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Abstract

Background: We previously reported the e ects of two clustendomized 6-month multemponent workplace
interventions, targeting reducing sedentary behavior or increasing physical activity among o ce workers,-on
ment behaviors and cardiorespiratory tness. The primary aim of this study was to investigate the e ects of these
interventions on cognitive functions compared to a shisitcontrol group. The secondary aims were to examine if
changes in cognition were related to change in cardiorespiratory tness or movement behaviors and if age, sex, or
cardiorespiratory tness moderated these associations.

Methods: Both interventions encompassed mutimponents acting on the individual, environmental, and organi-
zational levels and aimed to change physical activity patterns to improve mental health and cognitive function. Out
of 263 included participants, 139 (mean aggedBs, 76% females) completed a neuropsychological test batter
and wore accelerometers at baseline and 6-month follow-up. The intervention e ect (aim 1) on cognitive compos-

ite scores (i.e., Executive Functions, Episodic Memory, Processing Speed, and Global Cognition) was investigated.
Additionally, associations between changes in movement behaviors and cardiorespiratory tness, and changes in
cognition were examined (aim 2). Moreover, age, sex, and cardiorespiratory tness level were investigated as possible
moderators of change associations (aim 3).

Results: Overall, cognitive performance improved from baseline to follow-up, but the change did not di er between

the intervention groups and the control group. Changes in cardiorespiratory tness or any movement behavior cat
egory did not predict changes in cognitive functions. The association between changes in time in bed and changes

in both Executive Function and Global Cognition were moderated by age, such that a more positive relation was

seen with increasing age. A less positive association was seen between changes in sedentary behavior and Process-
ing Speed for men vs. women, whereas higher cardiorespiratory tness was related to a more positive association
between changes in moderaiatensity physical activity and Global Cognition.

Conclusion: The lack of an intervention e ect on cognitive functions was expected since the intervention did |not
change movement behavior or tness. Age, sex, and cardiorespiratory tness level might moderate the relationships
between movement behaviors and cognitive functions changes.

Trial registration: ISRCTN92968402. Registered 09/04/2018.
Keywords: Physical activity, Sedentary behavior, O ce workers, Cognitive function, Workplace, Intervention

Introduction
O ce workers are at risk of accumulating high amounts
1 Department of Physical Activity and Health, The Swedish School of Sportof Sedentary behavior during work and leisure time [11

and Health Sciences, GIH, Stockholm, Sweden . ,
Full list of author information is available at the end of the article 2]' Sedentary behavior (SED)’ de ned as any waklng
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behavior with an energy expenditure of less than 1.5 metmovement behavior. Neither the intervention directed
abolic equivalents while in a sitting or reclining posture, towards increasing physical activity (iPA) nor that
is related to increased risk of cardiovascular disease [3llirected towards reducing SED (iSED) resulted in any
increased risk of dementia [4], and worse cognitive func behavior change at any intensity compared to the control
tion [5]. group [22,23]. However, it is still unknown if the inter
Multiple attempts have been made to identify strategiesventions in uenced our distal outcomes, such as cogni
to reduce SED, increase moderate-to-vigorous physicative function and mental health [21].
activity (MVPA), or combine both among o ce workers erefore, the rst aim of this study was to investigate
[6-9]. Still, most studies used single-component inter the e ect of two multi-component interventions aiming
ventions, and the quality of evidence favoring such inter at increasing MVPA or reducing SED on cognitive func
ventions is low [9]. Behavior change interventions havetion. e second aim was to examine if changes in any
been suggested to be more e ective when containingmovement behavior category or cardiorespiratory tness
multiple components acting on several levels (e.g., organwere related to changes in cognitive function. e third
izational, environmental, and individual) than interven aim was to explore if age, sex, or cardiorespiratory tness
tions working on only one level [10]. moderated the associations between changes in move
Structured physical activity interventions show posi ment behavior and changes in cognitive function.
tive e ects on general cognitive function, although small,
but also in specic domains [11]. While most evidence Methods
stems from investigations in older adults [12], researchParticipants
in a working-age population is limited. is lack of Two-thousand-thirty-three o ce workers at two Swedish
knowledge hinders employers and occupational healthcompanies were invited by email. After receiving writ
promoters from providing evidence-based support for ten and verbal information about the study, participants
o ce workers. A recent study targeting overweight and signed informed written consent and were then included
obese oce workers reported that installing treadmill (see [23] for more details on the recruitment procedure).
workstations did not signi cantly a ect cognitive fune  Out of those invited, 298 were screened for participation.
tions, but increased walking time was associated withindividuals that exceeded 3@in/day of MVPA in pro-
increased hippocampus volume at b¥onths follow-up longed bouts ( 10min), measured with accelerometers,
[13]. Increased hippocampus volume has previously beemwere excluded (n 35). e remaining 263 individuals
associated with improved cognitive function, accem were assigned to a cluster, and each cluster was then ran
panied by increased cardiorespiratory tness in older domized into one of three groups. Clusters were created
adults [14]. Instead of installing treadmills, reducing pro based on participants that had the same line manager,
longed SED may be a more feasible and sustainable wéaad group meetings frequently and limited meetings with
to improve health outcomes in the workplace [15]. Fre other work groups. In total, 139 participants completed
guent bouts of light-intensity physical activity improve cognitive, activity monitoring, and tness testing at base
glycemic control [16], reduce blood pressure [17], easedine and 6-month follow-up. Employers permitted partic
fatigue [18], and improves cognitive functioning [19]. In ipants to participate in the study during working hours.
addition, frequent, short breaks of moderate-intensity See Figl for a ow chart of the enrollment, participa
walking may improve mood and alertness compared withtion, and analysis of the sample.
sitting uninterrupted for 3-hours [20]. However, work
place interventions aiming to decrease SED or increas&tudy design
physical activity often fail to facilitate behavior change e study was a 6-month, three-armed cluster rand
[6, 9]. us, from the perspective of employers, it is still omized controlled trial in which participants were ran
unclear how we should design multi-component work domly assigned to an intervention aiming to increase
place interventions to improve movement behavior in MVPA (iPA), an intervention aiming to reduce SED
a way that supports healthy brain functions, i.e., mental(iSED), or a wait-listed control (CON). A detailed
health and cognitive function. description of the study design, intervention, and rand
We designed [21] and recently published the results of eomization has been published elsewhere [21]. In short,
multi-component three-armed cluster-randomized eco both interventions were based on the ecological frame
logical trial, investigating the e ectiveness of two inter work for health behavior change, addressing multiple
ventions to reduce SED or increase MVPA to improve levels, such as the individual, environmental, and organi
mental health and cognitive function in healthy oce zational levels [10]. Both interventions consisted of moti
workers [22,23]. e results revealed that the interven  vational counseling at the individual level using Cognitive
tions were unsuccessful in changing device-measuredehavioral erapy (CBT) and Motivational Interviewing
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In total 2033 participants in two companies were invited,
298 volunteered and were

