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A B S T R A C T   

We examined the longitudinal association between physical activity (PA) and the incidence of self-reported 
diagnosed depression in adults in southern Brazil during the COVID-19 pandemic. Data from the PAMPA 
(Prospective Study About Mental and Physical Health) cohort was used. Data collection for baseline was carried 
out on June–July 2020, with two follow-up assessments taking place six months apart. An online, self-reported 
questionnaire assessed depression and PA. Depression was assessed by asking participants whether they were 
ever diagnosed with depression. We included 441 participants (women: 75.9%; mean age [SD]: 38.0 [13.5]) in 
southern Brazil. Over the follow-up, 21.8% (95% confidence interval [CI]: 18.1%–25.9%) were diagnosed with 
depression. Insufficiently active (<150 min per week of physical activity) (Incidence rate [IR]: 61.9; 95%CI: 
39.5–102.4; p = 0.047) and active (≥150 min per week of physical activity) (IR: 50.4; 95%CI: 31.9–84.0; p =
0.015) participants had reduced IR of depression per 1000 persons-year at risk compared to inactive ones (0 min 
per week of physical activity) (IR: 99.9; 95%CI: 79.7–126.8). In the adjusted analyses, participants in the 
insufficient active (hazard ratio [HR]: 0.58; 95%CI: 0.34–0.98) and active (HR: 0.53; 95%CI: 0.31–0.93) group 
had a lower risk of developing depression than the inactive group. PA both at and out of home reduced the risk of 
incident depression (HR: 0.49; 95%CI: 0.25–0.98) compared to no physical activity. Endurance (HR: 0.52; 95% 
CI: 0.28–0.97) and endurance plus strengthening (HR: 0.40; 95%CI: 0.17–0.95) PA reduced the risk of incident 
depression compared to none. Being physically active during pandemic, regardless of the amount of PA prac-
ticed, reduced the incidence of depression in adults in southern Brazil.   

1. Introduction 

Mental disorders are the main contributing factors to increased 
morbidity and disability globally (Prince et al., 2007; WHO, 2017). 
Depressive disorders are conditions associated with sadness, physical 
and mental fatigue, reduced function of cognitive abilities, and other 
symptoms (WHO, 2017). It is estimated that at least 15% of the world 
population may develop depression throughout the life course (Stra-
kowski & Nelson, 2015). Between 2007 and 2017, the number of years 
lived with disability, an indicator of diseases morbidity, attributable to 
depression, increased by 14.3%, leading this condition to the third main 
cause of morbidity worldwide (James et al., 2018). 

Although depression was already considered a public health 

emergency before 2020 (WHO, 2017), the COVID-19 pandemic raised 
the prevalence of people with moderate-to-severe depressive symptoms 
(Salari et al., 2020). In order to reduce the virus spread, social distancing 
strategies were adopted, including the closure of public spaces and 
fitness centers (Nussbaumer-Streit et al., 2020). Although these strate-
gies were crucial to controlling virus transmission, some collateral ef-
fects were observed, including reduced physical activity level (Caputo & 
Reichert, 2020) and increased depressive symptoms (Salari et al., 2020). 
For example, an 6.6-fold increase in the prevalence of depressive 
symptoms (Feter et al., 2021) and a 17% decrease in the proportion of 
adults reaching the WHO recommendation of physical activity (i.e., 150 
min of moderate-to-vigorous physical activity per week) was observed 
among adults in southern Brazil (Caputo et al., 2021). 
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As an alternative to remaining physically active, some people started 
to do home-based exercises, including muscle strengthen activities, 
running, and jumping rope (Caputo et al., 2021; Hammami, Harrabi, 
Mohr, & Krustrup, 2020). Although the protective effects of physical 
activity on depression are well established (Schuch et al., 2018), the 
association between physical activity in different places (e.g., at home) 
and the incidence of depression during the COVID-19 are scantly 
explored. Considering the non-pharmacological and low-cost features of 
physical activity and the sharp increase in depressive symptoms, espe-
cially in Brazil (Feter et al., 2021), this study aimed to examine the 
longitudinal association between physical activity and the incidence of 
depression in adults in southern Brazil during the COVID-19 pandemic. 
We also investigated how different physical activity parameters, 
including volume, type, place, and trajectory, were associated with the 
incidence of depression. We hypothesized that adults who reached the 
physical activity recommendation (i.e., 150 min per week) at the first 
three months of the COVID-19 pandemic may had reduced incidence of 
depression one year later (Schuch et al., 2018). Lack of professional 
guidance and equipment observed in home-based physical activity 
(Bland, Bigaran, Campbell, Trevaskis, & Zopf, 2020; Crochemore-Silva 
et al., 2020) may impair individuals to practice at proper intensity and 
volume, limiting the protective effects from these activities on mental 
health. Also, endurance (Lewis et al., 2010; Pedersen, 2019) and 
strength activities (Aidar et al., 2014; Moraes et al., 2020), either iso-
lated or combined, were hypothesized to reduce the incidence of 
depression as both can trigger pathways associated with improved 
mental health including release of neurogenic factors and reduced 
oxidative stress and inflammation (Pedersen, 2019). 

