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Major Depressive Disorder, Depressive Symptoms,

and Incident Anxiety in a General Population

Sebastian E. Baumeister, PhD*P*; Michael F. Leitzmann, MD, DrPH?; Martin Bahls, PhD%: Marcus Dorr, MD<4;
Daniela Schmid, PhD? Georg Schomerus, MD®f; Katja Appel®; Marcello R. P. Markus“%; Henry Vélzke, MDPd;

Sven Glaser, MD"; and Hans-Jérgen Grabe, MD®

ABSTRACT

Objective: Physical activity and cardiorespiratory fitness may help
prevent depression and anxiety. Previous studies have been limited by
error-prone measurements. We examined whether self-reported physical
activity domains and peak exercise capacity (peakVO,) are associated
with incident and recurrent major depressive disorder (MDD), depressive
symptoms, and anxiety disorders.

Methods: This was a prospective population-based study of 1,080 adult
men and women (25-83 years) with a median follow-up of 4.5 years and
measures of physical activity during leisure time, sports, and work (Baecke
questionnaire); a measure of depressive symptoms (Beck Depression
Inventory I1); symptom-limited cycle ergometer testing (peakVO,, oxygen
uptake at anaerobic threshold [VO,@AT], maximum power output at
peak exertion); and a structured psychiatric interview (Munich Composite
International Diagnostic Interview). Baseline data were collected between
2002 and 2006, and follow-up data, between 2007 and 2010.

Results: After adjustment for age, sex, education, smoking, alcohol
consumption, and waist circumference, the relative risks for incident
MDD per standard deviation (SD) increase in leisure-time physical activity,
physical activity during sport, physical activity at work, peakVO,, VO,@
AT, and maximum power output were 1.002 (95% confidence interval,
0.90 to 1.12), 1.02 (0.90 to 1.15), 0.94 (0.80 to 1.10), 0.71 (0.52 to 0.98), 0.83
(0.66 to 1.04), and 0.71 (0.52 to 0.96), respectively. PeakVO,, VO,@AT, and
maximum power output were associated with recurrent MDD, depressive
symptoms, and anxiety. PeakVO, was more strongly related to the co-
occurrence of MDD and anxiety (adjusted odds ratio [OR]=0.45 [0.24 to
0.84]) than depression or anxiety alone (OR=0.71 [0.53 to 0.94]).

Conclusions: Greater cardiorespiratory fitness but not domain-specific
physical activity was associated with a lower incidence of MDD and
clinical anxiety.
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P opulation-based, prospective studies provide
substantial evidence that regular physical activity
(PA) is inversely associated with the onset of depressive
symptoms and major depressive disorder (MDD).!=
Population-based studies suggest that people who are
regularly physically active have 45% lower odds of onset
of MDD and between 28%-48% lower incidence of
anxiety disorder.’ A meta-analysis of randomized trials
found a modest protective effect of PA on depression
and a small effect on anxiety in nonclinical adult
populations.* However, available research provides
little quantitative support for specific recommendations
regarding the most beneficial duration, intensity,
frequency, mode, or domains of PA (leisure time,
occupational, transportation, domestic).>*® Previous
population-based cohort studies have focused on
leisure-time PA alone or total PA (ie, the combination
of domain-specific PA).>** Only a few cross-sectional
studies compared leisure-time PA with PA in other
domains and found that leisure-time PA is more
strongly associated with depressive symptoms than PA
in other domains.>’

