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Abstract

Background: The outbreak of the COVID-19 pandemic has negatively
affected the lives of many people. In particular, restrictions of physical activ-
ity (PA) due to pandemic-related lockdown have impacted their psychologi-
cal status. The aim of this work was to investigate the relationship between
PA habits, before the pandemic and during the lockdown, and responses to
stress due to home isolation during the lockdown, in older people.
Methods: To this aim, an online survey addressed to people aged 65 years
and over was conducted during the first pandemic wave in Italy (Study 1).
To explore the effect of PA restrictions on responses to stress over time,
the survey was replicated during the second wave (Study 2). A group of
72 and 43 participants, from 65 to 88 years, completed the two studies,
respectively. The survey required the completion of the International Physi-
cal Activity Questionnaire, and of two questionnaires on stress response,
namely, the Impact of Event Scale-Revised and the Perceived Stress Scale.
The correlation between the questionnaires’ scores was examined.
Results: Study 1 demonstrated that higher levels of PA during the lock-
down, related to working and walking activities, were associated with fewer
stress-related symptoms and lower stress perception. In parallel, greater
reduction of PA, during lockdown compared to the pre-pandemic period,
was associated with more stress-related symptoms. People who spent
more time at rest (sitting) before and during the pandemic lockdown were
those who showed higher psychological impact. Study 2 confirmed the
benefits of maintaining working activities during lockdown, but also showed
that during the second pandemic wave people were more resilient to PA
restrictions and home isolation, even if conducting a sedentary lifestyle.
Conclusions: Maintaining good levels of PA during lockdown was a protec-
tive factor against developing stress-related symptoms in older people. On
the other hand, more resilient response to stress emerged in this population
during the second wave.

INTRODUCTION
The coronavirus (COVID-19) pandemic has affected
and still affects the entire world population. The
advent of this event has changed our lives, some-
times dramatically. Movements and social interac-
tions have been limited as much as possible; work,
for most people, has been suspended or continues
remotely at home. Although duration and type of
lockdown restrictions varied in relation to measures

taken in one’s home country and to the period of the
pandemic, the need to stay at home for prolonged
times and to mainly carry out sedentary activities
was common to all around the world. This forced sit-
uation increased the load of psychological distress
and decreased the quality of life.1–4

Greater concern has been devoted to more vulner-
able people, such as adults over the age of 65, who
have been reported to have the highest risk of
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developing severe complications due to COVID-19
infection. Older adults, who were already the most
exposed to diseases, loneliness, and limited auton-
omy, were also the most impacted by isolation, social
distancing, and quarantine, and showed higher risk
of developing psychological distress.5,6 This has led
to heightened anxiety and stress symptoms among
this population.7,8 In particular, home isolation and
reduction of physical activity (PA) have been shown
to increase the risk for depression and anxiety symp-
toms as well as the risk of relapses and general med-
ical conditions.9

During the lockdown due to the first COVID-19
pandemic wave, the reduction of PA, especially vig-
orous activity and walking, adversely impacted psy-
chological wellbeing, as documented in a study
conducted on a population of adults from 18 to over
60 years.10 Another study, conducted on a sample of
adults in a similar range of age, showed that people
who have maintained the same PA habits, or have
started training activity during the first weeks of lock-
down, experienced lower levels of negative emotions
(fear and anxiety) and less stress-related symptoms
(headache and fatigue).11 Both studies concluded
that PA was a protective factor against physical as
well as psychological symptoms of stress. In line with
these Italian studies, a negative association between
moderate-to-vigorous PA and moderate-to-severe
anxiety and depressive symptoms during the pan-
demic was found in people aged 35 to 64 years in
the UK.12 Moreover, negative PA changes were asso-
ciated with higher depression, anxiety and stress
symptoms in an Australian population of adults of
50 years of mean age13 and in an UK population over
the age of 50.14 Even light PA during COVID-19 pan-
demic was shown to help alleviate depressive reac-
tions to social restrictions in individuals over the age
of 50 in North America.15

All these findings are in line with pre-COVID-19 lit-
erature, which documents that PA protects against
anxiety and depressive symptoms and improves the
ability to face stressful events,16,17 in older adults
especially.18,19 Namely, moderate-to-vigorous PA
was found to decrease the level of perceived stress
in older people and indirectly positively affect quality
of life.20 Furthermore, numerous evidence showed
that PA can be used as an additional or alter-
native treatment to relieve symptoms of anxiety and

depression in elderly subjects21,22 and to maintain
good cognitive functioning.23

