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Abstract

Background: Physical activity is associated with depression. However, benefits of physical activity on depression may
differ for specific domains of physical activity (i.e,, leisure-time, work, and travel). Moreover, the relationship between
physical activity and depression could also differ for people in different Body Mass Index (BMI) categories. This study
investigated the relationship between domain-specific physical activity and BMI with depression, and the moderation
effects of BMI on the relationship between domain physical activity and depression.

Methods: Complex survey data from the NHANES 2011-2014 was used (N=10,047). Depression was measured
using the Patient Health Questionnaire (PHQ-9). Participants reported physical activity minutes in each domain using
the Global Physical Activity Questionnaire. Demographic characteristics were self-reported. Weight and height were
objectively measured and used for calculating BMI. Survey procedures were used to account for complex survey
design. As two survey cycles were used, sampling weights were re-calculated and used for analyses. Taylor series
linearisation was chosen as a variance estimation method.

Results: Participants who engaged in >150 minutes/week of total moderate-vigorous physical activity (MVPA)
(adjusted B =10.83, 95% CI [0.50, 1.16]) and leisure-time MVPA (adjusted B = 0.84, 95% CI [0.57, 1.11]) experienced
lower levels of depression compared to those engaging in <150 MVPA minutes/week. Work and travel-related physi-
cal activity were not associated with depression. Overweight (adjusted B = -0.40, 95% Cl [-0.76, -0.04]) and under-
weight/normal weight participants (adjusted B = -0.60, 95%Cl [-0.96, -0.25]) experienced less depressive symptoms
compared to obese participants. BMI did not moderate the relationship between domain-specific physical activity
and depression.

Conclusions: Interventions that focus on leisure-time physical activity appear to be best suited to improve depres-
sion, however, this needs to be confirmed in purposefully designed intervention studies. Future studies may also
examine ways to improve the effectiveness of work and travel physical activity for reducing depression.
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Introduction

Depression is a major contributor to the overall global
burden of disease and is one of the leading causes of dis-
ability worldwide [1]. Depression, at its worst, can lead
to suicide, with close to 800,000 people dying by suicide
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each year globally [1]. Depression often results from a
mix of social, psychological and biological factors, with
adverse life events, such as trauma or death of a loved
one [1]. However, a systematic review found an increas-
ing global trend of depression prevalence over time [2].
Studies also found prevalence of depression increased in
the U.S. For example, data among adults aged >20 years
showed an overall increasing trend of depression between
2005 and 2016 [3]. Another study used the National Sur-
vey on Drug Use and Health also found that prevalence
of depression among people aged 12 and older in the U.S.
increased between 2005 and 2015 [4].

The World Health Organization notes that physical
health and depression are interrelated, and community
approaches, such as physical activity programs, have
been implemented to reduce depression [1]. The Royal
Australian and New Zealand College of Psychiatrists
clinical guidelines for mood disorders have also listed
physical activity as a therapeutic option for depression
[5]. Physical activity has similar effects as antidepressants
[6] and psychotherapy [7]. A meta-meta analysis found
that physical activity had a medium effect on reducing
depression [8]. However, there is a lack of evidence for
recommendations regarding duration, intensity, mode,
or frequency of physical activity to understand what is
needed for the anti-depressive benefits of physical activ-
ity to occur [9, 10]. It is currently recommended that
people participate in at least 150 minutes a week of mod-
erate-vigorous intensity activity (MVPA) for health ben-
efits [11].

Physical activity can occur across many domains,
including recreation or leisure-time (e.g., walking,
organized or self-directed exercise), at work (e.g., walk-
ing or lifting as part of work requirements), for travel
(e.g., walking or riding a bike for transport) and domes-
tically (e.g., household chores). Evidence suggests that
the domains in which physical activity occurs affect the
relationship between physical activity and depression
[12]. McKercher et al. found that 1.25 hours per week of
leisure-time physical activity resulted in a 45% reduction
in depression whilst more than 10 hours a week of work-
related physical activity resulted in twofold higher levels
of depression compared to a sedentary group [12]. Addi-
tionally, White et al. found that transport-related physi-
cal activity and leisure-time physical activity resulted
in lower levels of depression [13], whilst work-related
physical activity was associated with higher levels of
depression, echoing the findings by McKercher et al. [12]
Furthermore, in a study with 14,381 adults, Schuch et al.
found that even small amounts of leisure-time physical
activity were beneficial [14].