Cardiorespiratory fitness (CRF) is a measure of
the capacity of the cardiovascular system to transport
oxygen and the capacity of the muscle to use it.>° Low
CREF is a well-recognized risk factor for coronary heart
disease and cardiovascular mortality.®~!! It is well
known that regular PA increases CRE®”!? and given the
beneficial effects of PA and exercise on depression and
anxiety,*!>14 it is to be expected that CRF is inversely
related to depression and anxiety. The relationship
between CRF and depressive symptoms has been studied
in several cross-sectional and prospective studies.!>3
A meta-analysis of experimental and observational
studies found a modest correlation between CRF and
depressive symptoms®* in healthy subjects. The meta-
analysis** revealed limitations of existing studies: first,
most studies used indirect estimations of CRF (eg,
time?*?? or workload® of the exercise test), and only 2
smaller cross-sectional studies'®?® used a submaximal
symptom-limited cardiopulmonary exercise test to
measure peak oxygen uptake (peakVO,) for assessment
of CRE?* PeakVO, is considered the reference standard
for CRE#*1227 Second, previous studies used symptoms
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B This study found inverse relations of physical activity and
cardiorespiratory fitness to depressive symptoms, incident
and recurrent major depressive disorder, and anxiety.

B These findings should stimulate further clinical,
intervention, and prognostic research on the effects of
exercise on mental health.

scales?*?22% for measurement of depressive symptoms or
hospital records of treated depression.”> Unfortunately,
measurement error of depression may vary by level of CRF,
which might induce differential measurement error.?®

The present study expands on previous studies using
prospective data from the population-based Study of Health
in Pomerania (SHIP)? to further assess the relations between
domain-specific PA and CRF with depression and anxiety
using direct measures of CRF (ie, peakVO, oxygen uptake
at anaerobic threshold [VO,@AT], maximal power output)
and MDD and anxiety disorder based on a well-established
structured psychiatric interview.

METHODS

Study Population

SHIP is a population-based prospective cohort study of
adult residents (20-79 years) in northeastern Germany. A
sample of 6,265 eligible individuals was drawn from local
population registries, and 4,308 (2,192 women) participated
at the first examination (SHIP-0) between 1997 and 2001
(response of 69%). A second examination cycle (SHIP-
1) was conducted between 2002 and 2006 and comprised
3,300 participants. In SHIP-1, self-reported PA was assessed
in 3,255 individuals, and 1,575 subjects volunteered for
CREF testing. The SHIP-1 examination cycle was therefore
defined as the baseline examination for the present analyses.
Between 2007 and 2010, a third examination, the Life-
Events and Gene-Environment Interaction in Depression
(LEGEND) study, with standardized psychiatric interviews
was performed.?” To reduce possible bias due to reverse
causation, we restricted the analyses to participants without
a history of depressive symptoms, anxiety symptoms,
lung disease, or asthma at SHIP-1. All participants gave
written informed consent, and the Ethics Committee of the
University of Greifswald approved the study protocol.

Assessments

At the follow-up, MDD, recurrent MDD, and anxiety
(panic disorder, agoraphobia, generalized anxiety disorder,
social phobia, specific phobias) were diagnosed according
to DSM-1V using the Munich-Composite International
Diagnostic Interview (M-CIDI).**-3? The interviews were
conducted by experienced clinical psychologists in a face-
to-face situation. Current depressive symptoms over the
past 2 weeks prior to the LEGEND examination date were
assessed using the German version of the Beck Depression
Inventory-II (BDI-II).?*34 The BDI-II score was constructed

by summing the highest ratings for each of 21 symptoms, and
it ranged from 0 to 41. We used the BDI-II (< 12 vs > 12)** as
a binary outcome and the BDI-II sum score as a continuous
outcome. The Composite International Diagnostic Screener
(CID-S)* was used to exclude participants with a history of
symptoms of depression and anxiety at baseline.