In the light of the literature on PA benefits and on
more recent COVID-19-related studies, we aimed the
present investigation at elucidating the effect of PA
habits on the impact of stress induced by the lock-
down due to the pandemic, in people aged 65 years
and over. We hypothesised that higher levels of PA
performed before the pandemic outbreak and/or dur-
ing the lockdown would protect against higher levels
of psychological distress, whereas sedentary habits
would adversely affect these levels. To this aim, an
online survey was conducted during the national
lockdown due to the first pandemic wave in Italy. The
survey required the completion of the International
Physical Activity Questionnaire (IPAQ),24,25 to assess
frequency and duration of PA. To quantify individual
changes in PA habits after the pandemic outbreak,
the IPAQ was duplicated: the first part referred to the
pre-COVID-19 period, while the second part referred
to the lockdown period. In addition, two question-
naires on stress, namely, the Impact of Event Scale-
Revised (IES-R)26,27 and the Perceived Stress Scale
(PSS)28,29 were completed, to quantify the presence
of stress symptoms related to home isolation and the
levels of perceived stress during the lockdown. Com-
pared to previous studies on the effect of PA on psy-
chological distress during the pandemic in older
adults,13,14 we focused on ages of 65 years and over
and we adapted the IPAQ for the retrospective esti-
mation of intensity and type of PA. Furthermore, to
explore the effect of PA changes on stress over time,
we conducted the survey a second time, during
the national lockdown due to the second
pandemic wave.

STUDY 1
Methods

Procedure
The survey was presented in an online format,
implemented in Google Forms. Data collection lasted
from May 4 to May 15, 2020. Participants were rec-
ruited among personal contacts and volunteer asso-
ciations, which work throughout the Italian territory
with and for older adults. The study was performed in
accordance with the Declaration of Helsinki and
approved by the local Ethics Committee of the
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University of Palermo (protocol n. 32/2020). All partici-
pants gave their consent before participation and after
being informed about the research purposes and pro-
cedure, and the anonymous data collection and
processing.

Participants
A total of 76 participants were enrolled and com-
pleted the online survey. Four of them were excluded
from statistical analyses because of more than five
inconsistencies in their answers to the IPAQ (see
below), which denoted poor data reliability. All 72 par-
ticipants of the final sample were at least 65 years
old. The mean age was 67.8 years (range: 65 to
76 years, SD = 2.7). Forty participants (55.6%) were
women while the remaining 32 were men (44.4%).
Mean years of education was 11.9 (SD = 4.4). Forty-
five participants lived with one person only (62.5%),
usually husband or wife, 15 participants lived with
more than one person (20.8%), usually the family,
10 participants lived alone (13.9%), whereas two par-
ticipants did not provide information (2.8%). Forty-two
participants reported to suffer from medical conditions
(e.g., hypertension, hypercholesterolemia).

Questionnaires
IPAQ. The questionnaire evaluates frequency (days
per week) and duration (hours per day) of active as
well as sedentary behaviours. The long version of the
IPAQ24,25 was slightly adapted to improve the suit-
ability for an online self-administration modality. Like-
wise with the original version, the number of items
was 27 and activities were grouped in five domains:
domestic and gardening (yard) activities (thereafter
abbreviated as ‘home’), leisure time PA (‘leisure’),
transport-related PA (‘transport’), work-related PA
(‘work’), and sitting (‘rest’). The items of home, lei-
sure, and work domains were further grouped into
‘moderate’ (e.g., bicycling or working in the garden)
and ‘vigorous’ (e.g. heavy lifting and other intense
exercises) activities. In addition, the leisure and work
domains provide a separate score for ‘walking’ activ-
ity. For each item, an answer for frequency and dura-
tion was requested. Unlike the original version, the
items were presented on a Likert scale. Namely, for
each activity, the days in a week (from 0 to 7) and the
minutes/hours in a day (0 min, 30 min, 1 h, 2 h, 3 h, 5
h, >5 h) were required. Each item was duplicated: the
first item referred to ‘pre-COVID’ period, and the

