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Abstract

Background The COVID-19 pandemic precipitated heightened morbidity and elevated mortality attributed to

the SARS-CoV-2 infection. The pandemic also influenced health behaviors such as physical activity (PA) and alcohol
consumption. The aim of this study was to examine changes in leisure PA and alcohol consumption in Sweden during
the pandemic, and elucidate potential discrepancies in changes across demographic strata and socioeconomic status
(SES).

Methods Data were retrieved from two waves of the longitudinal cohort study Life conditions, Stress and Health
(LSH) (n=2,523). Two measures of change were used; longitudinal change relative to baseline (2012-2015) and
reported change compared to before the pandemic. For these two change measures, differences between sex, age
group and SES were analyzed using multinomial logistic regression.

Results Regardless of the change measure, the proportion of individuals with diminished PA was notably higher
among females compared to males. Furthermore, relative to baseline, females were less likely to have increased their
PA, however according to the reported change they were more likely to have increased PA. Longitudinal change in PA
compared to baseline followed a reversed age gradient, while, according to reported change, a decrease in PA during
the pandemic was most prevalent in respondents 45 years of age at baseline (OR=1.8, Cl: 1.2-2.5) and respondents
50 years of age at baseline (OR=1.7, Cl: 1.2-2.4). High SES was associated with a greater variability in PA. Alcohol
consumption was generally reduced during the pandemic. However, individuals aged 40 or 45 years at baseline were
more likely than others to have initiated risky alcohol consumption.

Conclusions Females exhibited a greater propensity to alter their PA levels during the pandemic, with the

most profound decreases observed among individuals of working ages. Despite a general downturn in alcohol
consumption, individuals aged 40 and 45 had a heightened likelihood of having initiated risky alcohol consumption
compared to individuals in other age cohorts. In conclusion, societal restrictions during a pandemic render a dual
impact on PA levels. While posing a risk for decreased PA among individuals in working ages, the restrictions also
present a potential window of opportunity to increase PA, particularly among females.
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Background

The outbreak of the COVID-19 pandemic in early 2020
had a tremendous direct effect on population health,
with high morbidity and mortality due to the Sars-Cov-2
virus. The pandemic was accompanied by confinements
and recommendations introduced by governments and
authorities to prevent the spread of infection. More-
over, to safeguard their health, a considerable share of
the population, particularly elderly and individuals in
medically vulnerable groups, opted for heightened lev-
els of self-isolation beyond the recommendations issued
by authorities. These changed life circumstances posed
risks of indirect effects of the COVID-19 pandemic, e.g.,
social isolation, job loss, financial difficulties, stress and
anxiety [1]. These indirect effects could also contribute to
changes in health behaviors, e.g., leisure physical activity
(PA) and alcohol consumption. During most of the pan-
demic, working from home, when possible, was manda-
tory or recommended in most countries. Studies have
identified an increased risk of physical inactivity related
to the transition to home working [2, 3]. Also, many fit-
ness centers and sport centers were placed in lockdown,
resulting in reduced opportunities for maintaining exist-
ing PA habits. Similarly, patterns of alcohol consumption
were affected by the pandemic. A majority of restaurants
and event venues which normally serve alcohol were
closed, while most private social arrangements were pro-
hibited. Consequently, availability of alcohol beverages
in public settings was dramatically reduced, and alcohol
consumption was thereby transferred to the privacy of
the home environments. While this restricted socially
induced drinking, it is worrisome considering that stud-
ies have shown that solitary drinking sometimes involves
higher alcohol consumption than social drinking [4].
Furthermore, stressful life experiences are frequently
associated with excessive alcohol consumption [5], and
societal crisis situations tend to similarly increase alcohol
consumption, especially among males, young people and
those living in single households [6].

It is important to be aware of systematic changes in PA
or alcohol consumption, on a population level, as both
physical inactivity and excessive alcohol consumption
are major risk factors for poor health. Physical inactiv-
ity is highlighted as a major cause of chronic diseases [7],
and alcohol is an important contributor to the global dis-
ease burden [8]. Also, both physical inactivity and alcohol
consumption account for a substantial preventable pre-
mature mortality worldwide [9]. Recently, it w reported
that even moderate alcohol consumption is indeed a risk
factor for ill-health [10, 11].

A systematic review [12], as well as an international
online survey covering countries all over the world,
have consistently found that the pandemic led to an
overall decrease in PA [13]. However, another review of
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studies examining the change in PA during to the pan-
demic reported mixed results [14]. Even though most
included studies found decreases in PA, about one third
reported either an increase or a mixed pattern. In regards
to the overall change in alcohol consumption during the
pandemic, two systematic reviews found mixed patterns
with a slight overweight for studies reporting increases in
consumption, compared to studies reporting decreases in
consumption [12, 15].