At baseline, PA was assessed using the Baecke
questionnaire®” during a computer-assisted interview. It
consists of 16 items organized in 3 sections: PA at work,
sports during leisure time, and PA during leisure time
excluding sport, scored on a 5-point Likert scale, ranging
from never to always or very often. The 3 derived indices
(Leisure Time, Sports, Work) are scored in arbitrary units
ranging from 1 to 5. Retest reliability ranges between
0.65 and 0.92, and correlation with doubly labeled water
is strong.*®*! A symptom-limited exercise test using a
calibrated electromagnetically braked cycle ergometer with
an electrical seat height adjustment (Ergoselect 100, Ergoline,
Germany) was performed according to a modified Jones
protocol: 3 minutes of rest, 1 minute of unloaded cycling at
60 revolutions per minute, stepwise increases in work load
of 16 W per minute until symptom-limited or terminated
by a physician due to chest pain or electrocardiogram
(ECG) abnormalities, and 5 minutes of recovery.*? Gas
exchange and ventilatory variables were analyzed breath by
breath averaged over 10-second intervals using a VIASYS
HEALTHCARE system (Oxycon Pro, Combitox mask). In
the absence of chest pain and ECG abnormalities, all tests
were continued as symptom-limited (volitional exertion,
dyspnea, or fatigue). PeakVO,, VO,@AT, and maximal
power output were determined as previously described.*

Statistical Analyses

Selected baseline characteristics were compared across
quartiles of the Baecke indices and peakVO, using age-
adjusted means for continuous and age-adjusted percentage
values for categorical variables. The associations of Baecke
indices, peakVO,, VO,@AT, and maximum power output
(modeled as continuous covariates) with incident MDD,
recurrent MDD, and anxiety and BDI-II score >12 were
examined using relative risks (RRs) and 95% confidence
intervals from Poisson regression with robust standard
errors and time between measurements set as offset.*
As dichotomizing the BDI-II might have resulted in
misclassification bias, we additionally modeled the 88th
percentile of the BDI-II sum score, which corresponds to
a BDI-II score of 12 (a common cutoff*) in the sample,
using a quantile regression model.** To account for possible
nonrandom selection into the working population (ie,
retired, unemployed), we used sample selection Poisson
regression*® and quantile regression with sample selection,*’
when the Work index was an exposure. Odds ratios (ORs) for
single versus co-occurring incident MDD and anxiety were
derived from multinomial logistic regression. We reported 1
model adjusted for baseline age and sex and a fully adjusted
model (age, sex, years of schooling, smoking, alcohol
consumption, waist circumference). We established linearity
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Table 1. Age-Adjusted Selected Baseline Characteristics of the Study Sample by Self-Reported

Physical Activity and Peak Oxygen Uptake?

P
Q1 Q2 Q3 Q4 (Linear Trend)P

Baecke Leisure Time Index (N=1,952)
N (min-max) 519 590 526 317

(1.0-2.8) (2.9-3.3) (3.4-3.8) (3.9-5.0)
PeakVO,, mL/min 2,025.6 2,046.9 2,065.5 2,008.0 417
VO,@AT (mL/min) 1,109.3 1,127.1 1,163.0 1,146.7 .049
Maximum power output, W 155.1 159.4 160.9 159.1 .031
Women, % 48.2 46.6 51.6 54.9 .026
School education, %< 10y 37.5 36.3 33.2 35.0 239
Current smoker, % 325 29.3 24.3 237 .004
Alcohol consumption, g/d 1.2 10.0 9.6 9.2 141
Waist circumference, cm 94.3 92.7 91.8 89.7 <.001
Baecke Sports Index (N=1,952)
N (min-max) 705 292 611 344

(1.0-2.0) (2.1-2.3) (2.5-3.0) (3.1-5.0)
PeakVO,, mL/min 1,929.6 2,015.9 2,038.1 2,255.8 <.001
VO,@AT, mL/min 1,079.0 1,107.4 1,141.8 1,249.7 <.001
Maximum power output, W 147.8 155.4 160.2 178.2 <.001
Women, % 49.4 48.7 533 44.7 295
School education, %< 10y 457 36.6 29.1 24.6 <.001
Current smoker, % 30.7 36.3 24.0 215 <.001
Alcohol consumption, g/d 9.3 12.1 9.4 11.2 551
Waist circumference, cm 94, 93.0 91.2 89.1 <.001
History of cardiovascular disease, % 24 32 13 1.7 346
History of cancer, % 4.4 3.6 5.7 3.8 629
Baecke Work Index (N=1,043)
N (min-max) 265 317 209 252

