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Although physical activity (PA) has been inversely associated with depressive symptoms, it is not clear whether
regular PA and television watching are associated with clinical depression risk. The authors conducted a prospec-
tive analysis involving 49,821 US women from the Nurses’ Health Study who were free from depressive symptoms
at baseline (1996). Information on PA was obtained from validated questionnaires completed in 1992, 1994, 1996,
1998, and 2000; analyses were conducted using the cumulative average of PA (minutes/day) with a 2-year latency
period applied. Participants were asked about television-watching habits in 1992. Cox proportional hazards regres-
sion models adjusted for multiple risk factors were used to estimate relative risks of clinical depression (self-reported
physician-diagnosed depression or use of antidepressants). During 10 years of follow-up (1996–2006), 6,505
incident cases of depression were documented. Higher levels of PA were associated with lower depression risk.
The multivariate relative risk comparing the highest level of PA (�90 minutes/day) with the lowest (<10 minutes/day)
was 0.80 (95% confidence interval: 0.70, 0.92; Ptrend < 0.001). In contrast, the risk of depression increased with
increasing television-watching time. Themultivariate relative risk comparing womenwho spent 21 hours/week or more
watching television with those who spent 0–1 hour/week was 1.13 (95% confidence interval: 1.00, 1.27; Ptrend¼ 0.01).
Analyses simultaneously considering PA and television watching suggested that both contributed independently to
depression risk.

aged; cohort studies; depression; motor activity; television; walking; women

Abbreviations: CI, confidence interval; MHI, Mental Health Index; OR, odds ratio; PA, physical activity; SUN, Seguimiento
University of Navarra.

Major depressive disorder is a chronic and recurrent illness
that affects 2 times more women than men (1); in the United
States, about 20% of the women will be affected during their
lifetimes (2). The economic consequences of major depres-
sive disorder are considerable (3) because of not only the
increased use of health-care services and the worse health
outcomes associated with this disease but also the loss of
productivity due to absenteeism and inefficiency at work (4).
Thus, depression prevention is a major health priority and
new strategies for dealing with it are needed.

Since Hippocrates’ time, physical activity (PA) has been
recommended by physicians to prevent depression (5). Despite

dissimilarities in the designs of the 21 longitudinal studies that
analyzed the relation between PA and depression symptoms,
17 found significant inverse associations (6–22), whereas only
4 did not (23–26). Of these 21 studies, only 5 (8, 11, 20, 23, 25)
used Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, depression criteria as an outcome, and of
these, 3 found significant inverse associations (8, 11, 20).
Most of these studies, however, had several limitations, in-
cluding a relatively small study population, a short follow-up
time, a lack of repeated measurements of the exposure and
outcome, and no exclusion of depressed participants at base-
line. A recent Cochrane review of randomized trials concluded
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that PA interventions had only a modest impact on depressive
symptoms in patients who had been diagnosed with major
depressive disorder (27).

Although lack of regular PA is often associated with de-
pressive symptoms, few studies have analyzed the joint as-
sociation between sedentary behavior and PA in relation to
clinical depression, and only 1 study has considered the re-
lation between television watching and depression (25). In
participants of the Nurses’ Health Study, we examined the
relation of PA and television watching, separately and jointly,
and incident clinical depression risk while assessing any
potential dose-response relation.

MATERIALS AND METHODS

Study population

The Nurses’ Health Study is a prospective cohort study of
121,700 US female registered nurses aged 30–55 years at
enrollment in 1976. Every 2 years, participants provide up-
dated information via mailed questionnaires about lifestyle,
medical history, and newly diagnosed medical illnesses. For
the present analysis, the follow-up period began at the return
of the 1996 questionnaire and ended in June of 2006. Women
were first asked to report their use of antidepressants in 1996
and to report their history of physician-diagnosed depres-
sion in 2000. To prospectively examine the relation between
PA and depression, we excluded from the baseline popula-
tion women who reported using antidepressants in 1996 or
had a physician-diagnosed episode of depression in 1996 or
earlier; women who had severe depressive symptoms on the
1992 or 1996 Mental Health Index (MHI-5) questionnaire
(score �52) (28–30), a 5-item subscale of the Short-Form
Health Status Survey, were also excluded. Women who did
not report their depressive status in 1996, 1998, or 2000 or did
not return or answer the 1992 or 1996 MHI-5 questionnaire
were excluded because their depression history by 1996
could not be ascertained. By 2000, a total of 60,833 women
were alive and had completed the 1996–2000 questionnaires;
of these, 50,605 were considered depression-free in 1996
and comprised the baseline population for the present anal-
yses. As in a previous study (31), we excluded women who
reported more than 4 hours/day of PA on any returned ques-
tionnaire (n ¼ 784). The final 1996 baseline population
comprised 49,821 women. The study protocol was approved
by the institutional review boards of Brigham and Women’s
Hospital and the Harvard School of Public Health.

