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Abstract
Background: Office workers near retirement tend to be sed-
entary and can be prone to mobility limitations and diseases. 
We examined the dose effects of exergaming volume and 
duration of detraining on motor and cognitive function in 
office workers at late midlife to reduce sedentariness and 
mobility limitations. Methods: In an assessor-blinded ran-
domized trial, 160 workers aged 55–65 years performed 
physically active video games in a nonimmersive form of vir-
tual reality (exergaming) in small, supervised groups for 1 h, 
1×, 2×, or 3×/week for 8 weeks followed by detraining for 8 
and 16 weeks. Exergaming comprises high-intensity, full-
body sensorimotor coordination, balance, endurance, and 
strengthening exercises. The primary outcome was the 
6-minute walk test (6MWT), and secondary outcomes were 
body mass, self-reported physical activity, sleep quality, Berg 
Balance Scale, Short Physical Performance Battery, fast gait 
speed, dynamic balance, heart rate recovery after step test, 
and 6 cognitive tests. Results: The 3 groups were not differ-
ent in any of the outcomes at baseline (all p > 0.05). The out-

comes were stable and had acceptable reliability (intraclass 
correlation coefficients ≥0.334) over an 8-week control pe-
riod. Training produced an inverted U-shaped dose response 
of no (1×), most (2×), and medium (3×/week) effects of exer-
gaming volume in most motor and selected cognitive out-
comes. The distance walked in the 6MWT (primary outcome) 
increased most (94 m, 19%, p < 0.05), medium (57 m, 12%,  
p < 0.05), and least (4 m, 1%) after exergaming 2×, 3×, or 0× 
(control) (all different p < 0.05). The highest responders tend-
ed to retain the exercise effects over 8 weeks of detraining, 
independent of training volume. This maintenance effect 
was less consistent after 16 weeks of detraining. Conclusion: 
Less was more during training and lasted longer after de-
training. A medium dose volume of exergaming produced 
the largest clinically meaningful improvements in mobility 
and selected cognitive tests in 60-year-old office workers 
with mild mobility limitations and intact cognition.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Physical inactivity is the fourth leading risk factor for 
mortality, causing 6% of deaths globally [1]. Office work-
ers near retirement tend to be sedentary and can be prone 
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to mobility limitations and/or diseases. Office and call 
center workers’ daily step counts are the lowest among all 
workers and have the greatest sitting time and least time 
spent on light physical activity (PA) during wakeful hours 
and at work [2]. Movement interventions and behavioral 
nudges in the office can increase in-office standing time 
and PA, but such changes often do not exceed 30 min per 
day, and behavioral improvements diminish over time in 
and away from the office, minimizing any lasting benefits 
for mobility, cognition, and health.

The World Health Organization (WHO) recommends 
that adults perform 75 min of vigorous- and/or 150 min 
of moderate-intensity PA per week to reduce risks for 
noncommunicable conditions such as cardiovascular dis-
ease, cancer, falls, and dementia [1]. The dosing of exer-
cise duration and frequency is, however, unclear from the 
guidelines and can vary according to age, disease, out-
come (mortality, health, and fitness [e.g., muscle strength 
and balance]), and motor and cognitive status at baseline. 
Large epidemiological studies suggest that a minimum of 
150–300 min of moderate- or 75–150 min of vigorous-
intensity PA was associated with substantial increase in 
longevity benefits, which can further increase when the 
duration of total weekly PA is up to 450–750 min/week 
[3, 4]. However, there is also evidence suggesting that if 
participants are in a physically deconditioned, sedentary 
state, being active less than the recommended volume 
may already have health-promoting effects [5] and sets 
people on a stable track of healthy aging [6] independent 
of the type of PA [7]. It is thus conceivable that even 1× 
per week, that is, low-volume exercise, could produce fa-
vorable effect, and 3× per week, that is, high volume of 
vigorous exercise, could produce a ceiling if not an over-
training effect in certain measures. We thus hypothesized 
that a medium volume (duration) of exercise may pro-
duce the largest effects on mobility and cognitive out-
comes in office workers at late midlife.

For logistical and adherence reasons, many exercise 
research interventions are designed to last for a few 
months. Even if individuals exercise for a prolonged pe-
riod, vacation, illness, or moving can interrupt the exer-
cise regimen. Detraining, that is, the withdrawal of the 
exercise stimulus following a period of exercise training, 
is a contentious and poorly understood phenomenon, 
and the cumulative effects of detraining on mobility and 
cognition in adults at late midlife have rarely been exam-
ined. Indeed, there is evidence for lasting effects of vari-
ous exercise protocols on functional outcomes and in a 
limited number of studies on measures of cognition in 
older adults [8, 9]. However, there is an equal number of 

studies showing no maintenance of the exercise-induced 
functional and cognitive gains after detraining [10–12]. 
The common element emerging from these conflicting 
data that gives rise to our working hypothesis is that per-
haps the lasting effects of exercise are actually not related 
to exercise parameters (i.e., intensity, volume, and fre-
quency) but are instead related to the magnitude of gains 
in a given outcome. Based on the conflicting data, we ten-
tatively hypothesize that retention of exercise-induced 
benefits following detraining is related to whether or not 
someone responds to the exercise stimulus and not to the 
volume of exercise performed.

Taken together, the purpose of this single-blind, ran-
domized trial was to determine the effects of exercise vol-
ume and detraining duration on mobility and cognitive 
outcomes in office workers at late midlife. Because of evi-
dence suggesting strong effects on walking capacity and 
cognitive function [13, 14], we used exergaming as an exer-
cise stimulus that was also highly effective in patient groups, 
producing long-lasting effects following detraining [15].

