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Abstract (246/250)

A number of cross-sectional studies have suggéltgghysical activity (PA) is negatively
associated with psychological distress in adulthdogaucity of regionally representative
and longitudinal studies has considered this iatip. This study investigated the
association between leisure time light and modera@rous PA (MVPA) and psychological
distress over 13 years in a regionally represemta@mple. A total of 4754 men (mean age:
47.2 years) and 5571 women from (mean age: 46:8)ytee Tromsg Study were followed
for 13 years. Light PA and MVPA was captured aietias and psychological distress was
captured using the Hopkins Symptom Check List- Hdes®Ordinary least square and Poisson
regression models were used, adjusting for multiplgounders to investigate the
relationship between light PA/MVPA and psychologidiatress. In the fully-adjusted model,
accounting sociodemographics, history of parerggtpopathology, socioeconomic status,
marital status, smoking, social support and riskdes, we found evidence that both light PA
(B 0.11, 95% CI: 0.03, 0.19; p<0.01) and MVARQ(19, 95% CI: 0.12, 0.26; p<0.001)
confered protection against psychological distegdsllow-up. Among men, a lower MVPA
was associated with 14% (RR=1.14, 95% CI. 1.018)lircreased risk of clinically
significant psychological distress; while among veomthe risk was 15% (RR=1.15, 95% CI:
1.06, 1.26; p<0.001). In this regionally represewtacohort, our study suggests that both
higher levels of light PA and MVPA confer protectiagainst future psychological distress.
However, a key limitation of this study is that peglogical distress at baseline was not

controlled-for.

Keywords: Physical activity; exercise; anxiety; depressioisirdss; psychological distress;

well-being



Introduction

Leisure time physical activity (PA) has a wide ramd physical and mental health benefits
(Penedo & Dahn, 2005; Sheikh, Lund, & Braaten, 20Cénversely, physical inactivity is

the fourth leading cause of preventable mortatitthie world, mainly due to the increased
cardiovascular risks associated with it (Kohl et2012). Among people with established
mental illness, physical exercise, i.e. a structdoem of physical exertion, is acknowledged
as an essential aspect in the multidisciplinargttrent of depression (Schuch, Vancampfort,
Richards, et al., 2016; Schuch, Vancampfort, Rosemb Richards, Ward, & Stubbs, 2016;
Schuch, Vancampfort, Rosenbaum, Richards, Wardynése, et al., 2016), anxiety (Stubbs,
Vancampfort, et al., 2017), and psychosis (J. FCibiter, Elliott, French, & Yung, 2015;
Joseph Firth et al., 2017; Pajonk, Wobrock, Grukeat al., 2010; Davy Vancampfort et al.,
2017). In the past decade, from a public healtbpmsative there has been an increased interest
in the beneficial effects of PA on mental healthigans, Plotnikoff, & Lubans, 2011).
Nowadays it is well-established that PA has a ptote effect for future depression (Harvey
et al., 2017), and cognitive decline (Stubbs, Cirgng, Sun, & Ku, 2017). It is associated
with less suicidal ideation (D. Vancampfort et 2D,18) while acute bouts reduce feelings of
state anxiety (Ensari, Greenlee, Motl, & Petruzze2015). Psychological well-being, is
however a much broader concept than the absenuerdhl illness and refers to a positive
state of well-being where individuals realize thmotential, experience positive emotions, and
are able to maintain interpersonal relationshipgkwproductively, contribute to their
community and cope with psychological distress (@ dtalmer, Gallacher, Marsden, & Fone,
2016; Naci & loannidis, 2015; Sheikh, Abelsen, &, 2014, 2016a, 2016b, 2017). Other
evidence suggests that individuals with higher spmg of psychological distress are denied
the same job opportunities as their peers, thereftyicting them to jobs with lower income

(Dworsky & Courtney, 2007; Rizvi et al., 2015).



Psychological distress is a term that encapsulatggeasant feelings and negative
emotions that affect day-to-day functioning anceetf$ a sizable share of the population in
both high-income and low-to-middle-income countr{€&ong et al., 2016; Perales, Pozo-
Cruz, & Pozo-Cruz, 2014; Sheikh, 2018a, 2018b).h&es unsurprisingly psychological
distress has been associated with the risk of dpirel more severe mental health conditions
and physical health issues including premature altyt particularly due to cardiovascular
and metabolic disease (Gong et al.,, 2016; Hamerintaki, Stamatakis, & Batty, 2012;
Lazzarino, Hamer, Stamatakis, & Steptoe, 2013;|€get al., 2014; Russ et al., 2012; Sheikh
et al.,, 2016a). In addition, the considerable fai@nand human costs of psychological
distress, has led to a pressing need to identifgrpially modifiable risk factors which may
be important for the development of efficient pabhealth policies (Ding et al., 2016;
Ekelund et al., 2016; Gong et al., 2016; Peraleal.et2014; Sheikh, 2017b, 2017c, 2018a,
2018b; Sheikh et al., 2016a). A nation-wide sursiegwed that over 10.2% of the population
in Norway reported to have experienced psycholdgicstress within the last two weeks
(FHI, 2015), while a regionally representative synof Tromsg region in Norway showed
that over 9.3% of the adult population had clirlicalgnificant psychological distress (Sheikh
et al., 2016a).

