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Part G. Section 8:
Mental Health

Introduction

Poor mental health, including diseases of the central nervous system (CNS), reduces the
quality of life and adds a burden on public health. People with anxiety or depression
disorders are more likely to have chronic physical conditions (1), and depression and
dementia were among the 10 leading risk factors of disability-adjusted life expectancy in
high-income nations worldwide during 2001 (2). They are projected to rank first and third
by the year 2030 (3). In the United States, dementia and other CNS disorders are a leading
cause of death, and mental disorders are estimated to account for more than 40% of years
lost to disability (4).

The scientific evidence from prospective cohort studies and randomized controlled trials
(RCTs) supports the overall conclusion that regular participation in moderate-to-vigorous
physical activity is associated with improved aspects of mental well-being and reduced
symptoms of several mental health disorders.

Review of the Science

Overview of Questions Asked

This chapter addresses 7 general questions about physical activity and mental health
conditions. Each question includes subsections that focus on whether physical activity can
protect against the onset of, or reduce, symptoms; whether the effects of physical activity on
the symptoms differ by age, sex, race/ethnicity, or medical condition; and whether the
effects of physical activity differ by the type, intensity, or timing of the physical activity.
The general questions are:

1. Is there an association between physical activity and depression?
2. Is there an association between physical activity and anxiety?
3. Is there an association between physical activity and distress and well-being?

4. Ts there an association between physical activity and cognitive function and
dementia?

5. Is there an association between physical activity and sleep?
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6. Is there an association between physical activity and other aspects of mental health?
7. Is there an association between physical activity and adverse psychological events?

The chapter also considers a final question dealing with mechanisms that could plausibly
explain the association between physical activity and mental health.

Data Sources and Process Used to Answer Questions

To provide evidence-based answers to the above questions, the Mental Health subcommittee
obtained data from a search of the Physical Activity Guidelines for Americans Scientific
Database (see Part F: Scientific Literature Search Methodology, for a full description of
the Database), which contains studies published in 1995 and later. Conclusions regarding the
evidence-based review were restricted to results of RCTs and observational studies that used
a prospective cohort design. Findings from selected cross-sectional, observational studies
are presented when they provided additional information for questions that had a limited
number of RCTs and prospective cohort studies (e.g., anxiety disorders and sleep). Studies
of physical activity and mental health published since 1995 were evaluated using meta-
analytic or otherwise systematic reviews when they were available. When such reviews were
not available or were not sufficiently current, a systematic quantitative synthesis of results
from published studies was conducted using a random effects model that weights results by
the size of each study and variation in the effects across studies. Odds ratios in observational
studies and standardized effect sizes in RCTs were retrieved from the published papers, or
they were otherwise estimated from data and test statistics reported in the papers (5).

Question 1: Is There an Association Between Physical Activity and
Depression?

Introduction

The American Psychiatric Association (6) recognizes 4 types of mood disorders:

(1) depression, (2) bipolar or manic-depressive disorder, (3) mood disorders due to a
medical condition, and (4) substance-induced mood disorders. Depression has an annual
prevalence of about 8% among women and 4% among men worldwide and in the United
States. The annual cost of depression in the United States is estimated at $83 billion per year
(7). This condition includes a mild chronic form, dysthymia, and a more severe form, major
depressive disorder. The rate of major depression has increased steadily during the past

50 years, with a lifetime prevalence of about 16%; the rate is higher among Hispanics than
whites, and lowest, though still substantial, among African Americans. The lifetime rate of
depression among adults aged 30 to 60 years is about twice the rate among people older than
age 60 years (8).

People have a major depressive episode when they have depressed mood or lose interest or
pleasure in normal activities most of the time for at least 2 weeks. Other symptoms include
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abnormalities in appetite, libido, sleep, energy levels, concentration and, often, suicidal
thoughts. In some cases, anxiety and motor agitation can be more prominent symptoms than
depressed mood. Also, mood disturbance can be less apparent than other features such as
irritability, abuse of alcohol, and worsening of comorbid phobias, obsessions, or
preoccupation with physical symptoms. Depression is not considered a major depressive
episode if it is caused by grief (less than 2 months), drug abuse or medication, or a medical
condition such as hyperthyroidism, heart disease, diabetes, multiple sclerosis, hepatitis, or
rheumatoid arthritis. Many older patients with symptoms of depression do not meet the full
criteria for major depressive disorder. If they have similar, but fewer, symptoms they may
have minor depression, a sub-syndromal form of depression.