(1.0-2.1) (2.2-2.9) (3.0-3.4) (3.5-5.0)
PeakVO,, mL/min 2,190.0 2,182.9 22215 2,166.0 293
VO,@AT, mL/min 1,168.7 1,193.1 1,188.7 1,146.2 343
Maximum power output, W 175.6 172.0 174.8 168.9 .051
Women, % 56.6 54.2 51.7 41.8 <.001
School education, % <10y 55 12.1 11.5 25.1 <.001
Current smoker, % 30.0 28.2 31.1 47.2 <.001
Alcohol consumption, g/d 10.0 10.5 10.0 13.0 .032
Waist circumference (cm) 883 89.9 87.4 90.3 .068
PeakVO, (mL/min) (N=1,080)
N (min-max) 270 270 270 270

(800-1,570  (1,571-1,937  (1,938-2,435 (2,440-5,137

mL/min) mL/min) mL/min) mL/min)
PeakVO,, mL/min 1,346.4 1,752.5 2,162.3 2,891.7 <.001
VO,@AT, mL/min 840.6 1,037.8 1,193.0 1,488.9 <.001
Maximum power output, W 103.8 138.2 168.2 2219 <.001
Women, % 87.1 67.7 30.6 35 <.001
School education, % <10y 50.3 335 33.8 19.5 485
Current smoker, % 234 27.1 27.2 27.1 <.001
Alcohol consumption, g/d 4.6 8.2 1.1 17.7 <.001
Waist circumference, cm 86.6 91.1 97.2 97.1 <.001

aEntries are adjusted means for continuous variables and adjusted percentages for categorical variables.
bLinear trend test across peakVO, categories was quantified with Wald test by assigning median values to each

category and modeling this variable as a continuous variable in age-adjusted linear and logistic regression.
Abbreviations: AT =anaerobic threshold, Q1-Q4 =quartiles 1 to 4.

of the relations between Baecke indices; peakVO,, VO,@AT,
and maximum power; and depression/anxiety by fractional
polynomials*® and reported point estimates per standard
deviation increase. We tested for multiplicative interaction
with age and sex by comparing the -2 log likelihood of
a fully adjusted model with and without product terms.
Baecke indices and peakVO, were inversely related to loss
to follow-up in a logistic model (P<.01) that also included
socioeconomic, behavioral, and clinical predictors. Thus,
we weighted regression models by the inverse probability of
taking part in LEGEND.* Analyses were performed using
Stata 14.1 (Stata Corporation, College Station, Texas).

RESULTS

Our analyses were based on 1,952 individuals for analyses
of Baecke indices (n=1,043 for the Work index). During
a median of 4.5 years of follow-up, 267 cases of incident
MDD, 160 cases of recurrent MDD, 291 cases of incident
depressive symptoms, and 366 cases of incident anxiety
disorders occurred. For the analyses of CRF outcomes, 1,080
individuals were available; 116 cases of incident MDD, 98
cases of recurrent MDD, 135 cases of depressive symptoms,
and 183 cases of anxiety disorders were observed. Baseline
characteristics are shown in Table 1.
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Table 2. Association Between Self-Report Physical Activity and Cardiorespiratory Fitness With Incident Depression,
Depressive Symptoms, and Anxiety?