Although the association between physical activity and
depression has been well established, further research is
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required to understand what factors may moderate this
relationship between physical activity and depression
[15]. Previous studies suggest that potential modera-
tors for the association between depression and physical
activity may include demographical variables (e.g., age,
sex, marital status), psychological traits (e.g., personal-
ity traits or characteristics) and social and environmen-
tal factors (e.g., socioeconomic status, ethnicity) [16—20].
Studies also suggested that the relationship between
physical activity and depression could differ for people
in different Body Mass Index (BMI) categories. Cho et al.
found that people who were underweight and inactive
had an increased risk of depression compared to active,
healthy weight individuals [21]. Vallance et al. found that
higher levels of MVPA resulted in less depressive symp-
toms for or overweight/obese people but not for healthy
weight adults, showing that BMI moderated the associa-
tion between physical activity and depression [22]. On
the other hand, Schuch et al. examined the effect of exer-
cise added to the treatment of severely depressed partici-
pants and found that BMI did not moderate the effects
of physical activity on depression [23]. Given inconsist-
ent evidence and the small number of studies in this area,
further research is required. Additionally, the modera-
tion effect of BMI on the relationship between domain-
specific physical activity and depression is currently
unknown.

Therefore, the purpose of this study was to inves-
tigate: 1) the relationship between total and domain-
specific (leisure, work, and travel) physical activity and
depression; 2) the relationship between BMI catego-
ries (underweight/healthy, overweight, and obese) and
depression; 3) the moderating effect of BMI categories
on the relationship between total and domain-specific
physical activity and depression. Findings from this study
will improve the understanding of the associations of
domain-specific physical activity, BMI, and depression
and as a result, inform resource allocations for inter-
ventions targeting people in different weight groups. In
addition, the findings assist with setting priorities and
selection of suitable intervention strategies for specific
domains of physical activity to maximize the effective-
ness of mental health interventions.

Methods

Participants and recruitment

Data from the 2011-2012 and 2013-2014 National Health
and Nutrition Examination Survey (NHANES) were
used. NHANES is a cross-sectional survey that uses
complex, multistage probability sampling to recruit a
non-institutionalised, nationally representative sample
of the US population. NHANES selects participants from
approximately 15 counties (5000 participants) across the
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U. S per year [24]. The National Centre for Health Statis-
tics Ethics Review Board approved the NHANES survey
protocols (Protocol #2011-2017) [25], and the study com-
plied with the Declaration of Helsinki. All participants
gave written informed consent.

Once selected for the NHANES study, participants
were sent an introductory letter and received an in-per-
son visit for a household screener to confirm eligibility.
To obtain a wide range of health data, an interviewer
conducted a survey interview in-home, and the partici-
pants attended a mobile health examination centre for
physical measurements, dental examination, and collec-
tion of specimens for laboratory testing. The 2011-2012
NHANES cycle interviewed a total of 9,756 people with
a 72.6% response rate and examined 9,338 people with
a 69.5% response rate [26]. The 2013-2014 survey inter-
viewed 10,175 people with a 71% response rate and
examined 9,813 people with a 68.5% response rate [27].
Combined, the 2011-2012 and 2013-2014 NHANES
cycles included 19,931 participants.

The current study included all adults aged 20 years and
older. As such, 8,602 participants under 20 years were
excluded. Pregnant women (n = 122) and participants
who required special equipment to walk (n = 1,161) were
also excluded from the study due to their limited capac-
ity for physical activity and how these aspects may affect
BMI and depression. The final subsample included 10,047
participants.