Assessment of PA and television watching

In 1992, 1994, 1996, 1998, and 2000, participants reported
the average amount of time they had spent per week in each
of the following 9 recreational activities in the past year:
walking, jogging (<10 minutes/mile), running (�10 min-
utes/mile), bicycling, playing tennis/squash/racquetball, lap
swimming, performing calisthenics/aerobics/aerobic dance
or using a rowing machine, doing yoga/stretching/toning,
and lawn mowing. For each activity, women chose one of 11
duration categories, which ranged from 0 minutes/week to 11
hours/week or more. Women also reported their usual

walking pace in miles per hour as easy (<2 mph), average
(2–2.9 mph), brisk (3–3.9 mph), very brisk/striding (�4
mph), or unable to walk. Because only 2% of the women
reported a very brisk/striding pace, brisk and very brisk pace
were combined into 1 category. Moreover, women reported
the average number of flights of stairs they climbed daily.
Time spent stair climbing in minutes per day was then
estimated. Total PA (minutes/day) was considered the
sum of the duration reported for each of the 9 activities
plus stair climbing. In the present analyses, 5 categories of
total PA were coded (<10, 10–29, 30–59, 60–89, and �90
minutes/day). The reproducibility and validity of the PA ques-
tionnaire have been described elsewhere (32). Briefly, in a
random representative sample of Nurses’ Health Study II par-
ticipants (n ¼ 147), using past-week activity recalls and 7-day
activity diaries as the referent methods, the correlation between
activity reported on questionnaires and that of recalls was 0.79,
and that reported on diaries was 0.62. In 1992, participants
were asked to report their average weekly time spent sitting
at home watching television. The responses included 9 cate-
gories (ranging from 0 hours/week to>90 hours/week). In the
current analyses, 5 categories of television watching were
coded (0–1, 2–5, 6–10, 11–20, and �21 hours/week).

Case ascertainment

Having clinical depression was defined as reporting either
a new physician’s diagnosis of depression or beginning reg-
ular use of antidepressant medication. Because antidepressants
can be used for indications other than depression, our main
analyses were repeated using a stricter definition of depres-
sion that required both a physician’s diagnosis and the use
of antidepressants (33). Because a significant percentage
of depressed cases might have never received treatment or
might have received treatments other than antidepressants,
we repeated our main analyses using a broader definition of
depression that required a physician’s diagnosis or use of
antidepressants or severe depressive symptoms (score �52
on the MHI-5 in 2000 or score �10 on the Center for Epide-
miologic Studies Depression Scale in 2004) (34) (Appendix
Table 1). In 2000, participants were asked to report the year
of their first physician diagnosis of depression (1996 or
before, 1997, 1998, 1999, or 2000). Thereafter, this informa-
tion was updated biennially through 2006. The question about
regular antidepressant medication use was first asked in 1996,
and information was updated biennially through 2006. Hence,
the 1996 questionnaire cyclewas considered to be the baseline.

Covariates

Data on demographic factors, lifestyle, and comorbidity
were collected by using the standardized questionnaires
mailed to the nurses. In the baseline questionnaire (1996), we
requested information about age, weight, smoking, menopausal
status, use of postmenopausal hormone therapy, and pre-
viously diagnosed medical conditions (including diabetes
mellitus, cancer, myocardial infarction or angina, high blood
pressure, rheumatoid arthritis, asthma, and emphysema).
This information has been updated in the biennial follow-up
questionnaires. Information on marital status, osteoarthritis,
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and social or community group involvement (determined by
answers to the question, ‘‘How many hours each week do you
participate in any church, volunteer, or other community
group?’’) was obtained at baseline (1996) and updated in 2000
and 2004. Dietary variables were assessed using a validated
semiquantitative food frequency questionnaire (35). Neigh-
borhood socioeconomic status summary scores (36), which
include information from the US Census about wealth and
income, educational level, and occupation, were determined
at baseline. Participants’ employment status (retired, home-
maker, or working part- or full-time) was determined at base-
line, whereas educational level (registered nurse, bachelor’s
degree, master’s degree, or doctorate) was measured in 1992.
Physical function and mental health were assessed using the
36-Item Short Form Health Survey in the 1992 questionnaire.
The physical functioning score was dichotomized by physical
limitation, which was defined as more than a little limitation
on moderate activities or more than moderate limitations on
more demanding physical performance. MHI-5 score was cat-
egorized (score ¼ 86–100, 76–85, or 53–75) as in a previous
study (37).

Statistical analysis

To reduce random measurement error and optimally rep-
resent long-term effects, we used cumulative average PA in-
stead of a single measurement. To minimize the possibility of
reverse causation (i.e., depression leading to decreased PA),
we applied a 2-year latency period. For example, the cu-
mulative average of PA information from 1992 and 1994
was used to predict clinical depression in 1996–1998, and the
cumulative average of PA information from 1992, 1994, and
1996 was used to predict clinical depression in 1998–2000.
Moreover, PA information in the cumulative average estimate
was not updated after a new diagnosis of cardiovascular
disease, diabetes mellitus, or cancer because participants
could have changed their PA level after such a diagnosis.
Additionally, we conducted 2 sensitivity analyses, one in
which we did not stop updating PA after disease diagnosis
and one in which we also censored women upon disease di-
agnosis. Because walking is by far the most prevalent PA
among older adults (38), we also examined the relation
between walking pace and risk of clinical depression.