Prior to the pandemic, it was well established that PA
habits and alcohol consumption differ among population
groups. In Sweden, such examples include the fact that
physical inactivity increases by age, and that the propor-
tion of physically inactive individuals is larger among
individuals with low socioeconomic status (SES). In addi-
tion, in Sweden, self-reported risk-consumption of alco-
hol in Sweden is more common among males and less
common among both males and females aged 65 years
of age and older, compared to individuals in younger age
groups [16]. It is therefore likely that the impact of the
pandemic on PA and alcohol consumption, respectively,
differs among population groups. However, international
studies that have examined sex differences in change
in PA or alcohol consumption [17-26] and across SES
groups [15, 27-37] report heterogeneous results.

Above and beyond the contextual differences among
countries, change can also be measured in several ways
[38]. The variation in specific change measures may par-
tially explain the disparity in findings concerning the
impact of the pandemic on PA and alcohol consumption.

Compared to most countries, Sweden handled the pan-
demic in a relatively unique manner, as there were no
total lockdowns. Measures were primarily in the form of
recommendations, which opened for a larger extent of
individual freedom, e.g. in terms of how strictly to inter-
pret and adhere to recommendations. It is therefore pos-
sible that the pandemic had a different impact on PA and
alcohol consumption in Sweden, compared to in many
other countries. Some previous Swedish studies have
explored how PA habits were affected by the pandemic.
One cross-sectional study reported an overall decrease
in PA after the onset of the pandemic in both males and
females. The largest decreases were found in the young-
est and oldest age groups [39]. However confirmatory
findings from longitudinal studies are still lacking. Fur-
ther, we have not found studies evaluating change in alco-
hol consumption across subsets of the Swedish during
the pandemic.

Increased knowledge on how health inequalities are
potentially exacerbated by a pandemic in terms of health
behavior is important for professionals working with
prevention and health promotion. This knowledge will
facilitate the development of effective strategies, that
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concurrently reduce the spread of the infection and mini-
mize negative indirect effects on health behaviors.
Therefore, it is urgent to evaluate the Swedish strategy
of tackling the pandemic and resulting effects on health
behaviors. Further, it is important to know whether
potential effects vary across population groups. To make
this evaluation more robust, and to elucidate potential
nuances in results, this study analyzed both longitudinal
measured change and cross-sectional reported change.

AIM

This study examined changes in leisure PA and alcohol
consumption among middle aged and elderly Swedish
persons before and during the pandemic, by using both a
longitudinal change measure and a reported change mea-
sure. In addition, the aim was to contrast the two change
measures to further elucidate patterns across demo-
graphic strata and SES.

Materials and methods

This study utilized data from two waves of the longitu-
dinal cohort study Life conditions, Stress and Health
(LSH). The study population included a random sample
of persons aged 40, 45, 50, 55, 60, 65 and 70 years in two
counties in south-eastern Sweden (Ostergotland and
Jonkoping). Between 2012 and 2015, individuals in the
two counties were invited by the county councils to their
primary health care center for a health dialogue, where
health behaviors and life conditions were discussed, and
health-promoting changes were suggested. Participants
who attended these health dialogues were invited to par-
ticipate in a wave of the LSH study called LSH II, which
for the present study constitutes our baseline data. In
total, 28,702 citizens were invited to health dialogues,
of which 12,164 (42%) accepted. Of those, 6,860 (56%)
individuals (3,880 females and 2,980 males) also agreed
to participate in the LSH II study. In total, LSH II par-
ticipants responded three postal questionnaires, two as
inventories prior to the health dialogue and one addi-
tional LSH-specific questionnaire.

During the pandemic, in January 2021, a postal follow-
up questionnaire was distributed to LSH II respondents
in one of the two counties (Ostergotland) (n=3,643),
covering in part the same questions as the baseline ques-
tionnaires, with the addition of several pandemic-related
questions. This data collection was completed in April
2021 after one postal reminder. The response rate for the
COVID questionnaire was 73%, resulting in a sample of
2,523 persons, 1,493 females and 1,030 males.

Indicators of SES

Educational level and disposable household income rep-
resented indicators of SES. For LSH II, this information
was retrieved at baseline (2012-2015) from registry data.
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Educational level was measured in terms of highest
achieved education and was divided into five categories:
‘Only elementary school’; “Two-year of secondary school’;
‘Three-or-four-year of secondary school’; ‘University
studies of maximum three years’; and ‘University degree
more than 3 years’

Household income was divided into quartiles based on
total disposable household income after taking the num-
ber of household members into account.

The two most common ways of measuring change in
self-reported assessments are either to make a longitu-
dinal comparison of self-reported assessments from the
same individual at two different time points (measured
change or indirect measure of change) or to ask the indi-
viduals to self-estimate whether any change has occurred
from one time point to another (reported change or
direct measure of change). Evaluations have shown that
results sometimes can differ substantially depending
on the type of measure being utilized [38]. In the pres-
ent study, we therefore use both types of measures of
evaluating changes in leisure PA and changes in alcohol
consumption.

