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A B S T R A C T   

Background: The outbreak of COVID-19 and the physical isolation measures taken by the governments to reduce 
its propagation might have negative psychological consequences on the population. In this study, we aimed to 
explore, for the first time, how mental health status fluctuated along the weeks of the emergency state in 
Portugal, and to identify which factors may shape these changes in mental health outcomes. 
Methods: To this end, we conducted an online survey to evaluate demographic, lifestyle and mental health 
variables (DASS-21 and quality of life) in the Portuguese population at three different time-points. 748 partic-
ipants (mean age = 39.52, % females = 79.95) provided data at all time-points. 
Results: We observed that depression, anxiety and stress symptoms seemed to improve as the weeks passed during 
the state of emergency, while the perception of quality of life and sleep got worse. In particular, being female, 
younger, actively working, and extroverted appear to be protective factors of mental health adaptability during 
this particular period. On the contrary, having a psychiatric diagnosis or physical illness, and higher neuroticism 
seem to be risk factors for mental health worsening. 
Limitations: The lack of a more diverse sample could limit the generalizability of our results, and other factors that 
were not considered in our analysis might also have a significant impact on mental health. 
Conclusions: Our results provide relevant and novel insights about the course of mental health changes and its 
predictors during the outbreak of COVID-19, which may help identify potential vulnerability groups.   

1. Introduction 

The outbreak of the coronavirus disease 2019 (COVID-19) has orig-
inated a worldwide crisis with dramatic consequences for health, 
economy and society (Holmes et al., 2020). To reduce the propagation of 
the disease, most governments initially imposed a period of compulsory 
confinement, where the movements and contact between people were 
severely restricted. The Portuguese government declared the emergency 
state, including compulsory confinement and social distancing mea-
sures, on the 19th of March. While these measures play a critical role for 
the promotion of public health safety, they also challenge our ability to 
adapt. In such an unprecedent scenario, people are restricted of main-
taining contact with loved ones, their daily routines are dramatically 

changed, and their working activities need profound adjustments 
(Brooks et al., 2020). Moreover, with the closure or restriction of busi-
ness activities, several people face the risk of unemployment, further 
intensifying the experience of negative feelings (Rossi et al., 2020). 
These factors together with the uncertainty, distress and fear related to 
the progression of the disease are likely to increase the psychological 
burden, including the appearance of symptoms of anxiety (James Rubin 
and Wessely, 2020), stress or depression (Brooks et al., 2020; Holmes 
et al., 2020). 

Studies from previous outbreaks, as well as initial COVID-19 
research, highlight that the psychological impact of compulsory 
confinement is substantial and may persist in the long-term across 
different populations (Brooks et al., 2020; Cao et al., 2020; Holmes et al., 
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2020; Paulino et al., 2020; Wang et al., 2020). Despite this, the adverse 
mental health effects of the pandemic do not have an equal impact on 
everyone, and it becomes of relevance to identify which groups present 
higher vulnerability (Ferreira dos Santos et al., 2020). In this line, recent 
studies within the Portuguese population during the COVID-19 outbreak 
showed that mental health status may depend on several protective and 
risk factors (Antunes et al., 2020; Moreira et al., 2021), and pointed to 
females, younger adults, and people not doing exercise, among others, as 
potential vulnerability groups. Moreover, psychological symptoms 
could be amplified by pre-existing depressive and anxiety disorders 
(Zhu et al., 2020), so people with previous psychiatric diagnosis deserve 
special attention. 

One limitation of most previous research is its cross-sectional design. 
Understanding the shifts in the population’s mental health status during 
the pandemic, and the factors that may be influencing these changes, is 
relevant to understanding public responses to the on-going pandemic, 
planning for subsequent management of COVID-19, and preparing for 
future pandemics. In this line, some potential beneficial factors have 
been identified at the cross-sectional level, and recommendations have 
been proposed by the World Health Organization (2020). Despite this, 
due to the scarcity of longitudinal studies, it remains to be explored 
whether these same factors are also predictors of changes in mental 
health status, and thus predictors of adaptability and resilience. 