Person-years of follow-up were calculated from the date
of return of the 1996 questionnaire to the earliest of the first
questionnaire on which depression was reported, death, the
end of follow-up (June 1, 2006), or return of the last ques-
tionnaire. Cox proportional hazards models, stratified on age
in months and questionnaire cycle, were used to estimate the
relative risks of developing clinical depression. Initially, the
relative risks in model 1 were adjusted for known and
putative risk factors for depression, including current post-
menopausal hormonal use (binary), body mass index (defined
as weight (kg)/height (m)2;<25, 25–29.9, or�30), marital
status (married/in a partnership, widowed, or separated/
divorced/single), social or community group involvement
(binary), smoking (never smoker, past smoker, or currently
smoking 1–14 cigarettes/day, 15–24 cigarettes/day, or �25
cigarettes/day), total energy intake (kcal/day; continuous),
coffee intake (never or <1 time/month, <2 times/day, or

�2 times/day), diabetes mellitus (binary), cancer (binary),
myocardial infarction or angina (binary), high blood pressure
(binary), rheumatoid arthritis (binary), osteoarthritis (binary),
asthma (binary), and emphysema (binary). A dummy cate-
gory was used for missing data. In multivariate analyses,
PA and television watching were included simultaneously
in the same model to estimate their independent contribu-
tions to depression risk. Model 2 included further adjustment
for physical limitations (binary) and MHI-5 score (86–100,
76–85, or 53–75) in 1992. We also fitted model 2 considering
as cases only women who reported both a diagnosis of de-
pression and use of antidepressants. All analyses were per-
formed with SAS software, version 9.1 (SAS Institute, Inc.,
Cary, North Carolina). All P values reported are 2-sided.

RESULTS

The distributions of selected age-standardized character-
istics according to categories of PA are outlined in Table 1.
Compared with less active women, physically active women
were less likely to be current smokers, to have physical
limitations, to have a worse MHI-5 score, or to spend
21 hours/week or more watching television; they also had
lower body mass indexes, consumed more calories and alco-
hol, and were more likely to be involved in social or commu-
nity groups and to have the lowest prevalence of diagnosed
diseases. The mean PA level was 36 minutes/day and the
median was 27 minutes/day. In this cohort, walking was the
most frequent activity, contributing to 52.8% of the total
minutes reported daily. In comparison, women who were
excluded from the analysis were less physically active
smoked more, and had higher disease prevalence at baseline.

In the 49,821women whowere free from depressive symp-
toms at baseline, we documented 6,505 incident cases of
clinical depression during the 10-year (450,968-person-year)
follow-up period (1996–2006). There was an inverse age-
adjusted dose-response relation between duration of PA and
depression risk (Ptrend < 0.001; Table 2). This inverse gra-
dient remained statistically significant after adjusting for all
covariates in the 2 different multivariate models (Table 2)
and when PA level was updated after new disease diagnosis
(data not shown). These results did not materially change
when we censored women who developed diseases during
follow-up (data not shown). Further adjustment for socioeco-
nomic status did not materially affect the results. For cases who
reported both depression diagnosis and use of antidepressants
(n ¼ 2,576), the multivariate-adjusted relative risk compar-
ing those with the highest level of PA (�90 minutes/day)
with those with the lowest level (<10 minutes/day) was 0.80
(95% confidence interval (CI): 0.65, 0.99). However, the trend
was not statistically significant. All the categories of time
spent watching television were positively associated with risk
of depression in the age-adjusted analysis (Ptrend < 0.001;
Table 2). After further adjustment for all covariates (Table 2,
model 2), none of the categories of time spent watching
television were significantly associated with risk of depres-
sion, but the overall trend remained significant (Ptrend¼ 0.01).
We also observed similar risk estimates that were somewhat
stronger for PA and television watching when we utilized

PA, Television Watching, and Depression Risk 1019

Am J Epidemiol. 2011;174(9):1017–1027



Table 1. Age-Standardized Characteristics
a

of the Study Cohort According to Daily Amount of Physical Activity, Nurses’ Health Study, 1992–

2006

Physical Activity (1992–2000), minutes/day

<10 (5.4)
b

(n 5 9,358)
10–29 (18.9)
(n 5 17,322)

30–59 (42.4)
(n 5 14,243)

60–89 (71.9)
(n 5 5,609)

‡90 (110.4)
(n 5 3,289)

Mean % Mean % Mean % Mean % Mean %

Age, years 62.9 62.8 63.1 63.5 63.8

Body mass index
c

27.6 26.5 25.8 25.3 24.8

<25 37.8 43.9 50.7 54.6 59.2

25–29.9 33.5 35.5 33.7 32.5 30.0

�30 28.7 20.7 15.6 12.9 10.9

Total energy intake (1994), kcal/day 1,669 1,714 1,745 1,786 1,843

Alcohol intake (1994), g/day 4.8 4.9 5.3 5.7 6.0

Television-watching (1992), hours/week

0–1 6.3 6.1 6.6 6.8 8.3

2–5 24.1 23.2 24.0 24.0 25.7

6–10 24.0 25.5 25.9 26.1 25.4

11–20 26.1 27.7 26.6 26.7 26.7

�21 17.9 16.4 15.5 14.8 12.7

Coffee intake (1994)