Methods

Participants and Design
Full-time, public sector office workers (n = 160, 58% female) 

participated in the study. Of the 345 employees, 160 were enrolled 
in an institution-mandated periodic health screening in the hospi-
tal where they received information about the study (online Ap-
pendix 1; see www.karger.com/doi/10.1159/000513505 for all on-
line suppl. material). Volunteers responding to the call subse-
quently filled in medical and health questionnaires. The inclusion 
criteria were age 55–65 years, male or female gender, and a com-
mitment to the 28-week-long program according to randomiza-
tion. The exclusion criteria were Mini-Mental State Examination 
(MMSE) score <20, severe cardiac disease, uncontrolled diabetes, 
uncontrolled hypertension, BMI >30 kg·m−2, stroke or heart attack 
<1 year before, traumatic brain injury, seizure disorder, Parkin-
son’s disease, ongoing orthopedic surgeries, pacemaker, hemo-
philia, current cancer, current severe cardiopulmonary condi-
tions, use of steroids or opioids for pain, walking aids, or participa-
tion in an exercise program. A hospital physician examined all 
participants and decided about inclusion. The University Hospi-
tal’s Ethics Committee approved the protocol and the informed 
consent, which each participant signed (IKEB0008/2018). The 
study is in agreement with the latest version of the Declaration of 
Helsinki.

Online Appendix 1 shows the design of the 3-arm, single-blind, 
randomized clinical trial. A physical therapist not involved in the 
trial performed the concealed randomization of participants. He 
drew a colored ribbon from a covered box and attached one ribbon 
to each participant folder, designating the participant’s group as-
signment. Group 1 (G1, n = 53, 47% F) completed an initial 8-week 
control period to assess reliability of the outcome measures fol-
lowed by an 8-week-long exercise intervention, concluding with 
one 8-week detraining period. Group 2 (G2, n = 53, 32% F) and 
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group 3 (G3, n = 54, 48% F) exercised for 8 weeks and completed 
two 8-week-long detraining periods. There were 4 assessments: at 
baseline (test 1), after 8 weeks of control (G1) or exercise (G2 and 
G3, test 2), 8 weeks of training (G1) or detraining (G2 and G3) (test 
3), and 8 weeks of additional detraining (test 4). The order of the 
fitness tests was standardized among participants and testing ses-
sions. Two physical therapists (PTs) and an assistant administer-
ing the tests were masked to group assignments and experimental 
phase (control, exercise, and detraining).

Interventions
Exercise was administered 1 (G1), 2 (G2), or 3 (G3) times per 

week for 1 h in the hospital PT gym after work on weekdays in 
groups of 8–10 participants in fall 2019. The warm-up program 
consisted of stationary cycling for 10 min at 1–2 kg resistance. Ex-
ergaming consisted of physically active video games in a nonim-
mersive form of virtual reality, illustrated previously by videos 
[16]. Games included Xbox 360 modules, 10 min each: (1) Reflex 
Ridge trains reflex responses to visual stimuli; (2) Space Pop trains 
spatial orientation through target reaching with arms, legs, and 
whole body, and (3) Just Dance prompts users to generate and 
combine movement sequences with a strong demand on the aero-
bic system. Exergaming was designed to improve walking ability, 
gait stability, turning, postural control, and static and dynamic bal-
ance. While in the present study we did not measure heart rate 
during exergaming, in previous studies using similar interven-
tions, the heart reached 80% of the age-predicted maximum, im-
plying a high aerobic training stimulus [17, 18].

In addition to exergaming, strengthening exercises included 
plank positions for a total of 10 min. Cooldown consisted of 
stretching and breathing exercises. Two PTs and an assistant ad-
ministered the interventions but none of the tests. For the control 
period (G1) and for the detraining periods (G1, G2, and G3), par-
ticipants were instructed to continue their habitual activities with-
out changing their diet and exercise habits.

Primary Outcome
Because exercise duration was the dosing factor in the interven-

tion, which was delivered at a high intensity (rate of perceived ex-
ertion can reach ∼16 of 20 [17, 18]), we set the 6-minute walk test 
(6MWT) as the primary outcome. The 6MWT is a reliable and 
valid measure of walking capacity that is sensitive to change [19]. 
The clinically meaningful large change is 50 m for the 6MWT in 
mobility-limited older adults [20] but near 35 m for healthier and 
younger adults because exercise training increased 6MWT dis-
tance by an average of 36 m in 9 studies of healthy older adults [21].

Secondary Outcomes
PA was measured with the International Physical Activity 

Questionnaire (IPAQ) self-administered, short form, which has 
acceptable measurement properties for monitoring levels of PA 
among 18- to 65-year-old adults in diverse settings. Sleep quality 
and quantity was self-assessed with the Pittsburgh Sleep Quality 
Index (PSQI) that has good psychometric properties.

Because the intervention was multimodal (e.g., balance, coor-
dination, agility, reaction time, and endurance), we also assessed 
mobility with a composite measure, the Short Physical Perfor-
mance Battery, SPPB [22], which is a reliable and valid test of 
standing balance, habitual walking speed, and leg strength and is 
sensitive to change [20]. The Berg Balance Scale (BBS) was used to 

assess static balance and fall risk [23]. Dynamic balance during 
walking was assessed on 4-, 8-, and 12-cm-wide, 4-m-long, and 
2-cm-high wooden beams [24]. Participants performed one famil-
iarization and one measurement trial on each beam barefoot. The 
instruction was “Walk the entire length of the beam at your ha-
bitual speed with arms free. The trial ends when you step off.” The 
distance, number of steps, and time to complete the trial were de-
termined and average velocity computed, by digitizing foot mark-
ers in video recordings. Moreover, fast walking speed was mea-
sured in 3 trials over 10 m, including acceleration and deceleration. 
Cardiovascular endurance was assessed with the 3-min-long box 
step test, and recovery heart rate during minute 4 was used to as-
sess change in fitness [25].

We used MMSE to measure cognitive impairment. We mea-
sured motor speed and attention with the Digit Symbol Substitu-
tion Test (DSST) and inhibition of cognitive interference with the 
Stroop color-word test. Memory span and working memory were 
measured with the Digit Span (DS) and Visual Memory Span 
(VMS) Forward and Backward.