Leisure PA

Both in the baseline and in the COVID questionnaires,
information on leisure PA was captured from the ques-
tion: ‘How much do you exercise physically in your lei-
sure time?, with options: ‘Sedentary leisure time (You
spend most leisure time reading, watching TV, needle-
work or other sedentary pursuits), ‘Moderate exercise
(You walk, bike, do gardening or similar activities at least
4 hours a week), ‘Strenuous exercise (You jog, swim, do
aerobics, go skiing, do heavy gardening or similar activi-
ties at least 2 hours a week)’ and ‘Intense exercise (You
exercise heavily, corresponding to competitive sports,
such as running, swimming, skiing or similar activities
regularly and several times a week! The two last response
categories were combined into one category (vigorous
exercise). Also, the COVID questionnaire included a
question prompting respondents to assess how their PA
habits had changed since before the pandemic, with a
bipolar response scale: ‘Considerably more now, ‘Some-
what more now, ‘unchanged;, Somewhat less now’ and
‘Considerably less now’ In the analyses, the two first and
the two last categories were combined, resulting in a
three-level variable: ‘More, ‘Unchanged’ and ‘Less!

Alcohol consumption

Information on the extent of risky pattern of alcohol
consumption was assessed by two questions targeting
how much alcohol the respondents typically drink in one
week, and how often the respondents drink a defined
large amount on one occasion. If respondents typically
have more than 9 drinks a week (females)/14 drinks a
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week (males) or 4 drinks (females)/5 drinks (males) on
one occasion, their alcohol consumption was classified
as risky based on national guidelines from the Swedish
National board of Health and Welfare at the time of the
study [40]. These questions were identical at baseline and
in the COVID questionnaire. In addition, the COVID
questionnaire included a question prompting respon-
dents to assess how their alcohol habits had changed
compared to before the pandemic, with the options:
‘Drink considerably more now, ‘Drink somewhat more
now, ‘unchanged; ‘Drink somewhat less now’ and ‘Drink
considerably less now! In our analyses, the two first and
the two last response categories were combined, resulting
in a three-level variable: ‘More, ‘Unchanged’ and ‘Less!

Potential confounders

Several factors, in addition to a pandemic, can induce
changes in leisure PA or alcohol consumption. Both
financial problems and change in cohabitation (separa-
tions or divorces) increase the risk for physical inactiv-
ity [41, 42] and increased alcohol intake [43]. In addition,
severe health problems are likely related to specific health
behaviors. Therefore, one option could have been to
exclude individuals with severe health problems from the
analyses. However, in order not to lose statistical power
we instead conducted a sensitivity analysis of how our
results were affected by an exclusion of individuals with
severe health problems. The results remained practi-
cally unchanged. Consequently, so we decided to keep all
individuals in the analyses, and the potential confound-
ing variables for the associations under study included:
severe health problems, change in cohabitation status
and impact of the pandemic on private financial situation.

Respondents were assessed to have severe health
problems if they in the baseline questionnaire reported
severe problems due to any of the following physician
diagnosed conditions: myocardial infarction or stroke,
angina pectoris, cancer, chronic lung disease, rheumatoid
arthritis, asthma or allergy, gastrointestinal disease, mus-
culoskeletal disorders, neurological disease, renal disease
or depression.

Change in cohabitation status was assessed by ques-
tions in both questionnaires targeting whether respon-
dents were married/cohabiting with a partner or not.
Impact of the pandemic on the private financial situation
of respondents was assessed by a question in the COVID
questionnaire asking: “What impact has the pandemic in
total had on your financial situation?”; with options: ‘No
impact, ‘Very negatively, Somewhat negatively, ‘Some-
what positively, and ‘“Very positively.

Statistical analyses
Longitudinal and reported change of leisure PA and alco-
hol consumption, respectively, were used as outcome

Page 4 of 13

measures and tested for associations with sex, age and
the two indicators of SES (educational level and dispos-
able household income), respectively. Bivariate associa-
tions were tested by chi-square tests. Multinomial logistic
regression analysis was used to estimate odds ratios (OR)
with 95% confidence intervals (95% CI), to describe the
associations adjusted for confounders.

This adjustment was made in two steps. First, the asso-
ciations were adjusted for status at baseline in terms of
extent of severe health problems, sex, age (in models
including SES), leisure PA (in models including changes
in PA), risky alcohol consumption (in models includ-
ing changes in risky alcohol consumption) (Model I). In
order to examine whether the observed differences in
change could be explained by material/structural fac-
tors (change in cohabitation status and/or impact of the
pandemic on the private financial situation), associations
were in a second step further adjusted for these variables
(Model II). As the impact of the material/structural fac-
tors could differ across demographic or SES groups, we
also tested to include interaction effects between the
material/structural factors and sex, age, and the SES vari-
ables, respectively. However, none of these interaction
effects were statistically significant, so we opted to only
include main effects in model II.

