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Public health measures to limit the spread of COVID-19 included restricting 

physical activity (PA). Here we described the impact of pandemic restrictions 

and reduction in PA on physical fitness and health and body composition 

amongst first-year students, and the associations to body fat and total PA at 

the end of their first year. “On your own feet” is a longitudinal study exploring 

changes in lifestyle habits amongst first-year students. Questionnaires for 

assessment of perceived restriction, PA behaviour and fitness and health were 

administered at the start and end of the first year at university. Body 

composition (bioelectrical impedance analysis) and total PA (Actigraph®) were 

recorded at both time-points. In multivariable models we identified factors 

associated to body fat and total PA. We included 150 students aged 18-22 

years, 53% of whom reported restrictions and 34% a reduction in PA due to 

the COVID-19 pandemic. Students reporting restrictions had comparable 

fitness, health, body composition and PA level at baseline and follow-up, 

compared to those without restrictions. Students with reduced PA less often 

reported “good” fitness (30% vs. 56%, p < 0.001) and health (54% vs. 70%, 

p = 0.046) and had higher mean body fat percentage (27% vs. 23%, p = 0.009) 

and lower total PA (314 vs. 420 cpm, p < 0.001) at baseline, compared to 

those without reduction in PA. At follow-up, they less often reported “good” 

physical fitness (26% vs. 54%, p = 0.005), while body composition and total 

PA were comparable. We concluded that students who report pandemic 

reduction in PA may need targeted interventions to improve fitness.
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Introduction

In March 2020, the World Health Organization (WHO) 

officially characterised COVID-19 as a pandemic (1). The 

Norwegian government responded with different national 

measures that could be supplemented by regional or local 

measures imposing varying degrees of restrictions (2). These 

national measures in the first COVID-19 lockdown resulted in the 

cancellation and prohibition of fitness centres, swimming pools 

and organised sports activities (2). Furthermore, during this time, 

all teaching for university students was carried out digitally (2). 

The restrictions for higher education were eased in February 2021 

allowing students to attend physically on university premises, and 

sports events could be resumed if participants came from the 

same municipality (3). During the ensuing months a gradual 

reopening occurred, and outdoor organised sport activities 

resumed as normal. Indoor sport activities proceeded in some 

areas despite prevalent infections and restrictions were gradually 

lifted due to high vaccination rates such as reopening of fitness 

centres (2, 3). Thus, COVID-19 resulted in restrictions in several 

aspects of adolescents life, but to a varying degree according to 

area of residence, level of education and individual recreational 

activities including physical activity (PA) (4).

An overwhelming amount of previous research concluded that 

PA is important in public health and associated with a lower risk 

for non-communicable diseases (5, 6). Globally, according to the 

WHO in 2016, about 81% of adolescents aged 11–17 (7) and 27.5% 

of 18–65-year-olds did not fulfil PA guidelines (8). From the age of 

18, major benefits of PA can be gained from 150 to 300 min of 

moderate or 75–150 min of vigorous intensity (9). The WHO also 

highlights the importance for children and young adults being 

encouraged to participate in PA (9), stating that health-related 

behaviours, e.g., PA, established in early life can predict PA in later 

adult life (10). However, the transition from high school to 

university is a vulnerable phase of major importance to public 

health. There is evidence of a decrease in PA and changes in body 

weight as new lifestyle choices are established by students (11, 12). 

Therefore, it remains to be investigated how a new lifestyle, such as 

starting university and simultaneous restrictions due to the COVID- 

19 pandemic, may have in:uenced the health behaviour.

In order to examine this impact of the COVID-19 pandemic, 

the aims of the present study were to (1) describe the impact of 

self-reported pre-university pandemic restrictions and reduction 

in PA on organised sport activities, PA behaviour, self-reported 

physical fitness and health and body composition among first- 

year students, and (2) explore if self-reported pre-university 

restrictions and reduction in PA were associated with body fat 

and total PA at the end of their first year.

Materials and methods

Design and participants

The study primarily investigated data from the 

longitudinal study “On your own feet” involving two 

universities in Norway (University of Inland Norway, INN, 

Campus Elverum; University in Agder, UiA, Campus 

Kristiansand) and assesses changes in lifestyle habits and 

physical and mental health among students during their first 

year at university, in two consecutive cohorts. The data 

collection takes place at start of the first autumn 

semester (baseline—start of first year) and is repeated at end 

of the first spring semester (follow-up—end of first year). 

This study consisted of two cohorts, and data were collected 

in August/September 2021 and April/May 2022 (cohort 1) 

and August/September 2022 and April/May 2023 (cohort 2) 

(Figure 1).

Participants were recruited through information stands 

and lecture visits at both universities, including first-year 

students aged 18–21 who no longer resided with their parents 

for the first time and excluded students with pacemakers 

or pregnancy.

The study was approved by the Regional Ethics Committee of 

South-Eastern Norway (255367). All participants signed informed 

consent forms prior to inclusion in the study.