To answer this question, we conducted the first longitudinal inves-
tigation in Portugal exploring mental health status along the emergency 
state. Our aims were (i) to explore how mental health status fluctuates 
along the weeks of the emergency state; and (ii) to gain insights into the 
influence of various sociodemographic and clinical factors that may 
shape changes in mental health outcomes across the course of the 
pandemic. To the best of our knowledge, this is the first study longitu-
dinally exploring the psychological impact of compulsory confinement 
due to COVID-19 in the Portuguese population, with a thorough char-
acterization of potential protector and risk factors. 

2. Methods 

2.1. Procedure 

An online survey using Google Forms was applied to the general 
adult Portuguese population from the 23rd of March to the 31st of May 
2020, starting less than one week after the state of emergency was 
declared by the Portuguese Government (19th of March), which 
included lockdown and compulsory confinement. Social media and na-
tional newspapers were used to advertise and recruit possible volun-
teers. Based on previous studies from the team and our communication 
capability, we were aiming to reach a sample between 1500 and 2000 
participants. Since the recruitment was made mainly through online 
sources (and online access to the Google Forms was a requirement to 
participate), the representativity of the study sample to the whole adult 
Portuguese population was thus limited. Electronic informed consent 
was obtained from all participants. Ethical approval was obtained from 
the Ethical Committee for Life Sciences of the University of Minho 
(Braga, Portugal), following the recommendations of the Declaration of 
Helsinki. 

The survey assessed sociodemographic information (age, sex, 
employment status), data about the living conditions (the existence of 
green space and balcony, and the presence of children, teenagers, or 
elders in the current housing), and clinical data (presence of psychiatric 
or physical diagnoses, and weekly substance consumption – alcohol, 
tobacco, cannabis, or other). Data regarding the amount of time spent 
daily doing exercise, and looking for COVID-19-related information, was 
also collected. 

Additionally, the survey measured depression, anxiety, and stress 
levels with the Depression, Anxiety and Stress Scale (DASS-21; Lovi-
bond and Lovibond, 1995; Pais-Ribeiro et al., 2004). The DASS-21 scale 
evaluates symptoms of depression, anxiety, and stress experienced in the 

prior week, on a four-point scale, ranging from 0 (“Did not apply to me 
at all”), to 3 (“Applied to me very much, or most of the time”). Partic-
ipants were also asked about their quality of life self-evaluation, satis-
faction, and quality of sleep using a 5-point Likert scale ranging from 
“Very bad/Very unsatisfied” to “Very good/Very satisfied”. These 
measures were collected at a first time-point (that will be referred as 
Week 0 from now on), after 4 weeks, and after 8 weeks. The Week 
0 questionnaire was collected between the 23rd of March and the 5th of 
April. The last time-point was collected after the state of emergency 
ended (2nd of May 2020), with the lockdown and confinement measures 
beginning to be slowly removed. Finally, in order to evaluate personality 
differences, participants also completed the NEO Five-Factor Inventory 
(NEO-FFI; Bertoquini and Pais-ribeiro, 2006; Costa and McCrae, 1992). 
The five personality factors are represented with the five subscales of the 
questionnaire: neuroticism, extraversion, openness to experience, 
agreeableness, and conscientiousness. 

2.2. Statistical analyses 

The statistical analyses were conducted with the JASP software 
(version 0.13.0.0; JASP Team, University of Amsterdam, the 
Netherlands). P values under 0.05 were considered statistically 
significant. 

Normality of continuous variables was assessed with Shapiro-Wilk’s 
test. When data were non-parametric, the Friedman test was used to test 
longitudinal changes in the DASS-21 subscales and quality of life (QoL) 
measures along the three time-points, and effect sizes were reported 
using Kendall’s W (0.2 small effect, 0.5 moderate effect, >=0.8 strong 
effect). Conover’s post-hoc test with Holm correction was used to check 
the differences between every two time-points. 