All analyses were performed using SPSS version 29
(IBM Corp, Armonk, New York, USA).

Results

Leisure PA

Overall, more than half of the respondents reported
unchanged leisure PA levels during the pandemic.
Among the remaining respondents, it was more common
to report decreases in leisure PA than increases in leisure
PA according to measured change (19.9% vs. 12.8%). Sim-
ilar ratio was observed in analyses using reported change,
although the actual percentages were almost 7% units
higher (26.7% vs. 19.5%) (Table 1). More females than
males decreased their leisure PA levels during the pan-
demic, according to both the longitudinal change mea-
sure and the reported change measure. The proportion
of respondents with a longitudinal decrease in their lei-
sure PA were higher in the oldest group (70 years of age
at baseline) than in other age groups (Table 1). For both
change measures, respondents 45 years of age at baseline
and respondents 50 years of age at baseline more fre-
quently decreased their leisure PA, compared to respon-
dents in most other age groups (Table 1).

For the reported change both more leisure PA and less
leisure PA were more common among respondents with
the highest educational level. Reports of unchanged lei-
sure PA levels were more likely among respondents with
lower educational levels. When using the longitudinal
change measure, the magnitude of differences between
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Table 1 Overview of change in leisure PA, longitudinal change and reported change
Longitudinal change in leisure PA Reported change in leisure PA
Unchanged More PA Less PA Total p-value Unchanged MorePA  LessPA Total p-value

Total n 1576 (67.3) 301 (12.8) 466 (19.9) 2343 1343 (53.8) 486 (19.5) 665 (26.7) 2494
(%)
Sex Males 654 (66.9) 148 (15.1) 176 (180) 978  0.007 635 (62.1) 170 (16.6)  218(21.3) 1023 <0.001

Females 922 (67.5) 153 (11.2) 290 (21.2) 1365 708 (48.1) 316 (21.5) 447 (304) 1471
Age 40 148 (63.5) 48(206) 37(15.9) 233 <0.001 118 (47.4) 62 (24.9) 69 (27.7) 249 <0.001

45 168 (59.8) 42 (149  71(253) 281 141 (47.2) 62 (20.7) 96 (32.1) 299

50 74 (62.1) 39(139) 67(23.9) 280 150 (51.4) 47 (16.1) 95 (32.5) 292

55 226 (67.3) 44(13.1) 66 (19.6) 336 180 (50.0) 69 (19.2) 1(308) 360

60 282 (70.0) 57(14.1)  64(15.9) 403 228 (53.6) 106 (249)  91(214) 425

65 307 (71.1) 51(11.8) 74(017.1) 432 277 (60.2) 81(17.6) 102 (22.2) 460

70 271 (71.7) 20(5.3) 87 (23.0) 378 249 (60.9) 59 (14.4) 101 (24.7) 409
Educa- Compulsory 187 (70.0) 31(116) 49(184) 267 0.18 186 (64.1) 49 (16.9) 55(19.0) 290 <0.001
tional
level

Secondary 446 (68.6) 76 (11.7) 128(19.7) 650 431 (63.2) 102 (15.0) 149 (21.8) 682

school 2 years

Secondary 249 (70.3) 41(116) 64(18.1) 354 207 (55.1) 73 (194) 96 (25.5) 376

school 3 years

Post-secondary 265 (62.2) 58(136) 103(24.2) 426 227 (49.2) 94 (20.4) 140 (304) 461

school 3 years

Post-secondary 428 (66.6) 95(14.8) 120(187) 643 290 (42.6) 167 (246)  223(328) 680

school more

than 3 years
House- Q1 395 (67.8) 76(13.0) 112(192) 583 0.90 369 (59.2) 99 (15.9) 155(249) 623 0.002
hold
income

Q2 385 (65.5) 83(14.1) 120(204) 588 350 (55.7) 131(20.9) 147 (234) 628

Q3 399 (67.6) 75(127) 116(19.7) 590 319(51.6) 118(19.1)  181(293) 618

Q4 396 (68.3) 67 (11.6) 117(20.2) 580 303 (48.8) 138 (22.2) 180 (29.0) 621

SES groups regarding changes in leisure PA was smaller
(Table 1).

The proportion of respondents with a longitudinal
increase in their leisure PA was lower among females
than among males. However, according to reported
change the proportion of respondents with an increase in
leisure PA was higher among females.