Statistical Analyses
Using G*Power (version 3.1.9.2.), we estimated the number of 

participants needed for a significant group (G1, G2, and G3) by 
time (pre and post) interaction for the primary outcome. A priori 
power analysis revealed the need for 44 participants per group with 
a clinically meaningful increase of 50 m in the 6MWT, the primary 
outcome [20], producing a medium effect of 0.5 (α = 0.05; power = 
1 − β [power] of 0.8). Because the reliability analysis showed stabil-
ity of the measures upon a retest after 8 weeks (n = 53) and there 
were no differences between the 3 groups in the outcome measures 
at baseline, the main analysis was a 1-way ANOVA on post minus 
pre (delta) scores for each outcome measure. Continuous variables 
were normally distributed based on the Shapiro-Wilk test. Categor-
ical variables were analyzed with a Kruskal-Wallis test. A signifi-
cant effect, characterized by pη2 effect size, was interpreted as a 
group by time interaction and was followed by a Tukey’s post hoc 
or a Mann-Whitney test to determine the means that differed from 
one another. Within-group changes were further quantified by 
computing Cohen’s d. The Holm method was used to correct for 
family-wise error. The level of significance was set at p < 0.05.

Results

Baseline Characteristics
Enrolled clerical employees were legal staff (28%), of-

fice assistants (22%), economists (9%), police (9%), ser-
vice staff (8%), physicians (8%), engineers (5%), teachers 
(5%), and business and other consultants (3%). Of the 160 
enrolled, 53% had a treated illness: hypertension (n = 29), 
diabetes (21), past stroke (11), benign paroxysmal posi-
tional vertigo (11), phobic postural vertigo (5), or heart 
attack, ulcerative colitis, and Crohn’s disease (n = 1 each). 
The repeat tests 8 weeks apart revealed acceptable reliabil-
ity for all variables, and the 3 groups were not different in 
outcomes at baseline (all p > 0.05) (online suppl. Appen-
dices 2, 3).
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Table 1. Effects of exercise volume on outcome measures

Outcome Group 1 Group 2 Group 3 All groups F or χ2 p value pη2

mean ± SD mean ± SD mean ± SD mean ± SD

Primary
6MWT, m 3.9±43.74 94.2±56.38 56.7±69.39a 51.6±68.12b 32.9 0.001 0.295

Effect size 0.12 2.58 1.31 1.33
Secondary

Mass, kg −0.5±1.98 −3.6±1.72c −2.9±1.79c −2.4±2.25b 40.8 0.001 0.342
Effect size 0.12 0.71 0.68 0.50

IPAQ
Vigorous, day −0.2±0.74 1.6±0.89 0.6±1.00a 0.7±1.15 0.8d 0.889 0.002

Effect size 0.27 5.14 1.62 2.16
Vigorous, min −16.5±22.05 139.9±28.53 80.9±31.27a 68.2±70.09b 434.7 0.001 0.847

Effect size 0.21 13.74 7.32 6.75
Moderate, min −2.5±12.85 5.3±12.65 6.1±14.33 3.0±13.77b 6.7 0.002 0.079

Effect size 0.16 0.55 0.50 0.60
Walking, day 0.0±0.00 0.2±0.14 0.1±0.11 0.0±0.08 0.9d 0.492 0.001

Effect size 0.02 0.04 0.08 0.04
Walking, min 7.6±19.99 10.4±19.61 18.9±24.32a 12.3±21.84 4.1 0.019 0.049

Effect size 0.04 1.92 0.98 0.95
Sitting, h 0.04±0.59 −1.7±1.73 0.96±1.29c 0.9±1.46b 23.5 0.001 0.230

Effect size 0.04 1.92 0.98 0.43
PSQI 0.1±1.25 −0.23±0.91 −1.13±1.91a 0.42±1.51 10.9d 0.001 0.122

Effect size 0.12 0.23 1.16 0.43
BBS 1.94±7.19 7.1±4.29 4.6±5.47a 4.6±6.12b 10.7 0.001 0.120

Effect size 0.56 2.43 1.46 1.48
SPPB 0.2±0.94e 1.0±1.09f 0.8±1.14f 0.7±1.11b 8.2d 0.001 0.101

Effect size 0.35 1.68 1.37 1.13
FGS, m/s 0.2±0.58 0.7±0.45 0.5±0.42c 0.5±0.54b 17.4 0.001 0.181
Beam, 4 cm

Distance, m 0.22±1.39 0.87±1.26g 0.35±1.08 0.48±1.27b 4.0 0.020 0.050
Effect size 0.35 1.27 0.52 0.71

Step, n 0.9±2.32 1.4±2.47 1.3±2.17 1.2±2.31 0.5d 0.589 0.007
Effect size 0.76 1.26 1.17 1.06

Step, m −0.05±0.04 0.11±0.03 −0.05±0.04 0.02±0.04 3.7 0.028h 0.045
Effect size −0.26 0.79 0.26 0.09

Time, s 0.8±2.77 0.7±2.53 1.3±2.54 0.9±2.62b 0.9 0.400 0.012
Effect size 0.51 0.60 0.94 0.68

Velocity, m/s 0.0±0.41 0.1±0.42 0.0±0.63 0.0±0.49 1.6 0.207 0.020
Effect size 0.17 0.59 0.05 0.12

FGS, m/s 0.15±0.58 0.70±0.453 0.49±0.42a 0.45±0.54b 17.4 0.001 0.181
Effect size 0.43 2.67 1.50 1.53

Heart rate, b·min−1 −0.8±10.35 −17.4±8.42c −11.8±9.71c −10.0±11.72b 41.9 0.001 0.348
Effect size −0.14 −3.81 −2.29 −2.08

DSST, n 1.3±7.98 4.8±5.33i 3.7±5.18 3.3±6.42 4.3d 0.015 0.052
Effect size 0.28 1.08 1.01 0.79

Stroop, s 2.6±21.69 −17.1±19.86 −12.5±20.15a −9.0±22.11 13.3 0.001 0.144
Effect size −0.20 −1.47 −1.14 −0.81