second one referred to ‘the last week’. For example,
the items investigating walking in leisure time asked
‘In a typical week before pandemic/In the last week,
how many days did you walk for at least 10 minutes
at a time in your leisure time?’ for frequency, and
‘How much time did you usually spend on one of
those days walking in your leisure time?’ for duration.
Data were preprocessed according to IPAQ guide-
lines (www.ipaq.ki.se). Items were scored by multiply-
ing the time in minutes spent in a specific activity by
the number of days per week the subject spent in
that activity. This quantity represents the Metabolic
Equivalent Task minutes per week measure (MET
min/week), that is, the physical expenditure of a sub-
ject during that specific activity. In order to compute
a weighted value of this measure, the MET was multi-
plied by an average MET score for each type of activ-
ity derived from previous studies, in line with the
IPAQ guidelines. Before entering data into analysis,
inconsistencies across answers on frequency and
duration were screened and removed, for instance
the answer ‘0 days per week’ together with ‘1 hour
per day’ for walking in leisure time.

IES-R. The questionnaire26,27 examines the pres-
ence of post-traumatic stress disorder (PTSD) symp-
toms, such as, intrusiveness, avoidance, and
hyperarousal. Participants were asked to self-assess
the psychological impact of home isolation during
the COVID-19 pandemic, in the last week. The ques-
tionnaire consists of 22 items, scored on a Likert
scale ranging from 0 to 4 (0 = not at all; 1 = a little
bit; 2 = moderately; 3 = quite a bit; 4 = extremely).
The final score is given by the sum of all answers. A
total IES-R score of 33 or higher indicates the proba-
ble presence of PTSD symptoms. During the pan-
demic, the IES-R was probably one of the most
widely used self-report measures to investigate sub-
jective distress after the pandemic outbreak, since
the beginning (e.g., references30–32). In the present
study, we asked participants to refer all questions to
the home isolation condition specifically.

PSS. The questionnaire28,29 investigates emotional
reactions to stress, namely, the degree to which
events in life are perceived as uncontrollable,
unpredictable, and overloaded. This scale consists of
10 items, scored on a Likert scale ranging from 0 to
4 (0 = never; 1 = almost never; 2 = sometimes;
3 = fairly often; 4 = very often). As in the IES-R, par-
ticipants were asked to refer to the last week. The
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final score is given by the sum of all answers, taking
into account reversed items. A final score between
1 and 10 is below average; a score between 11 and
14 is average; a score between 15 and 18 indicates a
medium to high risk of stress; 19 or higher can be an
indicator of high stress.

Data analysis
Given the non-normal distribution of the IPAQ scores,
to statistically test the reduction of PA during lock-
down relative to the pre-pandemic period, a non-
parametric Wilcoxon analysis was conducted on the
IPAQ scores (MET min/week), on each domain. To
verify the correlation between IPAQ scores and
scores on questionnaires on stress (i.e., IES-R and
PSS), which were normally distributed instead, a
non-parametric correlation was performed, obtaining
the Spearman’s Rho coefficient (rs). The difference
between IPAQ scores before COVID-19 and during
lockdown was quantified in a ‘proportion of change’
in PA by the formula (lockdown PA – pre-COVID-19
PA) / (lockdown PA + pre-COVID-19 PA). This pro-
portion expresses how much each participant modi-
fied her/his PA habits during the lockdown relative to
the pre-COVID-19 period. Negative values represent
reduction of PA during the lockdown compared to
the pre-COVID-19 period. To explore the sex effect
on stress scores, we performed Mann–Whitney sta-
tistics. All statistical analysis were performed using
the SPSS software (v.25, Statistical Package for the
Social Sciences, IBM, Armonk, NY, USA). Statistical
significance was set to α = 5%.

RESULTS
The median of IPAQ scores (MET min/week) in the
pre-pandemic period and in the lockdown period are
graphically represented in Fig. S1 of Supporting infor-
mation. Significant reduction of PA was observed
during the lockdown period relative to pre-COVID-19
(all Ps < 0.001), in all domains except home activities.

The correlations between the pre-pandemic IPAQ
scores and the IES-R and PSS scores, referred to the
last 7 days of lockdown, are reported in Table 1. Fre-
quency and duration of time spent at rest positively
correlated with IES-R (rs(66) = 0.507, P < 0.001) and
PSS (rs(66) = 0.332, P = 0.006) scores. Namely, the
longer the time spent at rest (i.e., sitting) the higher

the impact of home isolation and the level of per-
ceived stress during the lockdown.