Alcohol consumption

Alcohol consumption generally decreased during the
pandemic, both in terms of a higher proportion of
respondents reporting risky pattern of alcohol consump-
tion at baseline but not during the pandemic (20.6%) than
the other way round (7.6%), and according to reported
change in alcohol consumption from before the pan-
demic (13.4% reporting a decrease vs. 8.7% reporting an
increase) (Table 2). The reported change in alcohol con-
sumption did not significantly differ between sexes. The
proportion of respondents who increased their alcohol
consumption during the pandemic was highest among
those 40 years of age at baseline (46—49 years during the
pandemic). This applied both the proportion of respon-
dents that reported risky alcohol consumption during

the pandemic, but not at baseline and the proportion
estimating an increase in their alcohol consumption
compared to before the pandemic (Table 2). The propor-
tion of respondents with risky pattern of alcohol con-
sumption during the pandemic, but not at baseline was
also relatively high in the oldest group (70 years of age at
baseline).

Among SES groups, both the proportion of respon-
dents reporting increased alcohol consumption and the
proportion of respondents reporting decreased alco-
hol consumption were highest among respondents in
the group with the highest educational level. According
to the longitudinal change measure, the proportion of
respondents changing from a pattern of alcohol con-
sumption not determined as risky at baseline to a pattern
of risky alcohol consumption during the pandemic was
somewhat among respondents in higher in the lowest
SES groups.

Multivariate analyses

Leisure PA

Figure 1 & additional files 1 & 3 illustrate that females
were more likely to decrease their leisure PA in model I
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OR longitudinal change Leisure PA

Sex
Males (reference)

Females —
Age
40 years —-—
45 years +—
50 years ——
55 years ——
60 years ——
65 years (reference)
70 years —‘—
Educational level
Compulsory —’—
Secondary school 2 years +
Secondary school 3 years —
Post-secondary school 3 years ——
Post-secondary school more than 3 years
(reference)
Household income
Q1 —_———
@ ——
a3 -——

Q4 (reference)
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OR reported change leisure PA

Sex
Males (reference)

Females ——
Age
40 years ——
45 years —
50 years —
55 years ———
60 years ——
65 years (reference)
70 years ——
Educational level
Compulsory -
Secondary school 2 years ‘
Secondary school 3 years -
Post-secondary school 3 years 0—
Post-secondary school more than 3 years
(reference)
Household income
a -
@ -
Q3 -—

Q4 (reference)

Fig. 1 Results of logistic regression predicting a decrease in leisure PA by population groups. Legend: Odds ratios (OR) including 95% confidence inter-
vals. Analyses were adjusted for sex, age (only for educational level and household income), baseline leisure PA and severe health problems

(after adjusting for baseline level of leisure PA and preva-
lence of severe health problems) (OR=1.5, CL: 1.1-1.9 for
the longitudinal change measure, OR=1.8, CL: 1.4-2.2
for the reported change). This finding did not change in
model II (further adjustments for change in cohabitation
status and impact of the pandemic on the private finan-
cial situation).

In model I, the longitudinal change in leisure PA fol-
lowed an age gradient (Fig. 1 & additional file 1). The
older the respondents the smaller the proportion with an
increase in their leisure PA levels and the larger the pro-
portion with a decrease. This pattern remained in model
I1. The likelihood of a reported decrease in leisure PA was
highest among respondents 45 years of age at baseline
(OR=1.6, CI: 1.1-2.4) and respondents 50 years of age at
baseline (OR=1.6, CI: 1.1-2.3).

In model I, respondents with the highest educa-
tional level were more likely to report an increase and a
decrease in leisure PA, respectively, compared to respon-
dents with other educational levels. This can be seen as
the highest educational level was used as reference group,
and the OR’s for all other education groups OR was
below 1 (additional file 3). This finding was the same in
model II. A similar pattern was found when using house-
hold income as an indicator of SES. Respondents in the
highest income quartile were most likely either to have
increased or decreased their leisure PA levels. However,
these associations were not as strong as the associations
in the analyses utilizing educational level as proxy for
SES, and many differences were not statistically signifi-
cant. In the bivariate analyses of the associations between
measures of SES and the longitudinal change in leisure

PA, no significant differences were found (Table 1). How-
ever, at baseline, respondents in the lower SES groups
were considerably more likely to report being physically
inactive in their leisure time than respondents in higher
SES groups (additional file 5). This meant that for a larger
proportion of respondents in the lower SES groups a
measured decrease was technically impossible, as they
already belonged to the lowest category at baseline, com-
pared to respondents in higher SES groups. In model I,
all other education level groups, except for the one with
the highest secondary education, were more likely to
have had a longitudinal decrease in their leisure PA levels
compared to the reference group (post-secondary educa-
tion longer than 3 years) (Fig. 1 & additional file 1).