One key risk factor that has been associated wghen psychological distress in
multiple cross-sectional studies is physical inatsti(Hamer, Biddle, & Stamatakis, 2017;
Hamer, Stamatakis, & Steptoe, 2009). A recent lag@nally representative cross-sectional
study in Scotland demonstrated a clear dose respo@sefit between lower PA levels and
reduced psychological distress (Hamer et al., 20ARApther cross-sectional study among
4,337 adults in Singapore demonstrated that hidgneels of PA also appear to confer
protection against psychological distress (Sloaralet 2013). Whilst these studies have

provided a useful insight into the relationshipvin PA and psychological distress, the



cross-sectional nature precludes any inferencesthen directionality of the observed
relationships. However, there is a paucity of regity representative and longitudinal studies
that has investigated this relationship. Nonettselese four-year study in Australia including
17,080 people demonstrated that higher levels oflarade-vigorous PA (MVPA) was
associated with a reduced incidence of psycholbgistress (Perales et al., 2014). Whilst
helpful, the relatively short follow-up time peri@hd lack of focus on leisure time light PA,
which can also have benefits for health (Fuzekgdfoff, & Banzer, 2017), calls for future
research.

Given the aforementioned, we set out to exploredlaionship between leisure time
light PA and MVPA levels and subsequent psychokalgigstress levels using data from the
regionally representative Tromsg Study over a B3 period. The specific research questions
were: (1) are those with lower levels of leisuredilight PA or MVPA more likely to
experience a higher psychological distress?, &)did these associations differ significantly

by gender?



Material and methods

Study population

The Tromsg Study is a representative, prospectiert study of the adult population
residing in the municipality of Tromsg, Norway (dbsen, Eggen, Mathiesen, Wilsgaard, &
Njoglstad, 2012). Between 1974 and 2007-2008, sixewaof the Tromsg Study were
conducted (referred to as Tromsg 1-VI) (Jacobseaal.e2012). The present study has a two-
wave design. To be eligible for the present analyparticipants had to have attended both
Tromsg IV (1994-95) and Tromsg VI (2007-08) (N =3B5). The study sample included
respondents aged 25-74 years at Tromsg IV, and73ged@s at Tromsg VI (Sheikh, 2017a;

Sheikh et al., 2016b).

Study variables

Leisure time light physical activity and moderate 6 vigorous physical activity (Tromsg

V)

Leisure time PA was measured with two identicalsgio@s on light PA (not sweating
or out of breath) and MVPA (sweating/out of breath)a four-point Likert scale: “How has
your weekly average physical activity in leisurendi been during this last year?,” The
response alternatives were: ‘none’, ‘less than‘1-2’, and ‘3 or more’ hours/week. The
scores were inverted, so that a higher score reptefower leisure time PA. Cronbach alpha
for the two items was 0.36 (inter-item covarian@e23). Light PA and MVPA exist on a
continuum; therefore, we also constructed a congpoBA as sum of scores from two
indicators (light and MVPA). All associations widomposite PA are presented in appendix

(Online Supplementary Material).



Psychological distress (Tromsg VI)

Psychological distress was measured by the Holimptom checklist (HSCL-10)
scale, which is widely used in epidemiological #s8dSheikh, 2017b, 2018a; Sheikh et al.,
2016b). Respondents rated each of the 10 itenteirlECL-10 on a four-point scale ranging
from not at all (1) toextremely (4). We found an acceptable degree of internasistency for
the four-point scale in this sample (Cronbach'ealp.86, mean inter-item correlation: 0.41,
McDonald's omega coefficient for composite relidil0.87) (Sheikh et al., 2016b). A
composite variable was constructed as the sumeoi@items (Sheikh et al., 2016b). An
HSCL-10 score of 18.5 has been proposed as theficiar predicting clinically significant
cases of psychological distress (Strand et al.3R0herefore, in addition to the continuous
HSCL-10, we also constructed a binary variablelagsifying respondents with scores below
18.5 as reference group (HSCL-10 = 0), and tho$ie sziores$>18.5 as clinically significant

cases of psychological distress (HSCL-10 = 1).

Confounding variables

Data on confounding variables were taken from tteniBg IV questionnaire. The
confounding variables age, gender, history of patgrsychopathology, childhood
socioeconomic status, marital status, daily smaqlsogial support, and education, were
chosen based anpriori knowledge of PA correlates in the general popoie(Bauman et
al., 2012) and of the association between PA agdhadogical distress (Hamer et al., 2017;

Hamer et al., 2009; Sheikh, 2017b, 2017c, 201883120Sheikh et al., 2016a).