d for eligibility (n=298)

Excluded (n=35)
——————%| « Excluded due to high physical activity level (n=10)
« Did not show up for baseline tests (n=25)

A

Cluster randomized (22 clusters, n=263)

v

1

A\

Allocated to PA-intervention (n=84),

8 clusters

Received allocated intervention (n=82)

Dropped out before notified of group allocation,
no thanks/ changed work during test period (n=2)

Allocated to SED-intervention (n=87),

7 clusters

Received allocated intervention (n=85)

Dropped out before notified of group allocation,
no thanks/ changed work during test period (n=2)

Allocated to control (n=92),

7 clusters

Received allocated intervention (n=91)

Dropped out before notified of group allocation,
no thanks/ changed work during test period (n=1)

Lost to follow-up (n=13)
(changed work 6, disease 3,
parental leave 1, unknown 3)

Lost to follow-up (n=34)

\ (changed work 2, disease 2,
parental leave 1, high workload 4,
did not want to continue 7,
unknown 18)

Lost to follow-up (n=17)
\ (changed work 5, high workload
2, did not want to continue 3,
unknown 7)

A4 A

‘ 6 months follow-up (n=69) 82% ‘ ‘ 6 months follow-up (n=51) 59% ‘ ‘ 6 months follow-up (n=74) 80%

' v v

Complete cases for change in movement
behavior and cognition (n=31) 36%

Complete cases for change in movement
behavior and cognition (n=52) 62%

Complete cases for change in movement
behavior and cognition (n=56) 61%

Fig. 1 Flow chart of participant enroliment

(MI) in combination. e essential components in CBT non-computerized tests, and it took approximately
treatment consist of challenging negative feelings andlhour to complete the battery. e test order was: Trall
thoughts to change the behavior. rough active cel Making Test A, Trail Making Test B, Automated opera
laboration with a counselor, the individual identies tion span, Recognition: encoding, Digit Symbol, n-back,
barriers and facilitators to create a realistic picture of Free Recall, Digit Span Backward, Recognition: recall,
the demands of the behavior change [24]. Ml is an indi and Stroop color and word test. At follow-up, Free Recall
vidual-centered counseling technique targeting facilitat and Word Recognition words changed to reduce learning
ing behavior change [25]. e aim of counseling diered e ects.
between the interventions. e counseling of iPA aimed
to increase MVPA, while the counseling of iISED aimedTrail-making task a (TMT-A)
to reduce SED and break up prolonged periods of sit Participants connected circles containing numbers 1 to
ting. At the environmental level, participants in the iPA 25 as fast as possible using a pen. e test leader cor
had access to a commercial gym for 6-months, whereasected the rst mistake only. e outcome variable was
the iSED group had organized standing and walkingthe time it took to complete the test in seconds.
meetings. Each cluster had a team leader responsible for
organizing walking and standing meetings in the iSEDTrail-making task B (TMT-B)
group and exercise sessions and lunch walks in the iPAParticipants were instructed to connect circles with
group. At the organizational level, team leaders encour numbers and letters written on a piece of paper, alternat
aged employees to increase MVPA or reduce SED fong between numbers and letters, in the proper order, as
the iPA and the iSED, respectively. At baseline and aftefast as possible. E.g., 1-A-2-B. e test leader corrected
6-months, participants completed neuropsychological the rst mistake only. e outcome variable was the time
testing, accelerometry-based measurement of movementt took in seconds to connect all circles correctly.
behaviors, and cardiorespiratory tness testing.