Never or <1 time/month 27.8 28.4 29.2 29.0 30.0

<2 times/day 28.4 29.4 29.1 29.4 28.1

�2 times/day 43.8 42.1 41.7 41.6 41.8

Physical limitations (1992)
d

52.8 40.6 31.7 27.1 22.1

Mental Health Index-5 score (1992)
e

�86 30.7 32.9 35.8 38.0 39.0

76–85 38.0 40.2 40.4 39.3 40.1

53–75 31.3 26.9 23.8 22.7 20.9

White race 97.6 98.1 98.3 98.1 98.2

Not involved in social or community group 45.6 37.2 34.1 34.5 32.8

Marital status

Married/in a partnership 78.7 79.7 79.7 80.2 78.9

Widowed 14.3 13.6 13.2 12.3 12.7

Separated/divorced/single 7.1 6.6 7.1 7.5 8.4

Current menopausal hormone use 36.4 41.3 42.4 42.8 41.3

Reported diagnosis of:

Myocardial infarction or angina 5.1 3.6 3.2 3.1 3.4

High blood pressure 33.8 30.4 28.1 26.5 23.9

Cancer 8.1 6.3 5.9 6.2 6.8

Arthritis 4.9 4.3 3.7 3.9 4.0

Osteoarthritis 22.1 21.0 20.4 19.3 19.8

Emphysema 3.3 2.4 2.0 1.8 1.5

Asthma 5.6 4.9 4.8 3.9 4.6

Current smoking 13.5 10.3 8.6 8.9 9.7

a All values were from 1996 unless otherwise indicated. All characteristics were age-standardized, with the exception of age. Physical activity

was computed as the cumulative average of physical activity between 1992 and 2000. A 2-year latency period was used to compute physical

activity exposure. For example, physical activity information from 1992 and 1994 was used to compute exposure for 1996–1998, the cumulative

average of 1992, 1994, and 1996 physical activity information was used to predict clinical depression in 1998–2000, and so on. We also stopped

updating physical activity information in the cumulative average estimate after new diagnoses of nonfatal myocardial infarction, angina, nonfatal

stroke, diabetes mellitus, and cancer.
b Median value.
c Weight (kg)/height (m)2.
d Based on 1992 answers through physical function items of the 36-Item Short-Form Health Status Survey. The physical functioning score was

dichotomized by physical limitation, which was defined as reporting more than a little limitation on moderate activities or more than moderate

limitations on more demanding physical performance.
e Mental Health Index-5 score measured in 1992. A higher score denoted better mental health.

1020 Lucas et al.

Am J Epidemiol. 2011;174(9):1017–1027



Table 2. Relative Risk of Clinical Depression
a

According to Levels of Physical Activity and Television Watching, Nurses’ Health Study, 1992–2006

Physical Activity (1992–2000), minutes/day

Ptrend<10 10–29 30–59 60–89 ‡90

No. RR 95% CI No. RR 95% CI No. RR 95% CI No. RR 95% CI No. RR 95% CI

No. of cases 1,378 2,374 1,869 602 282

Person-years of follow-up 77,472 163,430 135,748 49,558 24,761

Age-adjusted RR
b

1.00 0.82 0.76, 0.87 0.78 0.72, 0.83 0.69 0.63, 0.76 0.65 0.57, 0.74 <0.001

Multivariate model 1
c

1.00 0.86 0.80, 0.92 0.83 0.77, 0.89 0.75 0.68, 0.83 0.71 0.62, 0.80 <0.001

Multivariate model 2
d

1.00 0.90 0.84, 0.96 0.91 0.84, 0.97 0.84 0.76, 0.92 0.80 0.70, 0.92 <0.001

Cases who reported both
depression diagnosis
and use of
antidepressants

No. of cases 534 907 775 252 108

Person-years of follow-up 78,301 164,859 136,820 49,906 24,933

Multivariate model 2
d

1.00 0.89 0.80, 0.99 0.98 0.88, 1.10 0.91 0.78, 1.07 0.80 0.65, 0.99 0.24

Television Watching (1992), hours/week

PTrend0–1 2–5 6–10 11–20 ‡ 21

No. RR 95% CI No. RR 95% CI No. RR 95% CI No. RR 95% CI No. RR 95% CI

No. of cases 368 1,503 1,604 1,789 1,143

Person-years of follow-up 29,525 107,715 114,980 121,346 71,131

Age-adjusted RR
b

1.00 1.14 1.01, 1.27 1.14 1.02, 1.28 1.21 1.08, 1.36 1.34 1.19, 1.51 <0.001

Multivariate model 1
c

1.00 1.08 0.97, 1.22 1.08 0.96, 1.21 1.12 1.00, 1.25 1.19 1.06, 1.34 0.001

Multivariate model 2
d

1.00 1.05 0.94, 1.18 1.04 0.92, 1.16 1.08 0.97, 1.21 1.13 1.00, 1.27 0.01

Cases who reported both
depression diagnosis
and use of
antidepressants

No. of cases 142 597 647 693 461

Person-years of follow-up 29,749 108,597 115,924 122,419 71,797

Multivariate model 2
d

1.00 1.08 0.90, 1.30 1.08 0.90, 1.30 1.09 0.91, 1.31 1.21 1.00, 1.47 0.04

Abbreviations: CI, confidence interval; RR, relative risk.
a Clinical depression was defined as antidepressant medication use or physician-diagnosed depression (1996–2006). Physical activity was computed as the cumulative average of physical