Valid information on age and gender was obtainethf6tatistics Norway by using

the unique personal identification number of eaghigipant. Mother's/father's history of



psychopathology was measured as: “Does your médkteef have/has your mother/father
ever had psychiatric disorders?” (yes, no). Theretest reliability of mother's history

of psychopathology and father's history of psychioplagy in Tromsg Study were Kappa:
0.57 (95% CI: 0.52-0.62) and Kappa: 0.61 (95% (33060.69), respectively (Sheikh,
2017a). Subjective childhood socioeconomic statas measured by the question, “How
was your family’s financial situation during childbd?” on a 4-point scale (1 = very good,
2 = good, 3 = difficult, 4 = very difficult). Theshability of childhood socioeconomic status
was good [Kappa: 0.61, 95% confidence interval (CHO, 0.63] in Tromsg Study (Sheikh,
2017c). Daily smoking was measured by the questidn,you smoke cigarettes daily?” (yes
/no). The test-retest reliability of this variabl@s good (Kappa: 0.67, 95% CI: 0.63-0.71) in
Tromsg Study (Sheikh, 2017c). Social support waasoned with two questions on number
of friends and perceived social isolation as “Hoanygood friends do you have whom you
can talk confidentially with and who give you h&pen you need it?” and “Do you feel that
you have enough good friends?” (yes, no). Those neported ‘no’ to the second question
were categorized as socially isolated. Cronbadplsaafor the two items on social support
was 0.32 (inter-item covariance: 0.19). Educaterel was measured on a 5-point scale as: 1)
college or university (4 years or more); 2) collegeainiversity (less than 4 years); 3) high
school diploma; 4) vocational school or technicdlo®ol; and 5) primary and secondary
school or similar (i.e., 7-10 years of schooling)e test-retest reliability of education level

was very good (Kappa: 0.91, 95% CI: 0.91, 0.92)romsg Study (Sheikh, 2017c).

Ethical approval
This investigation was carried out in accordancéhwihe latest version of the
Declaration of Helsinki. The Tromsg Study has bagproved by the Regional Committee for

Medical and Health Research Ethics, the Data Inepste, and the Norwegian Directorate of



Health. Written informed consent was obtained fidhindividual participants included in the

study.

Statistical analysis

All analyses were conducted using Stata versio(Bi&aCorp LLC). Normality assumption
for ordinary least square (OLS) regression modda assessed (Stata command -acprplot-),
and satisfied (Hamilton, 2013); therefore, the R#Nables were not transformed. To assess
the collinearity of regressors, we estimated vaeanflation factors (VIFs) in Stata (-vif-)
(Hamilton, 2013). In the fully-adjusted model, madik was 1.08, and none of the individual
regressor’s VIF were greater than 1.25 (VIF for)aBaseline characteristics of the study
sample were determined with means (standard emod)proportions (Table 1). Missing
values were generated with multiple imputation witiained equations. A comparison
between the complete-case (excluding missing) hadmputed dataset is presented with
proportions (%), and mean (standard error) (seéeTHb We estimated Pearson product-
moment correlations between all variables consdiarghis study (Table 2). For the
continuous variable of psychological distress, ws®eased the association between indicators
of leisure time PA and psychological distress bySO&gression analysis. For binary variable
of psychological distress (clinically significargyzhological distress), we used modified
Poisson regression models and relative risks (RIRg2 estimated (Barros & Hirakata, 2003;

Sheikh et al., 2017; Zou, 2004).

To test whether estimates ladth light PA and MVPA are jointly different from 0, we
used the Stata command —test- (Hamilton, 2013) nliléhypothesis was that there was no

relationship betweeboth light PA and MVPA and psychological distrefgk: pa = 0 and

Bmvea = 0).
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Multivariable regression analysis were used fousi#jd models, and all the
confounding variables were included, along withitidependent variable of interest (see
Table 3 and Table 4). Adjusted OLS estimafgsdnd relative risks (RRs) with
corresponding 95% Cls are presented (see Tabld Jalole 4). Results of complete-case
analysis, i.e., excluding missing, are presentgdnhne Supplementary Material (Table S9
and Table S10). No statistically significant mulitptive interactions were observed with age,
childhood socioeconomic status, marital status kamgostatus, or educational attainment
(data not shown). In order to control for potenkiateroscedasticity, we estimated robust
standard errors in all models (Huber, 1967; WHi80). Results of complete-case analysis
(i.e., excluding missing) are presented in Onlinp@ementary Material (Table S7 and

Table S8).
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Results

The percentage of missing information for indicatasf leisure time PA and
psychological distress was as follows: light PA4¢@), MVPA (0.7%) and psychological
distress (15.0%). Men were more likely than womennbt report light PA (p<0.05).
Participants with missing information on MVPA waéileely to be older (p<0.05). Participants
with missing information on psychological distréssded to be female, older, to have a lower
education level and lower light PA (p<0.05).

The majority of the respondents in our study samn@ee aged 45 and over (61.9%) at
baseline (Tromsg IV), were female (54.0%) and weaeried or registered partners (63.9%)
(Table 1). Mothers history of psychopathology (6)3ere reported more often than fathers
history of psychopathology (2.5%) (Table 1). Paa&history of psychopathology was
significantly (p<0.001) associated with a higheyghmological distress among respondents
(Table 2). Men reported a significantly higher lighA (r=0.06, p<0.001), while women
reported a significantly higher MVPA (r=-0.19, p801), and a higher psychological distress
(r=-0.18, p<0.001) (Table 2). A higher childhoodancial conditions were significantly
associated with a higher light PA (r=0.03, p<0.@lhigher MVPA (r=0.04, p<0.001), and a
higher psychological distress (r=0.10, p<0.001)p{&&). Daily smoking was significantly
associated with a lower light PA (r=0.07, p<0.0GLpwer MVPA (r=-0.06, p<0.001), and a
higher psychological distress (r=-0.02, p<0.05)u[€). A higher light PA was significantly
associated with lower psychological distress (r40@<0.05) (Table 2). A higher MVPA was
significantly associated with a lower age (r=0.490.001), a higher number of friends (r=-
0.19, p<0.001), a higher education level (r=-0X).001), a higher light PA (r=0.22,
p<0.001), and a lower psychological distress (r£0dk0.001) (Table 2). Perceived social
isolation (r=-0.14, p<0.001) and a higher educakewel (r=-0.09, p<0.001) were

