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Abstract: The present study analyzes the effects of each containment phase of the first COVID-19 wave
on depression levels in a cohort of 121 adults with a history of major depressive disorder (MDD) from
Catalonia recruited from 1 November 2019, to 16 October 2020. This analysis is part of the Remote
Assessment of Disease and Relapse-MDD (RADAR-MDD) study. Depression was evaluated with the
Patient Health Questionnaire-8 (PHQ-8), and anxiety was evaluated with the Generalized Anxiety
Disorder-7 (GAD-7). Depression’s levels were explored across the phases (pre-lockdown, lockdown,
and four post-lockdown phases) according to the restrictions of Spanish/Catalan governments.
Then, a mixed model was fitted to estimate how depression varied over the phases. A significant
rise in depression severity was found during the lockdown and phase 0 (early post-lockdown),
compared with the pre-lockdown. Those with low pre-lockdown depression experienced an increase
in depression severity during the “new normality”, while those with high pre-lockdown depression
decreased compared with the pre-lockdown. These findings suggest that COVID-19 restrictions
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affected the depression level depending on their pre-lockdown depression severity. Individuals with
low levels of depression are more reactive to external stimuli than those with more severe depression,
so the lockdown may have worse detrimental effects on them.

Keywords: SARS-CoV-2; depression; anxiety; lockdown; quarantine; remote measurement technology;
decentralized study; Spain

1. Introduction

In January 2020, the World Health Organization declared a novel severe acute res-
piratory coronavirus disease caused by SARS-CoV-2, the main etiological factor of the
disease called COVID-19, Coronavirus Disease 2019 [1]. Soon governments from different
countries imposed stringent restrictions to fight COVID-19 diffusion, such as lockdown
or self-isolation [2]. On 11 March 2020, the Government of Catalonia introduced social
distancing to fight the spread of COVID-19 [3]. The Spanish Government then estab-
lished strict lockdown measures the day after the declaration of the State of Alarm, on 14
March 2020 [4]. During this first wave of the pandemic, restrictions were lifted gradually
through four phases of the post-lockdown implemented by the Spanish government and
supplementary measures of the local Catalan government (Table S1). During phase 0 [5,6]
non-essential businesses were opened by appointment, and citizens were allowed to do
outdoor physical activities by time slot based on age. With phase 1 [4,7–9], meetings with a
maximum of 10 people were allowed; only outdoor spaces of bars and restaurants opened,
as well as some spaces of culture, museums, and gyms; transfers to a second residence
were permitted. Later, during phases 2 and 3 [10–14] time slots were abolished, and bars
and restaurants’ openings were extended even to the indoor areas, with limited capacity;
shopping centers opened; public transport restarted working at 100%; and the percentage
of capacity in cinemas, theaters, museums increased. Finally, these relaxations culminated
in a period of “new normality”, as the government named it, from 18 June until 16 October
2020, when the COVID-19 second wave started [15].

The benefits in the control of the infection may have been at the expense of significant
psychological impact [16]. In particular, individuals with mental health problems were de-
scribed as running a higher risk of being further psychologically impacted by the pandemic,
compared to the general population [17–19]. A previous study, conducted on a Spanish
sample, showed that during the first phases of the post-lockdown, people with mental
illness suffered more from depression symptoms than healthy controls [20]. As regards
patients with Major depressive disorder (MDD), some authors [21] found no significant
variations of depression severity in an American sample between before and during the
lockdown, while others [22] described an increase in a German population.

However, many of the reported studies lack data referring to the pre-pandemic levels of
symptoms [20,23–25]. Moreover, many were based on cross-sectional surveys [20,22,26–30].
Although there is a large body of literature on the psychological effects of COVID-19, most of it
was conducted in the general population [2,18,23,31–35] or included patients with different types
of mental disorders in the same sample [26–30,36–40] or used non-standardized instruments to
assess the mental status [36,39] or did not take into account the different kinds of restrictions
across countries during the first wave of COVID-19 [41].

To adequately understand the impact of the pandemic on depression severity, we
need longitudinal studies able to include people with a recent history of MDD. Two
previous publications [41,42], using data from the Remote Assessment of Disease and
Relapse-Major Depressive Disorder (RADAR-MDD) study [43], explored the depression
severity pre-, during, and post-lockdown periods in people with a history of MDD from
Spain, the UK, and the Netherlands and observed that patients who displayed significant
depression severity shortly before the COVID-19 outbreak decreased in their severity
between pre- and during the lockdown [41]. However, both articles [41,42] only considered
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three periods: pre-lockdown, lockdown, and post-lockdown, but the social restrictions
during the post-lockdown were in many places lifted gradually and in different stages,
which implies significant differences across countries. The regional and local impact of
the COVID-19 crisis has been highly heterogeneous with significant implications for crisis
management and policy responses [44]. For example, the Spanish government adopted
more restrictive measures than the Netherlands, calculated by the stringency index (highest
index per country, which for Spain, the Netherlands, and the UK were 85.2, 78.7, and 79.6,
respectively, during the period from February until the first of October 2020) measured
by the COVID-19 government response tracker [45]. There is some evidence that policy
stringency consisted in physical distancing protocols impeding familiar and meaningful
forms of social connection, and more stringent COVID-19 policies were associated with
poorer mental health [46].