Next, multiple linear regression models were used to study which 
variables predicted changes from Week 0 to the last time-point in the 
DASS-21 subscales and the QoL variables. To this end, we computed the 
subtraction between these two time-points for the different variables of 
interest (dependent variables). In order to always get a positive pre-
dictive value as an indicative of improvement and a negative predictive 
value as an indicative of worsening (for ease of interpretation), and 
taking into account that for the DASS-21 subscales the higher the score 
the worse, but for the QoL measures the higher the better, the data from 
the last time-point was subtracted from the data at Week 0 in the DASS- 
21 subscales, and the other way around for the QoL measures. Next, 
since we wanted to remove the confounding effect of potential differ-
ences at baseline, for each of our computed subtracted variables of in-
terest the effect of the variable at Week 0 was regressed out. Thus, the 
dependent variables included in the models were the subtracted vari-
ables residualized by their baseline scores. Finally, the following pre-
dictors were tested in multivariate models for each of the dependent 
variables: age, sex (male – 0; female - 1), employment status (unem-
ployed – 0; studying – 1; working – 2), house balcony and/or terrace (no 
– 0; yes - 1), living with children (no – 0; yes - 1), living with teenagers 
(no – 0; yes - 1), living with elderly (no – 0; yes - 1), having a diagnosis of 
a psychiatric disorder (no – 0; yes - 1), having a diagnosis of a physical 
disorder (no – 0; yes - 1), consumption of substances several times a 
week (no – 0; yes – 1), daily amount of time dedicated to sport (less than 
1 h – 0; more than 1 h – 1), daily amount of time looking for COVID-19 
related news (less than 1 h – 0; more than 1 h – 1), and the NEO-FFI 
subscales. Normality, linearity, and homoscedasticity assumptions 
were visually checked with Q-Q plots and residuals vs. predicted plots. 
Multicollinearity was examined with the tolerance and variance infla-
tion factor (VIF) values. 

3. Results 

We obtained answers from 1743 participants at Week 0, but due to 
dropout the final sample size included for the analyses was of 748. 
Table 1 presents the descriptive statistics of the main variables for the 
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final sample used, while Supplementary Table 1 shows a comparison of 
these variables between the dropout sample and the final sample. 

3.1. Repeated-measures analyses 

The Shapiro-Wilk test was statistically significant for all 6 dependent 
variables (the quality of life variables were negatively skewed, while the 
DASS-21 subscales were positively skewed, which can be expected in a 
general non-clinical population). Thus, the non-parametric Friedman 

test was used for all variables, which proven to be statistically significant 
for all of them. 

The DASS-21 Depression subscale resulted in a χ2
F(2)=23.19, p <

.001, Kendall’s W = 0.793, and presented a decrease across the weeks, 
more pronounced between Weeks 4 and 8 than between Weeks 0 and 4, 
as it is shown with Conover’s post-hoc tests (Week 0 vs. Week 4: T- 
Stat=1.87, pholm=.062; Week 0 vs. Week 8: T-Stat=4.78, pholm<.001; 
Week 4 vs. Week 8: T-Stat=2.91, pholm=.007), and in Fig. 1. The DASS- 
21 Anxiety subscale had a χ2

F(2)=97.04, p < .001, Kendall’s W = 0.745, 
and also showed a decrease, in this case more pronounced between 
Weeks 0 and 4 (Week 0 vs. Week 4: T-Stat=7.45, pholm<.001; Week 0 vs. 
Week 8: T-Stat=9.31, pholm<.001; Week 4 vs. Week 8: T-Stat=1.86, 
pholm=.063), Fig. 1. The DASS-21 Stress subscale resulted in a χ2

F(2)=
35.11, p < .001, Kendall’s W=0.788, and showed the more consistent 
decrease across the weeks (Week 0 vs. Week 4: T-Stat=2.15, pholm=.032; 
Week 0 vs. Week 8: T-Stat=5.86, pholm<.001; Week 4 vs. Week 8: T- 
Stat=3.71, pholm<.001), Fig. 1. 

Regarding the QoL variables, QoL self-evaluation had a χ2
F(2)=

140.4, p < .001, Kendall’s W = 0.749, and presented an initial decrease 
that was later maintained between Weeks 4 and 8 (Week 0 vs. Week 4: T- 
Stat=10.46, pholm<.001; Week 0 vs. Week8: T-Stat=10.08, pholm<.001; 
Week 4 vs. Week 8: T-Stat=0.38, pholm=.705), Fig. 1. QoL satisfaction 
resulted in a χ2