significantly associated with psychological disgréEable 2).
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In the complete-case analysis (i.e, excluding mggsboth light PA and MVPA
(jointly) had a significant effect on psychologichstressF (2, 7218) = 6.05, p = 0.002].
Associations of composite PA (i.e., sum of light &% MVPA) are presented in appendix
(Online Supplementary Material). Women reportedyaicantly higher composite PA (r=-
0.09, p<0.001) (Table S4). A higher childhood ficiahconditions were significantly
associated with a higher composite PA (r=0.04, @¥0(Table S4). Daily smoking was
significantly associated with a lower composite (?#£0.10, p<0.001) (Table S4). A higher
composite PA was significantly associated withvadobage (r=-0.09, p<0.001), a higher
number of friends (r=-0.01, p<0.001), a higher edion level (r=-0.19, p<0.001), and a

lower psychological distress (r=0.09, p<0.001) (€z4).

Adjusted for age, gender, history of parental pspetthology, childhood
socioeconomic status, marital status, daily smakmognber of friends, perceived social
isolation, and education, lower light PA was sigraihtly associated with a higher level of
psychological distres$£0.11, 95% CI: 0.03, 0.19; p<0.01) (Table 3). Samyl, in the fully-
adjusted model, a lower MVPA was significantly asated with a higher level of
psychological distres$£0.19, 95% CI: 0.12, 0.26; p<0.001) (Table 3). Wtenbinary
variable that reflected clinically significant casef psychological distress was used, a lower
light PA was associated with 9% increased risksyicpological distress (RR=1.09, 95% CI:
1.02, 1.15; p<0.01), while a lower MVPA was asstadavith 15% increased risk of

psychological distress (RR=1.15, 95% CI: 1.07, 1@X0.001) (Table 3).

Table S1 presents the multiplicative interactiotwleen indicators of PA and gender,
regressed on psychological distress. On OLS sswtstically significant multiplicative
interactions were observed between light PA andhpdpgical distress (p<0.05), and
between MVPA and psychological distress (p<0.08p{& S1). The association between PA

and psychological distress was significantly stesrgmong women, than men (Table 3).
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However, when both light PA and MVPA were consideiggether in the model, only the
MVPA*gender interaction (p<0.05) was statisticalgnificant (Table S1). Moreover, on the
RR scale, the multiplicative interactions betweethbindicators of PA and gender were not

statistically significant (Table S1).

Table S5 presents the multiplicative interactiotwleen composite PA and gender,
regressed on psychological distress. The correspgmesults for complete-case analysis
(excluding missing) are presented in Table S7 (@n8upplementary Material). On OLS
scale, statistically significant (p=0.046) multgative interactions were observed between
composite PA and gender; however, the PA*genderaction was not statistically
significant (p=0.529) on the RR scale (Table S5).tke OLS scale, the association between
composite PA and psychological distress was sigamtily stronger among women, than men

(Table S5).

Table 4 presents the fully-adjusted associatiowéen light PA, MVPA and
psychological distress, stratified by gender. Towesponding results for complete-case
analysis (excluding missing) are presented in T8d@ (Online Supplementary Material). A
lower light PA or MVPA was associated with highsiyphological distress among both men
and women (Table 4). When continuous variable g€lpslogical distress was used as an
outcome, the association was slightly stronger anveomen (Table 4). However, when the
binary variable that reflected clinically signifitacases of psychological distress was used,
the association between light PA and psychologltsitess was stronger among men, while
the association between MVPA and psychologicatesstwas slightly stronger among
women (Table 4). Among men, a lower light PA wasoagated with 15% (RR=1.15, 95%
Cl: 1.03, 1.29) increased risk of clinically sigodnt psychological distress; while among
women, the risk was 6% (RR=1.06, 95% CI: 0.98, JL(T4ble 4). Moreover, a lower MVPA

was associated with 15% increased risk of clinycgiljnificant psychological distress among
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women (RR=1.15, 95% CI: 1.06, 1.26; p<0.001), wthikerisk was 14% among men

(RR=1.14, 95% CI: 1.01, 1.28) (Table 4).

Table S6 presents the fully-adjusted associatitwd®En composite PA and
psychological distress, stratified by gender. Towesponding results for complete-case
analysis (excluding missing) are presented in T&88l€Online Supplementary Material). A
lower composite PA was associated with psycholdgistress among both men and women
(p<0.001) (Table S6). When continuous variablesyfchological distress was used as an
outcome, the composite PA-psychological distrese@ation was slightly stronger among
women $=0.15, 95% CI: 0.07, 0.22), than mg=0.10, 95% ClI: 0.04, 0.16) (Table S6).
However, when the binary variable that reflectedically significant cases of psychological
distress was used, the association was slighttygér among men, than women. Among
men, a lower composite PA was associated with IRRs&=(1.11, 95% CI: 1.04, 1.20)
increased risk of clinically significant psychologl distress; while among women, the risk

was 8% (RR=1.08, 95% CI: 1.03, 1.13) (Table S6).
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Discussion