MDD
RR (95% Cl)

Recurrent MDD
RR (95% Cl)

BDI-II>12
RR (95% Cl)

BDI-Il Sum Score
(88th Percentile)
B (95% Cl)

Anxiety
RR (95% Cl)

Baecke Leisure Time Index (per SD)
Age- and sex-adjusted
Full adjustment
P interaction with age, sex

Baecke Sports Index (per SD)
Age- and sex-adjusted
Full adjustment
Pinteraction with age, sex

Baecke Work Index (per SD)
Age- and sex-adjusted
Full adjustment

0.99 (0.89 to 1.09)
1.00(0.90 to 1.12)
327,122

0.99(0.88to 1.12)
1.02(0.90 to 1.15)
.850,.785

0.97 (0.83 to 1.14)
0.94 (0.80to 1.10)

0.98 (0.84 to 1.15)
0.98 (0.84to 1.15)
.566, .534

0.99(0.86 to 1.16)
0.99 (0.98 to 1.16)
692, .835

0.98 (0.80 to 1.19)
0.97 (0.80to 1.19)

0.85(0.77 t0 0.94)
0.89 (0.80 t0 0.98)
.267,.543

0.78(0.70 to 0.88)
0.83(0.74t0 0.93)
.987,.882

1.18(0.99 to 1.41)
1.17 (0.97 to 1.39)

-1.13(-1.91t0 -0.36)
—-0.75(-1.39t0 -0.11)

222, .498

-1.74 (-2.39t0 1.08)
-1.40 (-1.98 to —0.81)

714, .647

1.40 (0.42 to 2.38)
1.10 (-0.16 to 2.36)

0.97 (0.89 to 1.06)
0.99 (0.90 to 1.08)
.254, 567

0.91(0.83 to 0.99)
0.92(0.83t0 1.01)
693,.539

0.99(0.88t0 1.11)
0.98 (0.87to 1.11)

P interaction with age, sex .668,.137 .243,.767 .691,.992 .737,.155 .200, .068
PeakVO, (per SD)

Age- and sex-adjusted 0.69 (0.54t00.89) 0.66(0.51t00.86) 0.73(0.59t00.91) -1.45(-2.10t0—-0.81) 0.70(0.52 to 0.96)

Full adjustment 0.71(0.52t00.98) 0.66 (0.50t00.85) 0.68(0.481t00.97) —1.75(-2.84t0-0.66) 0.69 (0.50 to 0.95)

P interaction with age, sex .076, .830 613, .431 843, .272 937, 414 A433,.796
VO,@AT (per SD)

Age- and sex-adjusted 0.74(0.56t00.98) 0.80(0.70t00.92) 0.88(0.73t0 1.06) —0.58 (—1.60 to 0.45) 0.82 (0.68 t0 0.98)

Full adjustment 0.83 (0.66t0 1.04) 0.80(0.71t00.91) 0.86(0.69t0 1.07) —0.52(-1.66 to 0.63) 0.79 (0.65 t0 0.97)

P interaction with age, sex .784, 451 .687,.761 .592,.144 641, .334 .866, .565
Maximum power output (per SD)

Age- and sex-adjusted 0.67 (0.53t00.86) 0.61(0.47t00.78) 0.71(0.58t00.87) —-1.89(-3.13t0-0.66) 0.72(0.61 to 0.85)

Full adjustment 0.71(0.52t00.96) 0.69(0.52t00.92) 0.69(0.53t00.89) —1.34(-2.65t0—0.04) 0.72(0.59to 0.88)

P interaction with age, sex .029,.769 .761,.765 928, 911 A455,.753 .859,.803

2Potential nonlinear relation of peakVO, VO,@AT, and maximum power output with depression/anxiety was tested by using second-degree
fractional polynomials. Full adjustment included age, sex, years of schooling, alcohol consumption, smoking, and waist circumference. One

regression model was run for each exposure-outcome combination.

Abbreviations: AT =anaerobic threshold, = quantile regression coefficient, BDI-Il =Beck Depression Inventory-Il, Cl = confidence interval,
MDD =major depressive disorder, RR= relative risk [adjusted relative risk from a weighted Poisson regression with robust standard errors and

In(time) as offset], SD=standard deviation.