Does Physical Activity Protect Against the Onset of Depression Disorders or
Depression Symptoms?

Conclusions

Population-based, prospective cohort studies provide substantial evidence that regular
physical activity protects against the onset of depression symptoms and major depressive
disorder. Evidence is insufficient to draw conclusions about bipolar disorder and other mood
disorders.

Rationale

An association between physical activity and reduced symptoms of depression among adults
has been generally supported in more than 100 population-based observational studies
published since 1995, including nationally representative samples of nearly 190,000
Americans (9-15). Most of the studies looked at cross-sectional associations, which
indicated that active people on average had nearly 45% lower odds of depression symptoms
than did inactive people. In the national samples of Americans, active people had
approximately 30% lower odds of depression.

Twenty-eight of the studies used a prospective cohort design, which reduces the likelihood
that the association is explainable by people becoming less active after they experience
depression symptoms. The median follow-up was about 4 years, and the range was 9 months
to 37 years. The studies came from 11 nations (Australia, Canada, China, England, Finland,
Germany, Israel, Italy, Netherlands, Japan), including 13 studies from the United States. In
the cohort studies, the average odds of elevated symptoms were about 25 to 40% lower
among active compared with inactive people, without adjustments for depression risk factors
that might have differed between the active and inactive groups (OR = 0.67, 95% CI = 0.59
to 0.77). After adjustment for risk factors, such as age, sex, race, education, income,
smoking, alcohol use, chronic health conditions, and other social and psychological
variables, the odds remained nearly 15 to 25 percent lower among active people (OR = 0.82,
95% CI=0.78 to 0.86).
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Nearly all the comparisons (66 of 67) in the cohort studies showed less depression among
physically active than inactive adults, but half the results did not reach statistical
significance, often because the sample sizes were not big enough. The average number of
people for each comparison was about 1,100 people, but a fourth of the comparisons
included 500 people or fewer. Studies of 8 cohorts (16-23) used a clinical diagnosis to
measure depression symptoms, reporting a reduction in the odds of incident cases of
depression that averaged 30 percent (OR =0.71, 95% CI: 0.61 to 0.77) among active people
compared to inactive or low active people. In those studies, 18 of 19 comparisons favored
active people, and nearly half the comparisons were statistically significant. Thus, the
protective effect of physical activity is not limited to self-rated symptoms measured by
questionnaires. Figures G8.1a and G8.1b illustrate crude and adjusted odds ratios and

95% confidence intervals from the 28 prospective cohort studies of physical activity and
depression in nearly 40,000 adults from 11 countries, including 11 studies from the United
States.

Does Physical Activity Reduce Symptoms of Depression?

Conclusions

The results of RCTs indicate that participation in physical activity programs reduces
depression symptoms in people diagnosed as depressed, healthy adults, and medical patients
without psychiatric disorders.

Rationale: Depressed Patients

A meta-analysis of 14 RCTs of chronic exercise among people diagnosed with depression
(24) reported a cumulative, mean reduction in depression symptoms of 1.1 SD (95% CI:

1.5 to 0.60). However, the studies had scientific weaknesses that made it hard to conclude
that the reduced depression symptoms were the independent result of exercise, and only 2 of
the studies had been published after 1995 (25;26). Since that review, at least 11 RCTs have
used exercise training to reduce depression symptoms in about 500 depressed patients. In

3 studies (27-29), depression was identified using cut-point scores on symptom
questionnaires that have good predictive validity as screening tests to detect depression. In
another 8 studies (30-37), patients were identified by diagnostic interview as having major
depressive disorder, minor depression, or dysthymia.