To the best of our knowledge, the current studihesfirst regionally representative
study with a long follow up period (i.e. over teeays) to investigate the specific relationship
between leisure time light PA and MVPA and incidesichological distress. In sum, our
data suggest that after adjustment for multipleepidl confounders (history of parental
psychopathology, socioeconomic status, maritalusfasmoking, social support and risk
factors) that both light PA and MVPA during leisuime may confer protection against
psychological distress. These findings suggest piatsical inactivity is independently
involved in the pathogenesis of psychological distr

To date, there is a paucity of regionally represtve prospective cohort studies that
have considered the relationship between PA anchpsygical distress. Most previous
studies that assessed the association betweercghiysictivity and mental health outcomes
in adulthood have relied on very small and selecsiwdy samples. These samples are prone
to selection bias, and are not helpful in makinguation estimates. The only potentially
comparable study is that of Perales et al (Pesdlat, 2014) who found over a four-year
period that higher levels of MVPA were notably asated with reduced psychological
distress. Nonetheless, a key argument for valuiogsesectional evidence on the associations
between PA and psychological distress is that R¥fears to be stable across life span
(Friedman et al., 2008). Moreover, a few longitadistudies (Gerber et al., 2013; Gerber et
al., 2015; Gudmundsson et al., 2015; Josefssodwaf, & Archer, 2014; Lindwall, Gerber,
Jonsdottir, Borjesson, & Ahlborg Jr, 2014; Lindwéalarsman, & Hagger, 2011) have shown

that PA plays a protective role for burnout andaiarmood disorders.

Our study advances the literature in several whiyst, we were able to adjust for
multiple factors that previous studies have notsabered which are strongly associated with

future psychological distress including a familgtbry of psychopathology (Payton, 2009),
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and social support (Khatib, Bhui, & Stansfeld, 20%Beikh, 2017b, 2018b; Sheikh et al.,
2016a). Second, we were able to distinguish thtkt leisure time light PA and MVPA appear
to have beneficial impact on protecting againsireifpsychological distress. It is known that
lighter PA is a popular form of activity, particdj@aamong older adults, and our data add to
the benefits of this type of activity on future pbeglogical distress (Stubbs, Chen, et al.,
2017). Third, to the best of our knowledge, theentr study is also the longest follow-up over
thirteen years and undertaking research over stiomegperiod clearly has benefits to better

understand the long-term potential public healtpaot of leisure time PA on health.

Whilst our data offer some novel insights, it ipontant that some limitations are
considered. First, given that we did not have asmeaof psychological distress at baseline,
we were unable to control for or remove people \pigrexisting psychological distress. This
means that some of the relationship between PApapchological distress may be influenced
by the baseline cross sectional relationships batvieese variables reported previously
which we could not control for. In addition, reversausation remains a concern, given that
psychological distress may discourage people frogaging in physical activities and this
cannot be ruled out. Indeed, the psychologicaésiatespondents at the time of reporting PA
may confound the association between PA and subsegsychological distress in multiple
ways (Aneshensel, Estrada, Hansell, & Clark, 18i&ikh, 2017a; Sheikh et al., 2016b). It is
probable that some individuals might had been sufijefrom chronic psychological distress
when they participated in Tromsg IV. Indeed, higtwirpsychological distress is a strong
predictor of psychological distress in later-lifgavies et al., 2015). Thus, we recommend that
in order to overcome this limitation, future longiinal studies measure and account for
baseline psychological distress. Second, leisare RA was captured with a self-report
instrument and thus we cannot rule out the podsilof reporting errors (Aneshensel et al.,

1987; Vanhees et al., 2005). Third, whilst our pamiusted for a multitude of novel potential
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confounders, some important factors such as pHysiemorbidities including diabetes were
absent. Fourth, there is an increasing body ofesnad that sedentary behavior is negatively
associated with health outcomes and we did notidenthis. Fifth, only ‘leisure time’ PA
was measured in the Tromsg Study, and this isafrgction of the total daily/weekly PA.
For example, we did not assess levels of occupeti®A. However, previous research
suggests that the time spent in occupational Rwtselated to subsequent psychological
distress levels (Kim, Shin, Nam, Choi, & Kim, 200Blevertheless, future longitudinal
research should explore in more detail the diffeamsociations with psychological distress
between different types of PA. Finally, PA was mead with two questions on a four-point

Likert scale; therefore, it was not possible tovahPA levels to time spent physically active.

It must be noted that while a 13-year follow-ugistrength in terms of the long-term
effects of PA on psychological distress, otheratalas may have affected psychological
distress as well. For instance, previous evidemaseshown that education (Sheikh, 2018a;
Sheikh, Abelsen, et al., 2014), smoking (Sheiki,72(), objective social support (Sheikh,
2018b), and perceived social support (Sheikh, 202@b8b) are longitudinally associated

with psychological distress in adulthood.

In conclusion, in this regionally representativel éang-term follow up study, our data
suggest that higher levels of both leisure timbtliBA and MVPA may play a protective role
against psychological distress. By identifying sipecific protective factors of psychological
distress, we can develop programs/interventiongdiat increasing the level of leisure time
PA in vulnerable groups susceptible to psycholdgicstress. Future research is required to

confirm/refute these findings and understand pakahderlying mechanisms.
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Table 1. General characteristics of the study sample (h=10,325).