The present study focuses on one site/country of the RADAR-MDD project to make
more detailed analyses on how specific containment measures affected the mental health
of individuals with a history of MDD. We aim to explore the impact of the COVID-19
control restrictions on mental health in individuals with a history of MDD in Catalonia (the
Spanish sample of the RADAR-MDD study was recruited in this Autonomous Community),
adopting a new ‘pandemic-centric’ perspective. RADAR-MDD is part of the RADAR-
CNS (Remote Assessment of Disease and Relapse—Central Nervous System) consortium
(https://www.radar-cns.org/ accessed on 8 February 2023), which developed the open-
source mHealth platform RADAR-Base [47] to collect longitudinal data using remote
measurement technology (RMT), using active apps installed in a smartphone providing
data on depressed mood, self-esteem, speech, and cognition and passively (without the
interactions with the participants) on heart rate, physical activity, sleep, and sociability
throughout wearable device and passive app installed in a smartphone. In this study, we
assessed the fluctuations of depression and anxiety in individuals with a diagnosis of MDD
during the progressive phases of the first wave of the COVID-19 pandemic in relation to
the limitations imposed by the national Spanish government and supplementary measures
of the local policy of the Catalan authorities. Furthermore, we aimed to verify whether the
pandemic influenced the depression levels across phases depending on the pre-lockdown
depression and anxiety severity, taking into account the confounding factors. Strong
evidence on the specific psychological vulnerability of some individuals to restrictions
might contribute to build some new scientific bases, which governments will have to deal
with in case of future pandemics.

2. Materials and Methods
2.1. Study Design and Participants

The present study is based on data gathered in the RADAR-MDD project, refs [43,48]
a multi-center cohort study (Netherlands, Spain, and the UK) (https://www.radar-cns.org/
accessed on 8 February 2023) including people with a history of MDD who were evaluated
from November 2017 to March 2021. All participants fulfilled the following inclusion and
none of the exclusion criteria. They had at least one MDD episode within the last 2 years
and at least 2 lifetime episodes of MDD and were over age 18 only. Furthermore, they were
able to complete self-reported assessment via smartphone. Exclusion criteria: dementia,
pregnancy, major medical disease, an alcohol or drug dependency within the past 6 months,
or lifetime history of other mental disorders (bipolar, personality, schizophrenia, MDD with
psychotic features, or schizoaffective disorder).

The study was co-developed with service users in our Patient Advisory Board (PAB),
who were involved in the choice of measures, the timing, and issues of engagement and
have also been involved in developing the analysis plan, and a representative is an author
of this paper and critically reviewed it.

In this manuscript, we focused our analyses on the 155 participants with a history of
MDD according to the DSM-5 criteria evaluated by clinicians from Catalonia and analyzed
the data during the first wave of COVID-19, between 1 November 2019, and 16 October

https://www.radar-cns.org/
https://www.radar-cns.org/


Int. J. Environ. Res. Public Health 2023, 20, 5161 4 of 15

2020. Of those 155 participants, 22 were not recorded during the periods of interest (from
1 November 2019 to 16 October 2020), and 12 missed records during the pre-lockdown
period (2 participants died of COVID-19 infection).

Thus, the final sample included 121 participants.
Additionally, some participants had missing values that referred to certain phases (see

the supplementary materials for the number of observations in each phase, Table S2). No
differences in the PHQ-8 pre-lockdown values of these patients with missing records in
certain phases were observed (p > 0.05) as compared to those without any missing data.

Pandemic Phases

The phases and restrictions had a longer duration or were applied later depending
on the location (Barcelona, Tarragona, or Garraf). The dates of the restrictions are shown
in Figure 1, and for a full description, see the supplementary materials (Table S1). On this
basis, we focused on the following phases:

� Pre-lockdown (from 1 November 2019 to 10 March 2020);
� Lockdown (from 11 March 2020 to 26 April 2020);
� Later restrictions were lifted gradually through four phases of the post-lockdown:
� Phase 0 (from 27 April 2020 to 10 or 17 or 24 May 2020 *);
� Phase 1 (from 11 or 18 or 25 May 2020 to 24 May or 7 June 2020 *);
� Phases 2 and 3 (from 25 May or 8 June 2020 to 18 June 2020 *);
� “New-normality” (from 19 June 2020 to 16 October 2020).

* Depending on the locations

Int. J. Environ. Res. Public Health 2023, 20, x FOR PEER REVIEW 4 of 15 
 

 

were able to complete self-reported assessment via smartphone. Exclusion criteria: 
dementia, pregnancy, major medical disease, an alcohol or drug dependency within the 
past 6 months, or lifetime history of other mental disorders (bipolar, personality, 
schizophrenia, MDD with psychotic features, or schizoaffective disorder). 