Values are post minus pre delta scores in absolute units. Groups 1, 2, and 3 exercise 1×, 2×, and 3× per week for 1 h each. F, Fisher’s test. p, probability 
<0.05 denotes a group by time interaction based on the change scores. χ2, Kruskal-Wallis test. pη2, partial eta squared; small effect: 0.02–0.12, medium: 
0.13–0.25, and large ≥0.26. Cohen’s effect size: small ≤0.50; medium 0.50–0.79, and large ≥0.80. 6MWT, 6-minute walk test; IPAQ, International Physical 
Activity Questionnaire; vigorous, day, the number of days participants reported conducting vigorous PA; vigorous, min, daily minutes participants report-
ed conducting vigorous PA; moderate, min, daily minutes participants reported conducting vigorous PA; walking, day, number of days per week participants 
reported to walk; walking min, number of minutes participants reported to walk in a day; sitting, h, the number of hours participants reported to sit in a day; 
PSQI, Pittsburgh Sleep Quality Index; BBS, Berg Balance Scale; SPPB, Short Physical Performance Battery; FGS, fast gait speed; heart rate, during 1 min after 
3 min of stepping; DSST, number of correct responses in the Digit Symbol Substitution Test; Stroop, completion time of the Stroop color-word test; PA, 
physical activity. a All 3 means differ from one another, p < 0.05. b Significantly change relative to a change of zero, p < 0.05. c Greater changes in G2 and G3 
than in G1. d Kruskal-Wallis test. e G1 differs from G3, p < 0.05. f Greater change than in G1. g G2 differs from other 2 groups, p < 0.05. h Did not survive 
Holm’s correction for family-wise error. i G2 differs from G1 and G3.
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Effects of 8 Weeks of Intervention
Table 1 shows the training effects, which tended to be 

the greatest in G2 followed by G3 and G1. The interven-
tion improved the distance walked in the primary out-
come (6MWT) by ∼52 m or 11% (p < 0.05). The largest 

increase occurred in G2 (94 m, 19%) followed by G3 (57 
m, 12%) and G1 (4 m, 1%) (all different p < 0.05).

Body mass decreased by 3.1% in the 3 groups com-
bined (p < 0.05). The weight loss was similar in G2 (4.6%) 
and G3 (3.8%) but greater than in G1 (0.6%). The number 

Table 2. Effects of 8 weeks of detraining on the outcomes

Outcome Group 1 Group 2 Group 3 All groups F or χ2 p value pη2

mean ± SD mean ± SD mean ± SD mean ± SD

Primary
6MWT, m −1.5±64.2 83.8±54.15 42.9±78.47a 41.8±74.65b 21.8 0.001 0.218

Effect size −0.04 2.71 1.05 1.25
Secondary

Mass, kg −0.6±1.97 −3.6±1.97 −2.8±2.17c −2.4±2.39b 30.3 0.001 0.278
Effect size −0.14 −0.71 −0.65 −0.50

IPAQ
Vigorous, min −12.0±17.16 80.7±47.94 56.9±44.55a 41.9±55.26b 80.3 0.001 0.505

Effect size −0.58 3.00 2.62 1.70
Walking, min −0.8±5.49 11.7±26.22 10.4±24.87c 7.1±21.73 5.6 0.005 0.066

Effect size −0.05 0.78 0.68 0.47
Sitting, h −0.3±0.73 −1.6±1.69 −1.1±1.79c −1.0±1.57b 10.0 0.001 0.113

Effect size 0.33 1.77 1.26 1.12
PSQI 0.0±0.00 0.2±1.36 −1.0±1.81a −0.3±1.39 12.6d 0.001 0.134

Effect size 0.00 0.19 1.04 0.28
BBS 1.7±8.99 6.8±5.62 4.8±6.57c 4.4±7.44b 6.8 0.001 0.080

Effect size 0.43 2.23 1.54 1.40
SPPB 0.1±0.88 0.9±1.13 0.6±1.02c 0.5±1.06b 7.9d 0.001 0.092

Effect size 0.17 1.38 1.04 0.86
FGS, m/s 0.0±0.53 0.5±0.68 0.4±0.75c 0.31±0.69 8.0 0.001 0.092

Effect size 0.09 1.51 0.96 0.85
Beam, 4 cm

Distance, m 0.0±1.67 0.7±1.28 0.3±1.41 0.3±1.48b 2.8 0.066 0.034
Effect size 0.00 1.03 0.40 0.49

Step, m −0.16±0.43 0.16±0.44g −0.09±0.42 −0.03±0.44 8.0 0.001 0.093
Effect size −0.75 0.77 −0.42 0.13

Heart rate, b·min−1 0.3±9.62 −15.5±9.56 −9.6±9.10a −8.4±11.42b 38.1 0.001 0.32
Effect size 0.04 −3.35 −1.75 1.69

DSST, n 0.2±9.19 −0.2±8.49 2.6±6.74 1.0±8.28 2.1d 0.146 0.020
Effect size 0.04 −0.04 0.74 0.24

Stroop, s 4.2±20.57 −11.0±16.58 −5.8±20.66c −4.2±20.9b 7.8 0.001 0.090
Effect size 0.35 −0.89 −0.48 −0.34