Automated operation span
Neuropsychological test battery e objective of the test was to remember letter
e neuropsychological test battery was a modi ed ver sequences as correctly as possible. In between each let
sion of the battery used in Jonasson et al. (2017) [26}er, participants solved a simple mathematical task. At
e battery consisted of seven computerized and four the end of each set, participants placed the letters in
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the correct order using the computer mouse. e letter variable was the time it took in seconds to correctly
sequence length varied from 3 to 7 letters. e outcome state the colors of the written words [32].
variable was the number of perfectly remembered sets
[27].

Movement behaviors
Word recognition Participants wore an ActiGraph' GT3X tri-axial accel
irty words were shown for 3 seconds, each interspaced erometer for seven consecutive days at baseline and the
by 1second. After approximately 2fninutes, a delayed 6-month follow-up. e accelerometer was placed on
retention test was performed. Participants were askedthe right hip during the daytime and moved to the right
to indicate with the keypress whether they had seen thewrist during bedtime. Participants were not allowed
word before. e outcome variable was how many words to wear the accelerometer during water activities. Par

were correctly recognized [28]. ticipants lled in an activity- and sleep diary to obtain
information on wake time, time in bed, work time,
Digit symbol and leisure time. A standard wake time fromAGM to

e test's objective was to identify a speci ¢ digit-symbol 11PM was assumed when diary information was miss
combination on a screen. A row of digit-symbol com ing. We processed accelerometer data using MATLAB
binations was displayed on the top of the screen, with aR2020a (MathWorks, Natick, MA, USA). We analyzed
single reference digit/symbol combination underneath. time spent in SED, light (LPA), moderate (MPA), and
Participants identi ed with the arrow keys if the refer vigorous physical activity (VPA). Intensity metrics from

ence combination appeared or not in the row of combi the three axes were based on non- Itered raw accelera
nations. e outcome variable was the average reaction tions with a 10Hz low-pass lter [33] and a three-sec

time in milliseconds on correct responses [29]. ond epoch length united into vector magnitude. Zero
output for at least 6&econds was de ned as non-wear
N-back time with allowance for maximal 2 min above zero but

On a screen, one number in a sequence was showmelow the sedentary cut-point [34]. We classi ed inten
Within 2 seconds from the onset, participants identi ed if Sity levels into di erent energy expenditure categories
the number was the same as they saw one number beforeased on metabolic equivalents (METs) ranges, i.e.,
(1-back) or three numbers prior (3-back). e outcome SED (<1.5 METs), LPA (1.5 to <3 METs), MPA ( 3
variables were the average reaction time in millisecondg0 <6 METs), and VPA (6 METs) [33]. Time spent
on correct trials for 1-back and the number of correct #ri in bed, SED, LPA, MPA, and VPA were linearly scaled

als (accuracy) for 3-back [30]. to 1440min using the compositional package [35] in
R studio (version 4.0.2, 36]. en, we calculated com
Free recall positional means of time spent in these ve behaviors.

Sixteen Swedish nouns were visually presented on &ach participant’s composition was then transformed
screen for Zeconds, each with an interval ofsecond. [Nto ve sets of four isometric log-ratios (See [22] for
Immediately after, participants were asked to write down Mmore details). e 1st isometric log-ratio (ilr) of each

as many words as they recalled. e outcome variable Set (describing one movement behavior in relation to
was the number of words recalled correctly [31]. the others) was then used as a compositional measure

of the movement behaviors in all subsequent analyses
Backward digit span and are from now on referred to a$r, Time in bed,ilr;

One digit at the time was shown in a sequence on the>ED:ilr1 LPA,ilr; MPA, andilr, VPA.

screen for ksecond with an interval of 25Ms. e task

was to write the numbers in the backward order using

the number keys on the keyboard. e sequence length Cardiorespiratory tness

started with two digits and continued until participants Ve used a submaximal cycle ergometer test to estimate
made two mistakes on the same sequence length. e both relative (mLkg' min ') and absolute (L/min)

outcome variable was the sequence length of the longeshaximal oxygen uptakgVO,,,). With a pedaling rate
completed sequence. of 60rpm, participants biked for 4 min at a standard

ized low intensity of 0.5 kilopounds. Subsequently, par
Stroop ticipants biked on an individualized higher work rate for
On a piece of paper, 50 words of four di erent colors @0 additional 4 min. To estimate/Oyn,, We applied the
were written. e task was to say the printed colors of heart rate di erence between intensities, divided by the

the words and not read the written colors. e outcome Work rate dierences, to the equation [36].
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Demographic variables time to the linear mixed model used for aim 1, asso
Participants lled out a questionnaire containing demo ciations between changes in movement behaviors and
graphic information (e.g., age, sex, and years of educaardiorespiratory tness and changes in each cognitive
tion), and length and weight were measured at baseline. domain (aim 2) were investigated, after adjusting for
baseline level of behaviors and the change of behaviors
from baseline.