The study was co-developed with service users in our Patient Advisory Board (PAB), 
who were involved in the choice of measures, the timing, and issues of engagement and 
have also been involved in developing the analysis plan, and a representative is an author 
of this paper and critically reviewed it. 

In this manuscript, we focused our analyses on the 155 participants with a history of 
MDD according to the DSM-5 criteria evaluated by clinicians from Catalonia and analyzed 
the data during the first wave of COVID-19, between 1 November 2019, and 16 October 
2020. Of those 155 participants, 22 were not recorded during the periods of interest (from 
1 November 19 to 16 October 20), and 12 missed records during the pre-lockdown period 
(2 participants died of COVID-19 infection). 

Thus, the final sample included 121 participants. 
Additionally, some participants had missing values that referred to certain phases 

(see the supplementary materials for the number of observations in each phase, Table S2). 
No differences in the PHQ-8 pre-lockdown values of these patients with missing records 
in certain phases were observed (p > 0.05) as compared to those without any missing data. 

Pandemic Phases 
The phases and restrictions had a longer duration or were applied later depending 

on the location (Barcelona, Tarragona, or Garraf). The dates of the restrictions are shown 
in Figure 1, and for a full description, see the supplementary materials (Table S1). On this 
basis, we focused on the following phases: 
 Pre-lockdown (from 1 November 2019 to 10 March 2020); 
 Lockdown (from 11 March 2020 to 26 April 2020); 

Later restrictions were lifted gradually through four phases of the post-lockdown: 
 Phase 0 (from 27 April 2020 to 10 or 17 or 24 May 2020 *); 
 Phase 1 (from 11 or 18 or 25 May 2020 to 24 May or 7 June 2020 *); 
 Phases 2 and 3 (from 25 May or 8 June 2020 to 18 June 2020 *); 
 “New-normality” (from 19 June 2020 to 16 October 2020). 

* Depending on the locations 

 
Figure 1. Description of the pre-lockdown and post-lockdown phases. 

  

Figure 1. Description of the pre-lockdown and post-lockdown phases.

3. Measures
3.1. Depression

Depression severity was assessed through the PHQ-8 (Patient Health Questionnaire-
8) [49]. Participants were required to answer this questionnaire every two weeks. The
total score could range from 0 to 24, with increasing number meaning higher severity;
a score of 10 was set as a cut-off [49], above which the severity of symptoms could be
considered clinically relevant. Internal consistency was calculated on 3310 observations,
with Cronbach’s alpha of 0.917.

3.2. Anxiety Symptoms

Severity of anxiety was assessed using the Generalized Anxiety Disorder-7 item
(GAD-7) scale [50], which was collected at baseline and every 3 months. The GAD-7
score could vary from 0 to 21, with increasing number meaning higher severity, and a
score of 10 was assumed as a cut-off [50], above which the severity of symptoms could be
considered clinically relevant. Internal consistency was calculated on 1178 observations,
with Cronbach’s alpha of 0.971.
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3.3. Socialdemographic Variables

Gender, comorbidity with medical conditions, age, marital status, number of people
living with, employment, income, and age of finishing education were also collected
at baseline.

4. Statistical Analysis

First, we described the sociodemographic characteristics of the sample and computed
a descriptive analysis of the PHQ-8 values among the different lockdown phases. We then
calculated each participant’s baseline depression and anxiety severity by taking the average
of the PHQ-8 and GAD measures in the pre-lockdown period. Participants were grouped
based on their pre-lockdown depression (PHQ-8 ≥ 10 or <10) and their pre-lockdown
anxiety levels (GAD-7 ≥ 10 or <10). We analyzed the variations of PHQ-8 in the different
phases of the pandemic using the paired Wilcoxon text. In those participants with more
than one PHQ-8 evaluation in the same phase, we computed the mean values and used
them for the following analyses. We also applied a linear mixed model to analyze the course
of depression levels over phases. To identify the covariate variables (sociodemographic
variables) that would be included in the linear mixed model, we computed the forward
stepwise method implemented with R based on the best Akaike information criterion
(AIC) value. We also evaluated the effect size on pre-lockdown depression levels of each
variable and added to the model those not selected by the stepwise procedure but with at
least a medium effect (Cohen’s d ≥ 0.5 for categorical variables and Spearman correlation
coefficient ≥ 0.3 for continuous variables). To investigate how the pre-lockdown depression
levels associated with variations in depression severity across phases, the model was
stratified by the pre-lockdown depression levels (PHQ-8 cutoff ≥ 10). Random effects of
participants were incorporated as well, and the model was adjusted using the maximum
likelihood (ML) method, which provided correct estimation when data were not completely
missing at random [41]. All statistical analyses were conducted using the nlme package in
R [51] and STATA 13.

5. Results

Most of the participants were females (66.9%); the median age was 58 years (IQR
52–64) (Table 1). More than half of the individuals had high anxiety (64.5%) and high
depression (PHQ-8) (67.8%) levels during the pre-lockdown phase.

Figure 2 shows descriptive analysis of the depression levels measured by PHQ-8
values in the different phases of the pandemic.
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Table 1. Characteristics of the sample.