Measures

Depression

The Patient Health Questionnaire (PHQ-9) [28] was used
to measure depression. The PHQ-9 has a high valid-
ity and reliability with Cronbach alphas of .86 and .89,
indicating sound psychometric properties [29-31]. The
measure was completed during the health examination at
the mobile centre by trained interviewers using the Com-
puter-Assisted Personal Interviewing (CAPI) system.
Participants were asked about the frequency of symp-
toms of depression in the last 2 weeks using a nine-item
screening instrument. The items in PHQ-9 reflect the
criteria to assess major depressive disorder and include
questions relating to mood, interest/pleasure, sleep prob-
lems, fatigue, appetite changes, guilt, difficultly concen-
trating, psychomotor changes and suicidal tendencies, as
per the diagnosis criteria in DSM-5 [32]. An example of
PHQ-9 questions includes “Over the last 2 weeks, how
often have you been bothered by the following problems:
1) little interest or pleasure in doing things? 2) feeling
down, depressed, or hopeless? 3) trouble falling or stay-
ing asleep, or sleeping too much? Available responses
included "not at all," "several days," "more than half the
days," and "nearly every day", and responses were given
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a point ranging from 0 to 3. No questions were reverse
scored. Scores were summed to give a total score rang-
ing from O to 27, with higher scores indicating higher lev-
els of depression. Mild, moderate, and severe depressive
symptoms are indicated by scores of 5, 10 and 20, respec-
tively. Scores higher than 10 indicate major depressive
disorder [33].

Body-mass index

BMI was calculated as weight in kilograms divided
by height in meters squared. NHANES participants
attended the mobile examination center and had their
body measurements collected by a trained health techni-
cian. Standardized protocol and calibrated instruments
were used in data collection [34]. BMI were categorised
as underweight (BMI below 18.5), healthy weight (BMI
18.5 — 24.9), overweight (BMI 25 — 29.9), obese (BMI
above 30.0). Due to the underweight category having a
low number of participants (n = 168), underweight and
healthy weight participants were grouped together in the
analysis.

Physical activity

Participants completed the Global Physical Activity
Questionnaire (GPAQ) [35] at home using the Com-
puter-Assisted Personal Interview system. The GPAQ
was developed by WHO to collect information regarding
sedentary information as well as the minutes spent per
week engaging in physical activity in three domains (lei-
sure, work, and travel) and at different intensities (mod-
erate such as brisk walking or cycling and vigorous such
as running or football). The self-report measure con-
tained 16 questions. For the current study, total MVPA
and MVPA in each domain (vigorous physical activ-
ity minutes were doubles) was further categorised into
dichotomous variables with a cut-point of 150 MVPA
min/week, as recommended by the physical activity
guidelines [11]. The validity and reliability of GPAQ have
been tested across multiple studies (including NHANES)
and found to be an acceptable instrument for monitoring
physical activity [36—39].

Covariates

Age, gender, ethnicity, marital status, education and pov-
erty ratio were controlled for in all models of the analy-
ses as studies have found that these variables influence
the relationship between physical activity and depression
and are associated with both variables [14, 40—44]. Gen-
der was either “male” or “female”. Ethnicity was grouped
into “Non-Hispanic White’, “Non-Hispanic Black’, “Non-
Hispanic Asian’, and “Mexican American/others’, with
others including multi-ethnic. The categories for marital
status included “never married’, “married/ with partner’,
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or “other’, which included participants that were wid-
owed, divorced, or separated. Education was categorised
into “high school or below;” which included less than 9"
grade, 9-11"" grade (includes 12 grade with no diploma
and high school graduate/GED or equivalent) and “above
high school’, which included some college or associate
degree and college graduate or above. Poverty income
ratio was a continuous variable and is a ratio of fam-
ily income-to-poverty threshold, dependent on house-
hold size. This variable measures household income in
comparison to the poverty line to determine the level
of poverty for the household. A ratio of 1 means that
the household income and poverty level are the same,
whereas if the ratio is less than 1, it means that household
income is less than the poverty line level. The poverty
ratio range for the current study was 0-5.

