration at baseline was asso-
ciated with 5% lower odds of reporting depressive symptoms at fol-
low-up, for both men and women (OR 0.95; CI 0.94-0.97 for men,
0.92-0.98 for women). The analogous adjusted OR for depressive
symptoms associated with each additional MET of maximal energy
expenditure was 0.91 (Cl 0.88-0.94) in men, and 0.89 (CI 0.83-
0.95) in women. The remaining data rows of Table 2 show compa-

Table 1
Baseline characteristics of men and women, aerobics center longitudinal study, 1970-
1995

25 drinks/week)” (%)

Data shown as Means + SD unless specified otherwise.
METs = maximal metabolic equivalents achieved during the treadmill test; HDL-
C = high density lipoprotein cholesterol; ECG = electrocardiogram.

2 Defined as yes or no based on a standardized questionnaire

b One unit of alcohol is defined as 12 ounces (3.41 dl) of beer, 5 ounces (1.421 dI)
of wine, or 1.5 ounces (0.4262 dl) of hard liquor.

¢ Hypertension is defined as systolic blood pressure > 140 mmHg, diastolic blood
pressure >90 mmHg, or a history of physician diagnosis.

d Diabetes mellitus is defined as a fasting plasma glucose concentration
>7.0 mmol/L (126 mg/dl), a history of physician diagnosis, or insulin use.

rable ORs and Cls associated with other risk factors in the analysis,
all adjusted for the same set of potential confounders. For example,
obese individuals had higher depressive symptoms risk in compar-
ison with those of normal weight in both men (OR 1.55, CI 1.22~
1.96) and women (OR 1.93, CI 1.11-3.35). Those with stressful
occupations had higher depressive symptoms risk than others.
Current smokers had higher depressive symptoms risk than non-
current smokers (Table 2).

Table 3 shows, separately for men and women, the number of
study participants in each of the 3 CRF categories, the number of
cases where respondents reported depressive symptoms at fol-
low-up (events), and the ORs and Cis from 2 sets of logistic regres-
sion models focused on the 3 CRF categories. Model 1 adjusted for
age, baseline examination year, and the year in which the partici-
pant completed the follow-up survey. In the results from Model 1,
low CRF was a notable predictor of depressive symptoms for both
women and men. Compared to women with low CRF, the odds of
reporting depressive symptoms were 44% lower for women with
moderate CRF (OR 0.56, CI 0.40-0.80), and 54% lower for women
with high CRF (OR 0.46, Cl 0.32-0.65, Dtrena < 0.0001). Compared
to men with low CRF, the odds of reporting depressive symptoms
were 31% lower for men with moderate CRF (OR 0.69, CI 0.56~
0.85) and 51% lower for men with high CRF (OR 049, CI 0.39-
0.60, Ptrena < 0.0001).

Model 2 of Table 3 further adjusts for stressful occupation, cur-
rent smoking, alcohol consumption, body mass index, hyperten-
sion, diabetes, and abnormal exercise ECG responses. The results
shown in Model 2 suggest only modest attenuation of the associa-
tion between CRF and depressive symptoms with the additional
controls for this larger set of potential confounders.

The associations between baseline CRF and the risks of report-
ing depressive symptoms at follow-up within categories of other
possible risk factors are presented in Table 4. In men, after adjust-
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Fig. 1. Incidence of depressive symptoms by cardiorespiratory fitness categories

among men (1A) and women (1B). Bars indicate 95% confidence intervals. The
number of cases is shown above the bars.

Table 2
0dds ratios (ORs)* for depressive symptoms, by study risk factors

OR, odds ratio; CI, confidence interval. OR, odds ratio; CI, confidence interval; ECG,
electrocardiogram; METs, metabolic equivalents.
2 Adjusted for age, baseline examination year, and survey response year.

ing for age, baseline examination year, survey response year, and
each of the other variables in the table, each additional MET of
maximal exercise was, on average, associated with 4%-14% (p <
0.05) lower odds of reporting depressive symptoms in each risk
factor group, adverse or not. The consistency in the direction and
magnitude of association between CRF and depressive symptoms

-1125-

Table 3
Risks for depressive symptoms, by level of cardiorespiratory fitness

OR=odds ratio; Cl=confidence interval; ECG=electrocardiogram.

2 Adjusted for age, baseline examination year and survey response year.

® Adjusted for the above plus stressful occupation (yes or no), current smoking
(yes or no), alcohol consumption (> 5 drinks/week or not), body mass index,
hypertension, diabetes (present or not for each), and abnormal exercise ECG
responses (present or not).

suggested that there was little effect modification across risk factor
categories. In women, the pattern of association between CRF and
depressive symptoms was less consistent across risk factors,
although in all instances the point estimates for the ORs were be-
low 1.0. The somewhat larger variation among the point estimates
for women, and the marginal statistical significance in many in-
stances, may be attributable to a small number of events in many
categories, and limited statistical power. Given the smaller number
of women in the sample, it is also possible that the sample size for
women may not have been sufficient to provide stable estimates.