Variables N = 121

Gender, N (%)
Male 40 (33.1)

Female 81 (66.9)

Comorbidity 1, N (%)
Yes 74 (61.2)
No 47 (38.8)

Age, Median (IQR) 58 (52–64)

Marital status, N (%)
with a partner 68 (56.2)

without a partner 53 (42.8)

People living with, N (%) alone 22 (18.2)

two 40 (33.1)

three 37 (30.6)

four or more 22 (18.2)

Employment, N (%) Employed 43 (35.5)

Unemployed 2 78 (64.5)

Income 3, N (%) <15,000 € 33 (27.3)

15,000 €–24,000 € 48 (39.7)

>24,000 € 40 (33.1)

Age of finishing education, mean (SD) 17.6 (4.95)

Pre-lockdown PHQ-8 Mean 12.90

Median (IQR) 13 (10.2)

Pre-lockdown GAD-7
Mean 10.76

Median (IQR) 10 (5.2)

Pre-lockdown PHQ-8, N (%) PHQ-8 < 10 39 (32.2)

PHQ-8 ≥ 10 82 (67.8)

Pre-lockdown GAD-7, N (%) GAD-7 < 10 43 (35.5)

GAD-7 ≥ 10 78 (64.5)
1 Comorbidity the simultaneous presence of other diseases or medical conditions in a patient apart of the
depression. 2 Unemployment is also considered retirement or work leave. 3 The values of income correspond to
the gross salary per year.

Using the paired Wilcoxon test, a statistically significant increase in the depression
levels (PHQ-8 score) was observed in phase 0 compared to the pre-lockdown (p ≤ 0.05) and
new-normality (p ≤ 0.01) phases, while a significant decrease was found in new-normality
as compared with lockdown (p ≤ 0.05).

A linear mixed model (Table 2) was fitted to explore the association between phases
and anxiety and depression severity, adjusted for the covariates (gender, age, income,
number of people living with, and comorbidity with other medical conditions). A signifi-
cant rise in depression severity was found during the lockdown (p ≤ 0.001) and phase 0
(p ≤ 0.001), as compared with the pre-lockdown phase. Depression severity was higher in
patients with high pre-lockdown anxiety (GAD-7 ≥ 10) (β = 7.955, CI 95% [6.240–9.670],
p ≤ 0.001) than in those with low pre-lockdown anxiety symptoms (GAD-7 < 10) over all
phases. Figure S1 (see Supplementary Materials) shows the depression severity across all
phases by pre-lockdown anxiety level. Only the social status measured by the number
of people living with (two or more people living with the participant) had a reduced
significant effect on depression severity. Indeed, the fact of living with two (β = −2.368, CI
95% [−4.402–−0.334], p ≤ 0.022), three (β = −2.494, CI 95% [−4.536–−0.451], p ≤ 0.017),
or four or more (β = −3.687, CI 95% [−5.923–−1.451], p ≤ 0.001) people was found to
decrease the depression severity. No significant effects were found for what concerns the
other covariates.
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Table 2. Depression severity across phases compared to pre-lockdown levels measured with the
PHQ-8 (Linear mixed model).

Coef. 1 CI (95%) p-Value

Pre-lockdown Ref - -
Lockdown 0.866 [0.430 to 1.303] ≤0.001

Phase 0 1.135 [0.560 to 1.711] ≤0.001
Phase 1 −0.004 [−0.709 to 0.700] 0.990

Phase 2–3 0.098 [−0.770 to 0.967] 0.824
New-normality −0.099 [−0.437 to 0.238] 0.562

1 Mixed model was adjusted for the covariates: gender, age, income, and number of people living with, and
comorbidity with other medical conditions.

We then stratified participants into two groups: one contained subjects with high pre-
lockdown depression (82 participants and 1048 observations); the other included subjects
with low pre-lockdown depression (39 participants and 547 observations). In this way,
we aimed to verify whether the association between the phases and depression severity
depended on the pre-lockdown depression severity (see Figures 3 and 4).
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According to the first model (Figure 4), participants displayed a significant increase in
depression severity during the lockdown (β = 0.768, CI 95% [0.227–1.309], p ≤ 0.001) and
phase 0 (β = 0.838, CI 95% [0.127–1.550], p = 0.021), as compared to the pre-lockdown levels.
Moreover, we found a significant decrease in depression levels during the post-lockdown
(β = −0.486, CI 95% [−0.917–−0.055], p = 0.027).

As regards the second model (Figure 4), participants also displayed a significant
increase in their depression severity during the lockdown (β = 0.894, CI 95% [0.174–1.614],
p = 0.015) and phase 0 (β = 1.615, CI 95% [0.664–2.565], p ≤ 0.001), as compared with
the pre-lockdown, consistent with the previous model. Instead, we found a significant
increase in depression levels during the post-lockdown (β = 0.581, CI 95% [0.056–1.105],
p = 0.03). The coefficients of the stratified model adjusted for the covariates are represented
in Figure 4.

6. Discussion

We observed that the participants with a history of MDD were mainly affected dur-
ing the lockdown and the early phase of post-lockdown, when their depression severity
increased as compared to pre-lockdown levels. These findings should not be surprising,
since the most stringent measures were imposed during these phases.