In model I, the likelihood of an increase in leisure PA
levels were smaller among females compared to males
according to the longitudinal change measure (OR=0.7,
CI: 0.5-0.9), but higher among females according to the
reported change measure (OR=1.6, CI: 1.3-2.0) (addi-
tional files 1 & 3). The proportion of respondents with a
reported increase in their leisure PA was highest among
those 40 years of age at baseline (OR=1.7, CI: 1.1-2.6),
45 years of age at baseline (OR=1.6, CI: 1.1-2.4), and 60
years of age at baseline (OR=1.6, CI: 1.1-2.2).

Alcohol consumption

There were no differences between males and females in
the likelihood of having changed from a pattern of alco-
hol consumption not considered risky at baseline to a
pattern considered risky during the pandemic. Likewise,
the reported change in alcohol consumption did not dif-
fer significantly between males and females (Fig. 2).
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OR longitudinal change alcohol consumption

Sex
Males (reference)

Females -
Age
40 years @
45 years —_————
50 years ——
55 years ——
60 years —4—
65 years (reference)
70 years ————
Educational level
Compulsory ———
Secondary school 2 years —0—
Secondary school 3 years +—
Post-secondary school 3 years ——
Post-secondary school more than 3 years
(reference)
Household income
a1 ——
Q2 - —
e -
Q4 (reference)
0 i1 2 3 4 5 6
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OR reported change alcohol consumption

Sex
Males (reference)

Females -4
Age
40 years ——
45 years ——
50 years ——
55 years ——
60 years ——
65 years (reference)
70 years -—
Educational level
Compulsory -
Secondary school 2 years -‘—
Secondary school 3 years -
Post-secondary school 3 years -
Post-secondary school more than 3 years
(reference)
Household income
[
Q2 -
Q3 -—
Q4 (reference)
o] 1 2 3] 4 5 6

Fig. 2 Results of logistic regression predicting an increase in alcohol consumption by population groups. Legend: Odds ratios (OR) including 95% confi-
dence intervals. Analyses were adjusted for sex, age (only for educational level and household income) and severe health problems

In model I, the likelihood of a change into a pattern of
risky alcohol consumption was somewhat elevated for
respondents aged 70 years at baseline, but not statistically
significant (OR=1.5, OR: 0.9-2.6) (Fig. 2 & additional file
2). On the other hand, respondents 40 years of age at
baseline were more likely to have increased their alcohol
consumption, compared to the reference group (60 years
of age) (Fig. 2). This result was found both in terms of
longitudinal change (OR=3.0, CI: 1.6-5.7) and reported
change (OR=2.0, CI: 1.2-3.4). This higher likelihood of
an increase in alcohol consumption was partly explained
by material/structural factors, as the OR decreased
somewhat in model II (additional file 2). Furthermore,
according to the longitudinal change measure, respon-
dents 45 years old at baseline had a higher probability of
having changed their drinking habits to a pattern of risky
alcohol consumption during the pandemic, however not
statistically significantly higher than the reference group
(60 years of age) (OR=1.8, CI: 0.9-3.4) (Fig. 2).

The differences in the proportion of respondents hav-
ing moved to a risky pattern of alcohol consumption
across SES groups were small both in model I and model
II, measured with longitudinal change (Fig. 2 and addi-
tional file 2). Respondents with the shortest secondary
education (2 years) were most likely to have changed
their behavior towards a pattern of risky alcohol con-
sumption, with a borderline statistical significance
(OR=1.6, CI: 1.0-2.6) compared to the reference group
(post-secondary education of more than 3 years). A
reported increase in alcohol consumption or a reported
decrease in alcohol consumption, respectively, were more
common among respondents in the highest SES groups

(additional file 4). However, this circumstance only
applies to the two response categories ‘Drink somewhat
more’ and ‘Drink somewhat less’ For the more extreme
changes: ‘Drink considerably more’ and ‘Drink consid-
erably less; the proportions of these responses were not
larger among respondents in the highest SES groups,
compared to respondents in other SES groups.

Discussion

Triangulating two different measures of change, a longi-
tudinal change measure and a reported change measure,
we showed that the extent of leisure PA was consider-
ably affected by the pandemic across several population
groups. Both increases and decreases in leisure PA lev-
els were relatively common. Furthermore, we observed a
general decrease in alcohol consumption, which was per-
sistent across population groups.