Values are post-8 weeks of detraining minus pretraining delta scores in absolute units. Variables that showed no training effects in 
Table 2 are omitted from detraining analyses. Groups 1, 2, and 3 exercise 1 h each 1×, 2×, or 3× per week for 8 weeks. F, Fisher’s test. p, 
probability <0.05 denotes a group by time interaction based on the change scores. χ2, Kruskal-Wallis test. pη2, partial eta squared; small 
effect: 0.02–0.12, medium: 0.13–0.25, and large ≥0.26. Cohen’s effect size: small ≤0.50, medium 0.50–0.79, and large ≥0.80. 6MWT, 
6-minute walk test; IPAQ, International Physical Activity Questionnaire; vigorous, day, the number of days participants reported con-
ducting vigorous PA; vigorous, min, daily minutes participants reported conducting vigorous PA; moderate, min, daily minutes par-
ticipants reported conducting vigorous PA; walking, day, number of days per week participants reported to walk; walking, min, number 
of minutes participants reported to walk in a day; sitting, h, number of hours participants reported to sit in a day; PSQI, Pittsburgh Sleep 
Quality Index; BBS, Berg Balance Scale; SPPB, Short Physical Performance Battery; FGS, fast gait speed; heart rate, during 1 min after 3 
min of stepping; DSST, number of correct responses in the Digit Symbol Substitution Test; Stroop, completion time of the Stroop color-
word test; PA, physical activity. a All 3 means differ from one another, p < 0.05. b Significant change relative to a change of zero, p < 0.05. 
c Greater changes in G2 and G3 than in G1. d Kruskal-Wallis test. 
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of days participants reported to perform vigorous PA did 
not change, but the number of minutes of vigorous and 
moderate PA increased overall by ∼70 min in the 3 groups 
(p < 0.05). The largest changes occurred in G2 (∼2 h), fol-
lowed by G3 (90 min) and G1 (∼10 min). The number of 
minutes participants reported they walked in a day in-

creased by ∼9 min in G3, 66 min in G1, and 57 min in G2. 
Daily sitting time (8.5 h) decreased by 0.9 h in the 3 groups 
(p < 0.05), by 1.7 h, the most, in G2, compared with the 
∼1 h reduction in G3 without changes in G1. Sleep qual-
ity decreased the most in G3 by one unit (p < 0.05).

Table 3. Effects of 8 and 16 weeks of detraining on the outcomes

Outcome 8 weeks 16 weeks

group 2 group 3 both group 2 group 3 both G T G × T
mean ± SD mean ± SD mean ± SD mean ± SD mean ± SD mean ± SD pη2 pη2 pη2

Primary
6MWT, m 83.8±54.15 42.9±78.47 63.2±70.26 75.5±73.92 39.6±71.58 57.4±74.39 0.090a 0.010 0.001

Effect size 2.71 1.25 1.98 2.06 0.91 1.49
Secondary

Mass, kg −3.6±1.97 −2.8±2.17 −3.2±2.10 −3.5±1.89 −2.5±2.39 −3.0±2.21 0.050a 0.035 0.017
Effect size −0.71 −0.65 −0.68 −0.69 −0.58 −0.64

IPAQ
Vigorous, min 80.7±47.94 56.9±44.55 68.6±46.57 65.4±49.01 −7.8±16.53 28.5±32.99 0.357a 0.383b 0.191c

Effect size 3.00 2.62 2.81 2.73 −0.36 −1.18
Walking, min 11.7±26.22 10.4±24.87 10.8±25.52 9.2±28.69 0.0±0.00 4.6±14.34 0.023 0.047 0.022

Effects size 0.78 0.68 0.73 0.65 0.00 0.32
Sitting, h −1.6±1.69 −1.1±1.79 −1.3±1.75 −1.5±1.90 −0.8±1.52 −1.1±1.75 0.037a 0.024 0.014

Effect size −1.77 −1.26 −1.51 −1.69 −0.78 −0.93
PSId 0.2±1.36 −1.0±1.81 −0.4±1.69 0.4±1.37 −0.6±2.09 −0.1±1.83 0.121a 0.037b 0.002

Effect size 0.19 −1.04 −0.42 0.42 −0.61 −0.09
BBS 6.8±5.56 4.8±6.57 5.8±6.10 5.9±6.68 4.4±7.05 5.1±6.86 0.002 0.011 0.002

Effect size 2.23 1.54 1.88 1.82 1.27 1.17
SPPBd 0.9±1.13 0.6±1.02 0.7±1.06 0.8±1.08 0.6±1.19 0.7±1.13 0.013 0.001 0.000

Effect size 1.38 1.04 1.21 1.39 1.04 1.22
FGS 0.5±0.68 0.4±0.75 0.4±0.71 0.5±0.57 0.2±0.76 0.4±0.66 0.002 0.021 0.002

Effect size 1.51 0.96 1.23 1.58 0.69 1.14
Beam, 4 cm

Distance, m 0.7±1.28 0.3±1.41 0.5±1.35 0.6±1.5 0.2±1.3 0.4±1.38 0.029 0.006 0.002
Effect size 1.03 0.40 0.73 0.84 0.23 0.53

Step length 0.16±0.44 −0.09±0.42 0.27±0.35 0.14±0.41 −0.09±0.42 0.22±0.42 0.101a 0.000 0.000
Effect size 0.77 −0.42 0.17 0.71 −0.44 0.13

Heart rate, b·min−1 −15.5±9.56 −9.6±9.10 −12.5±8.96 −15.5±9.65 −9.9±9.10 −12.7±9.37 0.109a 0.001 0.001
Effect size −3.35 −1.75 −2.55 −3.19 −1.83 −2.51

DSST, nd −0.2±8.49 2.6±6.74 1.2±7.52 0.2±12.87 1.33±6.56 0.8±9.71 0.015 0.002 0.001
Effect size −0.04 0.74 0.35 0.03 −0.35 −0.20

Stroop, s −11.0±16.58 −5.8±20.66 −8.4±20.00 −11.9±17.00 −4.7±20.66 −8.3±18.84 0.032 0.000 0.001
Effect size −0.89 −0.48 −0.69 −1.06 −0.43 −0.74