In the studies published since the Lawlor & Hopker review (24), the average effect of
exercise for symptom reduction was 1.1 SD (95% CI: 1.55 to 0.64) compared to a no
treatment control group, virtually identical to the Lawlor & Hopker results. These recent
studies compared the effects of exercise to a placebo (29;32-34;36;38) or to drug therapy
(30;38) or bright light therapy (35). The reductions, on average, favored exercise over
placebo (0.35 SD, 95% CI: 0.49 to 0.22), and 6 of 14 comparisons were statistically
significant. The average sample size was 58 people, but 25% of the studies had 25 people or
fewer. Symptom reduction after exercise was similar to drug therapy and similar or superior
to bright light therapy. Four of the studies reported that reductions in symptoms met criteria
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Figure G8.1a Depression Symptoms: Prospective Cohort Studies, 1995 Through

2007: Crude Odds
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Figure G8.1a Data Points
Author/Date High Low Odds Ratio
Beard et al., 2007 1.658 0.236 0.625
Biderman et al., 2002 0.6504 | 0.265 0.415
Bots et al., 2007 1.289 0.4819 | 0.788
Brown et al., 2005 0.8251 | 0.6011 | 0.704
Chen & Millar, 1999 1.0587 | 0.588 0.789
Cooper-Patrick et al., 1997 | 1.5026 | 0.365 0.74
Da Costa et al., 2003 0.8115 | 0.2407 | 0.442
Ford et al., 1998 1.3663 | 0.4686 | 0.8
Foreyt et al., 1995 1.0047 | 0.3562 | 0.598
Giltay et al., 2006 0.9678 | 0.4232 | 0.64
Harris et al., 2006 1.1502 | 0.577 0.815
Juarbe et al., 2006 1.2356 | 0.4861 | 0.775
Knox et al., 2006 0.848 0.6394 | 0.736
Lampinen et al., 2000 1.1555 | 0.0666 | 0.277
Rubin et al., 2005 0.9982 | 0.9229 | 0.94
Strawbridge et al., 2002 0.6709 | 0.1698 | 0.338
Walker et al., 2004 1.0842 | 0.523 0.753
Woo et al., 2002 1.0253 | 0.5173 | 0.728
Wyshak et al., 2001 0.7946 | 0.5432 | 0.657
Yoshiuchi et al., 2006 0.7689 | 0.2658 | 0.452
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Figure G8.1b Depression Symptoms: Prospective Cohort Studies, 1995 Through

2007: Adjusted Odds
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Figure G8.1b Data Points
Author/Date High Low Odds Ratio
Backmand et al., 2003 0.9892 | 0.8556 | 0.92
Bernaards et al., 2006 1.1774 | 0.5429 | 0.7995
Bots et al., 2007 0.9956 | 0.9554 | 0.95
Brown et al., 2005 1 0.65 0.8
Chen & Millar, 1999 0.957 0.6831 | 0.8086
Cooper-Patrick et al., 1997 0.9714 | 0.4021 | 0.625
Hurwitz et al., 2003 1.7464 | 0.4326 | 0.8692
Knox et al., 2006 0.999 0.1602 | 0.4
Kritz-Silverstein et al., 2001 (M) | 0.8946 | 0.6746 | 0.7769
Kritz-Silverstein et al., 2001 (F) | 1.141 0.5439 | 0.7878
Mobily et al., 1996 1.1928 | 0.5659 | 0.8216
Morgan & Bath, 1998 0.99 0.855 0.92
Strawbridge et al., 2002 0.9205 | 0.678 0.79
Strohle et al., 2007 1.1945 | 0.5072 | 0.7784
Van Gool et al., 2003 1.4337 | 0.1242 | 0.422
Woo et al., 2002 1.0435 | 0.5224 | 0.7383
Wyshak et al., 2001 0.8114 | 0.5472 | 0.6663
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for a clinically meaningful decrease in symptoms (50%) or remission (32;35;37;38).
Long-term reductions in symptoms were examined in a few studies and were generally
favorable after supervised exercise training ended, especially when people maintained
regular physical activity (28;29;36;39). The trial by Dunn and colleagues. (2005) was a
placebo trial that controlled for social interaction and sunlight exposure (2 confounders
common in other studies) and reported response and remission rates after exercise training
that were 40 to 50% better than placebo (32).

