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Abstract
The study aimed to verify whether exercise training in older

adults can improve social behavioral rhythms (SBR) and if any
modification is maintained over time. Older adults (n=120) from
a previous randomized controlled trial (RCT), were randomly
allocated to either a moderate-intensity exercise group or a control
group. SBR was evaluated at t0, t26, and t48 weeks (during the
COVID-19 lockdown), using the brief social rhythms scale
(BSRS). Seventy-nine participants completed the follow-up (age
72.3±4.7, women 55.3%). An improvement in the BSRS score
was found in the exercise group at 26 weeks (p=0.035) when the
exercise program was concluded, and it was still maintained at 48
weeks (p=0.013). No improvements were observed in the control
group. To conclude, social behavioral rhythms (SBR), previously
found as a resilience factor in older adults during Covid-19,
appear to improve after a moderate 12 weeks exercise program,
and the improvement persisted even after stopping exercise during
the COVID-19 lockdown. 

Introduction 
Social and behavioral rhythms (SBRs) such as regularity in

sleeping, eating, and having social contact are related to metabolic
and hormonal circadian rhythms.1 This system is in turn controlled
by a complex of pacemakers in which melatonin2 and cortisol)
play a central role in responding to external factors such as
light/dark cycles.4

Several experimental results indicate social and behavioral
rhythms and circadian rhythms as the key points in the pathophys-
iology of mood disorders5 and specifically bipolar disorders.6-8

Recent work found SBRs to be correlated with a positive percep-

tion of the quality of life (QoL) in older adults.9 Indeed, in the
same sample, the functionality of SBRs one year before the
COVID-19 lockdown was found to be a determinant of resilience
against the risk of depressive episodes during the lockdown.10

These results were found in a sample studied during a follow-up
at 48 weeks, after a 12-week randomized controlled trial (RCT) on
a moderate physical activity program in older adults in which the
control group carried out cultural and recreational activities while
the active intervention group was subjected to moderate activi-
ty.11,12 The study did not find any association between resilience13

against depressive episodes during the Covid-19 lockdown and
previous physical activity. There was no difference in the frequen-
cy of depressive episodes or level of perception of QoL between
the group subjected to the experimental physical activity interven-
tion and the control group during the lockdown.10

There is evidence that physical activity can improve social
rhythms and biorhythms,1,14 as well as perceived physical QoL;15

in our sample, however, resilience to depression during the pan-
demic was associated with better functioning of social rhythms
but not with previous physical activity. A hypothesis to explain
this apparent contradiction could be that physical exercise
improves social functioning, but this improvement is not main-
tained over time and was no longer present in our sample at t48
weeks during the lockdown.

The objective of this study is to verify in the same sample:
1) If physical exercise can improve social rhythms (according to

previous studies), and
2) If any modification is maintained over time.

In this study we wanted to verify if, in our sample of older
adults, physical activity could improve social rhythms, and if we
could, based on the results, hypothesize why resilience to depres-
sion during lockdown at t48 weeks was only associated with a
good social rhythm but not with previous physical activity.

Brief Report

Significance for public health

The pandemic condition, requiring community containment and social distancing has widely affected the population, especially older adults. However,
improvement of social and behavioral rhythms (SBR) in the year before the Covid-19 lockdown were found as an important resilience factor, especially against
the risk of depression. Current study suggests that a moderate 12 weeks exercise program improved SBR and that the benefits persisted even after stopping exer-
cise during the COVID-19 lockdown. 
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Methods
The cohort study was designed as a follow-up of an RCT.1. A

total of 120 older individuals were randomly selected (50%=60) to
three sessions/week for a 12-week program of moderate-intensity
exercise (mixed, aerobic/anaerobic) or (50%=60) to a control pro-
tocol of cultural activities. The study was based on mild to moder-
ate exercise to avoid the exclusion of people with chronic but mild
medical conditions (such as hypertension or diabetes), which is
very common in older adults who live at home. To date, older
adults with mild chronic diseases have been routinely excluded
from trials that adopt intense levels of physical activity, although
these people are among those who could best benefit most from
exercise in terms of tertiary prevention. SBRs were evaluated at
T26 after the RCT and at 48 weeks participants were contacted and
re-evaluated during the first wave of the COVID-19 pandemic. 