F(2)=82.02, p < .001, Kendall’s W = 0.765, and showed a 
similar pattern than QoL self-evaluation (Week 0 vs. Week 4: T- 
Stat=7.74, pholm<.001; Week 0 vs. Week 8: T-Stat=7.96, pholm<.001; 
Week 4 vs. Week 8: T-Stat=0.22, pholm=.827), Fig. 1. Finally, quality of 
sleep resulted in a χ2

F(2)=23.5, p < .001, Kendall’s W = 0.796, and 
presented an initial decrease with a later slight increase which did not 
reach significance (Week 0 vs. Week 4: T-Stat=4.73, pholm<.001; Week 
0 vs. Week 8: T-Stat=3.3, pholm=.002; Week 4 vs. Week 8: T-Stat=1.44, 
pholm=.151), Fig. 1. 

3.2. Multiple regression analyses 

All multiple regression models were statistically significant. For the 
DASS-21 Depression subscale change (F(17,730)=6.53; p < .001; R2 =
0.132), consumption of substances and higher extraversion scores were 
significant positive predictors, while living with teenagers, having a 
psychiatric disorder diagnosis, and higher neuroticism scores were sig-
nificant negative predictors. Regarding the DASS-21 Anxiety subscale 
change (F(17,730)=5.12; p < .001; R2 = 0.106), being working, living 
with elderly, and higher openness to experience scores were significant 
positive predictors, while having a psychiatric disorder diagnosis and 
higher neuroticism scores were significant negative predictors. 
Regarding improvement in the DASS-21 Stress subscale (F(17,730)=
7.16; p < .001; R2 = 0.143), being working was a significant positive 
predictor, while being older, male, having a psychiatric disorder diag-
nosis, and higher neuroticism and conscientiousness scores were sig-
nificant negative predictors. 

With regards to the QoL variables, for QoL self-evaluation 
improvement (F(17,730)=5.8; p < .001; R2 = 0.119), being working 
and higher extraversion scores were significant positive predictors, 
while higher neuroticism was a negative predictor. Regarding QoL 
satisfaction change (F(17,730)=6.9; p < .001; R2 = 0.138), higher ex-
traversion scores was a significant positive predictor, while having a 
physical disorder diagnosis and higher neuroticism scores were signifi-
cant negative predictors. Finally, for quality of sleep (F(17,730)=1.98; p 
= .01; R2 = 0.044) there were no positive predictors, and having a 
physical disorder diagnosis and higher neuroticism were significant 
negative predictors. 

The unstandardized beta and the standard error for the significant 
predictors of each model are presented in Table 2, and a representation 
of the models can be found in Fig. 2. The tolerance and VIF values for all 
models pointed to an absence of multicollinearity, and the Q-Q plots and 
residuals vs. predicted plots suggested that the assumptions were not 
violated. Finally, the interaction of these significant factors across time 

Table 1 
Descriptive statistics of the dependent and independent variables used in the 
different models.  

Variable Week 0 Week 4 Week 8 

DASS-21, Mean (SD) | Median (IQR) 
Depression 3.52 (3.87) | 2 

(4) 
3.49 (4.3) | 2 
(4) 

3.29 (4.43) | 1.5 
(4.25) 

Anxiety 2.49 (3.23) | 1 
(4) 

1.88 (2.95) | 
1 (3) 

1.8 (3.18) | 0 (2) 

Stress 5.94 (4.3) | 5 (5) 5.64 (4.61) | 
5 (6) 

5.26 (4.88) | 4 
(6) 

QoL, Mean (SD) | Median (IQR) 
Self-Evaluation 3.04 (0.67) | 3 

(0) 
2.82 (0.68) | 
3 (1) 

2.83 (0.67) | 3 
(1) 

Satisfaction 2.99 (0.88) | 3 
(1) 

2.83 (0.85) | 
3 (0) 

2.84 (0.81) | 3 
(0) 

Quality of Sleep 2.46 (1.02) | 3 
(1) 

2.31 (0.95) | 
2 (1) 

2.36 (0.96) | 3 
(1) 

Age, Mean (SD) | Median 
(IQR) 

39.52 (12.47) | 
38 (18) 