Association of PA Domains With Incident
and Recurrent MDD and Depressive Symptoms

The Leisure Time and Sports indices were inversely
related to current depressive symptoms but not to incident
and recurring MDD (Table 2). The Work index was not
significantly associated with incident or recurrent MDD
or depressive symptoms. After full adjustment, the RRs
for depressive symptoms per 1 standard deviation (1 SD)
in the Leisure Time and Sports indices were 0.89 and
0.83, respectively. Likewise, the BDI-II sum score at the
88th percentile decreased by —0.75 and —1.40 points per
1-SD increase in the Leisure Time and Sports indices,
respectively. A comparison of RR and quantile regression
coefficients (per 1 SD) suggests that the associations of the
Sports index with BDI-II>12 and the BDI-II sum score
were slightly stronger than the corresponding associations
with the Leisure Time index. Associations were not
modified by age or sex, as indicated by nonsignificant
interaction terms.

Association of CRF With Incident
and Recurrent MDD and Depressive Symptoms
PeakVO, and maximum power output were inversely
associated with incident and recurrent MDD and current
depressive symptoms (Table 2). VO,@AT was related to
recurrent MDD but not to incident MDD or depressive
symptoms. After full adjustment, RRs for incident MDD
per 1-SD increase in peakVO,, VO,@AT, and maximum

power output were 0.71, 0.83, and 0.71, respectively. After
full adjustment, RRs for BDI-II>12 per 1-SD increase in
peakVO, and maximum power output were 0.68 and 0.69,
respectively. VO,@AT was not correlated with BDI-I1>12
or the BDI-II score in fully adjusted models. A comparison
of regression coefficients indicated that associations
of peakVO, and maximum power output with MDD,
BDI-II1>12, and the BDI-II sum score were stronger than
corresponding associations with VO,@AT. Associations
for peakVO, and VO,@AT were not modified by age or
sex. The association between maximum power output and
incident MDD was stronger in younger than older adults
(P interaction =.029), with RRs per 1 SD at ages 35 and 65
years of 0.39 and 0.84, respectively.

Association of PA Domains With Anxiety Disorders

There were no significant relationships between the
Leisure Time, Sports, and Work indices and anxiety
disorders. The associations with anxiety were not modified
by age or sex (Table 2).

Association of CRF With Anxiety Disorders

PeakVO,, VO,@AT, and maximum power output were
inversely related to anxiety disorders (Table 2). After full
adjustment, RRs for anxiety disorders per 1-SD increase
in peakVO,, VO,@AT, and maximum power output were
0.69, 0.79, and 0.72, respectively. Associations were not
modified by age or sex.
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Table 3. Cardiorespiratory Fitness in Relation to Incident Single
or Co-Occurring Depression and Anxiety?

Single MDD or
Anxiety
OR (95% Cl)

Combined MDD
and Anxiety
OR (95% Cl)

Baecke Leisure Time Index (per SD)
Age- and sex-adjusted
Full adjustment
P interaction with age, sex

Baecke Sports Index (per SD)
Age- and sex-adjusted
Full adjustment
P interaction with age, sex

Baecke Work Index (per SD)
Age- and sex-adjusted
Full adjustment
P interaction with age, sex

PeakVO, (per SD)

Age- and sex-adjusted
Full adjustment
P interaction with age, sex

VO,@AT (per SD)

Age- and sex-adjusted
Full adjustment
P interaction with age, sex

Maximum power output (per SD)

Age- and sex-adjusted

0.99(0.90to 1.11)
1.01(0.91to 1.13)
.272,.966

0.96 (0.85 to 1.07)
0.96 (0.85 to 1.08)
483, .326

0.94 (0.80 to 1.09)
0.91(0.78 to 1.06)
.120,.096

0.75(0.61 to 0.93)
0.71(0.53 t0 0.94)
.970,.509

0.87(0.71 to 1.07)
0.92 (0.73to0 1.16)
.358, .888

0.74(0.61 to 0.89)
0.74(0.59t0 0.92)