Statistical analysis

Data analysis was undertaken using SPSS, Complex
Samples module (version 28; SPSS IBM Company) and
SPSS survey procedures were used to account for com-
plex survey design. Taylor series linearisation was cho-
sen as a variance estimation method as recommended by
NHANES [45]. As two NHANES cycles were combined,
two-year weights were divided by two to recalculate four-
year weights as instructed by NHANES. Four-year exam-
ination weights were used for analyses.

As depression data were missing for more than 10% of
the population, a regression method was used to impute
missing values based on age, gender, ethnicity, marital
status, education, and poverty income ratio. The standard
deviation of the original depression variable was matched
to that of the imputed variable by adding random nor-
mal variability. Missing values for other variables ranged
from 0.1% to 8.2%. Analyses were run using original
and imputed data. As results were consistent only those
from original data were presented. Data were checked
to ensure there were no outliers, and that data matched
NHANES data documents.

Weighted percentages and means with standard errors
(SE) were generated as descriptive statistics. Complex
sample linear regression was used to analyse the relation-
ship between depression and meeting or not meeting 150
minutes/week of total MVPA, workplace MVPA, leisure
MVPA, and travel MVPA. This cut-off point was for the
total MVPA making it more difficult to meet the recom-
mendations for a single component; therefore, weighted
averages of depression scores for each component were
also presented as a sensitivity check (Supplemental
Table 1). Further analyses examined the relationship
between depression as the outcome variable and BMI
with three categories (underweight/healthy, overweight,
and obese (reference)) as the independent variable. The
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moderation effect of BMI on the association between
physical activity and depression was also analysed using
complex sample linear regression. Both bivariate and
multivariable analyses adjusted for age, gender, ethnicity,
education level, marital status, and poverty income ratio
were conducted. Due to multiple comparisons between
weight groups, Bonferroni post-hoc adjustment was
applied. Two-sided p-values were used and considered
significant if <0.05.

Results

Sample characteristics are presented in Table 1. Partici-
pants’ average age was 46.4 years (SE = .47), with 50.8%
of participants being female. A total of 641 participants,
equaling 7.01%, met the criteria for having depres-
sion (score of 10 or greater) and the average depression
score was 2.80 (SE = 0.08). Approximately one third of
participants were underweight/healthy weight (30.8%),
overweight (34.0%) or obese (35.2%). About two thirds
(65.3%) of participants engaged in 150 or more minutes
of total physical activity whilst 33.2%, 39.4% and 15.6%
of participants engaged in at least 150 minutes of work,
leisure and transport physical activity, respectively. The
sample characteristics between the two NHANES cycles
were similar. Weighted averages and percentages of
demographic characteristics for participants with depres-
sion scores <10 and >10 were presented in Supplemental
Table 2.

Table 2 shows the association between total and
domain-specific PA and BMI with depression. Partici-
pants who met 150 min/week recommended guidelines
for total physical activity, on average, had fewer depres-
sion symptoms than participants who did not meet the
guidelines (B = 0.95, 95% CI [0.66, 1.25], adjusted B =
0.83, 95% CI [0.50, 1.16], p-values<0.001). Participates
who completed equal to or greater than 150 min/week of
leisure physical activity had significantly fewer depression
symptoms than participants who completed less than 150
min/week (B = 1.04, 95% CI [0.79, 1.29], adjusted B =
0.84, 95% CI [0.57, 1.11], p-values<0.001), indicating that
leisure MVPA was a predictor for the depression score.
Work-related and travel related MVPA were not signifi-
cant predicters of depression in either the bivariate or
multivariable models. In addition, overweight (B = -0.62,
95% CI [-0.97, -0.26], p-value<0.001, adjusted B = -0.40,
95% CI [-0.76, -0.04], p-value = 0.026) and underweight/
normal weight participants (B = -0.59, 95% CI [-0.95,
-0.22], adjusted B = -0.60, 95%CI [-0.96, -0.25], p-val-
ues<0.001) experienced less depressive symptoms com-
pared to obese participants.