2. Methods 

2.1. Study design 

The present study used data from the first three waves of the PAMPA 
(Prospective Study About Mental and Physical Health) Cohort, a state- 
level, ambispective longitudinal study with adults from the Rio 
Grande do Sul, the southernmost state of Brazil. A full description of the 
PAMPA cohort can be found elsewhere (Feter et al., 2020). The study 
protocol was approved by the institutional research ethics board of the 
School of Physical Education of the Federal University of Pelotas, Brazil 
(protocol: 4.093.170). 

2.2. Recruitment phase 

Adults living in the Rio Grande do Sul State were recruited via per-
sonal networks, social and local media (Feter et al., 2020; Leite, Feter, 
Doring, Cassurriaga, & Caputo, 2020). Data were collected using an 
online-based, self-reported questionnaire. Wave 1 took place from June 
22nd, 2020 to July 23rd, 2020 while the other two waves were per-
formed six and 12 months later. Data collection was performed exclu-
sively online. At the time of wave 1, the social distancing restrictions in 
the Rio Grande do Sul State due to the COVID-19 pandemic reduced by 
up to 75% the maximal capacity of social clubs, gyms, theaters, religious 
temples, commercial activities, and malls to prevent gatherings. How-
ever, such restrictions were eased throughout 2021 as the vaccine 
campaign started in February 2021, followed by decreased local virus 
transmission. 

2.3. Sample 

A full description of sample size calculation can be found elsewhere 
(Feter et al., 2020). Briefly, we used the prevalence of depression in the 
Rio Grande do Sul State in 2013 (13.2%; 95% confidence interval [IC]: 
11.8%–15.0%]) to calculate the required sample size. Based on the 
State’s population according to the latest census (10,693,929 in-
habitants)(IBGE, 2010), a 95%CI with 1.8 percentage points of margins 

of error, and a possible lost-to-follow-up of up to 30%, the required 
sample size at baseline was set at 1767 participants. Further, the Rio 
Grande do Sul State was divided for the state’s government social 
distancing plan into seven macroregions of health, as follows (names are 
in Portuguese): Serra, Norte, Nordeste, Centro-Oeste, Vales, Metropolitana, 
and Sul. Using the latest national census, we divided the required sample 
size proportionally to the number of people living in each region. Par-
ticipants aged 18 years and older living in the Rio Grande do Sul State 
were included in wave 1. From these individuals, those who were still 
living in the State and provided contact information (e.g., phone num-
ber, social media) were contacted in waves 2 and 3. 

2.4. Outcome 

Self-reported medical diagnostic of depression (henceforth referred 
as depression) was defined as the primary outcome for this study. Par-
ticipants answered the following question in all waves: “Has any doctor 
already told you that you have depression?“. Only participants who 
answered no for this question at wave 1 were included in the present 
study. Then, the incidence of depression was defined as any new cases 
during waves 2 and 3. This question was previously used in the Brazilian 
Telephone-based Surveillance System for Noncommunicable Diseases 
(VIGITEL)(Enes & Nucci, 2019). 

2.5. Exposure 

In wave 1 physical activity before social distancing and during the 
current week were determined. The following validated question (Mil-
ton, Bull, & Bauman, 2011) was used to assess physical activity in the 
current week: “In the last seven days, on how many days have you done 
physical activity, which was enough to raise your breathing rate. This 
may include sport, exercise, and brisk walking or cycling for recreation 
or to get to and from places, but should not include housework or 
physical activity that may be part of your job”. This question was pre-
viously validated. To assess physical activity before the COVID-19 
pandemic, the reference period was the changed: “Before social 
distancing restrictions, on how many days have you done physical ac-
tivity, which was enough to raise your breathing rate. This may include 
sport, exercise, and brisk walking or cycling for recreation or to get to 
and from places, but should not include housework or physical activity 
that may be part of your job”. 