- - 

Sex, N (%) 
Female 598 (79.95) - - 
Male 150 (20.05)  - 
Employment Status, N (%) 
Unemployed 148 (19.79) - - 
Studying 74 (9.89)   
Working 526 (70.32)   
Balcony/Terrace, N (%) 
No 87 (11.63) - - 
Yes 661 (88.37)   
Living with Children, N (%) 
No 579 (77.41) - - 
Yes 169 (22.59)   
Living with Teenagers, N (%) 
No 657 (87.83) - - 
Yes 91 (12.17)   
Living with Elderly, N (%) 
No 631 (84.36) - - 
Yes 117 (15.64)   
Psychiatric Disorder, N (%) 
No 655 (87.57) - - 
Yes 93 (12.43)   
Physical Disorder, N (%) 
No 472 (63.1) - - 
Yes 276 (36.9)   
Substances, N (%) 
No 514 (68.72) - - 
Yes 234 (31.28)   
Sport Time, N (%) 
No 621 (83.02) - - 
Yes 127 (16.98)   
COVID-19 Time, N (%) 
No 447 (59.76) - - 
Yes 301 (40.24)   
NEO-FFI, Mean (SD) | Median (IQR) 
Neuroticism 7.6 (3.33) | 8 (5) - - 
Extraversion 8.85 (2.8) | 9 (4)   
Openness to Experience 10.54 (3.55) | 11 

(5)   
Agreeableness 10.55 (2.98) | 11 

(4)   
Conscientiousness 11.64 (2.6) | 12 

(3)   

DASS-21, Depression, Anxiety and Stress Scale; SD, Standard Deviation; IQR, 
Interquartile Range; QoL, Quality of Life; NEO-FFI, NEO Five-Factor Inventory. 
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for the different dependent variables is shown in Supplementary 
Figure 1, for visualization purposes and ease of interpretation. 

4. Discussion 

In the first longitudinal study during the emergency state in the 
Portuguese population, we have found an improvement of depression, 
anxiety and stress symptoms along the weeks, together with a worsening 
in the perception of quality of life and sleep. Our results were in line with 
previous longitudinal studies in populations from other countries 
(Bendau et al., 2021; Fancourt et al., 2021; Zhou et al., 2020), with the 3 
subscales of the DASS-21 linearly decreasing across time. This symp-
toms’ decrease point to our ability to adapt to new and challenging 
situations, even when facing such an unprecedented scenario. Despite 
this, participants rated worse their quality of life and sleep as the weeks 
passed. This suggests that even though participants were able to adapt to 
the situation in terms of psychological symptoms, the sacrifices and 
limitations derived from the confinement had an impact on their quality 
of life. In this line, it would be relevant to study how this maintained 
worsening in quality of life affects mental health in the longer term. 
Indeed, some studies suggest there are negative psychological effects 
months or years after confinement (Brooks et al., 2020). 

With regards to the factors found to predict symptom change, some 
discrepancies were found in comparison to previous cross-sectional 
studies. Specifically, previous studies pointed to female sex and 
younger age as risk factors for higher depression, anxiety and stress 
symptomatology (Antunes et al., 2020; Ferreira et al., 2020; Huang and 
Zhao, 2020; Moreira et al., 2021; Rossi et al., 2020). Moreover, 
pre-pandemic studies already described that women and younger in-
dividuals have a higher risk for mental disorders, including anxiety and 
mood disorders (Alonso et al., 2004b, 2004a). On the other hand, in this 
study we found that being older and male seemed to be risk factors for a 
lack of improvement of stress symptomatology, and similar results were 
found in Salfi et al. (2020) with regards to sex differences. Although 
these findings could seem contradictory at first, they probably point to 
greater long-term resilience and ability to adapt during the lockdown in 
women and younger individuals, which is not incompatible with their 
general worse mental health reported both in pre-pandemic studies and 
cross-sectional studies performed during the COVID-19 pandemic. As 

Salfi et al. (2020) noted, from a sociocultural perspective our results 
could reflect deep-rooted differences in gender roles within western 
societies, where women have traditionally held a prominent position in 
the domestic environment compared to men. In this regard, the 
extended lockdown would have largely compromised each individual’s 
public life, preserving and emphasizing the domestic one at the same 
time. This highlights the importance of performing longitudinal studies 
for addressing questions of adaptability, that would otherwise remain 
unnoticed with a cross-sectional design. 