Examination of how age, sex, or tness level moder
ated the relationships between changes in cognition

ascending scores related to better performance. en, gnd r(}:hair:.ges r']n mhovement pehavpr (alrtr; 3) was .done
standardized z-scores were calculated for each cegni K checking the t r??)-vxr/]ay.|nteragtlt(r)1ns edtwe<tan “”.‘e*
tive test score at each time point using mean and stand ¢"aNge In movement behavior, and the moderators (e,

ard deviation from baseline for the respective test. we29€, Sex, or tness) in the linear mixed models. For both
de ned four latent constructs. e Executive Functions &M 2 and aim 3 the three groups were collapsed.

(EF) construct was comprised of Stroop, TMT-B, 3-back,

backward digit span, and automated operation span. o )

Processing Speed (PS) comprised TMT-A, 1-back (reacSensitivity analysis o , ,

tion time), and Digit Symbol. Episodic Memory (EM) Partppants .who had part|C|pated.|n a previous study
included Free Recall and Word Recognition; and a Globafontaining smﬂgr neuropsychological tests were cem
Cognition score comprising all tests combined. Using thepared to.part|0|pants Who completed the battery for
Lavaan package in R, we rst tried to t a latent changethe rst ime. e comparison was made.at baselme’
score model for each identi ed latent cognitive construct and at the 6-month follow-up, using unpaired Student's
as suggested by Kievit et al. (2018). Because of the-proB’teStS'

lem of Heywood cases in our models, we applied the

conventional cognitive composition scores of t-scores as

outcomes. T-scores were calculated by multiplying eachR€Sults _ o _
tests’ z-scores with 10 and adding 50. e sum of all tests Table 1 displays the subject characteristics. Analysis

divided by the number of tests constitutes each cognitive®f the subject characteristics showed that the control
domains’ composition score. group was less t than the iISED group but did not di er

from the iPA group. Participants who dropped out of
o ) the study were younger, performed poorer on EM, and
Statistical analysis _ _ were more likely to be in the iSED group than compli
All statistical analyses were conducted in R studio (ver gnt sybjects. Five participants missed data on EF, one

sion 4.0.2) [37]. We carried out analyses in all completeparticipam on EM, one participant on PS, and 6 par
cases of 139 participants who performed the neuropsy tjcipants on Global Cognition.

chological test battery at baseline and at the 6-month
follow-up. To understand the selection bias, participants
who dropped out were compared to participants who
completed the intervention at baseline, using unpaired Table 1 Baseline subject characteristics
Student’s t-tests and Chi-square tests for sex distribution. Control  iPA iSED
Same statistical methods were employed for comparing
the intervention groups and the control group. Age, mean years (SD) a1 410 4208
To examine the intervention e ects (aim 1), linear S€% % male 23 23 29
mixed models were performed using z-composite scores=ducation, mean years (SD) 152 15@ 15
of the cognitive domains as the outcome variables. In the?°dy mass index, kg/m2, mean (SD) 27 (5) ~ 25(4) 24 (4)
linear mixed models, we estimated the xed e ects of Time inbed, minutes (%) 464 (33) 460(32) 461 (32)
intervention groups, time, and the interaction between Sedentary, minutes (%) 763 (53) 764 (53) 767 (53)
group and time, after considering the random e ect of Lightphysical activity, minutes (%) 107 (7) 109 (8) 107 (7)
intercept, slope, as well as clusters. In addition, all modeld!oderate physical activity, minutes (%98 (7) 98 (7) 95 (7)
included age, sex, and education as covariates. WithinYigorous physical activity, minutes (%0 (1)~ 10(1) 11 (1)
group changes were analyzed using Tukey pairwise/Cmax 3@ 33 39
comparisons. N 52 56 31
By adding a two-way interaction between changes insD standard deviation, iFitervention group to increase moderat¢o-vigorous

behavior (i e tness or movement behavior ilrs) and physical activity, iISED intervention group to reduce sedentary behavior
' & a signi cant di erence from the control group

Data processing
Cognitive outcomes
First, we uni ed all neuropsychological test scores so that
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Fig. 2 Mean cognitive functions (z-scores with standard deviations) at baseline and follow-up plotted with individual values. a Executivel Functions
(EF) comprised of: Stroop, TIB)B-back, backward digit span, and automated operation span. b Episodic Memory (EM) included: Free Recall and
Digit symbols. c Processing Speed (PS) comprised o4 aMdDigit Symbol. d Global Cognition combining all tests.ifdrvention group to
increase moderatén-vigorous physical activity; iISEDtervention group to reduce sedentary behavior; G@Ntrol group