If participants indicated a positive answer (i.e., “Yes”), then the 
number of days and minutes were asked. Respondents with zero minutes 
of physical activity were classified as inactive, between one and 149 min 
per week classified as insufficiently active, and those with 150 min and 
over were considered physically active according to the latest guidelines 
of physical activity provided by the World Health Organization (WHO) 
(Bull et al., 2020). To investigate the effects of changing physical activity 
on incident depression, we further classified participants based on the 
physical activity status (inactive: <150 min per week; active: 150+
minutes per week) in both periods, as follows: remained inactive, 
became inactive, became active, or remained active. 

Participants were also asked to identify the types of physical activity 
they performed before and during social distancing and whether these 
activities were performed at home or out-of-home. Home-based (or at 
home) physical activity was defined as activities performed within the 
participant’s household (those activities performed in shared gyms in-
side residential condominiums were not considered to be at-home ac-
tivities). Out-of-home activities included all physical activities practiced 
external to participants’ household, including shared gyms and running/ 
walking. An initial list of physical activities was provided (running/ 
walking, rope jump, cycling, strength exercises, stretching exercises, 
stair use). Also, a blank space was offered so participants could report 
other types of activities practiced. The main activities reported were 
running/walking (47.8%), cycling (19.6%), strength exercises (22.3%), 
stretching exercises (13.8%), and stair use (8.9%). Running/walking, 
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cycling, and stair use were merged as ‘endurance’ activities. Stretching 
activities was combined with Yoga and Pilates as ‘stretching and mind- 
body’ activities category. All other activities summed up less than 1% 
and, thus, were not analyzed. 

2.6. Possible confounders 

Sociodemographic characteristics, including age, ethnic group, 
conjugal situation, and educational level, were assessed in wave 1. We 
also asked participants in wave 1 how social distancing affected their 
monthly income (i.e., decreased, unchanged, increased). Self-reported 
weight and height were reported to calculate body mass index (BMI). 
BMI was further categorized into normal (BMI<25 kg/m2), overweight 
(BMI ≥25 and < 30 kg/m2), and obese (BMI ≥30 kg/m2). Other chronic 
diseases diagnosed by a physician were also reported during wave 1 
using a question previously used in the VIGITEL (Enes & Nucci, 2019). 

2.7. Data analyses 

All analyzes were performed using STATA/MP 14.2 (Stata Corp, 
College Station, Texas). Due to the overrepresentation of respondents 
from one macroregion in the State (Sul, N = 436, 64.6%), all analyzes 
were weighted by the respondents’ proportion in each macroregion. 
Normality of data distribution was defined as Skewness between − 1 and 
1 and thorough visual inspection of histograms. Continuous data were 
reported as mean and 95% confidence interval (CI), while categorical 
variables were shown as proportions and 95%CI. Differences on socio-
demographic, behavioral, and health-related factors between partici-
pants and those were tested using the chi-square test. 

The incidence rate of depression was reported as incidence rate per 
1000 persons-year at risk and respective 95%CI. Differences in incidence 

rates among physical activity status, type, setting, and change in phys-
ical activity status were tested using the stir command. Proportional Cox 
regression models were used to investigate the effect of physical activity 
status (inactive, insufficiently active, active), place (none, at home, out 
of home, both), type (endurance, strength, combined, mind/body), and 
change in status (remained or became inactive; remained or became 
active) on the incidence of depression over the follow-up period. Crude 
analyzes were reported as model 1. Model 2 included the variables age, 
sex, educational level, ethnicity, and conjugal status as potential con-
founders. Model 3 included variables from the previous model plus 
change in monthly income, daily routine during the COVID-19 
pandemic, BMI, and diagnosed chronic diseases. Values were reported 
as hazard ratio (HR) and 95%CI. We adopted a p-value lower than 0.05 
as the level of significance. Proportional-hazards assumptions were 
confirmed using proportional hazards global tests and by plotting 
Schoenfeld residuals against time. Sensitivity analysis was performed 
using inverse probability weights for successful follow-up to correct the 
analyses for losses to follow-up (Seaman & White, 2013). 