On the other hand, our findings regarding employment status agree 
with past cross-sectional research showing that working at home or 
working without restrictions when compared to not working was asso-
ciated with better mental health and life satisfaction during the COVID- 
19 pandemic (Moreira et al., 2021; Paulino et al., 2020; Zhang et al., 
2020). This finding is probably linked to economic effects but could also 
be related to disruption of social networks and loss of leisure activities 
(Brooks et al., 2020). It should be noted that unemployed individuals 
represent thus an important vulnerability group, because not only they 
present worse mental health at Week 0, but they also adapt worse to the 
situation along the weeks. Measures should be implemented to prevent 
employment’ loss due to the COVID-19 pandemic, and to protect un-
employed individuals. 

With regards to house composition, in the longitudinal study from 
Fancourt et al. (2021), the authors found that individuals living with 
children had higher levels of anxiety and depressive symptoms initially 
than individuals living with other adults, but a faster rate of improve-
ment as weeks passed. The authors mention that this improvement could 
be related to the growing public awareness of research suggesting that 
children were less affected by COVID-19. In our case, we did not find any 
significant effect regarding living with young children, but we had a 
significant negative association with living with teenagers. Thus, this 
factor seems to have a negative influence with regards to parents’ 
mental health resilience across time. On the other hand, concerning 
living with elderly, in the longitudinal study of Canet-Juric et al. (2020) 
in the Argentinian population, they found the exact same pattern of 
results than ours with regards to anxiety symptoms. That is, despite 
initial higher anxiety levels in people living with elderly, probably due 
to this population being an at-risk population, their decrease of anxiety 
across time was larger. It could be that after the initial negative impact, 

Fig. 1. Plots representing the mean values and standard error of the variables of interest on the three time-points studied. *Significant difference in the Conover’s 
post-hoc test in comparison to Week 0. ¶Significant difference in the Conover’s post-hoc test in comparison to Week 4. DASS-21: Depression, Anxiety and Stress Scale; 
QoL: Quality of Life. 
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they have felt more in control of the situation by reducing exposure to 
the virus and developed better coping strategies. 

Regarding clinical data, previous studies have shown that in-
dividuals with organic diseases had higher risk for insomnia, depression, 
and obsessive-compulsive symptoms during the pandemic (Zhang et al., 
2020), and chronic diseases were associated with reduced life satisfac-
tion (Zhang et al., 2020) and enhanced levels of anxiety, depression, and 
stress (Paulino et al., 2020; Wang et al., 2020). Moreover, a recent 
systematic review of the mental health consequences of the COVID-19 
pandemic also points to the worsening of psychiatric symptoms in pa-
tients with preexisting psychiatric disorders (Vindegaard and Benros, 

2020). These results are in agreement with our findings regarding the 
diagnosis of a psychical or psychiatric disorder as a risk factor for mental 
health worsening across time, pointing thus to another vulnerability 
group that would need extra support during compulsory confinement 
(Brooks et al., 2020). Regarding substance consumption, alcohol was the 
substance reported to be consumed more often, in accordance to other 
studies (Chodkiewicz et al., 2020). Alcohol consumption has been 
shown to increase in contexts of economic crisis (Bor et al., 2013; Mucci 
et al., 2016), and some reports are already available regarding increased 
alcohol consumption due to the COVID-19 pandemic (Chodkiewicz 
et al., 2020; Wardell et al., 2020). Our results in this regard could point 
to alcohol consumption as a coping strategy that would lead to an initial 
decrease in depressive symptoms (Khantzian, 1997). But as previous 
research has shown, this is a maladaptive strategy with severe negative 
consequences in the long run (Khantzian, 1997; Merrill et al., 2014; 
Stevenson et al., 2019), so attention should be given to people at risk of 
developing alcohol dependence or abuse in this context. 

With regards to personality data, the association between neuroti-
cism and mental health problems is a well-established one, as well as the 
opposite association with extraversion (Hengartner, 2015; Kuranova 
et al., 2020; Sadeq and Molinari, 2018; Wilks et al., 2020). Furthermore, 
within the context of the COVID-19 pandemic, there are already some 
cross-sectional studies pointing to the risk effect of neuroticism and the 
protective effect of extraversion on mental health (Gubler et al., 2020; 
Morales-Vives et al., 2020), which are now further supported by our 
findings from a longitudinal perspective. Moreover, we also found 
conscientiousness to be specifically associated with stress symptom-
atology worsening, and openness to experience with improvement of 
anxiety symptoms. Thus, individual personality differences seem to be 
another reliable factor for identifying people more vulnerable of 
developing mental health problems under this situation. 