The moderation effect of BMI on the association
between total MVPA and depression was not statis-
tically significant in both bivariate (p = 0.814) and
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Table 1 Weighted sample characteristics
Cycle 2011-2012 Cycle 2013-2014 Total
N M or % (SE) N M or % (SE) N M or % (SE)

Age (years) 4935 46.48 (0.85) 5112 46.40 (0.40) 10047 46.44 (0.47)
Gender

Male 2493 49.3% (0.9) 2491 49.1% (0.5) 4984 49.2% (0.5)

Female 2442 50.7% (0.9) 2621 50.9% (0.5) 5063 50.8% (0.5)
Marital Status

Never married 1102 20.3% (2.5) 1019 19.5% (1.3) 2121 19.9% (1.4)

Married/with partner 2856 62.4% (2.1) 3078 63.0% (1.3) 5934 62.7% (1.3)

Others 973 17.3% (0.8) 1014 17.5% (0.6) 1987 17.4% (0.5)
Education

High school or below 2134 35.6% (2.6) 2181 36.1% (2.2) 4315 35.9% (1.7)

Above high school 2799 64.4% (2.6) 2927 63.9% (2.2) 5726 64.1% (1.7)
Ethnicity

Non-Hispanic White 1800 66.9% (3.8) 2171 65.8% (3.3) 3971 66.4% (2.5)

Non-Hispanic Black 1248 11.0% (2.1) 999 10.9% (1.6) 2247 10.9% (1.3)

Non-Hispanic Asian 747 53% (0.9 634 5.6% (0.7) 1381 5.5% (0.6)

Mexican American/others 1140 16.7% (2.4) 1308 17.8% (2.5) 2448 17.3% (1.7)
Poverty income ratio 4518 2.95(0.11) 4704 298 (0.11) 9222 2.97(0.08)
Total MVPA

<150min/week 1783 33.1%(1.7) 1932 36.4% (0.9) 3715 34.7% (0.9)

>150min/week 3150 66.9% (1.7) 3180 63.6% (0.9) 6330 65.3% (0.9)
Work MVPA

<150min/week 3460 67.4% (1.3) 3470 66.2% (1.2) 6930 66.8% (0.9)

>150min/week 1464 32.6% (1.3) 1631 33.8%(1.2) 3095 33.2% (0.9)
Leisure MVPA

<150min/week 3114 59.3% (2.2) 3275 61.9% (1.1) 6389 60.6% (1.2)

>150min/week 1816 40.7% (2.2) 1835 38.1% (1.1) 3651 39.4% (1.2)
Transport MVPA

<150min/week 3964 81.3% (1.7) 4370 87.5% (1.0) 8334 84.4% (1.0)

>150min/week 963 18.7% (1.7) 736 12.5% (1.0) 1699 15.6% (1.0)
BMI

Underweight/healthy 1541 31.5% (1.8) 1534 30.2% (0.9) 3075 30.8% (1.0)

Overweight 1555 34.5% (1.5) 1615 33.4% (0.8) 3170 34.0% (0.9)

Obese 1603 34.0% (1.3) 1778 36.4(0.9) 3381 35.2% (0.8)
Depression scores 4143 2.74(0.13) 4504 2.85 (0.09) 8647 2.80 (0.08)

M Mean score, SE Standard error, MVPA Moderate-vigorous physical activity

multivariable analyses (p = 0.991) meaning that the rela-
tionship between total MVPA and depression did not
differ based on BMI category. Likewise, no moderation
effects of BMI on the association between physical activ-
ity and depression were found for leisure-time, work-
related and travel related physical activity.