3. Results 

From eligible participants at baseline (n = 1141), 441 (38.7%) were 
followed in either wave 2 or 3, as shown in Fig. 1. Participants who were 
more schooled and with no chronic diseases were more likely to be 
followed up when compared to their respective peers (Supplementary 
Table 1). Table 1 describes sociodemographic, health-related, and 
behavioral characteristics of the included sample. Most of the partici-
pants were women, white, lived with a partner, and had a university 
degree or above. Over one-year period, 21.8% (95%CI: 18.1%–25.9%) 
received medical diagnosis of depression. The incidence rate of 
depression was 82.9 (95%CI: 65.2, 106.8) per 1000 persons-year at risk 

Fig. 1. Study workflow.  
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from June 2020 to June 2021. Those who reported having received a 
medical diagnosis of depression over the follow-up were more likely to 
be inactive and remained inactive during the pandemic than non- 
diagnosed participants. 

Fig. 2 illustrates the effects of weekly volume of physical activity 
before and during the early stages of the COVID-19 pandemic in 
southern Brazil on the risk of depression. In both moments, increasing 

Table 1 
Sociodemographic and health-related characteristics of participants and the 
association with self-reported diagnoses of depression. N = 441.   

N Total Depression P- 
value 

No (n =
345) 

Yes (n =
96) 

Age, years (mean [95%CI]) 441 37.7 
(36.5, 
39.0) 

37.8 
(36.4, 
39.2) 

37.4 
(34.3, 
40.4) 

0.797a 

Gender (% [95%CI])     0.292b 

Male 101 23.8 
(19.9, 
28.2) 

88.8 
(80.8, 
93.7) 

11.2 
(6.3, 
19.2)  

Female 340 75.9 
(71.5, 
79.8) 

82.4 
(77.7, 
86.2) 

17.6 
(13.8, 
22.3)  

Ethnicity (% [95%CI])     0.056b 

White 400 91.2 
(88.3, 
93.5) 

77.5 
(73.1, 
81.2) 

22.5 
(18.8, 
26.8)  

Black 21 4.6 (3.0, 
6.9) 

83.3 
(58.2, 
94.7) 

16.7 
(5.3, 
41.8)  

Mixed 19 3.9 (2.5, 
6.2) 

95.2 
(71.7, 
99.4) 

4.8 (0.1, 
28.2)  

Other 1 0.2 (0.0, 
1.5) 

– –  

Conjugal status (% [95% 
CI])     

0.236b 

With partner 274 62.5 
(57.7, 
67.1) 

85.6 
(80.7, 
89.4) 

14.4 
(10.6, 
19.3)  

Living alone 167 37.5 
(32.9, 
42.3) 

81.2 
(74.2, 
86.6) 

18.8 
(13.4, 
25.8)  

Educational achievement 
(% [95%CI])     

0.722b 

High school or below 119 27.0 
(22.9, 
31.5) 

82.9 
(74.6, 
88.8) 

17.1 
(11.5, 
25.3)  

University degree or 
above 

322 73.0 
(68.5, 
77.1) 

84.3 
(79.7, 
88.0) 

15.7 
(12.0, 
20.3)  

Body mass index (% [95% 
CI])     

0.344c 

Normal 209 47.6 
(42.7, 
52.4) 

85.6 
(79.9, 
89.1) 

14.4 
(10.1, 
20.0)  

Overweight 151 34.4 
(29.9, 
39.1) 

84.4 
(77.4, 
89.5) 

15.6 
(10.5, 
22.6)  

Obese 80 18.1 
(14.6, 
22.1) 

78.4 
(67.5, 
86.4) 

21.6 
(13.6, 
32.6)  

Chronic diseases (% [95% 
CI])     

0.195b 

No 237 54.3 
(49.4, 
59.0) 

86.1 
(80.8, 
90.1) 

13.9 
(9.9, 
19.1)  

Yes 204 45.7 
(41.0, 
50.6) 

81.4 
(75.1, 
86.3) 

18.6 
(13.7, 
24.9)  

Daily routine during social 
distancing (% [95%CI])     

0.034b 

Stayed at home all the 
time or leaving home only 
to essential activities 

240 54.7 
(49.9, 
59.5) 