Values are after 8 and 16 weeks of detraining minus pretraining delta scores in absolute units. Variables that showed no training ef-
fects in Table 2 or detraining effects are omitted from this table. Groups 2 and 3 exercised 1 h each 2× and 3× per week for 8 weeks. G, 
group main effect. T, time main effect. G × T, group by time interaction. pη2, partial eta squared; small effect: 0.02–0.12, medium effect: 
0.13–0.25, and large effect: ≥0.26. pη2, for PSI, SPPB, and DSST. Cohen’s effect size: small ≤0.50, medium 0.50–0.79, and large ≥0.80. 
6MWT, 6-minute walk test; IPAQ, International Physical Activity Questionnaire; vigorous, min, daily minutes participants reported 
conducting vigorous PA; walking min, number of minutes participants reported to walk in a day; sitting, h, number of hours participants 
reported to sit in a day; PSQI, Pittsburgh Sleep Quality Index; BBS, Berg Balance Scale; SPPB, Short Physical Performance Battery; FGS, 
fast gait speed; heart rate, during 1 min after 3 min of stepping; DSST, number of correct responses in the Digit Symbol Substitution 
Test; Stroop, completion time of the Stroop color-word test; PA, physical activity. a Group main effect (p < 0.05). b Time main effect  
(p < 0.05). c Group by time interaction (p < 0.05). d Kruskal-Wallis test.
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Scores in BBS improved by 13% in the 3 groups (p < 
0.05), the most in G2 (20%) compared with G3 (13%). 
These changes exceeded the 2 points or 7% increase in G1. 
SPPB improved overall by 0.7 points or 9%: the 13 and 
11% improvements in G2 and G3 were similar, and these 
changes exceeded the small changes in G1. Fast gait speed 
improved overall by 0.5 m/s or 26% (p < 0.05), with sim-
ilar increases of 39% (0.69 m/s) and 28% (0.49 m/s) in G2 
and G3, exceeding the 11% (0.2 m/s) increase (p > 0.05) 
in G1. There was a ceiling effect for beam walking dis-
tance on the 12- and 8-cm-wide beams (no further data 
are shown for these conditions). On the 4-cm beam, dis-
tance walked increased overall by ∼0.5 m (p < 0.05). The 
improvements in G2 (0.9 m, 166%) exceeded the changes 
in G3 (0.3 m) and G1 (0.2 m). The number of steps on the 
beam increased overall by 1.2 or 73%. The time to com-
plete the trials overall increased by ∼1.0 s. Heart rate dur-

ing the step test decreased by 10 b·min−1 (p < 0.05). The 
decreases were more (p < 0.05) in G2 and G3 than in G1 
(p > 0.05). Of the 6 cognitive tests, performance in DSST 
improved in the 3 groups combined by 13% (p < 0.05), 
driven by the 17% in G2 (p < 0.05). The performance in 
the Stroop test improved by −13 and −9% in G2 and G3 
(both p < 0.05), more than the 4% change in G1 (p > 0.05).

Effects of 8 and 16 Weeks of Detraining
In general, the little training effect helped participants 

in G1 to minimize losses in the outcomes during 8 weeks 
of detraining. In most outcomes, detraining effects were 
similar in G2 and G3 (Tables 2, 3).

Relative to baseline performance in the 6MWT, G2 
still walked the longest distance (∼84 m) compared with 
G3 (∼43 m) and G1 (∼−2 m, all different p < 0.05), and 
G2 versus G3 still walked ∼38 m (d = 2.88) longer dis-
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Fig. 1. Distribution of individual changes in the primary outcome, 
the 6-minute walk test (6MWT), after training 1× (a, n = 53, mean: 
4 m), 2× (b, n = 53, 94 m), and 3× (c, n = 54, 57 m) a week for 8 
weeks. The change scores are computed as posttraining minus pre-
training values. The effects of detraining for 8 weeks after training 
1×, 2×, and 3× per week (d [mean: −2 m], e [84 m], and f [43 m]). 
The effects of detraining for additional 8 weeks, a total of 16 weeks 
(h [mean: 76 m] and i [40 m]). The detraining change scores are 
computed as post-detraining minus pretest values with negative 

scores denoting lower performance after detraining compared 
with pretraining. h The 76-m mean value after detraining for 16 
weeks means that performance in the 6MWT was still maintained 
76 m above the baseline level. g (Mean: −5 m). The changes as post 
minus pre of an 8-week-long no-training control period. Change 
scores in each panel are sorted left to right in order from the larg-
est loss to the largest gain in distance walked in 6 min. Zero chang-
es were edited to a value of 0.1 for illustration purposes.
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tance after 16 weeks of detraining. Figure 1 shows the in-
dividual responses to detraining in the 6MWT. After 8 
weeks of detraining, 72, 68, and 76% of the participants 
in G1, G2, and G3 and, after 16 weeks of detraining, 51 
and 47% in G2 and G3 had 6MWT performance above 
baseline.

G2 (−5%) and G3 (−4%) have maintained training-
induced weight loss after 8 and 16 weeks of detraining. G2 
has retained the training-induced increases in vigorous 
PA at 8 and 16 weeks of detraining compared with G3 and 
G1, so that at 16 weeks, G2 reported still ∼1 h more (d = 
2.22) vigorous PA which decreased below baseline in G3. 
Detraining did not affect the number of minutes walked 
per day. The difference in retention of reduced sitting 
time between G2 and G3 (∼0.5 h) after 8 weeks of detrain-
ing increased to ∼1.0 h (p < 0.05, d = 1.27). Detraining did 
not affect sleep quality.

Relative to baseline, the training-induced greater (p < 
0.05) benefits were retained similarly (p > 0.05) in G2 and 
G3 compared with G1 at 8 and 16 weeks of detraining in 
fall risk (BBS), mobility and balance (SPPB), fast walking 
speed, and distance walked on the 4-cm-wide beam. G2 
compared with G1 and G3 made longer steps while walk-
ing on the narrow beam and retained these longer steps 
at 16 weeks. Recovery heart rates after the step test de-
creased the most in G2 compared with the other 2 groups, 
and these reductions were better retained in G2 than G3 
at 16 weeks of detraining. Detraining for any duration did 
not affect performance in DSST, but G2 and G3 versus G1 
retained improvements in the Stroop test better, and ad-
ditional 8 weeks of detraining did not further affect the 
differences in this test between G2 and G3.

Discussion

According to the hypotheses, we found that less was 
more during training and lasted longer after detraining: 
medium duration dose of exergaming produced the larg-
est clinically meaningful improvements in mobility and 
selected cognitive tests in 60-year-old office workers with 
mild mobility limitations and intact cognition.