activity between 1992 and 2000. A 2-year latency was used to compute physical activity exposure. For example, physical activity information from 1992 and 1994 was used to compute

exposure for 1996–1998, the cumulative average of 1992, 1994, and 1996 physical activity information was used to predict clinical depression in 1998–2000, and so on. We also stopped

updating physical activity information in the cumulative average estimate after new diagnoses of nonfatal myocardial infarction, angina, nonfatal stroke, diabetes mellitus, and cancer.
b Adjusted for age (continuous) and time interval.
c Adjusted for current postmenopausal hormonal use (binary), body mass index (weight (kg)/height (m)2; <25, 25–29.9, or �30), marital status (married/in a partnership, widowed, or

separated/divorced/single), involvement in a social or community group (binary), smoking status (never smoker, past smoker, or current smoker (1–14 cigarettes/day, 15–24 cigarettes/day,

or �25 cigarettes/day)), total energy intake (continuous), coffee intake (never or <1 time/month, <2 times/day, or �2 times/day), and reported diagnosis of diabetes mellitus (binary),

cancer (binary), myocardial infarction or angina (binary), high blood pressure (binary), rheumatoid arthritis (binary), osteoarthritis (binary), asthma (binary), and emphysema (binary). Multivariate

model 2 for physical activity was further adjusted for categories of television watching. Multivariate model 2 for television watching was further adjusted for categories of physical activity.
d Additional adjustment for physical limitations in 1992 (binary) and for 5-item Mental Health Index score (86–100, 76–85, or 53–75) in 1992.
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the broader definition of depression that required a physician
diagnosis, use of antidepressants, or severe depressive symp-
toms (Appendix Table 1).

In fully adjusted analyses of the joint influence of television
watching and PA on cases who reported both depression
diagnosis and use of antidepressants, thosewhowere the most
active (�90 minutes/day) and spent the least amount of time
watching television (0–5 hours/week) had the strongest signif-
icant inverse association with depression (relative risk¼ 0.62,
95% CI: 0.48, 0.79) when compared with women with the
least activity (<10 minutes/day) and the most television
watching (�21 hours/week) (Figure 1). In multivariate anal-
yses, depression risk decreased with increasing time spent
walking at an average pace or brisk/very brisk pace but was
not related to time spent walking at an easy pace (Table 3).
However, increased time spent walking, regardless of the
pace, was not significantly associated with risk of depression
when cases were defined as both having a depression diag-
nosis and using antidepressants (data not shown). The
multivariate-adjusted relative risk for walking 40 minutes/
day or more at an average pace was 0.90 (95% CI: 0.73,
1.11), whereas the relative risk for walking 40 minutes/day or
more at a brisk/very brisk pace was 0.89 (95% CI: 0.74, 1.08)
in comparison with walking less frequently (<30 minutes/
week) at either pace (data not shown).

DISCUSSION

In this large, prospective cohort study of women who were
free from clinical depression or severe depressive symptoms
at baseline, increased time spent in daily PAwas associated
with a reduced risk of clinical depression, whereas increased

television watching was associated with a trend toward an
increased risk. The decreased risk of depression was the
strongest when assessing the joint influence of high PA level
(�90 minutes/day) and low amount of time spent watching
television (0–5 hours/week). Additionally, walking at an
average or brisk/very brisk pace, but not slow walking, was
associated with a reduced risk of depression. Although pre-
vious longitudinal studies have addressed the link between
PA and depression, most of these studies examined the re-
lation between PA and prevalent depressive symptoms. The
unique contribution of our study is that it actually examined
risk of incident depression with an additional advantage of
using long-term follow-up, multiple assessments of PA and
depression, and a large sample size.

Our results are consistent with those of previous longitu-
dinal studies that reported inverse associations between PA
and depressive symptoms in men and women (11, 16–22, 39).
Among the 6 studies that analyzed women separately (7, 13,
15, 18, 20, 24), 5 reported a protective association between
PA and depression symptoms (7, 13, 15, 18, 20), whereas 1
study found no association (24). In our cohort, we noted a
relative risk of 0.80 for clinical depression when we compared
the highest level of PA (�90 minutes/day) with the lowest
level (<10 minutes/day). Similarly, in the Copenhagen City
Heart Study, which comprised 5,937 women with a 26-year
follow-up period, Mikkelsen et al. (20) noted a higher risk of
clinical depression (multivariate relative risk ¼ 1.80, 95%
CI: 1.29, 2.51) when comparing women with a low level of
PA (<2 hours/week) with those with a high level of PA
(�4 hours/week of light PA or �2–4 hours/week of vig-
orous PA). In another cohort of 9,207 middle-aged Aus-
tralian women in whom those with high habitual PA levels
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Figure 1. Multivariate-adjusted relative risk of clinical depression according to levels of physical activity and television watching. Results were
adjusted for the same covariates as in model 2 in Table 2. Cases of clinical depression were women who reported both a physician’s diagnosis of
depression and use of antidepressants. The reference group for relative risks was women with 21 hours/week or more of television watching and
less than 10 minutes/day of physical activity. Bars, 95% confidence interval.
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(>300minutesofmoderate-intensityPA/week)were compared
with those with very low levels (<60 minutes of moderate-
intensity PA/week), Brown et al. (13) noted an inverse asso-
ciation with depressive symptoms (multivariate odds ratio
(OR) ¼ 0.62 for an MHI-5 score �52 and OR ¼ 0.62 for
a Center for Epidemiologic Studies Depression Scale
score �10). An effect of similar magnitude to our results was
noted in the US Black Women’s Health Study (n ¼ 35,224)
(15). Comparedwith thosewho engaged in no vigorous activity
(running, aerobics, basketball, or swimming), women with
�7 hours/week of vigorous activity had a multivariate odds
ratio for depressive symptoms (20-item Center for Epidemi-
ologic Studies Depression Scale score �16) of 0.75 (95%
CI: 0.65, 0.87). Despite some variations in PA type and dura-
tion, study design, and analysis across studies inwomen, a con-
sistent inverse dose-response relation between PA duration and