80.4 
(74.7, 
85.1) 

19.5 
(14.9, 
25.3)  

Leaving home every day 
to non-essential activities 

201 45.3 
(40.5, 
50.1) 

88.2 
(82.7, 
92.1) 

11.8 
(7.9, 
17.3)  

Monthly income reduced 
since COVID-19 (% [95% 
CI])     

0.267b 

No 246 56.2 
(51.3, 
60.9) 

85.7 
(80.6, 
89.7) 

14.3 
(10.3, 
19.4)   

Table 1 (continued )  

N Total Depression P- 
value 

No (n =
345) 

Yes (n =
96) 

Yes 195 43.8 
(39.1, 
48.7) 

81.7 
(75.3, 
86.7) 

18.3 
(13.3, 
24.7)  

Physical activity d (% 
[95%CI])     

0.010c 

Categories      
None 220 48.0 

(43.5, 
52.6) 

72.7 
(66.4, 
78.2) 

27.3 
(21.8, 
33.6)  

Insufficiently active 106 26.9 
(23.0, 
31.1) 

82.1 
(74.3, 
88.0) 

17.9 
(12.0, 
25.7)  

Active 115 25.0 
(21.3, 
29.3) 

86.1 
(78.4, 
91.3) 

13.9 
(8.7, 
21.6)  

Place     0.056b 

None 215 47.6 
(43.0, 
52.2) 

73.4 
(67.1, 
78.9) 

26.6 
(21.1, 
32.9)  

At home 85 19.9 
(16.5, 
23.8) 

80.2 
(70.7, 
87.2) 

19.8 
(12.8, 
29.3)  

Out of home 17 4.1 (2.7, 
6.4) 

84.2 
(60.0, 
95.0) 

15.8 
(5.0, 
40.0)  

Both 124 28.4 
(24.4, 
32.7) 

85.4 
(78.2, 
90.5) 

14.6 
(9.5, 
21.8)  

Type     0.116b 

None 215 47.6 
(43.0, 
52.2) 

73.4 
(67.1, 
78.9) 

26.6 
(21.1, 
32.9)  

Endurance 103 25.1 
(21.3, 
29.3) 

83.5 
(75.5, 
89.2) 

16.5 
(10.8, 
24.5)  

Strength 38 8.3 (6.1, 
11.2) 

78.9 
(62.9, 
89.2) 

21.1 
(10.8, 
37.1)  

Endurance + strength 64 14.0 
(11.1, 
17.5) 

85.9 
(75.0, 
92.6) 

14.1 
(7.4, 
25.0)  

Mind/body 21 5.0 (3.4, 
7.5) 

82.6 
(61.1, 
93.5) 

17.4 
(6.5, 
38.9)  

Change in physical activity     0.046b 

Remained inactiv 181 41.0 
(36.5, 
45.7) 

72.4 
(65.4, 
78.4) 

27.6 
(21.6, 
34.6)  

Became inactive 145 32.9 
(28.6, 
37.4) 

79.3 
(71.9, 
85.2) 

20.7 
(14.8, 
28.1)  

Became active 33 7.5 (5.4, 
10.4) 

87.9 
(71.4, 
95.5) 

12.1 
(4.5, 
28.6)  

Remained active 82 18.6 
(15.2, 
22.5) 

85.4 
(75.9, 
91.5) 

14.6 
(8.5, 
24.1)   

a t-test for independent sample [mean (95%CI)]. 
b Chi-squared [% (95%CI)] to compare the difference in the proportion of 

participants among groups. 
c Linear trend test. 
d Inactive: 0 min per week of physical activity; Insufficient active: 1–149 min 

per week of physical activity; active: ≥150 min per week of physical activity. 
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the time spent on physical activities reduced the risk of depression. 
Table 2 showed the incidence rate and hazard ratio of incident depres-
sion stratified by different physical activity parameters. Active and 
insufficiently active participants had a reduced incidence rate and risk of 
depression compared to inactive ones, although this effect was only 
observed considering the current physical activity. Including con-
founders, such as age, sex, education, and daily routine during the early 
stage of the COVID-19 pandemic, did not change this effect. No differ-
ence was observed between active and insufficiently active participants 

regarding the incidence rate of depression. 
In adjusted analysis, participants engaging in physical activity both 