Characteristics Complete- Imputed
case dataset dataset
n (%) (%)
Age, years(in 1994) Mean (standard error, SE) 47.03 (0.12) 0
25-34 1987 (19.2) b
35-44 1944 (18.8) b
45-54 3630 (35.2) b
55-64 2016 (19.5) b
65-74 748 (7.2) b
Gender Male 4754 (46.0) 2
Female 5571 (54.0) b
History of psychopathology, mother Yes 676 (6.5) 2
No 9649 (93.5) 2
History of psychopathology, father Yes 256 (2.5) 2
No 10069 (97.5) L.
Childhood socioeconomic status’ Mean (standard error, SE) 2.32(0.01) 2.32(0.01)
Marital status® Single 2166 (21.0) 21.0
Married or registered partnership 6588 (63.9) 63.9
Widowed, divorced or separated 1552 (15.1) 15.1
Daily smoking® Yes 3378 (32.8) 32.7
No 6936 (67.3) 67.3
Number of friends® Mean (SE) 4.95 (0.05) 4.94 (0.05)
Per ceived social isolation® Socially isolated 1684 (18.1) 18.0
Not socially isolated 7631 (81.9) 82.0
Education® Mean (SE) 2.46 (0.01) 2.46 (0.01)
Physical activity (light) ® Mean (SE) 3.05 (0.01) 3.05 (0.01)
Physical activity (MVPA)? Mean (SE) 1.95 (0.01) 1.95(0.01)
Psychological distress (HSCL-10)? Mean (SE) 12.67 (0.04) 12.95 (0.04)

#The numbers for some variables do not add up 8280due to missing values.
®There were no missing values, so no imputation® weade for these variables.

SE: standard error; HSCL-10: Hopkins Symptom CHeask10; scale (10—-40), where 10

represents lowest level of psychological distrassl, 40 represents highest level of

psychological distress; MVPA: moderate to vigorpuagsical activity



Table 2. Bivariate Pear son product-moment correlations between variables (n=10,325)

1 2 3 4 5 6 7 8 9 10 11 12
r r r r r r r r r r r r

1. Age 1.00

2. Gender 0.01 1.00

3. History of psychopathology, mothe0.04 -0.05 1.00

4. History of psychopathology , father -0°050.02 0.06 1.00

5. Childhood socioeconomic status §.220.06 0.0 0.03 1.00

6. Smoking -0.119 -0.02 0.01 0.01 -0.01 1.00

7. Number of friends -0.01 -0.67-0.0® -0.01 -0.08 -0.01 1.00

8. Perceived social isolation 05-0.06 -0.0¢ -0.05 -0.1¢ 0.0 0.19 1.00

9. Education -0.26 0.06 0.03 0.03 -0.14 -0.15 0.04 -0.06 1.00

10. light PA -0.01 0.06 -0.01 -0.01 0.08 0.07 -0.06 -0.01 -0.16 1.00

11. MVPA 0.1 -0.19 -0.01 -0.01 0.04 0.09 -0.04 -0.01 -0.26 0.2Z 1.00

12. HSCL-10 -0.03 -0.18 0.1Z 0.04 0.1 0.10 -0.08 -0.14 -0.09 0.04 0.1 1.00

%<0.05

Pp<0.01

°p<0.001



Table 3. Association between physical activity asgichological distress (n=10,325).

Psychological distress (HSCL-10)¢

OL Sestimates
Adjusted
B (95% CI)
Physical activity (light) 0.11 (0.03, 0.19)¢
Physical activity (MVPA] 0.19 (0.12, 0.26)* ¢
Relativerisk estimates
Adjusted
RR (95% CI)
Physical activity (light) 1.09 (1.02, 1.18)
Physical activity (MVPA) 1.15 (1.07, 1.23)¢
4p<0.01
b p<0.001

°Model R=0.094

YModel R=0.095

¢ Adjusted for age, gender, history of parental psyathology, childhood socioeconomic status, mastteus,
daily smoking, number of friends, perceived soisialation, and education.

" Physical activity was measured in 1994-1995.

9Psychological distress was measured in 2007-2008.

ClI: confidence interval; MVPA: moderate to vigordeis



Table 4. Association between physical activity pegchological distress, stratified by gender.

Psychological distress (HSCL-10)

Men Women
OL Segtimates
Adjusted Adjusted
B (95% CI) B (95% CI)

Physical activity (lighf) ~ 0.09 (-0.01, 0.19)*" 0.13 (0.01, 0.28)"
Physical activity (MVPA) 0.15 (0.06, 0.23)*" 0.23 (0.12, 0.34)"¢
Relativerisk estimates
Adjusted Adjusted
RR (95% CI) RR (95% CI)
Physical activity (light) 1.15 (1.03, 1.29)"  1.06 (0.98, 1.14)
Physical activity (MVPA)  1.14 (1.01, 1.28)"  1.15 (1.06, 1.26)

4p<0.1

b p<0.05

°p<0.001

‘Model R=0.055

*Model R=0.057

"Model R=0.083

9 Model R=0.085

" Adjusted for age, gender, history of parental pspathology, childhood socioeconomic status, mastesus, daily smoking, number of friends, peredisocial isolation,
and education.

' Physical activity was measured in 1994-1995.