0.95(0.78 to 1.16)
0.99 (0.82to 1.21)
.891,.897

0.87 (0.72 to 1.07)
0.88 (0.72to 1.08)
.968,.196

0.99 (0.77 to 1.26)
0.97 (0.75t0 1.27)
.545,.079

0.47 (0.28 to 0.80)
0.45 (0.24 t0 0.84)
443, 446

0.45(0.25t0 0.81)
0.62 (0.36 to 1.08)
.730,.169

0.49 (0.32t0 0.75)
0.50(0.29 t0 0.85)

Full adjustment

P interaction with age, sex .280,.230 .274,.300

2"No depression and anxiety” served as the base category for the multinomial
model. Potential nonlinear relation of peakVO, VO,@AT, and maximum
power output with depression/anxiety was tested using second-degree
fractional polynomials. Full adjustment included age, sex, years of
schooling, alcohol consumption, smoking, and waist circumference.

Abbreviations: AT =anaerobic threshold, Cl=confidence interval, MDD = major
depressive disorder, OR=adjusted odds ratio from a weighted multinomial
logistic regression, SD=standard deviation.

Association of CRF With Single and
Co-Occurring Incident MDD and Anxiety Disorders
PeakVO, and maximum power output, but not VO,@AT,
were inversely associated with single depression or anxiety in
the fully adjusted multinomial model (Table 3). PeakVO, and
maximum power output but not VO,@AT showed inverse
associations with combined depression and anxiety disorder.
A comparison of ORs across outcomes suggested that CRF
measures were more strongly related to combined depression
and anxiety than to a single diagnosis of either depression or
anxiety.

DISCUSSION

In this prospective population-based cohort, we
demonstrated an inverse association between self-reported
habitual PA during leisure time and sports with current
depressive symptoms but no relation of PA with incident or
recurrent MDD. Work-related PA was not associated with
MDD or depressive symptoms. Previous studies reported
relationships of leisure-time PA or total PA with onset of
depression.>* A meta-analysis summarized the evidence
from randomized controlled trials and established a modest
protective effect of PA on depression (standardized mean
difference [SMD] =-0.5) and a small positive effect on anxiety
in nonclinical adult populations (SMD =-0.38).* Three

Physical Activity, Fitness, and Depression and Anxiety
cross-Sectional studies®® 2 compared domain-specific
PA in relation to depression. Of these, a national study
of young US adults found that leisure PA was inversely
related to MDD but that higher duration of work-related
PA was positively associated with MDD.*! Similar findings
were found for associations of leisure-time and work-
related PA with depressive symptoms in a cross-sectional,
population-based study of working-age women.>
Conversely, a population-based cross-sectional survey
revealed inverse associations between leisure-time PA
and depressive symptoms but not with occupational PA.>?
A large prospective study of ~30,000 Japanese workers
found a U-shaped relation between leisure-time PA and
incident depressive symptoms and a positive association
between sedentary work to risk of depressive symptoms.”
In addition, evidence suggests that PA is beneficial for
the prevention and treatment of anxiety.*!>!4>3 Several
population-based studies found inverse associations
between PA and incident anxiety."**>” We found no
association between domain-specific PA and incident
anxiety. Previous studies have not considered PA that
occurs in various domains in relation to anxiety.