As regard to the relationship between scores on
IPAQ during lockdown and scores on stress ques-
tionnaires, significant negative correlations were
found between frequency and duration of PA related
to work and IES-R (rs(61) = �0.442, P < 0.001) as
well as PSS (rs(61) = �0.282, P = 0.025) scores.
Moreover, negative correlations were found between
IPAQ walking activity and IES-R scores (rs(57)
= �0.271, P = 0.038), and between IPAQ overall vig-
orous activities and IES-R scores (rs(60) = �0.339,
P = 0.007). In contrast, significant positive correla-
tions emerged between time at rest and IES-R (rs(66)
= 0.467, P < 0.001) as well as PSS (rs(66) = 0.312,
P = 0.009) scores.

When the relationship between the proportion of
change in PA and scores on IES-R questionnaire was
assessed, significant correlations emerged between
the change of frequency and duration in PAs related
to work (rs(56) = �0.268, P = 0.042) and to walking
(rs(53) = �0.339, P = 0.011).

Overall, an average score of 33.06 (SD = 12.19) on
the IES-R and an average score of 16.47 on the PSS
(SD = 5.24) was found. Forty participants (55%)
obtained a score equal to or higher than the threshold
of 33 on the IES-R, which is an index of risk for PTSD.
Twenty-three participants (32%) obtained a score of
19 or higher on the PSS, which is an index of high level
of stress. Female participants reported significantly
higher scores than male participants (IES-R: Z = 3.28,
P = 0.001; PSS: Z = 2.92, P = 0.004). The total scores
on the two questionnaires on stress significantly and
positively correlated (rs(62) = 0.721, P < 0.001). No sig-
nificant correlations emerged between age and ques-
tionnaire scores (IES-R: rs(66) = �0.231, P = 0.058;
PSS: rs(66) = �0.095, P = 0.439).

Overall, PA habits before the pandemic highly cor-
related with PA during the pandemic (all r > 0.302,
all P < 0.2).

STUDY 2
Methods

Procedure
This study was conducted during the lockdown cau-
sed by the second wave of COVID-19 pandemic,
namely, between January 8, 2021 and February 9,

A. Radino and V. Tarantino

© 2022 Japanese Psychogeriatric Society.4



2021. The same questionnaires as Study 1 were
presented in the online format (Google forms).

Participants
A total of 47 participants completed the survey. Four
participants were excluded because of answer incon-
sistencies (see Study 1). The remaining sample had a
mean age of 70.56 years (range: 65 to 88 years,
SD = 5.6). Twenty-three participants (53.5%) were
women and 20 were men (46.5%). The mean years of
education was 13.35 (SD = 4.9). Nineteen partici-
pants lived with only one person (44.2%), 18 lived

with more than one person (41.9%), and six lived
alone (14%). Twenty-seven participants reported
having at least one medical condition.

Data analysis
The same statistical analysis as in Study 1 was
performed.

RESULTS
The median of IPAQ scores in the pre-pandemic
period and in the lockdown period are graphically

Table 1 Correlations between frequency and duration of physical activity (PA), as assessed by the International Physical Activity Question-
naire (IPAQ), and stress responses, as assessed by the Impact of Event Scale- Revised (IES-R) and Perceived Stress Scale (PSS) question-
naires, in Study 1. Three IPAQ measures were collected: scores before COVID-19 pandemic (data collected retrospectively), scores during
the lockdown caused by the first pandemic wave, and the proportion of change between these two scores.