! Psychological distress was measured in 2007-2008.
ClI: confidence interval; MVPA: moderate to vigordei&



Table S1. Association between physical activity and gender, and psychological distress (n=10,325).

Psychological distress (HSCL-10)

OLS estimates

Adjusted

Adjusted

Mutually adjusted

B (95% CI)

B (95% CI)

B (95% CI)

Physical activity (light)'
Physical activity (MVPA)!
Men (reference=women)
Light PA*gender
MVPA*gender

0.15 (0.03, 0.27) ¢

-1.27 (-1.59, -0.94)> &£
-0.07 (-0.23, 0.09)> &£

0.27 (0.16, 0.38) ¢
-0.82 (-1.25, -0.40)% ¢

-0.16 (-0.30, -0.02)> = ¢

0.09 (-0.03, 0.22)5h
0.25 (0.14, 0.36)= &1
-0.79 (-1.27, -0.32) "
-0.04 (-0.20, 0.12)"h
-0.15 (-0.30, -0.01)» &

Relative risk estimates

Adjusted Adjusted Mutually adjusted

RR (95% CI) RR (95% CI) RR (95% CI)

Physical activity (light)
Physical activity (MVPA)'
Men (reference=women)

1.06 (0.98, 1.13)¢ 1.03 (0.95, 1.11)"
1.15 (1.05, 1.26)>h

0.45 (0.27, 0.75)>"

1.16 (1.06, 1.27)>¢

0.37 (0.27, 0.51)"¢ 0.52 (0.32, 0.84)>¢

Light PA*gender 1.09 (0.96, 1.24)2 - 1.10 (0.96, 1.26)"
MVPA*gender - 0.97 (0.84, 1.12)® 0.95(0.82, 1.10)"
2p<0.05
bp<0.01
¢ p<0.001

4Model R?=0.097

¢Model R%=0.098

Model R%=0.099

¢ Adjusted for age, gender, history of parental psychopathology, childhood socioeconomic status, marital status, daily smoking, number of friends, perceived social isolation,
and education.

" Adjusted for age, gender, history of parental psychopathology, childhood socioeconomic status, marital status, daily smoking, number of friends, perceived social isolation,
education + light physical activity, and MVPA

i Physical activity was measured in 1994-1995.

iPsychological distress was measured in 2007-2008.

CI: confidence interval; MVPA: moderate to vigorous PA



Table S2. Association between physical activity and psychological distress, stratified by gender (n=10,325).

Psychological distress (HSCL-10)"
Men Women
OLS estimates
Mutually adjusted Mutually adjusted
B (95% CI) B (95% CI)
Physical activity (light)® 0.05 (-0.05, 0.16) df 0.08 (-0.04, 0.21)6”f
Physical activity (MVPA)¢ 0.14 (0.05, 0.23)>%f 021 (0.10, 0.33)%
Relative risk estimates
Mutually adjusted Mutually adjusted
RR (95% CI) RR (95% CI)
Physical activity (light) & 1.12(0.99, 1.27)>"  1.03(0.95, 1.11)"
Physical activity (MVPA)®  1.10 (0.97, 1.25)F 1.15(1.05, 1.25)>F
4p<0.1
bp<0.01
¢ p<0.001
4Model R?=0.057
®Model R?=0.085
f Adjusted for age, gender, history of parental psychopathology, childhood socioeconomic status, marital status, daily smoking, number of friends, perceived social isolation,
education + light physical activity, and MVPA
g Physical activity was measured in 1994-1995.
" Psychological distress was measured in 2007-2008.
CI: confidence interval; MVPA: moderate to vigorous PA




Table S3. Distribution of composite physical activity variable (n=10,325).

Characteristics Complete-case dataset Imputed dataset
n (%) (Y0)
Composite physical activity Mean (SE) 5.01 (0.02) 5.01 (0.02)

SE:standard error.



Table S4. Bivariate Pearson product-moment correlations between composite physical
activity and covariates (n=10,325)

Composite physical activity
r

Age 0.12%

Gender -0.09%

History of psychopathology, mother -0.01

History of psychopathology , father -0.01

Childhood socioeconomic status 0.04%
Smoking 0.10%
Number of friends -0.06%
Perceived social isolation -0.01
Education -0.192
HSCL-10 0.09?

p<0.001



Table S5. Role of gender as a moderator in the association between composite physical
activity and psychological distress (n=10,325).
Psychological distress (HSCL-10)f
OLS estimates!

Adjusted?
B (95% CI)¢
Composite physical activity® 0.17 (0.10, 0.25)">¢
Men (reference=women) -0.89 (-1.35, -0.42)">¢
Composite physical activity*gender -0.09 (-0.19, -0.01)>¢
Relative risk estimates?
Adjusted!
RR (95% CI)¢
Composite physical activity® 1.08 (1.03, 1.13)°
Men (reference=women) 0.40 (0.25, 0.64)°
Composite physical activity*gender 1.03 (0.94, 1.12)
4p<0.05
®p<0.001

¢ Model R>=0.098

4 Adjusted for age, gender, history of parental psychopathology, childhood socioeconomic
status, marital status, daily smoking, number of friends, perceived social isolation, and
education.

¢ Composite physical activity was measured in 1994-1995.

fPsychological distress was measured in 2007-2008.

CI: confidence interval



Table S6. Association between composite physical activity and psychological distress,
stratified by gender (n=10,325).