at-home and out-of-home had reduced incidence rate and risk of inci-
dent depression compared to those who did not practice physical ac-
tivity regardless the setting (Table 2). Endurance (e.g., running, cycling) 
and combined (i.e., endurance plus strength) physical activity reduced 
the risk of incident depression compared to none. Strength only and 
mind/body exercises were not associated with the incidence of depres-
sion over the follow-up. No differences were observed among other 
physical activity places (p for heterogeneity = 0.242) and types (p for 
heterogeneity = 0.438), as shown in Supplementary Table 2. Finally, 
participants who remained active from before to during the early stages 
of the COVID-19 pandemic had a reduced incidence rate and risk of 
incident depression compared to those who remained inactive. Sensi-
tivity analyses accounting for losses of follow-up did not change our 
findings. 

4. Discussion 

This is one of the few longitudinal studies carried out outside rich 
countries investigating the effects of physical activity on the risk of 
depression during the COVID-19 pandemic. One in five people devel-
oped depression across the one-year follow-up period. Physical activity 
practice during the early stages of the COVID-19 reduced the incidence 
of depression in Brazilian adults. Specific conditions regarding the type 
of activity and where it is practiced seem to mediate this association. 
These findings provide timely relevant data on non-pharmacological 
strategies to reduce this indirect effect of the COVID-19 pandemic in 
the Brazilian population. 

Since March 2020, the incidence of depression has increased 

Fig. 2. Association between volume of physical activity (minutes per week) 
and the incidence of depression in adults in southern Brazil. N = 441. 

Table 2 
Incidence rate per 1000 person-time, hazard ratio, and respective 95% confidence interval of depression in adults during the COVID-19 pandemic in southern Brazil. N 
= 441.   

Incidence rate (95%CI) Model 1 Model 2 Model 3 

HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value 

Physical activity 
Categories 

Before   0.038a  0.045a  0.058a 

None 98.8 (70.2, 136.2) Ref  Ref  Ref  
Insufficiently active 85.0 (55.4, 130.4) 0.87 (0.51, 1.49)  0.88 (0.51, 1.51)  0.90 (0.52, 1.55)  
Active 60.7 (43.8, 84.2) 0.61 (0.39, 0.98)  0.62 (0.38, 0.99)  0.64 (0.39, 1.02)  

During   0.008a  0.010a  0.012a 

None 99.8 (77.2, 129.1) Ref  Ref  Ref  
Insufficiently active 59.2 (37.3, 94.0)† 0.59 (0.35, 1.00)  0.57 (0.34, 0.97)  0.58 (0.34, 0,98)  
Active 51.1 (31.3, 83.4)† 0.51 (0.29, 0.88)  0.53 (0.30, 0.92)  0.53 (0.31, 0.93)  

Setting   0.138b  0.159b  0.242b 

None 99.1 (76.5, 128.5) Ref  Ref  Ref  
At home 73.2 (46.1, 116.1) 0.88 (0.49, 1.61)  0.85 (0.46, 1.55)  0.66 (0.34, 1.28)  
Out of home 62.5 (20.2, 193.8) 0.87 (0.27, 2.83)  0.86 (0.27, 2.87)  0.66 (0.16, 2.79)  
Both 45.3 (27.3, 75.2)† 0.47 (0.24, 0.93)  0.45 (0.23, 0.90)  0.49 (0.25, 0.98)  

Type   0.363b  0.362b  0.438b 

None 99.1 (76.5, 128.5) Ref  Ref  Ref  
Endurance 50.7 (30.5, 84.1)† 0.52 (0.28, 0.96)  0.52 (0.28, 0.97)  0.52 (0.28, 0.97)  
Strength 80.8 (40.4, 161.1) 0.85 (0.38, 1.87)  0.78 (0.35, 1.74)  0.78 (0.35, 1.74)  
Endurance + strength 52.9 (27.5, 101.7)† 0.43 (0.19, 1.01)  0.40 (0.17, 0.95)  0.40 (0.17, 0.95)  
Mind/body 66.7 (25.0, 177.6) 0.61 (0.19, 1.96)  0.59 (0.18, 1.90)  0.59 (0.18, 1.90)  