The following variables were collected:

Sociodemographic characteristics

Participants reported demographic information, including 

age (years) and place of residence at baseline and during the 

previous year. The former place of residence was 

dichotomised as urban vs. rural according to the population 

index from Statistics Norway from 2022 (13). The 60 largest 

towns in Norway were classified as urban, villages with 

smaller populations as rural.

Self-reported impact of COVID-19 
restrictions on PA—pre-university

At baseline, we asked students to self-report on their 

experience of COVID-19 restrictions in spring (March–April) 

before starting university studies (pre-university).

The impact of COVID-19 on PA was categorised according to 

the response to two questions, asked retrospectively at baseline in 

both cohorts (Figure 2): 

• Approach A: Groups were categorised according to response 

(“yes” or “no”) to the question “Have you experienced that 

COVID-19 restrictions have caused you to exercise less than 

you otherwise would have during 2021/2022?”, reported as 

“self-reported restrictions in PA” vs. “no self-reported 

restrictions in PA”.

• Approach B: Groups were determined by six categorical 

response options to the question “How much less on average 

would you estimate you exercised?”, ranging from “no 

movement” to “more than usual”, dichotomised as “self- 

reported reduction in PA” vs. “no self-reported reduction in 

PA” at the median value.

Feldhaus et al.                                                                                                                                                         10.3389/fspor.2025.1719951

Frontiers in Sports and Active Living 02 frontiersin.org

https://doi.org/10.3389/fspor.2025.1719951


FIGURE 1 

The “on your own feet” data-collection.

FIGURE 2 

Self-reporting pre-university restrictions and reduction in physical activity during the pandemic.
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Assessment of PA behaviour at baseline and 
follow-up

For objective measured PA level, participants were instructed 

to wear an accelerometer (Actigraph GT3X+/GTXbt, USA) for 

seven consecutive days on their waist at baseline and follow-up, 

except while sleeping/water activities. The device was 

programmed to start recording at 6.00 am the morning after 

receiving it and recorded data at a 10 s interval impulse (epoch). 

Accelerometer data were included if participants had ≥600 min 

of valid recordings each day. All intervals of ≥60 consecutive 

minutes of no recording were recorded as non-wear.

“Total PA” was used to report the overall PA level, reporting 

the average counts per minutes (counts*min−1) which is derived 

by dividing the total activity counts for a valid day by the sum 

of minutes of wear time that day for all valid days of 

measurement (14).

For the purpose of sensitivity analyses and evaluation of 

adherence to protocol, we recorded the proportion of wear days.

To assess self-reported PA behaviour at baseline and follow- 

up, participants were asked about their current frequency of PA 

by five categorical response options on a Likert scale ranging 

from “never” to “about every day”. Current PA intensity was 

assessed in three categories ranging from “without heavier 

breathing/sweating” to “almost fainting” and duration of PA by 

four categories ranging from “less than 15 min” to “more than 

60 min” (15). The participation in organised sport was self- 

reported in six categories ranging from “never/rarely” to “daily” 

and we dichotomised this variable into frequent (at least 3–4 

times a week, including “3–4 times a week”, “5–6 times a week”, 

“daily”) vs. infrequent (including “never”, “sometimes”, “once or 

twice a month”, “once or twice a week”).

Self-reported fitness and health

To assess self-reported physical fitness at both time-points, 

participants were asked “How do you rate your own physical 

fitness compared to others of the same gender in your age 

group?”, and to assess self-reported health, we asked “How do 

you rate your own health compared to others of the same 

gender in your age group?” by five-point Likert scales. We 

reported responses as “bad” (“bad”, “rather bad”), “average” and 

“good” (“rather good”, “good”).

Body composition

Body composition was measured by trained personnel in the 

lab, using direct segmental multifrequency (DSM) bioelectrical 

impedance (Inbody 720, Body Composition Analyzer, Biospace 

Co. Ltd.), after standardized procedures including no 

consumption of food or coffee for at least two hours before the 

measurement. Participants were also instructed to avoid heavy 

meals on that day, to use the toilet beforehand and to wear light 

training clothes.

Body fat (kilograms), muscle mass (kilograms) and body fat 

percentage were recorded. Body fat is a measure of body 

composition that can be distinguished from components of lean 

body mass (16) and was therefore chosen as the key outcome of 

the body composition analyses in the regression models.

Statistical analyses

For between group differences at both time points, we 

compared variables across groups dichotomised according to 

self-reported restrictions and reduction in PA, using chi square 

test, student t-test for independent samples and Mann–Whitney 

U test, as appropriate and presented in the same way. At each 

item, the variable-specific number of missing is represented. 

Data was assumed to be missing at random and no imputations 

were performed.

Multivariable linear regression models were used to examine 

whether self-reported restrictions and reduction in PA pre- 

university were associated with body fat and total PA at the end 

of first year. In separate models, body fat (kilogram) and total 

PA (cpm) at end were entered as dependent variables. DAGitty 

[https://www.dagitty.net/] (17) was used to plot regression 

models in advance and choose the relevant covariates.