Intervention e ects improved performance signicantly on EM and PS
Figure 2 shows the results from the cognitive domains from baseline to follow-up. e iPA and control group
at baseline and follow-up. Analysis of the RCT-e ect improved EF from baseline to follow-up, whereas the
(aim 1) revealed no e ect of the intervention on any iSED did not (see Table)3

of the cognitive domains (see Tabl@). All groups

Table 2 Dierences in change from baseline to 6-month follow-up between groups for the cognitive domains

Betweengroup di erences iPA vs control iSED vs control iPA vs iISED
Estimate (95%Cl) Estimate (95%Cl) Estimate (95%Cl)
Executive function 0.811 (2.83-1.20) 0.959 ( 3.33-1.41) 0.148 ( 2.19-2.49)
Episodic memory 1.205 ( 4.86-2.45) 0.693 ( 3.59-4.98) 1.897 ( 6.14-2.35)
Processing speed 1.506 ( 0.40-3.41) 1.819 ( 0.45-4.09) 0.313 ( 2.55-1.93)
Global Cognition 0.349 ( 1.80-1.10) 0.015 ( 1.74-1.71) 0.334 ( 2.03-1.36)

Estimates with 95% con dence intervals from the linear mixed models. Models contained age, sex, and education as xed e ects. Cluster and subject were entered as
random e ects. Cognitive domains consisted ofdomposite scores

iPAintervention group to increase moderat¢o-vigorous physical activity, iISED intervention group to reduce sedentary behavior
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Table 3 Di erences in change from baseline to 6-month follow-up within each group for the cognitive domains

Change within the intervention groups

iPA
Estimate (95%Cl)

iISED
Estimate (95%Cl)

Control
Estimate (95%Cl)

Executive function
Episodic memory
Processing speed

1.892 (0.47-3.32)
4.460 (1.86-7.06)
3.284 (1.93-4.63)
2.776 (1.75-3.80)

1.743 ( 0.17-3.66)
6.358 (2.89-9.82)
3.597 (1.75-5.44)
3.110 (1.71-4.81)

2.703 (1.22-4.18)
5.665 (2.99-8.34)
1.778 (0.38-3.78)
3.125 (2.06-4.£9)

Global Cognition

Estimates with 95% con dence intervals from the linear mixed models. Models contained age, sex, and education as xed e ects. Models considered random
intercept, random slope, and random cluster. Cognitive domains consistedairhposite scores

iPAintervention group to increase moderat¢o-vigorous physical activity, ISED intervention group to reduce sedentary behavior
2 Signi cantly changed from baseline to 6-months followp

Change-change analysis the association between changesiin, MPA and changes

e change-change analysis (aim 2) showed that changesin Global Cognition. Higher cardiorespiratory tness

in tness or any movement behavioilr ; in the total sam  was associated with a more positive association between
ple were not related to changes in any of the cognitivechanges inilr; MPA and changes in Global Cognition
domains (see Table 4). ( 0.19,95% CI [ 0.00 to 0.37]).

Moderation analysis Sensitivity analysis

Explorative moderation analysis (aim 3) showed that sexParticipants that previously had participated in a study

age, and cardiorespiratory tness signi cantly moderated containing similar cognitive tests did not perform signi

some relations between movement behaviors and cegnicantly di erently from the rest of the sample at baseline

tion changes (see TablB). Age moderated the assoeia or follow-up. Moreover, cognitive changes from baseline

tion between changes iilr; Time in bed and changes in to follow-up did not di er in this sub-sample.

EF ( 0.26, 95% CI [0.03 to 0.49]) and Global Cognition

( 0.26, 95% CI [0.09 to 0.42]). Increasing age was-assDiscussion

ciated with a more positive association between changesn the present study, we investigated how two 6-month

in ilr; Time in bed and EF and Global Cognition changes.multi-component  cluster-randomized interventions

Age did not moderate any other change on change asscaimed at changing MVPA or SED in uenced cognitive

ciation. Sex moderated the relationship between changesunction in o ce workers. e results showed that the

in ilr; SED and changes in PS. Being male versus femat&o interventions were unsuccessful in changing cogni

was associated with a less positive relation betweetive functions compared to the control group. Moreover,

ilr, SED and PS changes ( 4.69, 95% CI [ 8.80 to changes in cardiorespiratory tness or any movement
0.58]). Baseline cardiorespiratory tness moderated behavior ilr, did not relate to changes in cognitive

Table 4 Associations between changes in cognitive functions and changes in tness/movement behaviors

Executive Function Episodic Memory Processing Speed Global Cognition

Estimates (95%Cl)

Estimates (95%Cl)

Estimates (95%Cl)

Estimates (95%Cl)