Home Leisure Transport Work Rest Walking Moderate Vigorous IES-R PSS

Before COVID-19
Home 1
Leisure �0.010 1
Transport 0.142 0.332** 1
Work 0.335** 0.149 0.107 1
Rest �0.052 �0.136 �0.063 0.017 1
Walking 0.126 0.326** 0.553*** 0.560*** �0.009 1
Moderate 0.656*** 0.272* 0.209 0.694*** �0.165 0.302* 1
Vigorous 0.143 0.525*** 0.176 0.598*** �0.088 0.268* 0.579*** 1
IES-R 0.133 �0.062 �0.099 �0.088 0.507*** 0.009 �0.133 �0.240 1
PSS 0.201 �0.099 �0.223 �0.033 0.332** 0.54 �0.091 �0.053 0.721*** 1
During lockdown
Home 1
Leisure �0.329* 1
Transport �0.013 0.268* 1
Work 0.223 0.167 0.226 1
Rest �0.027 �0.340** �0.024 �0.310* 1
Walking 0.280* 0.341** 0.443*** 0.581*** �0.262* 1
Moderate 0.799*** 0.066 0.226 0.542*** �0.266* 0.493*** 1
Vigorous 0.055 0.333** 0.086 0.626*** �0.264* 0.298* 0.317* 1
IES-R 0.058 �0.193 �0.078 �0.442*** 0.467*** �0.271* �0.112 �0.339** 1
PSS 0.191 �0.253 �0.159 �0.282* 0.312** �0.177 �0.009 �0.165 0.721*** 1
Proportion of change
Home 1
Leisure �0.124 1
Transport 0.162 0.095 1
Work 0.013 0.113 0.031 1
Rest 0.002 0.033 �0.117 �0.013 1
Walking 0.093 0.236 0.476*** 0.433** 0.115 1
Moderate 0.332* 0.278* 0.125 0.469*** �0.067 0.349* 1
Vigorous 0.000 0.333* 0.073 0.459*** �0.002 0.143 0.640*** 1
IES-R �0.172 �0.168 �0.031 �0.268* �0.166 �0.339* �0.115 �0.011 1
PSS �0.187 �0.156 0.032 �0.097 �0.089 �0.161 �0.119 �0.046 0.721*** 1

*P < 0.05; **P < 0.01; ***P < 0.001. Home = housework, house maintenance, and caring for family; Leisure = recreation, sport, and leisure-time; Transport =
movements due to transportation; Work = job or volunteering; Rest = time spent sitting; Moderate = moderate intensity PA, such as carrying light loads, bicy-
cling at a regular pace, gardening; Vigorous = strong intensity PA, such as carrying heavy loads, performing intense aerobic exercises. Higher IPAQ scores
reflect higher levels of PA; higher IES-R and PSS scores reflect more stress-related symptoms; negative proportions of change reflect PA reduction after pan-
demic outbreak; negative correlations between proportion of change and scores on stress questionnaires reflect higher stress levels in relation to a greater
reduction of PA. In bold correlations relevant to the aims of the study.
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represented in Fig. S1 of Supporting information. As in
Study 1, a significant reduction of PA was observed
during lockdown relative to the pre-COVID-19 period
(all P < 0.047), in all domains except home activities.

The results of correlational analyses are reported in
Table 2. Unlike Study 1, the time spent at rest
before the pandemic negatively correlated with PSS
scores (rs(41) = �0.401, P = 0.008). No effects were
observed when considering the correlation between
the IPAQ scores and the IES-R. In line with the result
observed before pandemic, the time spent at rest dur-
ing the lockdown negatively correlated with the PSS
scores (rs(41) = �0.349, P = 0.022). A significant

positive correlation emerged between the proportion
of change in PA related to working activities and PSS
(rs(37) = 0.341, P = 0.034).

An average score of 23.05 (SD = 12.95) on the
IES-R and of 13.42 (SD = 4.83) on the PSS was
observed. These values were significantly lower than
the average scores found in Study 1 (t(109) = 4.11,
P < 0.001; t(109) = 3.02, P = 0.003 respectively). A
total score on IES-R of 33 or higher, which indicates
the probable presence of PTSD symptoms, was
obtained by eight participants (18.6%). A total score
of 19 or higher, which indicates high level of stress,
was obtained by nine participants (21%). The

Table 2 Correlations between frequency and duration of physical activity (PA), as assessed by the International Physical Activity Question-
naire (IPAQ), and stress responses, as assessed by the Impact of Event Scale- Revised (IES-R) and Perceived Stress Scale (PSS) question-
naires, in Study 2. Three IPAQ measures were collected: scores before COVID-19 pandemic (data collected retrospectively), scores during
the lockdown caused by the first pandemic wave, and the proportion of change between these two scores.