In previous literature, some works [20,24] showed that patients with mental illness
were more depressed during the post-lockdown phase than healthy controls as expected.
Another study [23] observed a predominantly depressive response to lockdown in all the
participants with a current or a past mental disorder but also in healthy controls. What is
clear is that none of these studies, all of whom conducted in samples of Spanish people and
dealt with the specific impact of the pandemic on the depression severity of patients suffer-
ing from MDD, unlike two works [21,22] outside Spain which did. Quittkat et al. (2020)
showed that in depressed patients from Germany depression severity increased during the
lockdown, as compared with the pre-lockdown (November 2019). During this lockdown,
strict restrictions were imposed, corresponding, in essence, to those existing in Catalonia
during the lockdown, although the lockdown in Spain was more stringent than in Germany.
This is clearly shown by the data given by the Oxford COVID-19 government response
tracker [45]: an index called stringency level was introduced to describe numerically the
severity of restrictions, based on values given to many parameters measuring it, such as
the closure of the school, the limitations imposed to internal movements, etc. For what
concerns April 2020, Spain had a stringency level of 85.19, whereas Germany had 76.85.
In contrast, the study by Hamm et al. [21] in four American metropolitan areas provided
evidence contrary to our results, as they did not find significant changes in depression in
their cohort with MDD, between pre-lockdown and lockdown. However, this divergence
of findings can be explained by a far lower stringency level of restrictions (stringency
level [45] of 72.69 in April 2020). Moreover, analyses were conducted on a sample older
than ours (the mean age was 69), thus we might also interpret this apparent lesser impact
of social restrictions on the elderly due to a weaker habit of going out than younger people.

Furthermore, in these two studies [21,22] patients were submitted single-time inquiries,
the periods in analysis corresponded to about a month, and in the former [22] data referred
to pre-lockdown. Instead, the present decentralized study, as well as the others [41,42,52]
from RADAR-MDD, was longitudinal, referring to a period of about a year, thus offering
higher methodological standards. However, in our previous study [41] we did not observe
increases in depressive severity across phases (the Netherlands, Spain, and the UK). This
divergence might depend on the different restrictions implemented across countries (the
Netherlands, Spain, and the UK) [52] or different depression severity across sites [41].

Moreover, other studies [41] were “lockdown-centric”, since the period in study was
divided into a pre-lockdown phase, lockdown, and a post-lockdown phase including
indiscriminately the whole period following the lockdown. Instead, the present manuscript
considered the post-lockdown dividing it into different periods based on the gradual ease
of restrictions.
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Second, the model suggests that in the “new-normality” period those subjects with
high pre-lockdown depression experienced a decrease in depression severity.

These results come out as partly divergent from those found in previous studies, but
these discrepancies might again rely on the above-discussed differences in the division into
phases of our common period of interest. Indeed, Leightley et al. (2021) included in their
post-lockdown phase also the period that in the current study was studied as the phase 1 of
the post-lockdown, when some social restrictions were still in place. Thus, as we based our
analyses on different divisions of time, slight differences in findings are understandable.
However, many studies [20–24,40,53,54] dealt with the fluctuation of depression during the
pandemic in depressed patients but definitely did not considering the influence of different
levels of pre-lockdown depression or anxiety on the subsequent variation of depression
severity due to the COVID-19 first wave. Therefore, to the best of our knowledge, our study
is the first one that describes in-depth the influence of the pre-pandemic levels of depression
and anxiety in the subsequent oscillations in the depression severity of patients with a
history of MDD during the different phases of the pandemic. As explained above, the
core of our findings suggests not only that the impact of restrictions in terms of depression
worsening was significant during the lockdown and the first phase of post-lockdown but
also that the pre-lockdown levels of depression severity exerted a possible influence on
the course of depression during the last phase of the post-lockdown. Indeed, during this
last phase of the post-lockdown a significant increase of depression was found in those
with lower pre-existing levels of depression as compared to the pre-lockdown, whereas
in those with higher levels our results displayed a decrease in depression. Furthermore,
our sample only consisted of Catalan people living under the same restrictions at the
same time, which makes our study population unprecedently homogeneous, also from a
socio-cultural perspective.

These results provide unprecedented points of reflection, soliciting the proposal of
possible explanations. There is no doubt that the COVID-19 pandemic produced a con-
traction of the habitual interactions of the individual with the stimuli produced by the
external world. Thus, we might suppose that the psychological impact of such everyday life
upheaval must have been more critical on those patients whose pre-lockdown depressive
and anxiety symptoms were not severe to such an extent that their psychological wellbeing
could be influenced by relevant changes in the external world. In other words, high levels
of depression before the pandemic might have made individuals less responsive to the
stress [55] and prevented them from suffering from a persistent increase in depression
severity during the periods of social restrictions [56]. High levels of pre-lockdown depres-
sion might have paradoxically worked as a protective factor against the negative impact of
the pandemic on depressive symptoms. Indeed, severe depression can impair individuals
suffering from it to such an extent that not only could potentially positive aspects of reality
not affect them and improve their emotional status, but also potentially harmful stimuli,
such as lockdowns, might fail to move their psychological condition somehow. Instead,
those individuals suffering from low pre-lockdown levels of depression are still emotionally
interactive with the external world. Thus, lockdown might have had the “possibility” to
impact their symptoms negatively.