VOax (ML kgt min 1)

VQyax (L/miin)
ilr, Time in bed

il, Sedentary behavior

ilr, Light physical activity

il, Moderate physical activity
ilr, Vigorous physical activity

No. of observations
*p<0.05

0.00 ( 0.12-0.12)
0.28 ( 1.40-1.95)

1.17 ( 3.13-0.78)
0.53 ( 2.47-1.41)
0.48 ( 2.29-1.33)
0.61 (1.12-2.33)

0.18 ( 0.54-0.89)
134

0.04 ( 0.24-0.16)
1.89 ( 4.71-0.92)
0.08 ( 3.15-3.31)

2.04 ( 5.34-1.27)
0.91 ( 3.98-2.16)
1.09 ( 1.87-4.05)

0.22 (0.99-1.43)

138

0.02 ( 0.14-0.10)
0.65 ( 2.30-1.00)
0.46 (1.41-2.34)
1.70 (0.20-3.60)
0.10 ( 1.88-1.68)
0.31 ( 2.01-1.39)
0.23 ( 0.93-0.47)
138

0.00 ( 0.09-0.08)
0.24 ( 1.46-0.99)
0.79 ( 2.22-0.63)
0.24 ( 1.66-1.17)
0.32 ( 1.63-1.00)
0.50 ( 0.75-1.76)
0.09 ( 0.43-0.61)
133

Linear mixed model estimates of the twaay interactions between changes iir, movement behavior (i.e., Time in bed, Sedentary behavior, and Light, Moderate,
and Vigorous physical activity) and changes in cognitive domain (i.e., Executive function, Episodic memory, and Processing speed) with 95% con dence interval.
Signi cant moderations are marked with *
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Table 5 Moderation of age, sex, and tness on the association between cognitive functions and movement behavior changes

(2022) 22:1082

Page 8 of 12

Moderation of age

Executive Function
Estimates (95%Cl)

Episodic Memory
Estimates (95%Cl)

Processing Speed
Estimates (95%Cl)

Global Cognition
Estimates (95%Cl)

ilr, Time in bed
il, Sedentary behavior
ilr, Light physical activity
il, Moderate physical activity
ilr, Vigorous physical activity
Moderation of sex
il, Time in bed
ilr, Sedentary behavior
i, Light physical activity
il Moderate physical activity
ilr, Vigorous physical activity
Moderation of Fitness
ilr, Time in bed
il, Sedentary behavior
ilr, Light physical activity
il, Moderate physical activity
ilr, Vigorous physical activity
No. of observations

0.26 * (0.03-0.49)
0.08 ( 0.17-0.34)
0.09 ( 0.13-0.31)
0.24 ( 0.49-0.00)
0.03 ( 0.12-0.07)

3.61 ( 0.79-8.02)
3.63 ( 0.56-7.82)
2.42 ( 1.63-6.47)
0.90 ( 4.50-2.70)
1.17 ( 2.70-0.37)

0.04 ( 0.29-0.21)
0.14 ( 0.10-0.38)
0.06 ( 0.14-0.27)
0.20 ( 0.06-0.45)

0.05 ( 0.14-0.03)
134

0.19 ( 0.17-0.55)
0.35 ( 0.06-0.77)
0.11 ( 0.25-0.46)
0.08 ( 0.34-0.50)
0.10 ( 0.26-0.05)

3.97 ( 11.50-3.55)
3.01 ( 10.16-4.15)
2.05 ( 8.91-4.80)
2.11 ( 4.03-8.25)
0.77 ( 1.85-3.40)

0.36 ( 0.76-0.04)
0.39 ( 0.79-0.01)
0.03 ( 0.37-0.32)
0.06 ( 0.38-0.50)
0.09 ( 0.06-0.23)
138

0.13 ( 0.08-0.34)
0.04 ( 0.20-0.29)
0.04 ( 0.17-0.26)
0.19 ( 0.43-0.05)
0.02 ( 0.11-0.07)

3.57 ( 7.94-0.81)
4.69 * ( 8.80 —0.58)
1.26 ( 5.30-2.78)
1.03 ( 2.57-4.64)
1.11 ( 0.41-2.63)

0.09 ( 0.32-0.15)
0.08 ( 0.16-0.31)
0.00 ( 0.20-0.21)
0.19 (0.07-0.44)

0.02 ( 0.11-0.07)
138

0.26 * (0.09-0.42)
0.13 ( 0.06-0.31)
0.09 ( 0.07-0.25)
0.14 ( 0.32-0.04)
0.05 ( 0.11-0.02)

0.24 ( 3.00-3.49)
0.06 ( 3.15-3.04)
0.49 ( 2.47-3.46)
0.51 ( 2.13-3.14)
0.23 ( 1.36-0.89)

0.14 ( 0.32-0.04)
0.00 ( 0.18-0.17)
0.02 ( 0.13-0.17)
0.19 * (0.00-0.37)
0.01 ( 0.08-0.06)