Home Leisure Transport Work Rest Walking Moderate Vigorous IES-R PSS

Before COVID-19
Home 1
Leisure 0.334* 1
Transport 0.260 0.548*** 1
Work 0.218 0.466** 0.282 1
Rest �0.150 �0.129 �0.026 �0.013 1
Walking 0.142 0.656*** 0.620*** 0.592*** �0.139 1
Moderate 0.842*** 0.569*** 0.290 0.404* �0.387* 0.267 1
Vigorous 0.454** 0.607*** 0.437** 0.689*** �0.089 0.331* 0.607*** 1
IES-R �0.055 �0.035 �0.043 0.055 �0.175 �0.052 0.182 0.001 1
PSS 0.109 �0.020 �0.076 �0.199 �0.401** �0.113 0.310 �0.078 0.339* 1
During lockdown
Home 1
Leisure 0.177 1
Transport 0.063 0.626*** 1
Work 0.164 0.660*** 0.407* 1
Rest �0.129 �0.101 0.150 �0.087 1
Walking 0.025 0.799*** 0.765*** 0.765*** �0.004 1
Moderate 0.849*** 0.430* 0.271 0.489** �0.146 0.348* 1
Vigorous 0.328* 0.668*** 0.522** 0.661*** �0.189 0.571*** 0.523** 1
IES-R �0.112 �0.232 �0.205 �0.042 �0.222 �0.121 �0.066 �0.075 1
PSS 0.087 �0.276 �0.203 �0.119 �0.349* �0.153 �0.053 �0.014 0.339* 1
Proportion of change
Home 1
Leisure 0.348* 1
Transport �0.080 0.580*** 1
Work �0.113 �0.150 0.071 1
Rest �0.035 �0.105 0.213 �0.007 1
Walking 0.045 0.652*** 0.812*** 0.060 �0.024 1
Moderate 0.695*** 0.345 0.095 �0.244 �0.155 0.095 1
Vigorous 0.030 0.043 0.043 0.565*** �0.126 0.032 �0.020 1
IES-R 0.108 �0.180 �0.181 �0.026 �0.150 �0.026 0.177 0.087 1
PSS �0.059 �0.067 �0.104 0.341* 0.038 0.084 �0.135 0.217 0.339* 1

*P < 0.05; **P < 0.01; ***P < 0.001. Home = housework, house maintenance, and caring for family; Leisure = recreation, sport, and leisure-time; Transport =
movements due to transportation; Work = job or volunteering; Rest = time spent sitting; Moderate = moderate intensity PA, such as carrying light loads, bicy-
cling at a regular pace, gardening; Vigorous = strong intensity PA, such as carrying heavy loads, performing intense aerobic exercises. Higher IPAQ scores
reflect higher levels of PA; higher IES-R and PSS scores reflect more stress-related symptoms; negative proportions of change reflect PA reduction after pan-
demic outbreak; negative correlations between proportion of change and scores on stress questionnaires reflect higher stress levels in relation to a greater
reduction of PA. In bold correlations relevant to the aims of the study.
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percentages of IES-R scores above the cut-off in
Study 2 was significantly lower than the percentages
in Study 1 (χ2 = 15.11, P < 0.001), whereas no differ-
ences emerged in PSS scores (χ2 = 1.62, P = 0.2).
Neither significant gender differences (IES-R: Z = 1.9,
P = 0.057; PSS: Z = 1.72, P = 0.085) nor significant
correlations between age and questionnaire scores
(IES-R: rs(41) = �0.005, P = 0.977), PSS: rs(41)
= �0.175, P = 0.261) emerged. Participants in Study
2 were slightly older than participants in Study 1 (t
(113) = 3.65, P < 0.001) and reported to have a more
sedentary lifestyle in the pre-COVID-19 time (t(113)
= 3.17, P = 0.002). Overall, PA habits before the
pandemic highly correlated with PA during the pan-
demic (all r > 0.717, all P < 0.001).

DISCUSSION
The aim of the present work was to clarify the relation-
ship between PA habits, before and during lockdown
due to the COVID-19 pandemic, and responses to
stress in people aged 65 years and over. Specifically,
the presence of symptoms related to stress due to
home isolation was assessed. To this aim, two studies
were conducted, one study during the first wave of
the pandemic, and one study during the second wave
of the pandemic, both in Italy. Given that physical
exercise is a protective factor against psychological
distress, we expected to find fewer stress-related
symptoms in people with higher levels of PA before
and/or during the pandemic, and higher stress-related
symptoms in people with more sedentary habits.

The results of Study 1 supported our hypotheses.
Specifically, higher levels of working and walking PAs
performed during lockdown, in terms of frequency and
duration, inversely correlated with the presence of
post-traumatic symptoms, as assessed in the IES-R
questionnaire. Overall, the execution of vigorous-inten-
sity activity during lockdown was associated with lower
IES-R scores. Moreover, working PAs performed during
lockdown (e.g., volunteering) inversely correlated with
the level of perceived stress, as assessed in the PSS
questionnaire. In parallel, the significant reduction of
PAs in the working and walking domains, during lock-
down compared to the pre-pandemic period, nega-
tively correlated with IES-R scores. These results
confirmed that greater stress-related symptoms were
observed in the presence of a greater reduction of PA
during lockdown relative to the pre-pandemic period.