clinical depression risk was evident in all of these studies.
Although the US Black Women (15) and Danish (20) cohorts,
as well as our own, excluded womenwith physician-diagnosed
depression at baseline, other studies did not (7, 13, 15, 18, 20,
24).A subtle difference fromour resultswas observed in theUS
Black Women’s cohort (15), in which the inverse dose-
response relation ceased beyond 3–4 hours/week of vig-
orous PA (equivalent to 26–34 minutes/day).

In the present analyses, walking at an average or brisk/very
brisk pace, but not slow walking, was associated with a sig-
nificantly reduced risk of clinical depression, indicating that
PA has to reach a certain intensity level for clinical depression
risk reduction. However, this association was attenuated and
no longer significant in analyses in which we used the stricter
definition of depression, and it is thus of uncertain interpre-
tation. Among the 4 cohorts in which the effect of walking

Table 3. Relative Risk of Clinical Depression
a

According to Usual Walking Time and Walking Pace, Nurses’ Health Study, 1992–2006

Walking Time

Ptrend<30 minutes/week <20 minutes/day 20–40 minutes/day ‡40 minutes/day

No. RR 95% CI No. RR 95% CI No. RR 95% CI No. RR 95% CI

Easy pace (<2 miles/hour)

No. of cases 6,125 310 51 19

Person-years of follow-up 430,979 16,449 2,509 1,032

Age-adjusted RR
b

1.00 1.16 1.03, 1.31 1.28 0.97, 1.69 1.11 0.70, 1.76 0.02

Multivariate model 1
c

1.00 1.05 0.93, 1.18 1.15 0.87, 1.52 1.01 0.64, 1.59 0.39

Multivariate model 2
d

1.00 0.97 0.86, 1.10 1.07 0.81, 1.41 0.94 0.59, 1.49 0.89

Average pace
(2–2.9 miles/hour)

No. of cases 3,601 2,075 604 225

Person-years of follow-up 243,662 144,563 43,953 18,790

Age-adjusted RR
b

1.00 0.90 0.85, 0.95 0.87 0.80, 0.96 0.75 0.66, 0.87 <0.001

Multivariate model 1
c

1.00 0.93 0.87, 0.98 0.90 0.83, 0.99 0.76 0.66, 0.88 <0.001

Multivariate model 2
d

1.00 0.94 0.88, 0.99 0.94 0.85, 1.02 0.80 0.70, 0.92 0.001

Brisk/very brisk pace
(�3 miles/hour)

No. of cases 4,357 1,231 609 308

Person-years of follow-up 279,451 92,589 50,614 28,314

Age-adjusted RR
b

1.00 0.83 0.78, 0.89 0.75 0.69, 0.83 0.69 0.61, 0.78 <0.001

Multivariate model 1
c

1.00 0.89 0.83, 0.95 0.81 0.74, 0.89 0.75 0.66, 0.85 <0.001

Multivariate model 2
d

1.00 0.95 0.88, 1.02 0.88 0.80, 0.97 0.83 0.73, 0.94 <0.001

Abbreviations: CI, confidence interval; RR, relative risk.
a Clinical depression was defined as antidepressant medication use or physician-diagnosed depression (1996–2006). Physical activity was

computed as the cumulative average of physical activity between 1992 and 2000. A 2-year latency was used to compute physical activity exposure.

For example, physical activity information from 1992 and 1994 was used to compute exposure for 1996–1998, the cumulative average of 1992,

1994, and 1996 physical activity information was used to predict clinical depression in 1998–2000, and so on. We also stopped updating physical

activity information in the cumulative average estimate after new diagnoses of nonfatal myocardial infarction, angina, nonfatal stroke, diabetes

mellitus, and cancer.
b Adjusted for age (continuous), time interval, and other categories of physical activity level (<30 minutes/week, 30 minutes/week–20 minutes/

day, 20–40 minutes/day, 40–60 minutes/day, and �60 minutes/day).
c Adjusted for current postmenopausal hormonal use (binary), body mass index (weight (kg)/height (m)2; <25, 25–29.9, or �30), marital status