*p<0.05

Linear mixed model estimates of the thregay interactions between changes in movement behavid, (i.e., Time in bed, Sedentary behavior, and Light, Moderate,
and Vigorous physical activity), changes in cognitive domain (i.e., Executive function, Episodic memory, and Processing speed) and the moderator (i.e., age, sex, or
tness) with 95% con dence interval. Signi cant moderations are marked with *

functions. Explorative moderation analyses showed thatcognitive functions. We found that the interventions
age moderated the relationship between changesilin  were ine ective in changing cognitive functions. e
Time in bed and changes in EF. Moreover, the relation interventions were designed to explicitly target increas
ship between changes iifr; SED and PS were moderated ing MVPA or reducing SED to improve o ce workers’
by sex, whereas cardiorespiratory tness moderated themental health and cognitive functions [21]. While our
associations between changes im; MPA and Global ndings suggest that the investigated 6-month multi-
Cognition. component interventions did not a ect cognitive func
In a recent meta-regression of 80 randomized con tions, the lack of intervention e ect on physical activity
trolled trials, structured exercise interventions showed and SED impaired our ability to evaluate how successful
a small but positive e ect on multiple cognitive domains changes in physical activity and sedentary behavior caus
[11]. However, such structured exercise may not be feasially a ect cognitive functions.
ble and sustainable in a real-life setting. Behavior change Participants’ physical activity level when entering the
research suggests that persons motivated by their owrstudy may explain the lack of e ect on cognitive func
needs and desires are more likely to sustain a new healthiyons. Unfortunately, the recruitment of too active par
behavior [36], and structured exercise interventions ticipants may have limited the potential e ect of the
may not ful Il this. erefore, it is crucial to investigate intervention [22], making it dicult for participants
the e ect of sustainable behavior change interventionsto increase physical activity further and thus enhance
supporting the transition towards and maintenance of cognitive functions. We intended to recruit only inac
the new behavior. e present trial is the rst to inves tive participants [21]. erefore, we excluded persons
tigate how two multi-component, ecological, cluster- with more than 30min/day of MVPA in bouts of 10nin.
randomized workplace interventions aiming at di erent Despite our attempts, the participants enrolled in the
movement behaviors in uence cognitive functions. study were physically active [23], which is further sup
We recently showed that the two interventions were ported by good cardiorespiratory tness levels [22] cem
ine ective in changing cardiorespiratory tness or pared to population data [38]. On average, participants
any movement behavior during work or leisure time performed 97 (SD 23) minutes of MPA/day, compared
[22]. Here we present the e ect of the intervention on to a reported 32ninutes of MPA/day in a meta-analysis
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containing studies of o ce workers [39]. Notably, in the dierently from the rest of the sample at baseline or fol
present study, accelerometer data has been processddw-up. In addition, changes from baseline to follow-up
using non- ltered raw accelerations with a 18z low- did not dier in this sub-sample. ere are several rea
pass lIter and a three-second epoch length united into sons why retest e ects might arise, such as reduced test
vector magnitude [33], which results in higher levels of anxiety and familiarization with the task [47]. e most
MPA. However, even with a more traditional data pro pronounced retest e ects occur from the rst to the sec
cessing approach, presented in the e ectiveness study obnd testing session [48]. In the present study, 6 months
the trial, the participants included were highly physically separated baseline and follow-up testing, but we cannot
active [23]. exclude that retest e ects might have a ected the results.
e potential for reducing SED was, however, substan While we cannot exclude the possibility that the improve
tial. At baseline, participants spent more than half of the ments in cognitive functions were related to an unknown
24-hourcycle sedentary. We identi ed several individu confounding factor, our results suggest a learning e ect
alized facilitators and barriers [40] to design the inter in all three cognitive domains, even with the test being
vention [21]. Still, the intervention did not change the 6months apart and alternative forms being used.
behavior on average. e relationship between SED and e association between physical activity and cognitive
cognitive functions is rather complicated. Cross-sectional functions has been suggested to be in uenced by several
evidence suggests SED is related to poor [5] and bettemoderators, such as age, sex, and level of cardiorespira
cognitive functions [41]. A limitation in most studies is tory tness [12], and researchers often adjust their mod
the reliance on self-reported measures of the behaviorgls for these variables. However, the moderation e ects
which are known to have poor validity and reliability [8]. of age, sex, and tness level on the relationship between
However, device-based measures (i.e., accelerometerghysical activity changes and cognition changes are rarely
show no association between SED and cognitive funcinvestigated [49]. e explorative moderation analy
tions among middle-aged adults [42] and among o ce ses revealed that age, sex, and cardiorespiratory tness
workers, speci cally [43]. Moreover, a recent systematicmoderated the relationship between changes in some
review of interventions aiming at reducing SED at work movement behaviorilr; and some cognitive domains.
found no e ect on cognitive functions [44]. However, these signi cant moderations should be inter
To explore whether participants who changed behavior preted carefully since the analyses were indeed explora
also changed cognitive functions, associations betweetive. Still, the results may motivate future investigations
changes in movement behavior and changes in cegnito assess whether the e ects of changes in movement
tive functions were investigated. We found that neither behaviors on cognitive functions vary by age, sex, and t
changes in cardiorespiratory tness nor any movement ness level. Such examination may be helpful to identify
behavior were related to changes in any cognitivetarget groups that would bene t the most from changing
domain. e lack of association suggests that cognitive behavior.
functions would not have been a ected even if the inter In the present study, age moderated the relationship
vention had successfully changed movement behaviors. Adetween changes inlr; Time in bed and changes in
recent study indicated that the e ect of these multi-com EF. is nding suggests that increasing Time in bed is
ponent interventions was a ected by the perceived work related to more favorable changes in EF for those that
environment and was higher in individuals with higher were of higher age in our population. It is essential to
executive functions [45]. is may partly explain the lack acknowledge that we only assessed self-reported time in
of association between changes in movement behaviobed as a proxy for sleep-related behaviors in the present
and cognitive functions since it suggests that individualsstudy. us, analysis of actual sleep duration or sleep e
who did succeed in changing their movement behaviorsciency as a measure of sleep quality may have clari ed
had higher executive functions at baseline and, there this moderation further.
fore, had less possibility to improve cognitive functions Meta-analytic evidence shows that the e cacy of rand
further. omized controlled trials examining the e ect of exercise
Both interventions and control groups improved ceg modalities on cognitive function diers between sexes
nitive performance from baseline to the 6-month follow- [11, 50]. We found that sex moderated the relationship
up on all cognitive domains. A retest e ect may explain between changes iilr; SED and changes in PS. Cem
this increase. In a sensitivity analysis, we identi ed 38pared to females, increasesiin, SED were related to less
persons who had already performed a similar neuropsy improvement in PS among males.
chological test battery approximately 2 years before this We found that cardiorespiratory tness moderated the
data collection [4346] involving many of the same tests. relationship between changes iitr, MPA and changes
Notably, these participants did not perform signi cantly in Global Cognition. Increases in MPA were favorably
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associated with improvements in Global Cognition for of healthy o ce workers was in line with a previously
participants with higher compared to participants with reported lack of intervention e ects on movement
lower baseline cardiorespiratory tness. Meta-analysesbehaviors and cardiorespiratory tness, which may be
consistently show that higher cardiorespiratory tness partly due to learning e ects and selection bias (i.e., high
is associated with a higher level of cognition in youngbaseline physical activity). Some associations between
adults and older adults [5152]. Notably, the relation changes in cognition and changes in movement behav
ship may not be linear as tests examining EF and EMor were moderated by age, sex, and tness level, which
only showed a signi cant relationship to 44 respective should be investigated more carefully to understand sub-
43mL kg! min ! of cardiorespiratory tness [46]. groups who may bene t the most from changing speci c