Psychological distress (HSCL-10)8
Men (n=4754) Women (n=5571)
OLS estimates®
Adjusted® Adjusted®
B (95% CI)* B (95% CI)*
Composite physical activity’ 0.10 (0.04, 0.16)>%°¢ 0.15 (0.07, 0.22)>%¢
Relative risk estimates!

Adjusted® Adjusted®
RR (95% CI)¢ RR (95% CI)¢
Composite physical activity’ 1.11 (1.04, 1.20)>¢  1.08 (1.03, 1.13)>¢
p<0.01
®p<0.001

¢Model R?>=0.057

4Model R?=0.085

¢ Adjusted for age, gender, history of parental psychopathology, childhood socioeconomic
status, marital status, daily smoking, number of friends, perceived social isolation, and
education.

f Composite physical activity was measured in 1994-1995.

£ Psychological distress was measured in 2007-2008.

CI: confidence interval



Table S7. Role of gender as a moderator in the association between composite physical
activity and psychological distress (complete-case analysis, i.e., excluding missing; n=7235).
Psychological distress (HSCL-10)
OLS estimates!

Adjusted!
B (95% CI)¢
Composite physical activity® 0.10 (0.02, 0.19)>¢
Men (reference=women) -0.96 (-1.48, -0.43)"¢
Composite physical activity*gender -0.05 (-0.15, -0.06)°
Relative risk estimates?
Adjusted?
RR (95% CI)¢
Composite physical activity® 1.07 (1.01, 1.14)?
Men (reference=women) 0.47 (0.26, 0.84)?
Composite physical activity*gender 1.01 (0.90, 1.12)
4p<0.05
®p<0.001

¢ Model R?>=0.094

4 Adjusted for age, gender, history of parental psychopathology, childhood socioeconomic
status, marital status, daily smoking, number of friends, perceived social isolation, and
education.

¢ Composite physical activity was measured in 1994-1995.

fPsychological distress was measured in 2007-2008.

CI: confidence interval



Table S8. Association between composite physical activity and psychological distress,
stratified by gender (complete-case analysis, i.e., excluding missing).

Psychological distress (HSCL-10)
Men (n=3479) Women (n=3756)
OLS estimates!
Adjusted? Adjusted!
B (95% CI)¢ B (95% CI)¢
Composite physical activity® 0.07 (0.01, 0.13)>>¢ (.08 (-0.01, 0.17)%°
Relative risk estimates?

Adjusted? Adjusted!
RR (95% CI)¢ RR (95% CI)¢
Composite physical activity®  1.08 (0.98, 1.18)¢ 1.06 (1.00, 1.13)¢

4p<0.05

®Model R*=0.054

¢ Model R?>=0.085

4 Adjusted for age, gender, history of parental psychopathology, childhood socioeconomic
status, marital status, daily smoking, number of friends, perceived social isolation, and
education.

¢ Composite physical activity was measured in 1994-1995.

fPsychological distress was measured in 2007-2008.

CI: confidence interval



Table S9. Association between physical activity and psychological distress (complete-case-
analysis, i.e., excluding missing).
Psychological distress (HSCL-10)8
OLS estimates

Adjusted
B (95% CI)
Physical activity (light)’ N=7274 0.04 (-0.05, 0.13)*¢
Physical activity (MVPA)f N=7257 0.14 (0.06, 0.22)>¢¢
Relative risk estimates
Adjusted
RR (95% CI)
Physical activity (light) N=7274 1.05 (0.97, 1.14)¢
Physical activity (MVPA)f  N=7257 1.12 (1.02, 1.23)»¢
2p<0.01
b p<0.001

°Model R?=0.092

4Model R?=0.094

¢ Adjusted for age, gender, history of parental psychopathology, childhood socioeconomic status, marital status,
daily smoking, number of friends, perceived social isolation, and education.

T Physical activity was measured in 1994-1995.

¢Psychological distress was measured in 2007-2008.

CI: confidence interval; MVPA: moderate to vigorous PA



Table S10. Association between physical activity and psychological distress, stratified by
gender (complete-case-analysis, i.e., excluding missing).

Psychological distress (HSCL-10)!

Men Women
OLS estimates
Adjusted Adjusted
B (95% CI) B (95% CI)

Physical activity (light)’ ~ 0.02 (-0.08, 0.13)*"  0.05 (-0.09, 0.19)""
Physical activity (MVPA)' 0.15 (0.06, 0.24)>%" 0.14 (0.01, 0.27)>"¢
Relative risk estimates

Adjusted Adjusted
RR (95% CI) RR (95% CI)
Physical activity (light) 1.08 (0.93, 1.25)" 1.04 (0.94, 1.15)"
Physical activity (MVPA)'  1.12(0.96, 1.30)"  1.13 (1.01, 1.26)>"
4p<0.1
®p<0.05
¢ p<0.001

dModel R>=0.052
¢ Model R2=0.055
fModel R?>=0.084
2 Model R>=0.085

" Adjusted for age, gender, history of parental psychopathology, childhood socioeconomic status, marital status,

daily smoking, number of friends, perceived social isolation, and education.
i Physical activity was measured in 1994-1995.

iPsychological distress was measured in 2007-2008.

CI: confidence interval; MVPA: moderate to vigorous PA
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