In adjusted models for age, gender and cohort, self-reported 

restrictions and reduction in PA were entered as independent 

variables. In separate models, body fat and total PA at baseline 

were also entered as covariates. Data met the required 

assumptions for multiple linear regression analysis. To assess 

potential multicollinearity, Pearson correlations among all 

predictor variables were inspected. No correlations, except for 

sex and body fat at start of year (r = 0.36, p > 0.001, Model 1.2), 

were found. For all analysis, statistical significance was accepted 

at p < 0.05, using IBM SPSS 25.

Sensitivity analyses

Due to different wear days of accelerometer devices within the 

sample, a sensitivity analysis of the total PA regression models was 

carried out with an adjusted sample (4-7 wear days).

Results

General characteristics

A total of 150 students (69.3% female) were included, 70 

participants in cohort 1 and 80 participants in cohort 2. At 

follow-up, 116 students attended the data-collection, 60 in cohort 

1 and 56 in cohort 2, corresponding to a follow-up rate of 77.3% 

(Figure 1). Mean age was 19.7 (SD = 1.0) years, ranging from 18 

to 22 years. At baseline, a total of 79 (53%) students self-reported 

restrictions in PA and 70 (47%) students reported no restrictions 
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in PA, while 50 (34%) students self-reported a reduction in PA and 

97 (66%) reported no reduction in PA (Table 1).

Experience of restrictions according to type 
of PA

At baseline, both participants with restrictions in PA and 

those without, reported that exercising in a gym was the most 

frequently performed activity (35% vs. 30%), followed by 

exercising on their own (29% vs. 17%). Among both 

participants who self-reported a reduction in PA and those with 

no reduction in PA, reported exercising in a gym as most the 

frequently performed activity (16% vs. 42%), followed by 

exercising on their own (12% vs. 29%) (Supplementary Table S1).

The self-reported impact of COVID-19 
restrictions on PA at baseline

Participants who self-reported restrictions in PA 
pre-university

Comparing participants who self-reported restrictions in PA 

vs. no self-reported restriction in PA: 13% vs. 56% (p < 0.001) 

reported a reduction in PA during the pandemic. At baseline, 

self-reported PA level, type of affected restriction, participation 

in organised sports, self-reported physical fitness and health, 

components of body composition and total PA were comparable 

between participants who did vs. did not self-report restrictions 

in PA (Table 2).

Participants who self-reported reduction in PA 

pre-university
Significant differences were found when comparing 

participants who self-reported a reduction in PA vs. no self- 

reported reduction: 24% vs. 46% (p < 0.001) self-reported being 

active approximately every day, 30% vs. 56% (p < 0.001) 

reported good physical fitness and 54% vs. 70% (p = 0.046) 

reported good health.

Participants who self-reported a reduction in PA during the 

pandemic had a significant higher mean body fat percentage 

compared to those with no reduction: 27% vs. 23% (p = 0.009) 

and a significant lower mean total PA with 4-7 wear days: 

314 cpm vs. 420 cpm (p < 0.001) (Table 2).

The impact of self-reported COVID-19 
restrictions on PA at follow-up

Participants who self-reported restrictions in PA 
pre-university

At end of first year, self-reported PA level, intensity and 

duration of activity, self-reported physical fitness and health, 

body composition and total PA were comparable between 

participants who did vs. did not self-report restrictions in PA 

(Supplementary Table S2).

Participants who self-reported reduction in PA 
pre-university

Comparing participants who self-reported a reduction in PA vs. 

no self-reported reduction in PA: 69% vs. 78% (p = 0.041) described 

the intensity of activity as “out of breath or sweating” and 26% vs. 

54% (p = 0.005) reported “good” physical fitness at follow-up, 

differing significantly. At end of first year, self-reported PA level, 

self-reported health, components of body composition and total 

PA were comparable between participants who reported reduced 

PA pre-university (Supplementary Table S2).

The association between self-reported 
restrictions and reduction in PA on long- 
term body fat and total PA

In multivariable models, no significant associations were 

found between self-reported restrictions or reduction in PA at 

baseline and body fat at the end of first year with 

consideration of sex, age and cohort. Additionally, adjusting 

for body fat at baseline did not change the main result. 

Furthermore, no significant association was found between 

self-reported restrictions or reduction in PA at start and PA 

level at end of the first year after adjustments sex, age and 

cohort. In either exposure, no associations were found when 

additionally adjusted for PA level at baseline (Table 3). The 

sensitivity analyses conducted on the total PA models revealed 

no deviations.

Discussion

The major findings of this study were that restrictions in PA 

during the COVID-19 pandemic did not impact on physical fitness 

TABLE 1 Characteristics of samples of baseline and follow-up data. Data 
are presented as n (%) and mean (standard deviation).

Variable Baseline 
n = 150

Follow-Up 
n = 116

Sample size of

Cohort 1 70 (46.7) 60 (51.7)

Cohort 2 80 (53.3) 56 (48.3)

Sex

Female 108 (69.3) 79 (68.1)

Male 46 (30.7) 37 (31.9)

Age mean (years) 19.7 (1.0) 19.7 (1.0)

Minimum 18 18

Maximum 22 22

Self-reported restrictions in 

PA

Valid n = 149 Valid n = 115

Yes 79 (53.0) 60 (52.2)

No 70 (47.0) 55 (47.8)

Self-reported reduction in PA Valid n = 147 Valid n = 113

Yes 50 (34.0) 39 (34.5)

No 97 (66.0) 74 (65.5)
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TABLE 2 Included variables of determined groups at baseline. Data are presented as n (%) and mean (standard deviation).