Discussion

The findings show that depression and physical activity
were found to have a negative association, as participants
who engaged in at least 150 minutes of total physical

activity per week experienced fewer depressive symptoms
than people who did not, which is consistent with previ-
ous research [8]. It was found that the domain in which
physical activity occurs directly influences the beneficial
aspects of physical activity on depression. Participants
who met 150 minutes per week of leisure-time physical
activity experienced fewer depressive symptoms than
those that did not meet 150 minutes per week, which is
similar to previous findings [12, 14]. However, there was
no significant relationship between physical activity and
depression for work- or travel-related physical activity,
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Table 2 Associations between physical activity domains and BMI with depression

Model 1 Model 2

B [95% Cl] B [95% Cl]
Total MVPA (<150 vs >150 minutes) 0.95[0.66,1.25]™ 0.831[0.50,1.16]""
Leisure MVPA (<150 vs >150 minutes) 1.04[0.79,1.29]™ 0.841057,1.111
Work-related MVPA (<150 vs >150 minutes) 0.13[-0.12,0. 38] 0.16 [-0.10,042]
Travel MVPA (<150 vs >150 minutes) 0.14 [-0.26,0.55] 0.26 [-0.16,0.67]
BMI (underweight/normal vs obese) -0.59[-0.95,-0.22"" -0.60 [-0.96, -0.25]™

BMI (overweight vs obese)

062 [-0.97,-0.26]" -0.40 [-0.76,-0.04]"

Model 1: bivariate model, include only physical activity and depressionModel 2: multivariable model, adjusted for age, gender, ethnicity, education, marital status, and

poverty-income-ratio.
" p<0.05, “p<0.01, "p,0.001

which is inconsistent with findings by White et al. [13],
who previously demonstrated that travel-related physi-
cal activity was associated with depression. The results
indicate that leisure-time physical activity may have more
benefits in reducing depression than work- or travel-
related physical activity.

There are several possible mechanisms for this domain
effect of physical activity on depression. Firstly, leisure-
time physical activity is more likely to be viewed as a self-
directed, enjoyable task compared to physical activity in
other domains [13]. According to the self-determination
theory, autonomous motivation associated with physical
activity is more likely to produce psychological satisfac-
tion (autonomy, competence, and relatedness), which in
turn supports mental health [46]. Participation in physi-
cal activity due to enjoyment is associated with autono-
mous and intrinsic motivation [47]. Thus, leisure-time
physical activity is more likely to be undertaken for enjoy-
ment rather than work- or travel-related physical activity,
as these are often compulsory tasks or done for external
rewards which are associated with extrinsic rather than
intrinsic motivation and thus have less benefits for men-
tal health [47].

Secondly, the distraction hypothesis suggests that phys-
ical activity offers a distraction from stressful life events,
which supports the reduction of depression [48]. Leisure-
time physical activity has potential distraction benefits,
whereas travel- and work-related physical activity, which
is performed in places that are potentially stressful, do
not hold the same distraction benefits. Asztalos et al. also
found that physical activity related to travelling to work
can be associated with increased stress amongst blue-
collar workers, who may choose active travelling due to
economy factor rather than enjoyment [49]. Thus, travel-
related physical activity could be unenjoyable for some.

Thirdly, travel- and potentially work-related physical
activity are most likely to be done alone, making it less
likely to improve a person’s sense of belonging, whereas

leisure-time physical activity often incorporates social
interaction, which benefits mental health [50]. Physical
activity is also noted to elicit feelings of self-mastery and
self-efficacy by completing tasks that an individual finds
challenging [51, 52]. As work- and travel-related physical
activity are more likely to only involve activities such as
walking, these domains may hold fewer opportunities for
self-mastery for physical activity [53], which is associated
with psychological wellbeing.

Lastly, the increase of neurotransmitters such as endor-
phins is also a plausible mechanism for the physical activ-
ity and depression relationship [54]. Enjoyable physical
activity has been noted to increase the production of
the neurotransmitter serotonin, which regulates mood
and stress [55]. Thus, if travel- and work-related physi-
cal activity is not seen as enjoyable, it may not have the
same serotonin production as leisure-time physical activ-
ity, therefore not allowing for the same levels of serotonin
and reduction in depressive symptoms.