This study is not without limitations. Firstly, our Week 0 measure-
ment took place almost a week after the state of emergency was declared 
by the Portuguese Government, so we do not have an actual pre- 
pandemic baseline. Instead, our first time-point data should probably 
be interpreted as the peak of mental health worsening, that then pro-
gressively improved as we adapted to the new situation. Having a pre- 
pandemic measurement would have allowed to determine if the 
different symptoms reported went back to pre-pandemic levels after 8 
weeks, but because of the particularities of the situation, this was 
impossible to get (even if a measurement could have been taken before 
the state of emergency was declared in Portugal, people were already 
influenced by the COVID-19 situation at other countries). Secondly, 
other factors that were not considered in our analysis might have a 
significant impact on mental health, for example, the workload, history 
of psychiatric disorders, and the use of coping strategies (e.g. exercise 
and mindfulness). Additionally, due to convenience sampling, our 
sample ended up being younger and with more proportion of females 
than the average Portuguese adult population (www.ine.pt). The lack of 
a more diverse sample could limit the generalizability of our results, and 
the ability to explore how other demographic characteristics (e.g., so-
cioeconomic status) may have affected mental health during the 
pandemic. In this line, there were some differences between those par-
ticipants that dropped out from the study and those who continued 
participating. Interestingly though, there were no differences in the 
NEO-FFI Neuroticism subscale, and in the proportion of participants 
with psychiatric disorders, which are the two more consistent predictors 
identified. Finally, our results derive from self-report measures and 
symptom dimensions were not evaluated by a professional, which could 
have also introduced a source of bias. 

In conclusion, our results provide relevant and novel insights about 
the course of mental health changes and its predictors during the 
outbreak of COVID-19 in the Portuguese population. In general, 
depression, anxiety and stress symptoms seem to improve as the weeks 
passed during the state of emergency, while the perception of quality of 
life and sleep got worse. In particular, being female, younger, actively 

Table 2 
Statistical results for the significant predictors of the different multiple linear 
regression models.  