Both according to the longitudinal change measure
and the reported change measure, females were more
likely than males to decrease their leisure PA levels
after the onset of the pandemic. Most other studies on
changes in PA during the pandemic have reported that
decreases in PA were more common among males [18—
21, 44]. However, similarly to this study, a British study
found that females were more likely to decrease their
levels of PA [17]. On the other hand, based on reported
change, females were also more likely to increase their
PA, a result which is in line with results from a UK study
[44]. We also found that both longitudinal change and
reported change indicate that younger respondents (40 or
45 years old at baseline) were more likely to increase their
leisure PA levels. According to the longitudinal change
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measure, the likelihood of a reduction in leisure PA dur-
ing the pandemic increased by age. However, according
to the reported change, respondents 55 years or younger
at baseline were more likely to report a decrease in lei-
sure PA compared to respondents older than 55 years.
As 6-9 years had passed from baseline of LSH II to the
outbreak of the pandemic, the majority of respondents
55 years or younger at baseline were likely to still be in
the work force during the pandemic, while the majority
of the respondents above 55 at baseline were probably
retired during the pandemic. The finding that younger
respondents are more likely to increase their leisure PA
levels and older respondents more likely to decrease
their leisure PA can potentially be viewed as a natural
aging process. However, our opposite finding, based on
the reported change, that persons in working ages more
frequently decreased their leisure PA aligns well with the
result of a Polish study [20]. Many employees in Sweden
worked from home during the time period during pan-
demic captured in the present study. Consequently, our
findings echo previous studies suggesting an association
between working from home and physical inactivity [2,
3]. One explanation may be that walking or travelling
by bike to and from work constituted regular PA before
the pandemic, and after the transition to working from
home this type of PA disappeared. However, the majority
of respondents 55 years or younger at baseline reported
still mainly working from their regular workplace when
responding the questionnaire. Only 25% of them worked
primarily from home. With the reported change mea-
sure, a divergent finding in the present study relative to
many previous studies [39, 45-47] was that the oldest
respondents did not decrease their leisure PA levels more
than respondents of other ages. This might be explained
by an inability in some of the other studies to separate the
overall trend of larger decrease in PA in older age groups
from the specific pandemic-related change in PA.

Several previous studies have reported an increased
SES gradient in PA during the pandemic [21-25, 48].
Results using the longitudinal change measure in the
present study confirm this tendency, even though the
time-period for the measurement in this study included
several years before the pandemic. However, on the
contrary, when analyzing reported change, specifically
targeting change from the onset of the pandemic, respon-
dents with the highest SES were most likely to decrease
their leisure PA.

Regardless of change measure, we found a general
reduction in alcohol consumption during the pandemic.
This reduction was most profound among respon-
dents 40 and 45 years old at baseline. However, among
respondents 40 years of age at baseline, the pattern was
heterogeneous, also including a higher likelihood of
increased alcohol consumption. Our finding that alcohol
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consumption more frequently changed among respon-
dents of middle age compared to older respondents is in
line with results from several studies [31, 34—36, 49-51].
According to the longitudinal change measure, males
were more likely to go from a pattern of risky alcohol
consumption at baseline to a pattern of alcohol consump-
tion not considered risky during the pandemic. However,
the reported change in alcohol consumption during the
pandemic did not differ between males and females. An
interpretation of this result can be that the more pro-
found reduction in alcohol consumption among males
occurred well before the pandemic, and that the changes
in alcohol pattern during the pandemic did not differ
between males and females. Compared to respondents
in other SES groups, respondents in higher SES groups
both more often reported an increase in alcohol con-
sumption and more often reported a decrease in alco-
hol consumption. Several previous studies have found a
larger increase in alcohol consumption during the pan-
demic among those with high educational level [30, 33,
35, 36, 52, 53], and one study reported the same pattern
as in the present study with both larger increases and
larger decreases in alcohol consumption among respon-
dents in higher education groups [44]. However, in the
present study these changes were not seen when using
the longitudinal change measure, also targeting a period
well before the pandemic, and the reported changes were
exclusively explained by a higher proportion reporting
‘somewhat more’ or ‘somewhat less.

An interesting feature of this study was that change in
health behaviors was measured in two ways, both using
a longitudinal change measure and a reported change
measure. Reported change can be affected by both recall
bias [54] and present state effect [55]. However, recall
bias is not a major problem when the recall time inter-
val is relatively short and the specified time point to recall
is meaningful to the respondent [38]. The time interval
to recall in the present study was about a year, but as the
outbreak of the pandemic was such an overwhelming
shift in life circumstances for the respondents. Conse-
quently, recall bias was probably only of minor impor-
tance. However, the results might well be biased by the
present state effect. This effect implies that respondent’s
assessments of change are affected by their current states.
For instance, respondents currently physically inactive
are more likely to report a decrease in leisure PA even
though their leisure PA is unchanged. This means that
reported changes often are overestimated [56]. On the
other hand, a disadvantage and challenge using a lon-
gitudinal change measure is the fact that floor and ceil-
ing effects can sometimes bias assessments [57]. This
occurred in the present study, as respondents with lei-
sure PA matching the lowest response category already
at baseline did not have a response category matching
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having presently even less leisure PA. Another drawback
with the use of a longitudinal change measure is that
small changes are sometimes not possible to detect when
using only a few response categories. There might be that
respondents have decreased or increased their leisure
PA level, but that the new level still falls into the same
response category.