4. Discussion
4.1. Principal findings

In longitudinal analyses, we found a sharply graded inverse
dose-response relationship between CRF at baseline and depres-
sive symptoms at follow-up, in both men and women. Participants
with low CRF were at significantly greater risk of developing
depressive symptoms, even after adjustment for age, baseline
examination year, follow-up survey response year, smoking status,
alcohol consumption, body mass index, hypertension, diabetes,
and abnormal exercise ECG responses. The inverse association be-
tween CRF and depressive symptoms was generally consistent
within strata of other potential risk factors.

The findings that obese men and women had significantly high-
er risk of depressive symptoms are consistent with other studies.
Recently, Petry et al studied 41,654 participants and found that
obesity was associated with significantly increased odds of major
depression compared with normal weight individuals (Petry
et al.,, 2008). It is becoming more evident that there may be a rela-
tionship between BMI and depressive symptoms. Future studies
will be warranted to provide more evidence in this area.

4.2. Possible mechanisms of action

The precise physiological mechanisms associating physical
activity with depression are not well established. Some possible
explanations are proposed. Neuroscientific evidence suggests that
exercise can increase the release of brain neurotransmitters such
as monoamines and endorphins (Morgan, 1985; Thoren et al,
1990) or brain-derived neurotrophic factor (Zheng et al, 2006;
Russo-Neustadt et al., 2000), which inhibit cell death and provide
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Table 4
0dds ratios for depressive symptoms per 1-MET increment in maximal exercise test, by study risk factors®

OR, odds ratio; Cl, confidence interval.

2 The point and interval estimates represent the relative odds of reporting depressive symptoms at follow-up that are associated, on average, with each 1-MET increment in

the baseline treadmill exercise test.

b Adjusted for baseline examination year, survey response year, and each of the other risk factors in the table.

antidepressant effects. Other plausible mechanisms focus on psy-
chosocial factors such as self-esteem (Stewart et al., 1994), social
interaction (Peluso and Guerra de Andrade, 2005), and a sense of
ownership (Stephens, 1988), which could result from improved fit-
ness and may affect mental health and mood Comparison with
other published studies.

The prospective results of the current study are consistent with
previous follow-up studies that have suggested an inverse associa-
tion between physical activity and depressive disorder not only in
younger and middle-aged persons (Farmer et al.,, 1988; Camacho
et al.,, 1991; Paffenbarger et al.,, 1994), but also in older men and
women (Strawbridge et al., 2002; Kritz-Silverstein et al., 2001).
Only a limited number of previous studies have objectively mea-
sured CRF (Thirlaway and Benton, 1992; Galper et al., 2006; Tolm-
unen et al., 2006). These studies have inconsistent findings, and are
all limited by cross-sectional designs. Thirlaway and Benton did
not find a relationship between CRF and depression in active indi-
viduals (Thirlaway and Benton, 1992), while the most recent two
studies did report lower rates of depressive symptoms in persons
with higher levels of CRF (Galper et al., 2006; Tolmunen et al.,
2006). In the ACLS, Galper et al. (2006) found that both women
and men had lower mean CES-D scores across higher fitness levels
after adjustment for age, BMI, and years of participation in physical
activity. In a group of middle-aged men from the Kuopio Ischemic
Heart Disease Risk Factor study, (Tolmunen et al., 2006) observed
that men with low oxygen uptake (less than 28.1 ml/kg/min) had
a 3.4-fold higher risk of being depressed, compared with those
with a VOsmax exceeding 36.2 ml/kg/min. Furthermore, they re-
ported a correlation between the severity of the depression scores
and levels of fitness (Tolmunen et al., 2006). To our knowledge, the
present study is the first to explore the association between CRF
and depressive symptoms in longitudinal analysis. Future follow-
up studies are needed to confirm our findings.

4.3. Strengths and limitations

The main strength of the current study is its use of maximal
exercise testing to quantify CRF. CRF is considerably less prone to

misclassification than other measures of physical activity. It may
better reflect the adverse health consequences of a sedentary life-
style than self-reported physical activity (Haskell et al.,, 1992).
Thus, our approach improves on previous population-based stud-
ies, which have generally relied on self-reported measures of phys-
ical activity (Wiles et al,, 2007; Paffenbarger et al., 1994; Farmer
et al,, 1988; Camacho et al., 1991). Second, we used measured risk
factors and validated instruments to determine depressive symp-
toms. Third, the large number of person-years of follow-up enabled
us to investigate dose-response effects in both men and women,
and within categories of other exposures. Fourth, we accounted
for variable patterns of survey responses in our analyses, an ap-
proach not usually used in cohort studies such as ours (Wiles
et al., 2007). Finally, we excluded individuals with cancer, cardio-
vascular disease, or a self-report of having had a physician diagno-
sis of any mental disorder at baseline, reducing the likelihood of
residual confounding. It is possible that participants with low
CRF at baseline had high CES-D scores at baseline, which will
underestimate the true association. The sociodemographic homo-
geneity of our study participants should enhance the internal
validity of our findings, by reducing the likelihood of notable con-
founding by factors such as education, income, occupational and
residential characteristics, prestige, and lifestyle. The self-referred
origin and homogeneity of our cohort may be seen as a limitation.
However, the ACLS study group is similar in many respects to
other cohorts that have provided important information on dis-
ease prevention (Paffenbarger et al,, 1994; Lee and Paffenbarger,
1998).