Rationale: Healthy Adults and Adults With Medical Conditions

At least 42 RCTs since 1995, including more than 2,600 people, have examined the effects
of exercise on depression symptoms in healthy adults or adults with medical conditions
other than depression or disabling conditions that severely limit physical activity (i.e., spinal
cord injury, multiple sclerosis, and stroke or traumatic head injury). Most of the medical
patients studied had cardiovascular diseases, arthritis, chronic pain, obesity, or were cancer
survivors. The mean effect of exercise compared to a control condition was 0.35 SD

(95% CI: 0.24 to 0.46). The outcomes favored exercise in 90% (34 of 38) of the
comparisons with control conditions, of which 60% (23 of 38) reached statistical
significance. The average sample size was about 65 people, but in about a fourth of the
studies it was less than 35, which was too small to detect an effect smaller than a half
standard deviation (SD). When compared to a placebo (usually stretching or health
education), the effect of exercise was halved to 0.15 SD (95% CI: 0.24 to 0.06). Although
exercise effects exceeded placebo effects in 19 of 22 comparisons, only 4 reached statistical
significance. The average sample size in the placebo studies was nearly 100 people, but
samples more than 4 times that size would be needed to detect an effect that small.

Do the Effects of Physical Activity on Depression Symptoms Differ According
to Age, Sex, Race/Ethnicity, or Medical Condition?

Conclusions

The available evidence supports the conclusion that regular physical activity reduces
depression symptoms regardless of age, sex, race/ethnicity, or medical condition. Whether
these factors modify the association between physical activity and depression has been
understudied. Also, race and ethnicity have been poorly represented or not described in most
studies.

Rationale: Cohort Studies

Few prospective cohort studies reported findings according to sex or age groups. Just

1 study reported results for men and women, finding that lower levels of depression
symptoms were associated with more physical activity in both men and women (40). Only
11 studies had separate results for men or women. Reductions were smaller for active men
(OR =0.96, 95% CI =0.93 to 0.99) than women (OR = 0.72, 95% CI = 0.68 to 0.77), but
men were less studied. Five studies totaled fewer than 4,000 men, while 6 studies totaled
more than 14,000 women. After adjusting for the number of comparisons made in each of
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the other cohort studies, in which men and women were represented evenly, effects for men
and women did not differ. Crude odds reduction among active people were greater for
people aged 55 years or older (OR = 0.58; 95% CI = 0.46 to 0.72) than people younger than
age 55 year (OR =0.72; 95% CI = 0.64 to 0.81), but physical activity was protective for all
age groups, regardless of sex.

Most of the prospective cohort studies were population-based, but only a third specified the
proportions of racial and ethnic groups included, and only 4 studies had evidence of good
representation of African Americans and/or Hispanics/Latinos (41-44). One study reported
that the odds of depression symptoms were similarly lower among white and African
American adults who were active (42). Other studies had poor or no representation of other
minority groups.

Rationale: Randomized Controlled Trials

In RCTs of people without depression, the average effect of exercise compared to a control
condition is 0.35 SD in people with medical conditions (24 studies; 95% CI: 0.47 to 0.23)
and 0.35 SD in people who have not been diagnosed with a medical condition (7 studies;
95% CI: 0.59 to 0.11). Figure G8.2 illustrates effect sizes and 95% confidence intervals
comparing exercise with a control condition from the RCTs of depression in adults with or
without medical conditions.

These trials reported similar reductions in depression for groups of varying ages from 28 to
83 years, but the studies were not designed to compare groups according to sex,
race/ethnicity, or age. Only 1 of the trials compared men and women (45) and none
compared effects between people of different ages or race/ethnicities. Seven of 11 studies of
Americans described the racial/ethnic composition of their samples, but only 5 studies
included African Americans (46-50); 3 studies included small numbers of Hispanics,

Asian Americans or American Indians (49-51). Effects were larger in 6 studies of men
(mean = 0.86 SD, 95% CI = 0.45 to 1.26), compared to 9 studies of women (mean = 0.27
SD, 95% CI =0.04 to 0.51) and to 23 studies that combined results of men and women
(mean = 0.27 SD, 95% CI = 0.16 to 0.37). Thus, it is likely that other features of the studies
of men might explain the larger effects.