However, given the scarcity of past references on the theme, these hypotheses need
to be further proved by future analyses on the possible role of pre-pandemic levels of
depression and anxiety as predictors for the impact of severe social restrictions on the
course of depression severity in patients affected by MDD.

7. Implications and Future Directions

First, the study of the effects of restrictions on depression severity in a clinical pop-
ulation of people suffering from MDD must be regarded as providing a relevant clinical
implication. The results of the current work about the specific psychological impact of the
different measures imposed a long time and could inform authorities in planning a future
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policy of restrictions in the case of new pandemics, taking into account more accurately and
from several points of view the benefits and disadvantages of applying social restrictions.

For example, analyses on our sample suggest that during the lockdown and the early
phase of the post-lockdown, when only some outdoor sport activities were allowed, the
levels of depression severity remained high, whereas a drop was registered during phase
1, when some restrictions of social activities were slightly eased. Thus, it is hoped that, in
case of future pandemics, this specific vulnerability to restrictions that we described in
depressed patients will induce authorities to, for example, exempt them from the strictest
forms of lockdown, compatibly with the epidemiological context.

In future research, we want to extend our study of the variations of depression levels
across phases of pandemics to different waves of the COVID-19 pandemic and to different
countries. To analyze this, it will be mandatory to take again into account the specific
restrictions imposed across time and different areas.

8. Limitations and Strengths

Some limitations must be considered. The assessment of severity was self-reported
and may have lower reliability than heteroadministered (administered by a physician
on behalf of a patient) questionnaires or tests. Furthermore, some subjects missed data
referring to certain phases.

Strengths of the study include a homogeneous sample in terms of geographical origin,
and we were able to analyze lockdown measures in detail; however, this limits the gen-
eralizability of the findings. Since we considered the differences between different areas
within Catalonia, each group of patients corresponding to a specific phase contained only
participants who were imposed under the same restrictions at the same time. Moreover,
thanks to the length of our period of assessment, for each participant several observations
have been available, referring to the pre-lockdown, lockdown, and post-lockdown phases.
Thus, the present research went beyond the “lockdown-centric” perspective of the previous
literature and has to be considered the first one assuming a “pandemic-centric” point of
view, which not only considered the acute impact of the most severe restrictions but also
aimed at detecting the subtle variations in depression during the post-lockdown phases.

Furthermore, due to the employment of RMT and the prospectively planned, lon-
gitudinal design of our study, recall bias was completely prevented. Also, our database
allowed us to distinctly study the role of pre-lockdown levels of depression and anxiety as
predictors for variations in depression severity during lockdown and post-lockdown.

9. Conclusions

Future studies will have the possibility to refer to the present work as a significant
milestone of this new “pandemic-centric” perspective, based on which not only an impair-
ment in depression severity during the first phases of pandemic was found, but also a more
severe impact of the pandemic was described on those patients suffering from milder forms
of MDD. Thus, our results emphasize the strong need for attentive care that these specific
populations run under social restrictions, hopefully contributing to the process of turning
the spotlight on the psychological impact of the pandemics.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/ijerph20065161/s1, Document S1. Description of the lockdown phases.
Table S1: Dates of each phase of the pandemic in Catalonia, based on the three studied districts. Table
S2: Number of participants, observations, and average PHQ-8 value in each phase. Figure S1. Mean
levels and confidence interval of depression (PHQ-8) by pre-lockdown anxiety severity during each
phase. Based on a descriptive analysis, we divided the participants depending on the pre-lockdown
anxiety severity (GAD-7). References [57–64] are cited in the Supplementary Materials.

https://www.mdpi.com/article/10.3390/ijerph20065161/s1
https://www.mdpi.com/article/10.3390/ijerph20065161/s1


Int. J. Environ. Res. Public Health 2023, 20, 5161 11 of 15

Author Contributions: According to the Contributor Roles Taxonomy (CRediT; https://credit.niso.
org/ accessed on 8 February 2023), each author’s role in the current manuscript are summarized
below: Conceptualization: R.L., E.C., S.S., J.M.H. and A.P., Data curation and formal analysis: E.C.,
Funding Acquisition: M.H. and V.N., Investigation: F.M., F.L. (Femke Lamers), S.S., P.A., B.W.J.H.P.,
J.M.H., M.H. and S.K.S., Methodology: R.L., E.C., S.S., E.G., I.G.-V., E.L., R.B. and S.K., Project
Administration and resources: F.M., F.L. (Femke Lamers), S.S., B.W.J.H.P., J.M.H., M.H., G.R.A.,
M.T.P.-M., M.C., B.A., E.V., E.R.-A., F.L. (Federica Lombardini) and RADAR-MDD Spain; Software:
E.C., I.G.-V. and E.L., Supervision; S.S., F.M., F.L. (Femke Lamers), P.A., J.M.H., S.S. and M.H.,
Validation: S.S., J.M.H. and RADAR-CNS consortium; Visualization: R.L., E.C. and S.S., Writing—
original draft: R.L., E.C. and S.S., Writing—review and editing. All authors and RADAR-CNS
consortium have read and agreed to the published version of the manuscript.