Nonetheless, generalizations to other adult populations should
be made with caution. CES-D scores were not available at baseline.
For that reason, we excluded those who reported having been clin-
ically diagnosed with mental health disorders or chronic diseases,
providing a degree of control for initial level of mental health. It
should be recognized that relying on self-reports of previous diag-
noses may introduce measurement error into the analysis. How-
ever, we have found in previous analyses that the sensitivity and
specificity of self-report of other health problems in this cohort
are quite high. For example, the percentage of agreement between
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self-reported events and participants’ medical records was 88%,
100%, 89% for myocardial infarction, revascularization, and stroke,
respectively (Sui et al., 2007). We previously also verified the accu-
racy of self-reported, physician-diagnosed hypertension in this co-
hort and observed 98% sensitivity and 99% specificity (Blair et al.,
1984). We did not use clinical diagnostic criteria to diagnose
depression. Some of the study participants who were classified as
having depressive symptoms might not have qualified for the diag-
nosis of clinical depression. It is also possible that the CES-D cut-~
point of 16 may be too low, in which case our outcome variable
would mis-classify some individuals, as false positives, There is
no widely accepted “optimal” cut-off score for the CES-D (Cheung
et al., 2007).

Studies of the validity of the CES-D for identifying symptoms
associated with major depressive disorder in adults have suggested
a range of optimal scores for screening, generally ranging from 16
to 25 (Parikh et al., 1988; Lyness et al.,, 1997; Haringsma et al.,
2004; Wada et al,, 2007). A recent detailed study of the perfor-
mance of the CES-D for screening for major depression in cancer
patients identified the optimal cut-off score of 17, which was asso-
ciated with 100% sensitivity, 79% specificity, and 92% positive pre-
dictive value (Hopko et al., 2008); thus, this score missed no cases
of clinical depression, and correctly identified 79% of those without
depression, while only 8% of those screening positive would not be
clinically diagnosed with major depression. Nonetheless, we stress
that case-finding tools such as the CES-D were not developed to
make clinical diagnoses. Although results from the CES-D are com-
monly used for outcome measurement in epidemiological studies,
this tool was developed primarily to identify individuals with clin-
ically significant symptoms that require more intensive evaluation.
We therefore advise caution when interpreting the results of this
study. To examine the sensitivity of the cut-point used in this anal-
ysis, we conducted additional analyses using cut-points of 20 and
24 to define depressive symptoms. In these sensitivity analyses,
the association between CRF and the depressive symptoms out-
come was not materially changed (data not shown). The findings
of our study also may be affected by unmeasured factors related
to fitness and/or depressive symptoms, although it seems unlikely
that such factors would explain all of the observed association be-
tween CRF and depressive symptoms. We do not have sufficient
information on medication use, treatments, menopausal status,
pregnancy status, or dietary habits to include these factors in our
analysis. Such information should be included in future studies,
to expand on the findings reported here.

4.4. Implications of the current study

We computed population attributable risk (Rothman and
Greenland, 1998) values to estimate the burden of depressive
symptoms attributable to low fitness and other risk predictors. If
all individuals with low fitness in our population sample became
fit, the incidence of depressive symptoms cases might have been
7% and 9% lower in men and women, respectively (data not
shown). Currently, there is not enough data to determine how
much of the depressive symptoms burden may be due to low fit-
ness. These findings from the ACLS cohort suggest that assessing
and possibly increasing population fitness levels should be given
consideration for primary prevention and for lowering the burden
of depressive symptoms through lifestyle changes such as increas-
ing physical activity. CRF can be enhanced through participation in
moderate and vigorous physical activities, such as brisk walking,
bicycling, and jogging for 30 min or more on most days of the week
(Pate et al.,, 1995). Our recent randomized trial showed a significant
improvement in VOznqax in overweight or obese postmenopausal
women with as little as 72 min of moderate intensity physical
activity/week (Church et al.,, 2007). The clear dose-response rela-

tionship between fitness and depressive symptoms found in the
current study should encourage individuals to lead a physically ac-
tive lifestyle. Doing so may reduce not only cardiovascular disease,
the leading cause of death in the United States, but also the risk of
depression. These findings are also helpful for health care profes-
sionals. They suggest the usefulness of advising sedentary patients
about the benefits of physical activity for mental well-being.

4.5. Conclusions

In a large sample of men and women, this prospective study
showed that CRF is inversely associated with the risk of developing
elevated depressive symptoms. This result is consistent with previ-
ous longitudinal studies of self-reported physical activity and
depressive symptoms. Further studies are needed to expand our
findings on functional capacity assessment using exercise testing
to clinically defined depression in the general population.
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