In regards to the results from the exploratory med movement behaviors. While these results suggest that it
eration analysis, it is important to emphasise that anymay not be worthwhile to provide this type of multifac
change-change association in the study population as &orial support to already active o ce workers with the
whole, or moderation thereof, is entirely disconnected purpose of promoting cognitive function, it is still paes
from the randomized-controlled aspect of the study. In sible that such support would be e ective in companies
addition, the associated changes occur in the same timavith less active employees. e study has demonstrated
frame, which means that information regarding temporal the challenges in achieving changes in movement behav
precedence is also lacking. For these reasons, no caudalr in a workplace intervention, and thereby also di
inferences can be made in regards to this set of results. culties in assessing the usefulness of such interventions

for promoting cognitive functions. Future studies should

Methodological considerations carefully consider the need and potential for a success
e neurocognitive battery consisted of several tests of ful intervention within the particular company and
many cognitive domains, making it possible to investigateemployee context, and direct systematic e orts into tar
latent cognitive constructs. However, the planned initial geting workplaces with physically inactive workers.
latent change scores did not work for us. Still, using eog
nitive composite scores of several tests made it possible .

. . d o . t d Global Coani Abbreviations
tFJ Investigate domain speg C. eec S ar? i g e Cognitive behavioral therapy; CoDA: Compositional data analysis; EF:
tion. However, most studies investigating the impact of Executive function; EM: Episodic memory; ilr: Isometric log-ratios; LPA: Light
exercise on cognitive functions report only a few testsPhysical activity; MI: Motivational interviewing; MPA: Moderate physical activ-
£3 ki | Lo . . ibl ity; MVPA: Moderate-vigorous physical activity; PS: Processing speed; SED:
[ ]’ making only t.est-spec[c. Investigations possible. Sedentary behavior; YQ. Maximal oxygen consumption; VPA: Vigorous
erefore, future studies examining the e ect of chang  physical activity.
ing movement behavior should continue to assess mul
tiple cognitive domains, preferably with the modeling of
latent constructs.
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