Variable Self-reported 
restrictions in PA 
during pandemic

No Self-reported 
restrictions in PA 
during pandemic

p Missing Self-reported 
reduction in PA 

during 
pandemic

No self-reported 
reduction in PA 

during 
pandemic

p Missing

n = 79 n = 70 n n = 50 n = 97 N

Cohort a 0.019 a 0.678

Cohort 1 30 (38.0) 40 (57.1) 25 (50.0) 45 (46.4)

Cohort 2 49 (62.0) 30 (42.9) 25 (50.0) 52 (53.6)

Self-reported 
restrictions in PA 

during pandemic

a <.001 a <.001 1

Yes 79 (100.0) 0 (0.0) 10 (20.4) 66 (68.0)

No 0 (0.0) 70 (100.0) 39 (79.6) 31 (32.0)

Self-reported 

reduction in PA 

during pandemic

a <.001 3 a <.001

Yes 10 (13.2) 39 (55.7) 50 (100.0) 0 (0.0)

No 66 (86.8) 31 (44.3) 0 (0.0) 97 (100.0)

Sex a 0.228 a 0.537

Female 58 (73.4) 45 (64.3) 36 (72.0) 65 (67.0)

Male 21 (26.6) 25 (35.7) 14 (28.0) 32 (33.0)

Age [years] b 0.200 b 0.949

19.8 (1.0) 19.6 (1.0) 19.7 (1.0) 19.7 (1.0)

Place of residence a 0.849 5 a 0.996 5

Urban 39 (50.6) 35 (52.2) 25 (52.1) 49 (52.1)

Rural 38 (49.4) 32 (47.8) 23 (47.9) 45 (47.9)

Self-reported PA 
level

c 0.446 c <.001

Never 1 (1.3) 0 (0.0) 2 (4.0) 0 (0.0)

Less than once a 
week

8 (10.1) 8 (11.4) 12 (24.0) 4 (4.1)

Once a week 10 (12.7) 11 (15.7) 9 (18.0) 12 (12.4)

2–3 times a week 26 (32.9) 26 (37.1) 15 (30.0) 36 (37.1)

About every day 34 (43.0) 25 (35.7) 12 (24.0) 45 (46.4)

Type of affected 

restriction

c 0.05 26 c 0.442 24

Strict training 
centre

25 (47.2) 41 (58.6) 26 (59.1) 41 (51.9)

Cancelled team 

training

17 (32.1) 27 (38.6) 14 (31.8) 29 (36.7)

Cancelled 
individual training

11 (20.8) 2 (2.9) 4 (9.1) 9 (11.4)

Participation in 

organised sports

a 0.787 1 a 0.003 1

Frequent 21 (26.6) 17 (24.6) 5 (10.2) 32 (33.0)

Infrequent 58 (73.4) 52 (75.4) 44 (89.8) 65 (67.0)

Self-reported 

physical fitness

c 0.610 c <.001

Bad 13 (16.5) 12 (17.1) 15 (30.0) 10 (10.3)

Average 26 (32.9) 26 (37.1) 20 (40.0) 33 (34.0)

Good 40 (50.6) 32 (45.7) 15 (30.0) 54 (55.7)

Self-reported 
health

c 0.218 c 0.046

Bad 9 (11.4) 5 (7.1) 7 (14.0) 7 (7.2)

Average 22 (27.8) 16 (22.9) 16 (32.0) 22 (22.7)

Good 48 (60.7) 49 (70.0) 27 (54.0) 68 (70.1)

Body Composition

Body fat [kg] 15.9 (6.8) 16.9 (8.1)b 0.419 18.6 (8.5) 15.3 (6.7)b 0.010

Muscle mass 
[kg]

28.7 (7.3) 29.6 (6.8)b 0.456 27.9 (6.5) 29.7 (7.5)b 0.163

Body fat [%] 23.7 (9.1) 24.1 (9.8)b 0.786 26.8 (9.7) 22.5 (9.0)b 0.009

PA 0.279 3 0.003 3

(Continued) 
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and health, body composition and PA level at the start or at the end of 

the first year of students. We reported an association between self- 

reported pre-university reduced PA during the pandemic and 

reduced self-reported fitness and health at end of the first study 

year. Interestingly, students who self-reported a reduction in PA 

during the pandemic had significantly higher body fat and lower 

total PA at start, but not at the end of the first year.

We also found a difference with regards to PA at the start of 

university life between those who self-reported restrictions and 

self-reported reduction in PA during the pandemic pre- 

university. At the start of the first year, students who self- 

reported restrictions had comparable levels of self-reported PA 

to those who self-reported no-restrictions, while students who 

reported a reduction in PA report lower levels of PA compared 

to those who reported no reduction. There was no difference in 

students’ place of residence in terms of perceptions of 

restrictions and reduction in PA, despite varying restrictions 

were implemented in urban and rural areas of Norway during 

the pandemic (2).