Change in physical activity   0.079b  0.100b  0.113b 

Remained inactive 104.8 (79.5, 138.3) Ref  Ref  Ref  
Became inactive 66.1 (44.3, 98.6) 0.68 (0.40, 1.13)  0.63 (0.37, 1.07)  0.67 (0.39, 1.13)  
Became active 48.2 (18.1, 128.4)† 0.53 (0.19, 1.48)  0.49 (0.17, 1.38)  0.49 (0.17, 1.37)  
Remained active 52.2 (29.6, 91.9)† 0.45 (0.22, 0.92)  0.47 (0.23, 0.98)  0.48 (0.23, 0.99)  

Model 1: Crude analysis 
Model 2: Adjusted for age, sex, ethnicity, educational achievement, and conjugal status. 
Model 3: Model 2 plus change in monthly income, daily routine during the COVID-19 pandemic, body mass index, and diagnosed chronic diseases 
Note: Boldface indicates statistical significance (p<0 
†p < 0.05 compared to none or inactive group. 

a p for linear trend. 
b p for heterogeneity. 
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dramatically worldwide (Pappa et al., 2020; Salari et al., 2020). In the 
United Kingdom, the annual incidence rate of general 
practitioners-recorded depression has fallen from 22.5 per person-years 
in 1996 to 14.0 per person-years in 2006 (Rait et al., 2009). However, an 
upsurge in depressive symptoms was observed during the early stages of 
the COVID-19 pandemic, which was followed by a fairly rapid decline 
after lockdown policies were implemented (Fancourt, Steptoe, & Bu, 
2021). In a sample of Spanish university graduates (N = 14,907) with 
similar age than the present study (mean age: 36.7; standard deviation: 
11.7 years), the authors reported 774 (5.2%) incident cases of depres-
sion after a median of 10.3 years of follow-up, value 4.2 times lower than 
the 21.8% observed in our study (Gómez-Donoso et al., 2020). In Brazil, 
the number of adults diagnosed with depression increased 34.2% from 
2013 (7.9%) to 2019 (10.8%), affecting 16.3 millions in 2019 (de Souza 
Lopes, Gomes, Junger, & Menezes, n. d.). Specific groups such young 
adults (18–24 years old) who were not working showed a 3-fold increase 
in the prevalence in the same period, what may be attributable to the 
economic recession over these years in the country (de Souza Lopes 
et al., n. d.). Likewise, the proportion of adults with moderate-to-severe 
symptoms of depression had a 6.6-fold increase during the first three 
months of the pandemic in southern Brazil (Feter et al., 2021). Curi-
ously, young adults and those with reduced monthly income since social 
distancing restrictions were implemented also showed a greater risk for 
aggravated depressive and anxiety symptoms (Feter et al., 2021). 

On the other hand, physical activity has been proved an effective, 
low-cost strategy to reduce the incidence of depression regardless of age 
(Dishman, McDowell, & Herring, 2021; Gianfredi et al., 2020; Schuch 
et al., 2018). In a previous meta-analysis of prospective cohort studies 
with 266,939 individuals, physical activity reduced the risk of incident 
depression in 22% (95%CI: 13%, 30%) regardless of age and sex (Schuch 
et al., 2018). For example, individuals who became or remained phys-
ically active during the first three months of the COVID-19 pandemic 
had lower risk of aggravated depressive symptoms than those who 
remained inactive (Feter et al., 2021). Our findings indicate that phys-
ical activity may protect against the pandemic-related incident depres-
sion, confirming our initial hypothesis. In addition, we showed that even 
in people who did physical activity below the recommended weekly 
volume (i.e., 150 min), this protective effect was observed. Further, the 
inverse, linear dose-response relationship between current physical ac-
tivity and the risk of incident depression observed in our study supports 
the “every move count” movement, leading by the WHO(Bull et al., 
2020). 

Although endurance (Stanton & Reaburn, 2014), strength (Carneiro 
et al., 2020), and mind/body exercises (Miller et al., 2020) are strongly 
recommended for people with depression, only endurance activities, 
either alone or combined with strength activities, were associated with 
reduced risk of developing the disease, refusing our initial hypothesis. 
Previous studies have shown that the protective effect triggered by 
endurance exercise may be related to the kynurenine metabolism 
(Pedersen, 2019). In people with depression, kynurenine, a neurotoxic 
tryptophan metabolic associated with symptoms of depression, is found 
in high concentration at the hippocampus (Parrott et al., 2016; Peder-
sen, 2019). On the other hand, endurance exercises are capable to in-
crease expression of skeletal muscle kynurenine aminotransferase 
(Metcalfe, Koliamitra, Javelle, Bloch, & Zimmer, 2018; Schlittler et al., 
2016), which shifts the concentration of the neurotoxic kynurenine to 
kynurenic acid and consequently reduces symptoms of depression 
(Pedersen, 2019; Schlittler et al., 2016). 