The outcome measure (functionality of SBRs) was evaluated at
t0 and after the trial at t26 and t48 weeks, using the Italian version
of the brief social rhythms scale (BSRS).9,16 The BSRS is a simpli-
fied tool derived from the social rhythm metric (SRM),17 which is
considered too complex for multidimensional evaluations that
require time for the collection of data from many tools. The BSRS
consists of ten items that assess (ir)regularity in basic daily activi-
ties during a week: sleeping (both waking and bedtime), eating
(breakfast, lunch, and dinner), and social relationships (at work,
school, and leisure time). Participants coded the regularity of each
activity on a scale ranging from 1 (strongly regular) to 6 (very
irregular). Higher scores indicate higher irregularity. The score is
the sum of each item. BSRS has shown excellent psychometric
properties in terms of internal consistency in translational stud-
ies.16 Differences between pre- (t0 weeks), post- (t26 weeks) and
follow-up (t48 weeks) SF-12 scores were measured using one-way
ANOVA for repeated measures (considering differences in the
entire cohort). 

Results
Seventy-nine participants completed the follow-up after 48

weeks and were then evaluated (age 72.3±4.7, women N=42,
55.3%). Table 1 summarizes the demographic characteristics of the
two study samples, which were balanced by sex, age, and educa-
tion level. Table 2 shows an improvement in social function meas-
ured as a BSRS scale score in the group conducting physical activ-
ity. In the experimental group, the improvement was evident at 26
weeks (19.56±7.67 vs 22.96±7.23, p=0.035) when the exercise
program was concluded, but it was also maintained at 48 weeks
(19.06±7.26 vs 22.96±7.23, p=0.013). A similar improvement was
not recorded in the control group, where the mean BSRS scores
remained unchanged in the control group at 26 and 48 weeks com-
pared to the first evaluation. However, the control at T0 weeks of
the two experimental and control samples, despite the randomiza-
tion in blocks that had characterized the study design, showed a
difference close to statistical significance concerning the SRBS
score (22.96±7.23 in the exercise group vs 19.98±8.28 in the con-
trol group, p=0.092). Due to the progressive improvement in func-
tionality (as the SRBS score decreased) in the experimental group
and the fact that the mean of the same score remained unchanged
in the control group, this difference gradually smooths out at the
last evaluation (19.06±7.26 vs 18.88±7.94, respectively, p=0.575).

Discussion
The study shows that in a sample of older adults who partici-

pated in a moderate-intensity aerobic/anaerobic exercise program,
the level of social rhythm functionality improved as expected
based on the results of previous surveys.1,14 Well beyond the initial
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Table 1. Characteristics of the sample at the end of the follow-up. Data: counts (%) or mean (standard deviation).

                                                             Active group                             Control group                                                 Statistics
                                                                    n=44                                           n=35                                                                 

Gender                                                                                                                                                                                                                                         
    Men                                                                          21 (50%)                                                16 (52.1%)                                                                χ2=0.04, p=0.838
    Women                                                                   23 (50%)                                                19 (47.9%)                                                                               
Age                                                                              72.6 (4.6)                                                 72.2 (4.7)                                                           F (1;103)=0.76, p=0.385
Years of education                                                  14.0 (4.3)                                                 13.1 (4.9)                                                           F (1;103)=2.27, p=0.124

Table 2. Social and behavior function measured using BSRS scores in the two groups (exercise and control) at t0, t26weeks and t48weeks.
                                                                                                                                                                      

                                                      T0 t0weeks c                       T26weeks                           T48weeks                       T0 vs T26weeks             T0 vs T48weeks
                                                         Score EG                 BSRS score EG            BSRS score CG                                                           