(married/in a partnership, widowed, or separated/divorced/single), involvement in a social or community group (binary), smoking status (never

smoker, past smoker, or current smoker (1–14 cigarettes/day, 15–24 cigarettes/day, or �25 cigarettes/day)), total energy intake (continuous),

coffee intake (never or<1 time/month,<2 times/day, or�2 times/day), reported diagnosis of diabetes mellitus (binary), cancer (binary), myocardial

infarction or angina (binary), high blood pressure (binary), rheumatoid arthritis (binary), osteoarthritis (binary), asthma (binary), emphysema

(binary), and television watching (0–1, 2–5, 6–10, 11–20, and �21 hours/week).
d Additional adjustment for physical limitations in 1992 (binary) and for 5-item Mental Health Index score (86–100, 76–85, or 53–75) in 1992.
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was analyzed prospectively, 3 studies found an inverse asso-
ciation with depressive symptoms (9, 10, 21) and 1 study did
not find any association (15); however, none of the published
articles provided information on walking pace.

We also noted that the risk of depression increased with
increasing television watching (Ptrend ¼ 0.01). A marginally
significant (P ¼ 0.05) increased depression risk of about
13% was noted among women who spent 21 hours/week or
more watching television compared with those who did so
for 0–1 hour/week. Similarly, in the Seguimiento University
of Navarra (SUN) cohort (25), comprising 10,381 men and
women, participants with the highest sedentary index score
were found to be at increased risk (OR¼ 1.31, 95% CI: 1.01,
1.68) of mental disorders (self-reported physician’s diagno-
sis of depression, bipolar disorder, anxiety, or stress or use of
antidepressant medication or tranquilizers) when compared
with those with the lowest score. However, when depression
(self-reported physician-diagnosed or use of antidepressants)
was analyzed separately, the association with the sedentary
index score lost significance (for the highest category vs. the
lowest category, OR ¼ 1.35, 95% CI: 0.94, 1.94).

The main hypothetical reason for the positive association
we noted between television watching and depression is that
television watching typically displaces PA. In our cohort,
women who spent more time watching television tended to
exercise less. A joint influence of television watching and PA
on depression risk was noted (Figure 1). In the SUN cohort
(25), the only other longitudinal study that evaluated prospec-
tively the joint association between sedentary behavior and PA
and mental disorders, the combination of PA (above the me-
dian) and sedentary index (below the median) was associated
with 25% decreased odds of mental disorders (OR ¼ 0.75,
95% CI: 0.60, 0.93) when compared with the reference group
(PA below the median and sedentary index above the median).
Therefore, the combinations of PA and sedentary behavior,
such as television watching, could help to identify subjects at
higher risk.

Several mechanisms have been proposed to explain the im-
pact that increased PA has on depressive mood, such as in-
creased sense of self-esteem, diversion from negative thoughts,
perception of control and mastery (40, 41), increased circulat-
ing beta-endorphin (42) and monoamine (43, 44) levels, alter-
ations in hypothalamic-pituitary-adrenal axis (45) and brain
plasticity, and neurogenesis enhancement (46). Although PA
has beneficial effects on cardiovascular health, in our analyses,
the inverse relation between PA and depression seemed in-
dependent of other beneficial effects on cardiovascular health.
In their recommendation for older adults, the American
College of Sports Medicine and the American Heart Asso-
ciation indicated that all adults aged 65 years or older need
moderate-intensity aerobic PA for a minimum of 30 minutes
on 5 days each week or vigorous-intensity aerobic activity for
a minimum of 20 minutes on 3 days each week (47). About
42.8% of our participants in 2004 did not met these American
College of Sports Medicine/American Heart Association
recommendations, whereas this rate was 47.9% for all US
women and 63.7% for those older than 65 years of age (in
2005) (48). A sedentary lifestyle has become pervasive in US
society, as reflected by the 2009 Nielsen’s Three Screen
Report (49), which indicated that the amounts of time spent

watching television and Internet and mobile video were
escalating among Americans. On average, Americans watch
television at home approximately 153 hours/month (approx-
imately 5 hours/day) (49). Given the relation observed be-
tween television watching and depression risk, public health
campaigns should promote replacement of these sedentary
behaviors with PA. Substantial health benefits can be gained
by even convenient activities such as walking at an average
pace or higher. When conducting future research in this area,
investigators should consider taking repeated measurements
of both sedentary behavior (television watching and computer
use) and PA.

