
Prospective Study of Cardiorespiratory Fitness and Depressive
Symptoms in Women and Men

Xuemei Sui, MD1,*, James N. Laditka, Ph.D2, Timothy S. Church, MD, Ph.D3, James W.
Hardin, Ph.D4,5, Nancy Chase, BS1, Keith Davis, PhD6, and Steven N. Blair, PED1,4,7

1Department of Exercise Science, University of South Carolina, Columbia, SC

2Department of Public Health Sciences, University of North Carolina at Charlotte, Charlotte, NC

3Pennington Biomedical Research Center, Baton Rouge, LA

4Department of Epidemiology and Biostatistics, University of South Carolina, Columbia, SC

5Center for Health Services and Policy Research, University of South Carolina, Columbia, SC

6Department of Psychology, University of South Carolina, Columbia, SC

7Department of Kinesiology, Health Promotion, and Recreation, University of North Texas, Denton, TX

Abstract
Most studies of the relationship between cardiorespiratory fitness (CRF) and depression have been
limited 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 3,085 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-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, CI 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.
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1. Introduction
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 associated 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 cognitive decline (Jorm, 2000;Green et al., 2003).

Many population-based studies have reported that physical activity may reduce the risk of
developing depression (Farmer et al., 1988;Camacho et al., 1991;Paffenbarger et al.,
1994;Kritz-Silverstein et al., 2001;Strawbridge et al., 2002;Wiles et al., 2007;Thirlaway &
Benton, 1992;Galper et al., 2006;Tolmunen et al., 2006). Meta-analyses based on cross-
sectional studies, longitudinal studies, and randomized clinical trials appear to confirm this
association (Lawlor & 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-
Patrick et al., 1997;Weyerer, 1992). The inconsistent findings of previous 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 commonly with self-reports (Hopko et al., 2008).

For the measure of depressive symptoms, we employed the validated and widely-used Center
for Epidemiologic Studies Depression Scale (CES-D). Although the CES-D cannot diagnose
depression, 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 limitations of previous research in the current study by examining the
prospective relationship between cardiorespiratory fitness (CRF) and depressive symptoms.
CRF is an objective and reproducible 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 examined
associations between CRF and emotional well being. To our knowledge, only three previous
studies have investigated the association between symptoms of depression and CRF (Tolmunen
et al., 2006;Galper et al., 2006;Thirlaway & Benton, 1992). One focused on middle-aged men,
reporting that those with low CRF (measured by VO2max, maximal oxygen uptake) were more
likely to have depressive symptoms (Tolmunen et al., 2006). The others included both women
and men (Thirlaway & Benton, 1992;Galper et al., 2006). Thirlaway et al (Thirlaway & Benton,
1992) studied a group of relatively young subjects, the majority between ages 30 and 40, finding
an inverse association between CRF and depressive symptoms. This result was found only for
those who were physically inactive, however, not for those who were at least moderately active.
More recently, in the Aerobics Center Longitudinal Study (ACLS), Galper et al (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 expand the earlier
report from the ACLS, by examining the longitudinal 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.,
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1996;Sui et al., 2007). All patients had a baseline health examination. All patients 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 heart rate (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 women, and 102.5 (7.0) in men, thus indicating
maximal or near maximal 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
analysis. 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 to 81 years) who met the above criteria and
responded 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 hours, an extensive physical
examination and preventive health evaluation were performed (Blair et al., 1989;Blair et al.,
1996). During the examination, participants completed a maximal exercise treadmill test,
provided blood for chemistry analyses, had measures of blood pressure taken, and responded
to a comprehensive questionnaire 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)2. Resting blood pressure was measured using standard auscultation 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 determined
based on a self-reported history of physician diagnosis or measured phenotypes that met clinical
thresholds for each condition. Information on smoking habits (current smoker or not), alcohol
intake (drinks per week), physician diagnosed mental disorder, and stressful occupation (yes
or no) was obtained from a standardized questionnaire.