The present study found an inverse association between
peakVO,, maximum power output at peak exertion and
onset of MDD, recurrent MDD, depressive symptoms,
and anxiety disorders. These findings are consistent
with previous studies, suggesting that low CRF predicts
incidence of inpatient treatment for clinical depression®®
and elevated depressive symptoms.?®?? The present study
found no gender differences regarding the relationship
between CRF and depression. The association of maximum
power output and MDD was stronger in younger than
in older individuals. To our knowledge, this is the first
study that showed a positive association between CRF and
incident anxiety. A meta-analysis quantified the available
evidence from cross-sectional and prospective studies
(4,039 participants) and found a modest correlation
of —0.16 (95% CI, —0.21 to —0.10) between CRF and
depressive symptoms, the correlation being stronger in
men than in women.** The meta-analysis also revealed that
measurement methods of CRF represent a methodological
shortcoming of existing studies and recommended further
studies with direct measures of CRE?* The present study
is novel in its use of a direct assessment of CRF using
peakVO,, VO,@AT, and maximum power output as
gold-standard indices of CRE®!%?* In addition, previous
research has relied on symptom scales to assess depressive
symptoms.?*?%23 For example, several studies?*?? used the
Center of Epidemiologic Studies Depression Scale (CES-
D) as measurement instrument for depressive symptoms.
Unfortunately, the CES-D contains items that are
directly related to fitness, including questions regarding
psychomotor retardation, fatigue, weight loss, and sleep
problems.?#%8-0 Tt seems likely that answering these
questions is affected by a lack of CRF, and this would lead
to differential measurement error, in which fit individuals
have lower CES-D values independent of their true level
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of depression.?®The present 'study advances the Tield by
using direct measures of CRF and a structured diagnostic
interview, whereby measurement error in outcomes is
expected to be independent and non-differential.

One possible explanation for the discrepancies of
associations of PA and CRF with outcomes is that peakVO, is
a distinct physiologic measure that is not only affected by the
level of physical fitness and PA but also by the general health
status, age, ethnicity, behavioral risk factors, and genetics.®!
Another explanation is nondifferential measurement error
of PA, which might underestimate effect sizes and render
associations nonsignificant.

The current study has several limitations that need to
be considered when interpreting the findings. First, our
study had a relatively short follow-up time, which did not
permit us to investigate whether the association between PA,
CRE, and depression/anxiety varies over time. Second, we
used the CID-S,%® a screening instrument, to identify cases
histories of depression and anxiety at baseline. Nevertheless,
because the negative predictive values of the CID-S for
lifetime depression and anxiety are high (97% and 96%,
respectively),*® we are confident that we had a low chance
of including false-negative cases at baseline.

Previous research has hypothesized that the relationship
between PA and mental health may be complex and
bidirectional®**” such that symptoms of depression and
anxiety may also impact PA. Analyses of data from the
British Whitehall II cohort illustrate the bidirectional
nature of PA and mental health.’* Inverse cross-sectional
associations between PA and depression and anxiety were
found. However, PA at baseline did not correlate with
depression 8 years later; cumulative PA was associated with

lewer depressive symptoms at all time points, and cimulative
exposure to depression and anxiety predicted reduced levels
of PA.>* Those findings suggest a mutually reinforcing cycle
that can worsen both mental health and PA and physical
fitness.®%%3

Trauma or development of acute and chronic conditions
could result in reverse causation by inducing depression
or anxiety, which could lead to lower PA levels and CRE.
Unmeasured risk factors (including genetic predisposition,
childhood abuse, low self-esteem, and personality traits)
might confound the relation between PA and mental
health. Thus, although we adjusted our models for known
confounding factors, unobserved and time-varying
confounders pose a threat to causal inference from
observational data, and future studies might consider using
stronger quasi-experimental designs with multiple follow-up
measurements before any causal statements regarding the
associations between PA, CRE and the development of
mental disorders can be made.5>646

In conclusion, this prospective population-based study
showed that domain-specific PA is inversely associated with
depressive symptoms and that peakVO, and maximum
power output are inversely associated with the risk of
developing MDD or anxiety. The current study investigated
the association between CRE, assessed at a single point in
time, with subsequent depression and anxiety several years
later, assuming that CRF remained relatively constant over
time. However, CRF in adults typically decreases with age and
is influenced by lifestyle.® Future research should examine
variation in PA, CRE, depression, and anxiety over the life-
course to provide further insights into the directionality of
causal relationships.
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