The major strengths of the present study included its large
sample size, prospective design, and repeated measures of PA
and other covariates. The use of our validated PA question-
naire in 5 assessments over a period of 8 years was another
unique strength of our study. This study also had limitations,
and the results should be interpreted with caution. Some out-
comemisclassification bias was inevitable because of a com-
bination of errors in reporting depression or antidepressant
intake, low depression recognition by physicians (50), under-
treatment of depression (51), and prescription of antidepres-
sants for indications other than depression (e.g., neuropathic
pain (52), premenstrual syndrome (53), and hot flushes (54)).
Bias could have resulted if this misclassification was related
to PA or television watching. For example, the inverse asso-
ciation between PA and depression could have been under-
estimated if women with lower socioeconomic status were
both less active and, if depressed, less likely to be diagnosed
with depression. The robustness of the results after adjustment
for socioeconomic status, however, suggests that bias from
this source is likely to be modest. Exposure misclassification
could also be likely, particularly for television watching,
which was assessed only in 1992 and might not accurately
represent the total television-watching time during follow-
up. Becausewomenwith subclinical depressionmight bemore
prone to develop clinical depression, a spurious inverse as-
sociation between PA and the risk of depression could also
be observed if women with subclinical depression reduced
their PA level. Moreover, because of lack of information on
depression history, we were not able to discern whether our
incident cases were first onsets, as late-onset depressionmainly
occurs among people who have already been diagnosed with
other disorders (55). Further, our results might not be gen-
eralizable to younger women or men, who were not included
in this study. Our incidence is not directly comparable to that
observed in unselected populations because to minimize re-
verse causation, we excluded women with severe depressive
symptoms at baseline, thus artificially selecting a healthier
population and eliminating a group of women at higher risk
of depression. Last but not least, the observational nature of the
present study cannot prove a causal relation between tele-
vision watching or PA and depression. For example, genes
involved in regulation of brain monoamides (dopaminergic
monoamides, norepinephrine, and serotonin) have been sug-
gested as likely candidates to affect both voluntary leisure-time
regular PA and depressive mood (26, 56, 57). In conclusion,
our results in this large cohort of older women indicate that
regular PA and lower television-watching timemay contribute
to a reduced risk of depression.
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Appendix Table 1. Relative Risk of Severe Depressive Symptoms
a

According to Levels of Physical Activity and Television Watching, Nurses’ Health Study, 1992–2006

Physical Activity (1992–2000), minutes/day

Ptrend<10 10–29 30–59 60–89 ‡90

No. RR 95% CI No. RR 95% CI No. RR 95% CI No. RR 95% CI No. RR 95% CI

No. of cases 2,229 3,830 2,981 979 444

Person-years of follow-up 75,372 159,903 133,125 48,649 24,381

Age-adjusted RR
b

1.00 0.80 0.75, 0.84 0.75 0.70, 0.79 0.68 0.63, 0.74 0.64 0.58, 0.71 <0.001

Multivariate model 1
c

1.00 0.84 0.80, 0.88 0.80 0.76, 0.85 0.75 0.69, 0.81 0.70 0.63, 0.78 <0.001

Multivariate model 2
d

1.00 0.89 0.84, 0.94 0.89 0.84, 0.95 0.86 0.80, 0.93 0.82 0.74, 0.91 <0.001

Television Watching (1992), hours/week

PTrend0–1 2–5 6–10 11–20 ‡21

No. RR 95% CI No. RR 95% CI No. RR 95% CI No. RR 95% CI No. RR 95% CI

No. of cases 539 2,326 2,547 2,913 1,983

Person-years of follow-up 29,093 105,656 112,611 118,771 69,175

Age-adjusted RR
b

1.00 1.17 1.07, 1.29 1.20 1.09, 1.32 1.30 1.19, 1.43 1.49 1.35, 1.64 <0.001

Multivariate model 1
c

1.00 1.12 1.02, 1.23 1.14 1.03, 1.25 1.20 1.10, 1.32 1.33 1.20, 1.46 <0.001

Multivariate model 2
d

1.00 1.08 0.98, 1.19 1.08 0.99, 1.19 1.15 1.05, 1.26 1.24 1.12, 1.36 <0.001

Abbreviations: CI, confidence interval; RR, relative risk.
a Severe depressive symptoms were defined as antidepressant medication use or physician-diagnosed depression (1996–2006) or severe depressive symptoms (5-item Mental Health

Index score in 2000 �52 or Center for Epidemiologic Studies Depression Scale 10 score in 2004 �10). Physical activity was computed as the cumulative average of physical activity between

1992 and 2000. A 2-year latency period was used to compute physical activity exposure. For example, physical activity information from 1992 and 1994 was used to compute exposure for

1996–1998, the cumulative average of 1992, 1994, and 1996 physical activity information was used to predict clinical depression in 1998–2000, and so on. We also stopped updating physical

activity information in the cumulative average estimate after new diagnoses of nonfatal myocardial infarction, angina, nonfatal stroke, diabetes mellitus, and cancer.
b Adjusted for age (continuous) and time interval.
c Adjusted for current postmenopausal hormonal use (binary), body mass index (weight (kg)/height (m)2; <25, 25–29.9, or �30), marital status (married/in a partnership, widowed, or

separated/divorced/single), involvement in a social or community group (binary), smoking status (never smoker, past smoker, or current smoker (1–14 cigarettes/day, 15–24 cigarettes/day, or

�25 cigarettes/day)), total energy intake (continuous), coffee intake (never or <1 time/month, <2 times/day, or �2 times/day), reported diagnosis of diabetes mellitus (binary), cancer (binary),

myocardial infarction or angina (binary), high blood pressure (binary), rheumatoid arthritis (binary), osteoarthritis (binary), asthma (binary), and emphysema (binary). Multivariate model 2 for

physical activity was further adjusted for categories of television watching. Multivariate model 2 for television watching was further adjusted for categories of physical activity.
d Additional adjustment for physical limitations in 1992 (binary) and for 5-item Mental Health Index score (86–100, 76–85, or 53–75) in 1992.
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