CRF was defined as the total time of a symptom-limited maximal treadmill exercise test, using
a modified Balke protocol (Blair et al., 1989;Balke & 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 O2 uptake·kg−1·min−1) were calculated 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 exposures as the lowest 20% and the middle and upper 40%,
respectively, 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 conduction disturbances and ischemic ST-T wave abnormalities, as described 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
random sample of 357 patient records and were blinded to the recorded interpretation (Gibbons
et al., 2000).
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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 population (Radloff, 1977).
Although the CES-D is not a diagnostic instrument, it is a valid, reliable, and widely-used tool
for screening and detecting depressive symptoms in the general population (Beekman et al.,
1997;Cheung et al., 2007). The range of possible scores is 0 to 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 & Kauppinen, 2004), and also in studies that separately
examined women and men (Ried & Planas, 2002). We used this cutpoint to define the presence
of depressive symptoms. All participants completed the CES-D as part of a mail survey in 1990
and/or 1995. There were 10,190 and 9,674 participants 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 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 (Macera et al., 1990). We also
investigated whether differential mortality 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 depressive symptom score was used for analysis.

2.4. Statistical analysis
All analyses were sex-specific. Descriptive statistics were calculated 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. Incidence rates were calculated by dividing the number of individuals
reporting elevated levels of depressive symptoms by the population at risk, both for the total
sample and within categories of fitness. 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 association, 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 minutes, 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 person-years of exposure. Among women, 9.1% reported depressive
symptoms at follow-up (CES-D scores above 16). The corresponding rate for men was 6.6%.
Table 1 presents characteristics of the women (n=3,085) and men (n=11,258) in the study.
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Fig. 1A (representing men) and Fig. 1B (representing women) present unadjusted incidence
rates of elevated depressive symptoms across low, moderate, and high categories of CRF. There
was an inverse gradient for the incidence of depressive symptoms across incremental levels of
CRF (ptrend < 0.0001, for both men and women).

Table 2 shows odds ratios (ORs) for depressive symptoms, and their associated 95% confidence
intervals (CIs), adjusted for age, baseline examination year, and the survey response year. Each
additional minute of treadmill test duration at baseline was associated with 5% lower odds of
reporting depressive symptoms at follow-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 (CI 0.88–0.94)
in men, and 0.89 (CI 0.83–0.95) in women. The remaining data rows of Table 2 show
comparable ORs and CIs 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 comparison 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
follow-up (events), and the ORs and CIs from 2 sets of logistic regression models focused on
the 3 CRF categories. Model 1 adjusted for age, baseline examination year, and the year in
which the participant 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,
CI 0.32–0.65, ptrend < 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 0.49, CI 0.39–0.60, ptrend < 0.0001).

Model 2 of Table 3 further adjusts for stressful occupation, current smoking, alcohol
consumption, body mass index, hypertension, diabetes, and abnormal exercise ECG responses.
The results shown in Model 2 suggest only modest attenuation of the association 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 reporting depressive symptoms at
follow-up within categories of other possible risk factors are presented in Table 4. In men, after
adjusting 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% to 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 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 below 1.0. The somewhat larger variation among the point estimates for women, and the
marginal statistical significance in many instances, 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.
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4. Discussion
4.1. Principal findings

In longitudinal analyses, we found a sharply graded inverse dose-response relationship between
CRF at baseline and depressive 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 between CRF and depressive symptoms was generally
consistent within strata of other potential risk factors.