On the other hand, the time spent at rest (i.e., sitting)
before the COVID-19 pandemic positively correlated
with scores on the IES-R and PSS questionnaires.
These findings revealed that older people with a more
sedentary lifestyle before the pandemic were those
who showed a higher psychological impact and higher
levels of stress during the first-wave pandemic lock-
down. Likewise, sedentary habits during the lockdown
were correlated with higher psychological impact of the
lockdown and higher levels of stress.

The present findings are in line with other studies
conducted on adults during the COVID-19 pan-
demic,10,33,34 which demonstrated the inverse associa-
tion between PA and psychological impact of stress.
In addition, our study documents that this association
was true also for people aged 65 years and over, and
that sedentary lifestyle before COVID-19 was a risk
factor for abnormal responses to stress. Furthermore,
our study supports previous findings showing that PA
relieves the impact of stressful events17 and that an
increase from moderate-to-vigorous PA reduces the
level of perceived stress in older people and to indi-
rectly and positively affect quality of life.20

Similar to Study 1, in Study 2 the participants who
reduced physical movements related to working
activities during lockdown were more affected by
stress-related symptoms. This finding suggested that
the adverse effect of reducing PAs, during pandemic
compared to pre-pandemic times, was still evident in
the lockdown due to the second wave. Nevertheless,
in the latter study, a negative correlation between
resting time and stress was found. Namely, partici-
pants with a more sedentary life, before and during
the lockdown, reported lower levels of stress. These
results suggested that the psychological response to
the lockdown of the second wave was different from
the first lockdown, and that the adverse effect of sed-
entary habits was instead inverted. This result could
be interpreted as the effect of resilience and adapta-
tion to the new condition. We might speculate that
participants more used to a sedentary life, who
spend more time at home, could cope better with
home isolation in the long term. This interpretation is
consistent with recent studies that have shown that
older people reported higher levels of resilience in
response to adversities, such as the COVID-19 pan-
demic, than younger people35–37 (see reference 38
for a review), perhaps also because of fewer con-
cerns associated with job positions or to less
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exposure to news on social media. Further studies
are needed to investigate this hypothesis.

Of note, a very high percentage of participants ‘at
risk’ of PTSD was found during the first wave of the
pandemic (55% of above-threshold IES-R scores),
which significantly decreased in the second wave
(18.6%). This demonstrated a higher impact of home
isolation during the first lockdown. Although
these data were derived from two separate groups of
participants, we might infer that overall, in the
long term (the second wave was about 10 months
after the COVID-19 outbreak), participants developed
a better adaptation to the new condition. On the other
hand, we must consider that lockdown restrictions in
the second wave were not total as in the first one.

The study results must be interpreted after taking
into account some limitations. First of all, the limited
sample size, in Study 2 especially, which did not
allow drawing of firm conclusions. Furthermore, the
adoption of a cross-sectional instead of longitudinal
design did not allow a straightforward comparison
between the two studies. There might be the pres-
ence of a potential selection bias in the sample, given
that only active participants, with competencies in
the use of digital media, could fill-in the question-
naires. Lastly, no survey questions addressed stress
and health issues specifically related to COVID-19
infection. Therefore, we could not quantify the direct
or indirect contribution of COVID-19 infection on
stress levels related to home isolation.

In the light of the results and of the abovemen-
tioned limitations, we might conclude that sedentary
habits before as well as during the pandemic was a
risk factor for developing stress-related symptoms
during the first wave of the pandemic, whereas PA
related to working and walking activity protects
against them. In the second wave, a decrease in
stress-related symptoms, even in people with seden-
tary lives, suggested the presence of a more adaptive
response to restrictions in older adults. Overall, the
study confirms the fundamental role of maintaining a
good level of PA in old age, to prevent mental prob-
lems from the COVID-19 pandemic.39
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Figure S1. Median of International Physical Activity
Questionnaire (IPAQ) scores (expressed in Metabolic
Equivalent Task activity minutes per week) across
domains, in pre-COVID-19 pandemic and during
lockdown in the first wave (Study 1, upper panel) and
in the second wave (Study 2, lower panel). The lower
and upper hinges correspond to the first and third
quartiles. The upper whisker extends from the hinge
to 1.5 * interquartile range (IQR); the lower whisker
extends from the hinge to 1.5 * IQR.
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