Sample Characteristics at Baseline
Near retirement, over 50% of the 160 participants had 

a current or past medical condition but had normal body 
and fat mass. Participants’ PA level met WHO guidelines, 
as self-reported daily walking and vigorous PA amounted 
to 40–50 min (online Appendix 2). Daily sitting time was 
8.5 h or ∼60% of wakeful time, substantially lower than 

the 10.0–10.6 h reported for office workers in other coun-
tries [26]. These encouraging shorter daily sitting and 
longer walking times may be related to the rural setting of 
the trial that stimulates walking and the use of public 
transportation. While all outcomes, including IPAQ, 
were stable over the 8-week-long no-intervention control 
period (online Appendix 3), the reliability and validity of 
IPAQ are unclear, as some studies report ∼80% overesti-
mation of PA in community-dwelling adults [27]. The 
SPPB score of 8.5 suggests limitations in mobility, leg 
strength, and balance [22]. Yet, the 534-m distance in the 
6MWT and the 2.1-m/s fast gait speed suggest no gait im-
pairments relative to the 529 m and 1.9 m/s norms [17, 
21]. BBS scores were below 45, indicating no fall risk. A 
lack of correlation among SPPB, 6MWT, and fast gait 
speed at baseline (data not shown) indicates that each test 
measures a unique element of mobility so that these mea-
sures are not redundant. Beam walking measures dynam-
ic balance [24] and revealed ceiling effects on the 8- and 
12-cm-wide beams. However, the 4-cm-wide beam poses 
a strong challenge that all participants were still able to 
manage. We thus strongly recommend future studies to 
use this test to measure dynamic balance, as the test does 
not suffer from floor or ceiling effects. Processing speed, 
inhibition, and memory measures were normal but did 
not correlate with each other or motor outcomes (data 
not shown). In sum, despite medical history and mild 
mobility limitation per SPPB, participants of the present 
study were apparently healthy community-dwelling of-
fice workers late midlife.

Training Effects
The high-intensity exercise stimulus was designed and 

proved previously to be effective to reduce body mass and 
improve mobility, balance, and whole-body sensorimotor 
coordination in patients with Parkinson’s disease, multiple 
sclerosis, and older adults with severe mobility limitations 
[16–18]. In the primary outcome, the 6MWT, the distance 
walked increased in an inverted U-shaped dose response 
by 4, 94, and 56 m in G1, G2, and G3 (Fig. 1; Table 1). The 
increase in G2 is nearly double of the 50 m clinically mean-
ingful change [20]. A variety of exercise interventions in-
creased 6MWT distance much less, by only 36 m in healthy 
older adults [21]. Perhaps, the fitness level of those com-
pared with our participants was lower, accounting in part 
for the much larger improvements we observed. The po-
tency of the exercise intervention in G2 and G3 is signified 
by the unusually large increases in walking distance not-
withstanding participants’ relatively high level of daily PA 
and low daily sitting time at baseline (online Appendix 2).
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Most secondary outcomes also revealed an inverted U-
shaped dose-response pattern favoring G2 (Table 1). De-
creases of up to 5% in body mass agree with weight loss 
reported after multimodal training in adults and can 
meaningfully reduce risks for cardiovascular disease even 
in normal-weight adults at mid-late life [28]. The pattern 
of changes in PA indeed raises questions about the IPAQ’s 
validity because while participants in G2 reported the ex-
pected increases in (vigorous) PA in proportion to the 2× 
per week exercise, that was not the case in G3, reporting 
in fact less increase in PA than G2 and G1 (Table 1). The 
large effect-size changes in G2 followed by G3 in BBS, fast 
gait speed, and dynamic balance on the 4-m beam provide 
compelling evidence for the efficacy of the highly chal-
lenging exergaming program to improve fall risk, walking 
capacity, and dynamic balance. Particularly relevant is the 
∼1.0 increase in SPPB, freeing participants from mild mo-
bility limitation. Comparing with the 0.1 m change (p > 
0.05) in distance walked on the 4-cm beam in the control 
period (online Appendix 3), G2 walked nearly 1.0 m lon-
ger distance on the beams using 1.4 more steps, suggesting 
that participants in G2 had become more confident and 
comfortable facing the strong challenge and chose a strat-
egy that kept them on the beam longer. The improve-
ments in mobility- and balance-related outcomes are also 
encouraging in light of data suggesting no additional im-
provements in mobility with nutritional supplementation 
[29].

The present study is highly relevant for exercise pre-
scription. In the context of the study, 2×/weekly exergam-
ing seems to be the optimal training volume for improving 
most outcomes in community-dwelling adults at late mild-
life. There are virtually no studies examining the effects of 
training volume in the context of the present study, but a 
meta-analytic review concluded that 90–120 min of balance 
training per week is the most effective in improving overall 
balance performance in older adults [30]. It is not clear from 
the present data why once a week exergaming was ineffec-
tive. We speculate that intense 3×/week exergaming might 
have caused overtraining because sleep quality decreased 
more than exercising once or twice a week. This speculation 
is in line with reductions in exercise and spontaneous PA in 
G3. An additional novel element of the high-intensity exer-
gaming program is that not only did it improve mobility 
and balance-related outcomes but it did so by decreasing 
the cardiovascular load, as the heart rate during the step test 
decreased 12–17 beats·min−1. This is an important finding 
because increased fitness could reduce fatigue, a condition 
adults report frequently at late midlife [31].

Motor and cognitive function declines with age in a cor-
related manner due to aging-related changes in brain cir-
cuitry, pathology, and molecular fidelity [32–35]. Our data 
strengthen the moderate evidence that exergaming can im-
prove cognitive function in healthy adults at late midlife 
[13]. Of 6 cognitive tests, the exergaming-induced im-
provements in cognition were limited to DSST and the 
Stroop test, favoring 2×/weekly exergaming (Table 1), sug-
gesting small but significant improvements in inhibition of 
cognitive interference. These results, while limited, are im-
portant because participants were office workers with nor-
mal cognition at baseline. The data, however, provide no 
support for the hypothesized correlated improvements in 
motor and cognitive function, as we found no association 
between individual changes in motor and cognitive scores 
(data not shown). Taken the training data together, we 
found evidence for the “less (2× vs. 3× per week) is more” 
phenomenon in the context of the present study.