The findings that obese men and women had significantly higher 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 relationship 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 antidepressant
effects. Other plausible mechanisms focus on psychosocial factors such as self-esteem (Stewart
et al., 1994), social interaction (Peluso & Guerra de Andrade, 2005), and a sense of ownership
(Stephens, 1988), which could result from improved fitness 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 association
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 measured CRF (Thirlaway & Benton, 1992;Galper et al.,
2006;Tolmunen 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 individuals (Thirlaway & 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 (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 and
colleagues (Tolmunen et al., 2006) observed that men with low oxygen uptake (less than 28.1
ml/kg/min) had a 3.4fold higher risk of being depressed, compared with those with a
VO2max exceeding 36.2 ml/kg/min. Furthermore, they reported 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.
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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 lifestyle than self-reported
physical activity (Haskell et al., 1992). Thus, our approach improves on previous population-
based studies, which have generally relied on self-reported measures of physical 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 symptoms. 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 approach not usually used in cohort
studies such as ours (Wiles et al., 2007). Finally, we excluded individuals with cancer,
cardiovascular disease, or a self-report of having had a physician diagnosis 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 homogeneity of our study
participants should enhance the internal validity of our findings, by reducing the likelihood of
notable confounding 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 disease prevention (Paffenbarger et
al., 1994;Lee & 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 clinically 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 diagnoses may introduce measurement error into the analysis. However, 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 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 accuracy of self-reported, physician-diagnosed hypertension in this cohort 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 diagnosis 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 performance of the CES-D for screening for major
depression in cancer patients identified the optimal cut-off score of 17, which was associated
with 100% sensitivity, 79% specificity, and 92% positive predictive 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
commonly used for outcome measurement in epidemiological studies, this tool was developed
primarily to identify individuals with clinically significant symptoms that require more
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intensive evaluation. We therefore advise caution when interpreting the results of this study.
To examine the sensitivity of the cut-point used in this analysis, 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 outcome 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 between 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 & 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 xx% and xx% 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 fitness. 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 increasing physical activity. CRF can be enhanced through participation in
moderate and vigorous physical activities, such as brisk walking, bicycling, and jogging for
30 minutes or more on most days of the week (Pate et al., 1995). Our recent randomized trial
showed a significant improvement in VO2max in overweight or obese postmenopausal women
with as little as 72 minutes of moderate intensity physical activity/week (Church et al., 2007).
The clear dose-response relationship between fitness and depressive symptoms found in the
current study should encourage individuals to lead a physically active 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 professionals. 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 previous 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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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.
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Table 1
Baseline Characteristics of Men and Women, Aerobics Center Longitudinal Study, 1970–1995.

Characteristic Men (n=11,258) Women (n=3,085)

Age (years) 45.0±9.5 44.6±10.3

Maximal METs 12.0±2.6 9.6±2.2

Treadmill time (minutes) 18.5±5.1 13.5±4.7

  Low fitness (%) 12.9 11.8

  Moderate fitness (%) 37.2 36.7

  High fitness (%) 49.9 51.6

Body Mass Index (kg/m2) 25.7±3.3 22.5±3.3

Lipids (mmol/L)

  Total cholesterol 5.5±1.0 5.3±1.2

  HDL-C 1.2±0.3 1.6±0.5

  Triglycerides 1.4±1.0 1.0±1.1

Fasting blood glucose (mmol/L) 5.6±0.9 5.2±0.7

Blood pressure (mmHg)

  Systolic 122±14 113±14

  Diastolic 81±9 75±9

Stressful occupation* (%) 36.8 17.9

Current smoker (%) 13.4 8.8

Alcohol intake (≥5 drinks/week) † (%) 41.7 25.1

Hypertension‡ (%) 24.1 12.3

Diabetes§ (%) 4.1 1.9

Abnormal exercise ECG (%) 5.5 4.7

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.

*
Defined as yes or no based on a standardized questionnaire

†
One unit of alcohol is defined as 12 ounces (3.41 dL) of beer, 5 ounces (1.421 dL) 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.

§
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.
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Table 2
Odds ratios (ORs)* for depressive symptoms, by study risk factors.

Men Women

Variable OR (95% CI) OR (95% CI)

Treadmill test duration (per 1-minute increment) 0.95 (0.94–0.97) 0.95 (0.92–0.98)

Treadmill test maximal METs (per 1-MET increment) 0.91 (0.88–0.94) 0.89 (0.83–0.95)

Body mass index, kg/m2

  18.5–24.9 1.00 (Referent) 1.00 (Referent)

  25.0–29.9 1.14 (0.97–1.34) 1.30 (0.91–1.85)

  ≥30.0 1.55 (1.22–1.96) 1.93 (1.11–3.35)

  P-linear trend 0.0007 0.01

Stressful occupation 1.56 (1.34–1.82) 1.31 (0.97–1.76)

Current smoker 1.42 (1.16–1.72) 1.23 (0.82–1.84)

Alcohol consumption (≥5drinks/week) 1.01 (0.87–1.18) 1.00 (0.75–1.33)

Hypertension 1.06 (0.89–1.27) 1.11 (0.76–1.62)

Diabetes 1.00 (0.68–1.47) 1.80 (0.84–3.85)

Abnormal exercise ECG responses 1.04 (0.73–1.46) 1.14 (0.63–2.08)

OR, odds ratio; CI, confidence interval. OR, odds ratio; CI, confidence interval; ECG, electrocardiogram; METs, metabolic equivalents.

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