Dependent variable Predictors B ± SE B p- 
value 

DASS-21 depression 
subscale 

Substances 0.540 ±
0.260 

.038  

NEO-FFI Extraversion subscale 0.109 ±
0.053 

.040  

Living with Teenagers -0.756 ±
0.352 

.032  

Psychiatric Disorder -1.1 ± 0.36 .002  
NEO-FFI Neuroticism subscale -0.246 ±

0.042 
<.001 

DASS-21 anxiety 
subscale 

Employment Status 0.321 ±
0.113 

.004  

Living with Elderly 0.549 ±
0.251 

.029  

NEO-FFI Openness to 
Experience subscale 

0.053 ±
0.027 

.048  

Psychiatric Disorder -1.175 ±
0.28 

<.001  

NEO-FFI Neuroticism subscale -0.09 ±
0.033 

.006 

DASS-21 stress 
subscale 

Employment Status 0.511 ±
0.165 

.002  

Age -0.024 ±
0.012 

.045  

Sex -0.668 ±
0.335 

.047  

Psychiatric Disorder -1.496 ±
0.411 

<.001  

NEO-FFI Neuroticism subscale -0.316 ±
0.048 

<.001  

NEO-FFI Conscientiousness 
subscale 

-0.131 ±
0.061 

.031 

QoL self-evaluation Employment Status 0.052 ±
0.025 

.036  

NEO-FFI Extraversion subscale 0.025 ±
0.009 

.007  

NEO-FFI Neuroticism subscale -0.033 ±
0.007 

<.001 

QoL satisfaction NEO-FFI Extraversion subscale 0.025 ±
0.011 

.018  

Physical Disorder -0.117 ±
0.051 

.021  

NEO-FFI Neuroticism subscale -0.047 ±
0.008 

<.001 

Quality of sleep Physical Disorder -0.148 ±
0.06 

.013  

NEO-FFI Neuroticism subscale -0.029 ±
0.01 

.003 

B, unstandardized beta; SE B, standard error; DASS-21, Depression, Anxiety and 
Stress Scale; QoL, Quality of Life; NEO-FFI, NEO Five-Factor Inventory. For all 
predictors, positive B = positive predictive value (improvement related to 
increased values of the predictor) and negative B = negative predictive value 
(worsening related to increased values of the predictor). Categorical predictors 
codification: sex (male – 0; female - 1), employment status (unemployed – 0; 
studying – 1; working – 2), living with teenagers (no – 0; yes - 1), living with 
elderly (no – 0; yes - 1), having a diagnosis of a psychiatric disorder (no – 0; yes - 
1), having a diagnosis of a physical disorder (no – 0; yes - 1), consumption of 
substances several times a week (no – 0; yes – 1). 
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working, and extroverted appear to be protective factors of mental 
health improvement during this particular period. On the contrary, 
having a psychiatric diagnosis or physical illness, and higher neuroti-
cism seem to be risk factors for mental health worsening. Our findings 
help identify vulnerability groups that deserve special attention in this 
exceptional scenario. 
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M. Picó-Pérez et al.                                                                                                                                                                                                                             

https://doi.org/10.3390/ijerph17124360
https://doi.org/10.1002/brb3.1964
https://doi.org/10.1093/alcalc/agt002
https://doi.org/10.1093/alcalc/agt002
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.3389/fpsyg.2020.565688
https://doi.org/10.1016/j.psychres.2020.112934
https://doi.org/10.3390/ijerph17134677
http://refhub.elsevier.com/S0165-0327(21)00955-1/sbref0011
http://refhub.elsevier.com/S0165-0327(21)00955-1/sbref0011
https://doi.org/10.1016/S2215-0366(20)30482-X
https://doi.org/10.1016/S2215-0366(20)30482-X
https://doi.org/10.3389/fpsyt.2020.565698
https://doi.org/10.3389/fpsyt.2020.565698
https://doi.org/10.2196/24312
https://doi.org/10.2196/24312
https://doi.org/10.1007/s10902-020-00326-5
https://doi.org/10.3389/fpsyt.2015.00087
https://doi.org/10.3389/fpsyt.2015.00087
https://doi.org/10.1016/S2215-0366(20)30168-1
https://doi.org/10.1016/S2215-0366(20)30168-1
https://doi.org/10.1080/13548506.2020.1754438
https://doi.org/10.1080/13548506.2020.1754438
https://doi.org/10.1136/bmj.m313
https://doi.org/10.3109/10673229709030550
https://doi.org/10.3109/10673229709030550
https://doi.org/10.1016/j.schres.2020.05.019
http://refhub.elsevier.com/S0165-0327(21)00955-1/sbref0022
http://refhub.elsevier.com/S0165-0327(21)00955-1/sbref0022
http://refhub.elsevier.com/S0165-0327(21)00955-1/sbref0022
https://doi.org/10.15288/jsad.2014.75.93
https://doi.org/10.3389/fpsyg.2020.565634
https://doi.org/10.3390/ijerph18041910
https://doi.org/10.2147/NDT.S98525
http://refhub.elsevier.com/S0165-0327(21)00955-1/sbref0027
http://refhub.elsevier.com/S0165-0327(21)00955-1/sbref0027
http://refhub.elsevier.com/S0165-0327(21)00955-1/sbref0027
https://doi.org/10.1080/13548506.2020.1808236
https://doi.org/10.1080/13548506.2020.1808236
https://doi.org/10.1080/07317115.2017.1407981
https://doi.org/10.1080/07317115.2017.1407981
https://doi.org/10.1016/j.ynstr.2020.100259
https://doi.org/10.1037/abn0000472
https://doi.org/10.1016/j.bbi.2020.05.048
https://doi.org/10.1016/j.bbi.2020.04.028
https://doi.org/10.1111/acer.14425
https://doi.org/10.1016/j.jad.2020.07.122
https://doi.org/10.1016/j.psychres.2020.112958
https://doi.org/10.1016/j.psychres.2020.112958
https://doi.org/10.1159/000507639
https://doi.org/10.3390/ijerph17176315
https://doi.org/10.1007/s12264-020-00476-9