Detraining Effects
We observed a dissociation between the inverted U-

shaped dose effects of exergaming on the 6MWT, the pri-
mary outcome, and the ensuing detraining effects. In ∼72 
and ∼50% of the 160 participants, the training effects out-
lasted the training period for 8 and 16 weeks, respectively 
(Tables 2, 3). Figure 2 shows that the detraining effects at 
8 weeks were related to the magnitude of training gains 
but not to the dose of exergaming volume and that this 
effect weakened with additional 8 weeks of detraining 
(Fig. 2c). That is, regardless of exergaming 1×, 2×, or 3×/
week, the greater the benefits of exergaming were, the bet-
ter these gains were preserved. The pattern of lasting ef-
fects shown in Figure 2 was evident in the secondary out-
comes (detailed correlation data not shown).

Withdrawal of the training stimulus with respect to bal-
ance produced highly inconsistent results. In mobility-lim-
ited Parkinsonian patients, the mobility benefits produced 
by exergaming used here lasted up to 6 months [15]. In 
some studies [8, 9], but not in other studies [10–12], older 
adults were able to maintain the strength and balance train-
ing-induced functional gains. Because of the high intensity 
of the sensorimotor stimulus during training, balance in 
particular, assessed here by fast gait speed, BBS, SPPB, and 
beam walking, can perhaps be selectively resistant to de-
training, agreeing with previously proposed hypotheses 
[36]. We also observed a robust resistance to detraining for 
16 weeks especially in G2 in exergaming-induced increases 
in fitness through heart rate responses to a standard step 
test, agreeing with some [11, 12, 37] but not all cardiovas-
cular detraining data [38–41]. The highly inconsistent de-
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training effects on cardiovascular function might be related 
to differences between studies in using test intensity (max-
imal and submaximal), evaluation methods, participants’ 
age, and training intensity, volume, and duration.

Training improved DSST and Stroop word-color time 
only (Table 1). These effects were sustained only in the 
Stroop test for 8 but not for 16 weeks of detraining, con-
firming to the dose effect we observed for motor out-
comes (Tables 2, 3). These data differ from the only de-
training study we are aware of reporting a complete re-
versal of timed-up-and-go dual task performance to 
baseline after just 1 month of detraining in chronic 
strength-trained older women [42]. Exercise cessation re-
duced exercise-improved quality of life [11, 43] and health 
[44], but training and detraining did not affect blood-de-
rived neurotrophic factors in healthy older adults [45]. 
Taking the current detraining data together, we found 
evidence that instead of the dose of training volume, 
training-induced gains per se determined the lasting ex-
ergaming effects on motor and only on one cognitive 
function in adults at late midlife.

Limitations
One limitation is the short intervention duration. 

However, when normalized for the number of sessions, 
outcome gains in longer exergaming studies are often 
similar to the gains reported in studies as short as the 
present work, implying a ceiling in the responses to the 
exercise stimulus [12]. Without a maintenance program, 
we cannot tell if the intervention-induced gains in mobil-
ity could be maintained and slow progression of mobility 
limitation. The small sample size prevented us to perform 
sex-stratified analyses. PA was measured by IPAQ instead 
of a wearable device. The substantial, ∼3.2 kg, reduction 
in body mass implies that participants might have modi-
fied their diet, which we did not monitor. While the 100% 
adherence and 0% dropout suggest that our participants 
tolerated well the high exercise intensity, specially trained 
therapists delivered exercise sessions in a designated hos-
pital facility, conditions unavailable elsewhere. However, 
participants could follow recent trends and perform agil-
ity exercises at home with remote supervision, reducing 
costs and staff burden. Without neural, physiological, or 
biomechanical markers, we were unable to determine the 
mechanisms of adaptations to training and detraining.

Perspective
Office workers near retirement tend to be sedentary and 

prone to mobility limitations and illnesses. Because exer-
cise and PA recommendations are universal for broad age 
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Fig. 2. Relationship between 8 weeks of exercise training-induced 
increases in the distance walked in 6 min and changes relative to 
baseline in distance walked in 6 min after 8 weeks of detraining in 
individual participants who exercised 1× (gray, n = 53), 2× (black, 
n = 53), or 3× (red, n = 54) per week (a) and in individual partici-
pants who only exercised 2× (black) or 3× (red) per week (b) and 
were retested after an additional 8 weeks of detraining, a total of 16 
weeks of detraining (c). The figures show that those who gained the 
most after training maintained most of those gains in distance 
walked in 6 min after detraining. The maintenance of training gains 
after detraining is independent of training volume and weakens 
with prolonged detraining (c). The relationships are characterized 
by y = 0.79x + 1.1, R2 = 0.52 (a); y = 0.86x − 1.3, R2 = 0.64 (b); and 
y = 0.63x + 2.0, R2 = 0.31 (all β coefficients, R2 values p < 0.001) (c).
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categories without considerations for current level of mo-
bility, it is unclear how much exercise could ameliorate the 
ill effects of sedentariness and reduce mobility limitations 
at late midlife. How long exercise effects last is another 
contentious issue, considering the wide range of findings 
of no residual effects at all and effects that outlasted the 
training stimulus for several months. The current results 
inform physicians, therapists, and fitness specialists that 
less training could be more, with mobility and cognitive 
improvements lasting for up to 16 weeks after the end of 
the exercise program in adults at late midlife with mild mo-
bility limitations at baseline. The data expand current 
guidelines of exercise prescription by showing that twice 
weekly enjoyable but vigorous exergaming can produce 
lasting effects on mobility and cognition in initially seden-
tary adults aged 60 with mild mobility limitations.

Conclusion

We found that less was more during training and last-
ed longer after detraining: medium duration dose of ex-
ergaming produced the largest clinically meaningful im-
provements in mobility and selected cognitive tests in 
60-year-old office workers with mild mobility limitations 
and intact cognition.
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