In addition to the methodological differences dis-
cussed above, an important aspect in this study is that
the reported change captures a time interval of about a
year, whereas the longitudinal change measure captures
a time interval of 6-9 years. This means that the dispa-
rate findings when using the two types of measures can
be explained either by the validation problems discussed
above or by the fact that some changes in leisure PA and/
or alcohol consumption took place before the onset of the
pandemic and was therefore not relevant in the reported
change measurement. For instance, as mentioned above,
the results for our longitudinal change measure aligned
well with findings in previous studies in that SES differ-
ences in PA increased over time, including after the out-
break of the pandemic. However, the reported change
complemented this picture by showing that specifically
after the onset of the pandemic respondents with high
SES more often decreased their leisure PA than respon-
dents with lower SES. The divergent findings in rela-
tion to most other studies can either be explained by
the fact that those studies were not able to disentangle
the specific pandemic effect from the long-term trend
of increasing SES inequalities in PA, or that our results
were influenced by a present state effect resulting in an
overestimation of the reported decrease in PA among
respondents with high SES. They might well have had an
ambition to spend more time with leisure PA during the
pandemic than they were able to, and therefore had an
impression that they had decreased their leisure PA levels
even though this was not the case.

Previous studies have shown that increased financial
difficulties or economic worries due to the pandemic sit-
uation were associated with decreased PA and increased
alcohol consumption [58, 59]. However, in the present
study our results did not change when adjusting for the
impact of the pandemic on the private financial situation.

A strength of this study is the longitudinal cohort
design complemented with retrospective questions
that enables measuring change both using a longitudi-
nal change measure and a reported change measure.
Another strength is the comprehensive design of the LSH
research program, which includes multiple health risk
behaviors and a broad range of variables capturing life
conditions and change in life conditions. The population-
based sample, with additional socioeconomic variables
linked from registers, made it possible to adjust analyses
for possible confounders. As all subgroups in the study
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(defined by sex, age or SES) were represented by sub-
stantial numbers of respondents, our assessment is that
results were not limited by power. The study population
in the present study was from the county of Ostergotland,
which means that it cannot automatically be generalized
to all of Sweden. However, the county of Ostergétland
has been shown to be representative to the national aver-
age in terms of health indicators and health behaviors
[60]. A more serious threat against the generalizability of
the results to the general population is the fact that the
invitation to the study was coordinated with the partici-
pation in health-promoting health dialogues offered by
the primary health care centers. As it has been recog-
nized that the most vulnerable groups are not reached
by health-promoting interventions to the same extent as
other groups [61], this poses a risk that vulnerable popu-
lations are not enough represented in the sample. There-
fore, the SES differences in change in health behavior
found in the present study could well be underestimated.
Another potential shortcoming is that reported change in
leisure PA and alcohol consumption, respectively, were
measured by single questions with only a limited number
of response categories. This means that minor nuances in
behavioral patterns and changes might have been missed.
It also implies that we cannot determine whether, for
instance, a decrease in leisure PA poses a risk for dete-
rioration of health status. Also, an aspect that calls for
caution in interpretation of results based on longitudinal
change measure is that the questionnaires at baseline was
accompanied by a health dialogue, whereas the COVID
questionnaire did not involve any personal interaction
with health care representatives. This implies a risk that
responses at baseline were more biased towards social
desirability. This may especially apply to questions tar-
geting alcohol consumption. However, the proportion
of respondents that reported a pattern of risky alcohol
consumption was still higher at baseline, compared with
during the pandemic. If a social desirability bias existed,
the actual decrease during the pandemic in regard to
reported alcohol consumption would likely be even more
pronounced than in our current findings. Finally, the
sample only consists of individuals 40 years and older at
baseline, which means that our findings cannot be gener-
alized to the general adult Swedish population.

Conclusion

Based on data from a longitudinal cohort study in Swe-
den, we found that most individuals did not change either
their leisure PA levels or their alcohol consumption dur-
ing the pandemic. However, a decrease in leisure PA was
more common than an increase, and females were more
likely to change their leisure PA levels during the pan-
demic. The most profound decreases in leisure PA were
observed in individuals of working age. It was common
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to decrease the alcohol consumption than to increase
it, but individuals aged 40 or 45 at baseline were more
likely than other respondents to initiate a risky pattern of
alcohol consumption. In conclusion, societal restrictions
during a pandemic pose a risk for decreased leisure PA,
especially among individuals in working age. However,
such restrictions and altered life circumstances can seem-
ingly also open a window of opportunity to increase lei-
sure PA levels, not least for females. In addition, in future
pandemics targeted interventions to prevent vulnerable
groups from developing a risky alcohol consumption or
of becoming physically inactive should be considered.
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