In line with previous research, BMI was found to have
a positive association with depression, in that as BMI
increased, so too did depression levels [56, 57]. This may
be due to low body weight being idealized in the US,
resulting in individuals in the overweight or obese BMI
categories potentially experiencing increased body dis-
satisfaction and self-esteem issues, which are noted to
increase risks of depression [58]. Previous studies have
also noted that the perception of being overweight has an
effect on mental ill health [59]. Further, the relationship
between depression and BMI has been found to be bi-
directional [60]. Depression may lead to changes in life-
style such as lack of exercise, insufficient sleep, increase
in fatigue levels and unhealthy eating habits, which could
lead to weight gain [61]. Depression can also result in
disturbances in cortisol levels and dysregulation of the
hypothalamic-pituitary-adrenal axis, which is noted to
result in weight gain [62, 63]. Antidepressant medication
has also been shown to induce weight gain [64].
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Finally, it was found that BMI did not affect the rela-
tionship between domain-specific physical activity and
depression. Participants who completed 150 minutes
per week of physical activity, regardless of BMI category,
experienced reduced depression scores compared to
those that did not complete 150 minutes per week. Thus,
physical activity is therefore beneficial for individuals
regardless of BMI category in reducing depression, which
means that the promotion of physical activity should
cater to all BMI categories for both mental and physical
health benefits. The moderating effect of BMI in previ-
ous research has been inconsistent. One study using
accelerometers found a moderation effect of BMI in the
U.S. population, i.e., there was a significant association
between MVPA and depression in overweight/obese
adults but no association in healthy weight adults [22];
however, a systematic review among people with major
depressive disorder did not find moderation effects for
any demographic factors including BMI [65]. Although
BMI in the current study was not a moderator for the
association between physical activity and depression, the
esteem-boosting properties of physical activity [66] could
be beneficial for people in higher BMI categories who
may experience low self-esteem [58]. As low levels of self-
esteem were associated with depression [67], increase
in self-esteem may result in improvement in depression
among people with higher BMI categories. Other stud-
ies have also shown that physical activity has many health
benefits for overweight people, highlighting the benefit
of being fit and overweight [68]. Ortega et al. noted that
obese and metabolically healthy individuals tend to have
higher physical activity rates and fewer concerns for car-
diovascular disease and mortality compared to obese and
metabolically unhealthy individuals [68].

The strengths of the current study included a large
population-based representative sample which allows
for findings to be generalized. NHANES also has a high
response rate of 71.5% average for the two cycles used
within the study. Further, validated depression and physi-
cal activity tools were used within the survey and BMI
was objectively measured. However, the study design was
cross-sectional, which limited the study ability to infer
causality [69]. Despite using validated self-report meas-
ures, there is a potential for recall bias. Self-report physi-
cal activity questionnaires may over-estimate the amount
of physical activity although they are deemed to be one
of the most suitable options to measure domain-specific
physical activity [14]. Advancements in technology may
present suitable options such as combining GPS and
accelerometer data for future studies [70, 71].

In conclusion, the relationship between physi-
cal activity and depression was found to be
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domain-specific, in that leisure-time physical activ-
ity was associated with lower depressive symptoms.
Further, higher BMI was associated with depression,
but BMI did not moderate the relationship between
domain-specific physical activity and depression. As
such, interventions that encourage individuals to spe-
cifically engage in leisure-time physical activity may
be best suited to improve mental health and depres-
sion, as compared to interventions focusing on overall,
work-related or travel-related physical activity. Having
activities to improve participant’s weight status may
also help increase the effectiveness of these interven-
tions. However, studies that were purposefully designed
to examine causal relationships between different types
of physical activity and depression are needed to con-
firm the findings in this study. Investigating the roles
of residential and work environments, type of work,
and psychosocial factors in the associations between
physical activity, weight status, and depression may be
necessary to provide a better understanding of these
relationships. Future studies may also examine ways to
improve the benefits of work and travel physical activity
for depression through increased enjoyment or social
interaction within the activity.
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