Besides the biological mechanism, the absent of effect from other 
activities may be related to lack of proper settings and professional 
guidance, as initially hypothesized. As social distancing had restricted 
the access to fitness facilities, some people chose to do physical activity 
at home using especially fitness content from social medias. However, 
these activities may be impaired by different factors, including lack of 
professional support, adequate space and equipment, technology liter-
acy, and adherence (Bland et al., 2020; Crochemore-Silva et al., 2020). 

Such issues may be more explicit in strengthening activities where the 
lack of professional guidance and setting may prevent the training to 
reach target zones of volume and intensity to trigger the well-known 
benefits of strength training on individuals’ health. 

Participants who remained active from before to during the 
pandemic showed lower risk and incidence of depression. Physical ac-
tivity can promote long-term brain plasticity (Erickson et al., 2019; 
Stimpson, Davison, & Javadi, 2018) especially through the release of 
neurogenic factors including brain-derived neurotrophic factor (Pilc, 
2010). Besides protecting the brain against the deleterious impact of the 
COVID-19 pandemic on mental health (Wolf et al., 2021), previous 
experience with physical activity may facilitate practice at home during 
a more restrictive stage of the pandemic. As previously stated, physical 
activity has myriad positive effects on physical and mental health, 
including reducing the risk of more severe forms of the COVID-19 (Nigro 
et al., 2020). Although social distancing restrictions have been eased in 
some countries, including Brazil, the prevalence of people with symp-
toms with depression are still elevated (Feter et al., 2021). Large-scale, 
low-cost, and non-pharmacological strategies, including physical activ-
ity, must be promoted to reduce the long-term impact of this indirect 
effect of the pandemic in the population, especially in the moment the 
world is facing two pandemics concomitantly - physical inactivity and 
the COVID-19 pandemic (Hall, Laddu, Phillips, Lavie, & Arena, 2021). 
Furthermore, given the current characteristics (unsupervised, pre-
scribed by non-exercise professionals, videos from social media) and the 
increasing demand of physical activity at home, robust randomized 
controlled trials to test and deliver telehealth exercise intervention 
through telephone calls, messages, video conferencing, and other 
web-based platforms remain warranted. 

There are a few limitations on this study. First, although retention 
rate was lower than expected (52% vs 70% (Feter et al., 2020)), other 
population-based cohort studies found similar or lower (e.g., 28%) 
response rates using online-based questionnaires (Brown et al., 2020). 
Also, no significant difference was observed in participants by follow-up 
assessments (Supplementary Table 1). In addition, sensitivity analysis 
accounting for losses of follow-up showed low influence of selection bias 
in our findings. Second, we used self-reported measures of diagnosis of 
depression, physical activity, and other variables. However, in-person 
interviews or assessments were not allowed by the national research 
ethics committee. Third, the proportion of participants with an aca-
demic degree was overrepresented in the sample. This sampling bias was 
expected since less educated people might have limited internet access 
and therefore lower likelihood to participate in online-based researches. 
However, the COVID-19 has a deeper impact in lower economic groups, 
so sampling bias is likely to underestimate our occurrence measure-
ments (Stopa et al., 2015). Fourth, although the longitudinal design, 
reverse causality might not be ruled out due to the short follow-up 
period. Future waves of the PAMPA cohort will allow the investigation 
of the long-term effects of the COVID-19 pandemic on mental health and 
the effect of physical activity on these symptoms. Fifth, the question 
used to assess physical activity in the present study does not allow to 
discriminate between moderate and vigorous physical activity. 

Being physically active during pandemic, regardless of the amount of 
physical activity practiced, reduced the incidence of depression in adults 
in southern Brazil. The type of physical activity does not seem to matter 
as both at and out of home PA and endurance and endurance plus 
strengthening were favorable. Our data indicate that increasing 
population-level physical activity may aid in the control of the burden of 
social distancing on mental health as a consequence of COVID-19 
pandemic in Brazil. 
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