Adjusting to a new daily life

Our findings indicated that students who typically engaged in 

organised sports, individual training and/or workouts in a gym, 

may have replaced their physical activities with alternative 

options as a result of the closures of organised sport and sport 

facilities during the lockdown (2, 3), even though they 

experienced restrictions. At start of the first year, those who felt 

restricted in PA pre-university showed PA levels (total PA of 

404 cpm) which were comparable to the age group of 20- to 

34-year-olds in the Kan3-study (18). This aspect is particularly 

important in view of the fact that health behaviour established 

in early life in:uences PA in later adult life (10), complemented 

by the general importance of health benefits in children and 

adolescents participating in PA (9).

The lack of agreement between the responses to questions 

regarding experienced restrictions in PA vs. a reduction in PA may 

be due to the difficulty of self-reporting the :uctuating impact of 

the pandemic. However, we may also have captured the difference 

between a perceived restriction, preventing a chosen activity but 

not prohibiting another, and a reduction in PA which may be due 

to a multiple of factors such as reduced mental wellbeing, low 

resilience to stress, in addition to the pandemic restrictions. Also, 

the shift to higher education represents a vulnerable phase for 

student’s health-related behaviour (12) and may have led to a 

general high level of uncertainty among students (4).

By the end of the first year, students who self-reported 

restrictions and reduction in PA pre-university, seemed to have 

adapted their PA behaviour in this exceptional situation, as the 

TABLE 2 Continued

Variable Self-reported 
restrictions in PA 
during pandemic

No Self-reported 
restrictions in PA 
during pandemic

p Missing Self-reported 
reduction in PA 

during 
pandemic

No self-reported 
reduction in PA 

during 
pandemic

p Missing

n = 79 n = 70 n n = 50 n = 97 N

Total PA (cpm) 408.8 (190.8) 377.0 (158.2)b 340.9 (132.2) 422.1 (192.2)b

PA (4–7 wear days) n = 65 n = 62 0.191 n = 42 n = 84 <.001

Total PA (cpm) 404.4 (174.4) 365.8 (152.6)b 313.6 (98.5) 419.9 (181.8)b

cpm, counts per minute.
aStatistical test performed: Chi Square test.
bStatistical test performed: t-test for independent samples.
cStatistical test performed: Mann-Whitney U test.

TABLE 3 Multivariable linear regression models of associations between pre-study restrictions/reduction to PA and end of first year body fat and total 
PA.

Approach Body fat 
Model 1.1

Body fat 
Model 1.2

Total PA 
Model 2.1

Total PA Model 2.1 
(adjusted sample)

Total PA 
Model 2.2

Total PA Model 2.2 
(adjusted sample)

Self-reported 
restrictions in PA

−0.10 (−4.29; 
1.24)

0.03 (−0.79; 1.77) 0.11 (−33.08; 
115.53)

0.15 (−20.21; 127.68) 0.03 (−58.43; 
78.43)

0.02 (−54.94; 69.41)

n = 111 n = 96 n = 110 n = 95

Self-reported 

reduction in PA

0.09 (−1.35; 4.3) −0.004 (−1.38; 

1.23)

−0.08 (−111.5; 

43.83)

−0.07 (−104.11; 50.43) 0.03 (−60.48; 

85.56)

0.07 (−37.08; 92.61)

n = 109 n = 94 n = 108 n = 93

Data are presented as standardised β-coefficient and 95% confidence intervals. Reference category is no self-reported restrictions/reductions to PA.

body fat [kg], total PA [cpm], cpm—counts per minute.

ns, not significant.

adjusted sample –sample with 4–7 wears days (sensitivity analysis).

Body fat model 1.1 adjusted by sex, cohort, age.

Body fat model 1.2 adjusted by sex, cohort, age, body fat at baseline.

Total PA model 2.1 adjusted by sex, cohort, age.

Total PA model 2.2 adjusted by sex, cohort, age, total PA at baseline.
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total PA measured at end of first year were comparable across 

categories. Body composition, i.e., body fat and muscle mass 

were also comparable between groups who self-reported 

COVID-19 restrictions or reduction in PA pre-university vs. 

not, by the end of first study year.

These findings were in line with López-Valenciano et al. (19) 

who analysed the impact of COVID-19 on PA in university 

students. They found that students who fulfilled the 

recommended activity targets for their age before 

the restrictions, still were sufficient physically active during the 

lockdown period (19). The ability to adjust to life under 

lockdown may be understood in the context of resilience. 

Brewer and colleagues (20) summarised resilience as a 

“dynamic, contextual process focused on adaptation (to stress or 

change)” and also emphasised the importance due to 

associations between resilience and health and well-being of 

students (20). This indicated even though students experienced 

restrictions in PA, their adaption to changed conditions to be 

physical active is important for their health and well-being in 

the long run.

PA behaviour

Using “total PA” as a dimension for PA, we found estimates of 

PA to be numerically below the average of the Norwegian 

population (18, 21), in students who reported a reduction in PA 

due to COVID-19 restrictions at start of the first study year, but 

not in students who reported restrictions to PA. Hansen et al. 