Funding: The RADAR-CNS project received funding from the Innovative Medicines Initiative 2 Joint
Undertaking under grant agreement No 115902. This Joint Undertaking receives support from the
European Union’s Horizon 2020 research and innovation program and EFPIA (www.imi.europa.eu
accessed on 8 February 2023). This communication reflects the views of the RADAR-CNS consortium
and neither IMI nor the European Union and EFPIA are liable for any use that may be made of the
information contained herein. The funding body has been involved in the design of the study, the
collection or analysis of data, or the interpretation of data. MTPM (7Z22/009) is partially released
of clinical activity through a personal research grant of IDIAP Jordi Gol and Institut Català de la
Salut (ICS).

Institutional Review Board Statement: The authors assert that all procedures contributing to this
work comply with the ethical standards of the relevant national and institutional committees on
human experimentation and with the Helsinki Declaration of 1975, as revised in 2008. All procedures
involving patients for the study on MDD-Spain were approved from the CEIC. Fundació Sant Joan de
Deu (CI: PIC-128-17), in Barcelona. RADAR-CNS was conducted per the Declaration of Helsinki and
Good Clinical Practice, adhering to principles outlined in the NHS Research Governance Framework
for Health and Social Care (2nd edition).

Informed Consent Statement: All participants provided informed consent to participate.

Data Availability Statement: The datasets used and or analyzed during the current study are
available from the corresponding author on reasonable request.

Acknowledgments: Participants in the CIBER site came from following four clinical communities
in Spain: Parc Sanitari Sant Joan de Déu Network services, Institut Català de la Salut, Institut Pere
Mata, and Hospital Clínico San Carlos. We thank all the members of the RADAR-CNS patient
advisory board for their contribution to the device selection procedures, and their invaluable advice
throughout the study protocol design. This research was reviewed by a team with experience of
mental health problems and their careers who have been specially trained to advise on research
proposals and documentation through the Feasibility and Acceptability Support Team for Researchers
FAST-R: a free, confidential service in England provided by the National Institute for Health Research
Maudsley Biomedical Research Centre via King’s College London and South London and Maudsley
NHS Foundation Trust. We thank all GLAD Study volunteers for their participation, and gratefully
acknowledge the NIHR BioResource, NIHR BioResource centres, NHS Trusts, and staff for their
contribution. We also acknowledge NIHR BRC, King’s College London, South London and Maudsley
NHS Trust, and King’s Health Partners. We thank the National Institute for Health Research, NHS
Blood and Transplant, and Health Data Research UK as part of the Digital Innovation Hub Programme.
RADAR-MDD will be conducted per the Declaration of Helsinki and Good Clinical Practice, adhering
to principles outlined in the NHS Research Governance Framework for Health and Social Care
2nd edition. Ethical approval has been obtained in London from the Camberwell St Giles Research
Ethics Committee REC reference: 17/LO/1154, in London from the CEIC Fundacio Sant Joan de
Deu CI: PIC-128-17 and in the Netherlands from the Medische Ethische Toetsingscommissie VUms
METc VUmc registratienummer: 2018.012–NL63557.029.17. It is made available under a CC-BY-NC-
ND 4.0 International license, perpetuity. Preprint (which was not certified by peer review) is the
author/funder, who has granted medRxiv a license to display the preprint in medRxiv preprint
https://www.medrxiv.org/content/10.1101/2023.01.24.23284906v1 (accessed on 25 January 2023);
this version posted 25 January 2023. RADAR-MDD-Spain: Peñarrubia-Maria Maria Teresa 8 Gardeñes
Moron Lluisa 8, Jugo Beatriz 8, Orive Cristina 8, De Miguel Blanca 8, Blanco Elena 8, Gallardo Cristina
8, Cobo-Guerrero Silvia 8, Molero Aida 8, Belvis Mariscal Cristina 8, Martinez Gemma 8, Valdés Raúl

https://credit.niso.org/
https://credit.niso.org/
www.imi.europa.eu
https://www.medrxiv.org/content/10.1101/2023.01.24.23284906v1