Exercise group (n=44)                                22.96±7.23                             19.56±7.67                             19.06±7.26                                DF=1,87                            DF=1,87
                                                                                                                                                                                                                                 F=4.591                             F=6.375
                                                                                                                                                                                                                               p=0.035                             p=0.013
Control group (n=35)                                   19.98±8.28                             20.53±8.98                             18.88±7.94                                DF=1,69                                    
                                                                                                                                                                                                                                 F=0.071                                    
                                                                                                                                                                                                                               p=0.791                                    
                                                                  Exercise vs control             Exercise vs control              Exercise vscontrol                                                                          
                                                                             DF=1,78                                 DF=1,78                                 DF=1,78                                                                                     
                                                                             F=2.911                                  F=0.071                                  F=0.322                                                                                      
                                                                             p=0.092                                 p=0.0791                                 p=0.575                                                                                      

[page 40]                                               [Journal of Public Health Research 2022; 11:2432]                                                              



hypothesis, functional improvement was maintained for up to 48
weeks after the active exercise period. A similar improvement was
not evident in the control group of older adults who had participat-
ed in a cultural entertainment program. The data, therefore, con-
firmed previously sharpened results, but underlined, for the first
time, that the modification of social rhythms induced by physical
exercise is maintained for a long time after the program is discon-
tinued. It is further noteworthy that the last study evaluation at 48
weeks was carried out in April 2020, during the lockdown for the
COVID-19 pandemic in Italy.

These findings are of extreme importance in terms of public
health, as the current conditions induced by COVID-19 and the
subsequent lockdown have exposed older people to a considerable
risk of stress.18,19 Thus, all factors that could determine resilience
to stress should be investigated and studied to provide useful plans
for prevention in the future.20 However, a previous analysis of the
same study database showed that social functioning in the sample,
but not previous physical exercise, was associated with greater
resilience to the risk of depression during the COVID-19 lock-
down.10 A possible explanation for the conflicting data is that in
the study, for apparent randomness, the control sample presented a
better social functionality, with a higher mean score in the BSRS
scale, to the limits of the statistically significant difference, com-
pared to the experimental group. Physical exercise induced a sta-
tistically significant improvement in social function in the experi-
mental group compared to the baseline SBRS score. However, the
final score of the experimental group was perfectly homogeneous
with that of the control group. 

In conclusion, the new hypothesis is that the initial imbalance
prevented any evidence of a difference between the two groups,
which probably needed a much larger sample and greater power.
This hypothesis cannot be verified in the present sample, which is
too small for a multivariate analysis or simple standardization to be
performed for the initial SBRS scores. However, it can be evaluat-
ed in future studies conducted on appropriate samples concerning
foreseeable stressors. In the present study, the COVID-19 stressor
was unscheduled, and it was completely coincidental that the last
follow-up evaluation was conducted during the lockdown.
Evidence that even moderate-intensity exercise can improve social
function has an important impact on public health. Physical exer-
cise with these characteristics is accessible and suitable for most
elderly people in the social community who suffer from mild med-
ical ailments such as overweight or obesity, hypertension, and dia-
betes.21,22

Social functionality is an important element of resilience to
stress and depression. During the COVID-19 pandemic older
adults experienced significantly less social contact with friends,
relatives, and healthcare workers, an interruption of daily routine
activities, poor access to care (including telemedicine), and poor
social communication.23 Moreover, older adults are at the highest
risk of death if infected.24 Exercise could improve respiratory per-
formance, allowing for a better chance of survival in the event of
COVID-19 infection. An improvement in social rhythm function-
ality can offer older adults a better sense of control over the
COVID-19 threat and, therefore, better coping skills during the
pandemic. 

Limits
The study sample was very small and the power of the study

was limited. The research’s main objective was not to measure the
link between improved social functioning induced by exercise and
resilience during a lockdown since the planning and registration of

the trial pre-dated the COVID-19 outbreak and subsequent pan-
demic.
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