(21) monitored the Norwegian population across the lifespan 

and estimated an average activity level in 20- to 64-year-olds 

with 360 cpm in women and 377 cpm in men, similar values to 

those reported in the national survey for PA 2020-22 (Kan 3) in 

Norway specifically for 20- to 34-year-olds (18). By the end of 

the first year, our findings showed a comparable activity level in 

all students. Also, López-Valenciano et al. (19) reported a 

significant decrease in PA levels of university students during 

lockdown (19). Furthermore, neither pre-university restrictions 

nor the reduction in PA showed any significant impact on self- 

reported PA in the following year.

Self-reported physical fitness and health

We could not find evidence that feeling restricted by COVID- 

19 measures with regards to PA made a difference in students 

perceived physical fitness and health, but we found an 

association between pre-university reduced PA and lower self- 

reported physical fitness and health both at the start and for 

self-reported physical fitness also at end of their first study year. 

Previous research on self-reported physical fitness, PA and other 

factors in young adults indicated that lower physical fitness and 

insufficient PA can cause high level of stress (22) and bad sleep 

quality (23) and emphasising the importance of a resilient 

behaviour in students in regard to health and wellbeing (20). 

We could not exclude that the relationship between reduced PA 

during the pandemic and later lower levels of self-reported 

fitness and health was mediated by individual risk factors 

making the individual vulnerable to negative consequences of 

the pandemic.

Strengths and limitations

Strengths of the present study included using two measures for 

the impact of COVID-19 on PA and the collection of objectively 

measured PA and body composition with validated instruments 

and standardised data-collection procedures. We considered 

potential bias between self-reported and objectively measured 

health and fitness, especially in individuals with higher fitness 

levels (24). Objective measures of physical fitness were generally 

not conducted in the presented project “On your own feet”. 

COVID-19 in:uenced various facets of our life (4). To address 

the impact, we performed all analyses in young adults, i.e., first 

year students. Because participants were recruited through 

information stands and lecture visits, a selection bias cannot be 

ruled out. Students who voluntarily chose to participate may 

differ from those who did not (e.g., health behavior). In 

addition, the restrictions and reduction in PA were self-reported 

retrospectively which introduced potential bias, as participants 

may have not provided accurate experiences for the specific two- 

month time frame. In addition, these retrospective items were 

limited to restrictions and reduction in PA in relation to 

exercise training and thus did not capture the wider definition 

of PA and the binary yes/no item regarding PA restrictions 

limited further elaborations. In regard to the objective PA 

assessment, accelerometers were removed during sleep for 

reasons of discomfort for those wearing the device, which may 

introduced measurement bias in the wear time of the devices. 

Also, both cohorts were asked the same questions a year apart, 

while entering distinct phases of the pandemic, i.e., the extent of 

restrictions differed in view of further developments of the 

pandemic (e.g., higher vaccination coverage, less restrictive 

measures). This could mean potential bias in the findings of this 

study. We found inconsistencies between reported restrictions 

and reduction in PA, also highlighting potential retrospective 

data bias. One may speculate that differences could be partially 

explained by the mental state or resilience of students, although 

this is beyond the scope of this paper. Additional questions 

targeting the length and nature of lockdown could have been 

helpful, also considering the small sample size.

Conclusion

We found that pre-university restrictions in PA during the 

COVID-19 pandemic did not impact on physical fitness, health, 

body composition and PA level of students at the start or at the 

end of the first year. However, students who reported reduced 

PA during the pandemic had lower physical fitness, poorer self- 

reported health, higher body fat percentage and lower PA levels 

at start of the first year, compared to those who did not report 
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reduced PA. Further, physical fitness remained lower than 

comparators at the end of the first year. The study suggests that 

students who reported reduced PA during the pandemic may 

have had different experiences than those who reported 

restrictions and may have needed targeted interventions to 

improve physical fitness and resilience.

Data availability statement

The raw data supporting the conclusions of this article will be 

made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Research 

authority of South-Eastern Norway. The studies were conducted 

in accordance with the local legislation and institutional 

requirements. The participants provided their written informed 

consent to participate in this study.

Author contributions

CF: Formal analysis, Writing – original draft, 

Conceptualization, Data curation, Methodology, Software, 

Writing – review & editing. IV: Methodology, Writing – 

original draft, Conceptualization, Writing – review & editing, 

Formal analysis. AK: Writing – original draft, Conceptualization, 

Writing – review & editing, Methodology, Data curation. SH: 

Project administration, Methodology, Writing – review & 

editing, Writing – original draft, Investigation. KD: Writing – 

review & editing, Methodology, Writing – original draft, Data 

curation. SL: Data curation, Writing – original draft, 

Conceptualization, Project administration, Writing – review & 

editing, Methodology. SP: Methodology, Data curation, 

Writing – review & editing, Conceptualization, Writing – 

original draft, Project administration.

Funding

The author(s) declare that financial support was received for 

the research and/or publication of this article. The study was 

funded by a research grant from the University of Inland Norway.