Reductions in depression symptoms were larger in 8 studies of heart patients (mean = 0.60
SD, 95% CI = 0.33 to 0.86) than in studies of other medical conditions (mean = 0.23 SD,
95% CI=0.11 to 0.34) and were largest in the 3 studies of heart patients that included only
men (52-54) (mean = 1.0 SD, 95% CI = 0.50 to 1.5). The small number of studies precluded
meaningful comparisons among the other medical conditions.
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Figure G8.2 Depression Symptoms: Randomized Controlled Trials, 1995 Through

2007
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Antunes et al., 2005 1.5775 0.3545 0.966
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Courneya et al., 2003 0.4774 -0.3524 0.0625
Daley et al., 2007 1.2058 0.2102 0.708
Dugmore et al., 1999 1.4473 0.6947 1.071
Emery et al., 1998 1.1587 0.0003 0.5795
Gary & Lee, 2007 2.0279 0.2521 1.14
Gowans et al., 2001 1.2908 -0.1478 | 0.5715
Kiernan et al., 2001 0.4897 -0.4197 | 0.035
Koukouvou et al., 2004 2.3344 0.5646 1.4495
Mannerkorpi et al., 2000 0.7909 -0.2519 0.2695
Neidig et al., 2003 0.97 -0.059 0.4555
Neuberger et al., 2007 0.2436 -0.3876 -0.072
O'Reilly et al., 1999 0.5329 -0.0669 | 0.233
Paz-Diaz et al., 2006 1.561 -0.1128 | 0.7241
Rolland et al., 2007 0.4932 -0.185 0.1541
Schachter et al., 2003 0.8583 -0.1649 | 0.3467
Scholz et al., 2006 0.7897 0.2233 0.5065
Segar et al., 1998 2.1691 -0.1017 1.0337
Seki et al., 2003 0.935 -0.3452 | 0.2949
Tench et al., 2003 0.6196 -0.3542 | 0.1327
Van den Berg-Emons et al., 2004 | 1.0801 -0.2801 0.4
Yu et al., 2004 0.4876 -0.0886 | 0.1995
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Part G. Section 8: Mental Health

Do the Effects of Physical Activity Vary According to Features of Physical
Activity, Including Type, Intensity, or Timing (i.e., Session Duration, Weekly
Frequency, and Length of Participation)?

Conclusions

The evidence from prospective cohort studies and RCTs published since 1995 suggests that
moderate and high levels of physical activity similarly reduce the odds of developing
depression symptoms compared to low levels of physical activity exposure, which is
nonetheless more protective than inactivity or very low levels of physical activity. The
minimal or optimal type or amount of exercise for reducing depression symptoms is not yet
known, but it appears that an increase in physical fitness is not required.

Rationale

Epidemiologic studies typically use a variety of criteria and methods to classify people into
2 or more activity groups. This limits the evaluation of the dose-response relation across the
full range of reported physical activity and can misclassify people who overestimate or
underestimate their activity. Only 7 prospective cohort studies of depression symptoms
included the 3 or more levels of physical activity necessary to determine whether the
association of physical activity with lower odds of depression has a dose-gradient with
increased levels of exposure (16;18;21;22;55-57). After adjustment for age, sex, and other
risk factors, the reduction of odds was smaller for the lowest level of physical activity

(OR =0.86, 95% CI =0.79 to 0.94) compared to the next 2 levels of physical activity, which
did not differ (OR = 0.77, 95% CI = 0.72 to 0.82). Thus, the highest levels of participation
did not confer more protective benefits than did more moderate levels. Each was more
protective than the lowest levels in the studies.

Figure G8.3 shows the odds ratios and 95% CI in prospective cohort studies that examined
the dose-response association between levels of physical activity and depression symptoms.

Those studies used different measures and criteria for defining levels of physical activity, so
it is not possible to convert their findings to a standard estimate (e.g., MET-hours or
kilocalories per kilogram) of the amount of physical activity at each level. However, about
half the prospective cohort studies provided enough information to determine whether active
people were meeting existing public health recommendations (58;59) f