Conflict of interest

The authors declare that the research was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential con:ict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 

article has been generated by Frontiers with the support of 

artificial intelligence and reasonable efforts have been made to 

ensure accuracy, including review by the authors wherever 

possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the 

authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or 

claim that may be made by its manufacturer, is not guaranteed 

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found 

online at: https://www.frontiersin.org/articles/10.3389/fspor.2025. 

1719951/full#supplementary-material

References

1. World Health Organization. Timeline: WHO’s COVID-19 Response (2023). 
Available online at: https://www.who.int/emergencies/diseases/novel-coronavirus- 
2019/interactive-timeline (Accessed August 30, 2023).

2. World Health Organization. Covid-19 Health System Response Monitor 
(HRSM)—Norway Policy Responses, Preventing transmission (2022). Available 
online at: https://eurohealthobservatory.who.int/monitors/hsrm/hsrm-countries/ 
hsrm/norway/preventing-transmission/ (Accessed October 19, 2023).

3. Norwegian Government Security and Service Organisation (G.S.S.O). Timeline: 
News from Norwegian Ministries about the Coronavirus Disease (n.d.). Available 
online at: https://www.regjeringen.no/en/topics/koronavirus-covid-19/timeline-for- 
news-from-norwegian-ministries-about-the-coronavirus-disease-covid-19/ 
id2692402/ (Accessed October 19, 2023).

4. Van de Velde S, Buffel V, Bracke P, Van Hal G, Somogyi NM, Willems B, et al. 
The COVID-19 international student well-being study. Scand J Public Health. (2021) 
49(1):114–22. doi: 10.1177/1403494820981186

5. World Health Organization. Global Recommendations on Physical Activity for 
Health. Geneva: World Health Organization. (2010).

6. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee I-M, et al. 
Quantity and quality of exercise for developing and maintaining cardiorespiratory, 
musculoskeletal, and neuromotor fitness in apparently healthy adults: guidance for 
prescribing exercise. Med Sci Sports Exerc. (2011) 43(7):1334–59. doi: 10.1249/MSS. 
0b013e318213fefb

7. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient physical 
activity among adolescents: a pooled analysis of 298 population-based surveys with 
1·6 million participants. Lancet Child Adolesc Health. (2020) 4(1):23–35. doi: 10. 
1016/S2352-4642(19)30323-2

8. Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in insufficient 
physical activity from 2001 to 2016: a pooled analysis of 358 population-based 
surveys with 1.9 million participants. Lancet Glob Health. (2018) 6(10):e1077–86. 
doi: 10.1016/S2214-109X(18)30357-7

Feldhaus et al.                                                                                                                                                         10.3389/fspor.2025.1719951

Frontiers in Sports and Active Living 09 frontiersin.org

https://www.frontiersin.org/articles/10.3389/fspor.2025.1719951/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fspor.2025.1719951/full#supplementary-material
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline
https://eurohealthobservatory.who.int/monitors/hsrm/hsrm-countries/hsrm/norway/preventing-transmission/
https://eurohealthobservatory.who.int/monitors/hsrm/hsrm-countries/hsrm/norway/preventing-transmission/
https://www.regjeringen.no/en/topics/koronavirus-covid-19/timeline-for-news-from-norwegian-ministries-about-the-coronavirus-disease-covid-19/id2692402/
https://www.regjeringen.no/en/topics/koronavirus-covid-19/timeline-for-news-from-norwegian-ministries-about-the-coronavirus-disease-covid-19/id2692402/
https://www.regjeringen.no/en/topics/koronavirus-covid-19/timeline-for-news-from-norwegian-ministries-about-the-coronavirus-disease-covid-19/id2692402/
https://doi.org/10.1177/1403494820981186
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.3389/fspor.2025.1719951


9. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World 
health organization 2020 guidelines on physical activity and sedentary behaviour. Br 
J Sports Med. (2020) 54(24):1451–62. doi: 10.1136/bjsports-2020-102955

10. Telama R, Yang X, Viikari J, Välimäki I, Wanne O, Raitakari O. Physical 
activity from childhood to adulthood: a 21-year tracking study. Am J Prev Med. 
(2005) 28(3):267–73. doi: 10.1016/j.amepre.2004.12.003

11. Winpenny EM, Smith M, Penney T, Foubister C, Guagliano JM, Love R, et al. 
Changes in physical activity, diet, and body weight across the education and 
employment transitions of early adulthood: a systematic review and meta-analysis. 
Obes Rev. (2020) 21(4):e12962. doi: 10.1111/obr.12962

12. Deforche B, Van Dyck D, Deliens T, De Bourdeaudhuij I. Changes in weight, 
physical activity, sedentary behaviour and dietary intake during the transition to 
higher education: a prospective study. Int J Behav Nutr Phys Act. (2015) 12(1):16. 
doi: 10.1186/s12966-015-0173-9

13. Statistics Norway. Land Use in Urban Settlements (2022). Available online at: 
https://www.ssb.no/statbank/table/04859/ (Accessed October 19, 2023).

14. Vedøy IB. Physical activity, mental health and academic achievement in 
adolescents. A longitudinal study exploring the role of physical activity on dimensions 
of mental health and academic achievement in Norwegian adolescents at lower 
secondary school (Dissertation). Norwegian School of Sport Sciences, Oslo (2021).

15. Krokstad S, Langhammer A, Hveem K, Holmen TL, Midthjell K, Stene TR, et al. 
Cohort profile: the HUNT study, Norway. Int J Epidemiol. (2013) 42(4):968–77. 
doi: 10.1093/ije/dys095

16. Willett W, Hu F, Willett W. Anthropometric measures and body composition. 
In: Willett W, editor. Nutritional Epidemiology. New York, NY: Oxford University 
Press (2012). p. 213–40.

17. Textor J, van der Zander B, Gilthorpe MS, Liśkiewicz M, Ellison GT. Robust 
causal inference using directed acyclic graphs: the R package ‘dagitty’. Int 
J Epidemiol. (2017) 45(6):1887–94. doi: 10.1093/ije/dyw341

18. Hansen BH, Steene-Johannessen J, Kolle E, Udahl K, Kaupang OB, Andersen 
ID, et al. Nasjonalt Kartleggingssystem for Fysisk Aktivitet og Fysisk Form - 
Kartlegging av Fysisk Aktivitet Blant Voksne og Eldre 2020-22 (Kan3). Oslo: 
Folkehelseinstituttet (2023).

19. López-Valenciano A, Suárez-Iglesias D, Sanchez-Lastra MA, Ayán C. Impact of 
COVID-19 pandemic on university students’ physical activity levels: an early 
systematic review. Front Psychol. (2021) 11:1–10. doi: 10.3389/fpsyg.2020.624567

20. Brewer M, Van Kessel G, Sanderson B, Naumann F, Lane M, Reubenson A, 
et al. Resilience in higher education students: a scoping review. High Educ Res Dev. 
(2019) 38:1–16. doi: 10.1080/07294360.2019.1626810

21. Hansen BH, Kolle E, Steene-Johannessen J, Dalene KE, Ekelund U, Anderssen 
SA. Monitoring population levels of physical activity and sedentary time in Norway 
across the lifespan. Scand J Med Sci Sports. (2019) 29(1):105–12. doi: 10.1111/sms. 
13314

22. Allesøe K, Lau CJ, Buhelt LP, Aadahl M. Physical activity, self-rated fitness and 
stress among 55,185 men and women in the Danish capital region health survey 2017. 
Prev Med Rep. (2021) 22:101373. doi: 10.1016/j.pmedr.2021.101373

23. Štefan L, Krističević T, Sporiš G. The associations of self-reported physical 
fitness and physical activity with sleep quality in young adults: a population-based 
study. Ment Health Phys Act. (2018) 14:131–5. doi: 10.1016/j.mhpa.2018.04.002

24. Tomaz SA, Lambert EV, Karpul D, Kolbe-Alexander TL. Cardiovascular fitness 
is associated with bias between self-reported and objectively measured physical 
activity. Eur J Sport Sci. (2016) 16(1):149–57. doi: 10.1080/17461391.2014.987323

Feldhaus et al.                                                                                                                                                         10.3389/fspor.2025.1719951

Frontiers in Sports and Active Living 10 frontiersin.org

https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1016/j.amepre.2004.12.003
https://doi.org/10.1111/obr.12962
https://doi.org/10.1186/s12966-015-0173-9
https://www.ssb.no/statbank/table/04859/
https://doi.org/10.1093/ije/dys095
https://doi.org/10.1093/ije/dyw341
https://doi.org/10.3389/fpsyg.2020.624567
https://doi.org/10.1080/07294360.2019.1626810
https://doi.org/10.1111/sms.13314
https://doi.org/10.1111/sms.13314
https://doi.org/10.1016/j.pmedr.2021.101373
https://doi.org/10.1016/j.mhpa.2018.04.002
https://doi.org/10.1080/17461391.2014.987323
https://doi.org/10.3389/fspor.2025.1719951

	The aftermath of the pandemic: how the COVID-19 pandemic affected physical activity, fitness, health, and body fat in first-year students in Norway
	Introduction
	Materials and methods
	Design and participants
	Sociodemographic characteristics
	Self-reported impact of COVID-19 restrictions on PA—pre-university
	Assessment of PA behaviour at baseline and follow-up
	Self-reported fitness and health
	Body composition
	Statistical analyses
	Sensitivity analyses

	Results
	General characteristics
	Experience of restrictions according to type of PA
	The self-reported impact of COVID-19 restrictions on PA at baseline
	Participants who self-reported restrictions in PA pre-university
	Participants who self-reported reduction in PA pre-university

	The impact of self-reported COVID-19 restrictions on PA at follow-up
	Participants who self-reported restrictions in PA pre-university
	Participants who self-reported reduction in PA pre-university

	The association between self-reported restrictions and reduction in PA on long-term body fat and total PA

	Discussion
	Adjusting to a new daily life
	PA behaviour
	Self-reported physical fitness and health
	Strengths and limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