Int. J. Environ. Res. Public Health 2023, 20, 5161 12 of 15

8, Torres-Martinez Rebecca 8, López Fran 8, Mera-Cordero Francisco 8, Soraluce Acebo Ramón 8,
Sarró Marta 8, Moliner-Molina Cristina 8, Flores Maria Rosa 8, Sostres Susana 8, Ait Ben Aissa 8,
Poch Marta 8, Olmos Maria Cristina 8, Ortiz Navarrete Sónia 8, Martinez Andrea 8, Freixas Olga
8, Caldón Beatriz 8, Cano Maria Isabel 8, Lombardini Federica 2, Coromina Marta 2, Arranz Belen
2, Arranz Sara 2, Salvador Laia 2, Hernandez Carla 2, Marqueta-Marqués Cristina 2, Calamardo
Elisabet 2, Ferenc Tamas 2, Rubio-Alacid Elena 2, Rojas Antonio 2, Druetta Mauro 2, Marso Esperança
2, Hernandez-Fernandez Elisabet 2, Cuñat Oriol 2, Otero Begoña 2, Tronchoni Mónica 2, Tessari Diego
2, Labarta Eugenia 2, Delisau Yaiza 2, Angelats Marina 2, Vilella Elisabet 9, Llaosa-Scholten Raúl 9,
Adam Noemí 9, Reneses Prieto Blanca 18, Zamarro Arranz Maria Luisa 18; (18 Servicio de Psiquiatría.
Hospital Clínico San Carlos, Madrid, Spain).

Conflicts of Interest: P.A. is employed by the pharmaceutical company H. Lundbeck A/S. JMH has
received economic compensation for participating in advisory boards or giving educational lectures
from Eli Lilly & Co, Sanofi, Lundbeck, and Otsuka. V.N. was an employee of Janssen Research and
Development LLC at the time work was done and holds Johnson & Johnson stock. No other authors
have competing interests to declare.

Abbreviations

aRMT active remote measurement technology
GAD-7 item Generalized anxiety disorder-7 item
IQR Interquartile ranges
MDD Major depressive disorder
ML maximum likelihood
pRMT passive remote measurement technology
PHQ-8 Patient health questionnaire 8-item
RADAR-CNS Remote assessment of disease and relapse—central nervous system
REDCap Research electronic data capture
RADAR-MDD Remote Assessment of Disease and Relapse-Major Depressive Disorder

References
1. Zhu, N.; Zhang, D.; Wang, W.; Li, X.; Yang, B.; Song, J.; Zhao, X.; Huang, B.; Shi, W.; Lu, R.; et al. A Novel Coronavirus from

Patients with Pneumonia in China, 2019|Enhanced Reader. N. Engl. J. Med. 2020. [CrossRef] [PubMed]
2. Ren, X.; Huang, W.; Pan, H.; Huang, T.; Wang, X.; Ma, Y. Mental Health During the COVID-19 Outbreak in China: A Meta-Analysis.

Psychiatr. Q. 2020, 91, 1033–1045. [CrossRef] [PubMed]
3. RESOLUCIÓ SLT/704/2020, d’11 de Març. 2020. Available online: https://cido.diba.cat/legislacio/9956651/resolucio-slt70420

20-d11-de-marc-per-la-qual-sadopten-mesures-de-distanciament-social-en-relacio-amb-els-esdeveniments-multitudinaris-
per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut (accessed on 22 April 2022).

4. Jefatura de Estado. Disposición 4911, BOE n.◦130. 2020. Available online: https://www.boe.es/boe/dias/2020/05/09/pdfs/
BOE-A-2020-4911.pdf (accessed on 22 April 2022).

5. Jefatura de Estado. Disposición 4791, BOE n.◦123. 2020. Available online: https://www.boe.es/boe/dias/2020/05/03/pdfs/
BOE-A-2020-4791.pdf (accessed on 22 April 2022).

6. Jefatura de Estado. Disposición 7351, BOE n.◦107. 2021. Available online: https://www.boe.es/boe/dias/2021/05/05/pdfs/
BOE-A-2021-7351.pdf (accessed on 22 April 2022).

7. Jefatura de Estado. Orden SND/399/2020, de 9 de Mayo, BOE n.◦4911. 2020. Available online: https://www.boe.es/buscar/doc.
php?id=BOE-A-2020-4911 (accessed on 22 April 2022).

8. LA CIUTAT Diari Digital de Proximitat El Garraf Passa a La Fase 1 Del Desconfinament. Available online: https://laciutat.cat/
laciutatdelgarraf/el-garraf-passa-a-la-fase-1-del-desconfinament# (accessed on 22 April 2022).

9. Ajuntament de Barcelona Www.Barcelona.Cat. Available online: https://ajuntament.barcelona.cat/premsa/2020/05/24
/barcelona-a-punt-per-entrar-a-la-fase-1-de-desescalada/ (accessed on 22 April 2022).

10. Ajuntament de Barcelona Www.Barcelona.Cat. Available online: https://www.barcelona.cat/infobarcelona/es/tema/
informacion-sobre-la-gestion-del-covid-19/fase-2-nuevas-medidas-menos-restricciones-y-mas-actividades-2_957887.html
(accessed on 22 April 2022).

11. betevé Barcelona Passa a Fase 3 de La Descalada Dijous. Available online: https://beteve.cat/societat/fase-3-barcelona-
desescalada/ (accessed on 22 April 2022).

12. Jefatura de Estado Orden SND/414/2020, de 16 de Mayo, BOE n.◦5088. Available online: https://www.boe.es/buscar/doc.php?
id=BOE-A-2020-5088 (accessed on 22 April 2022).

13. SER Estos Son Los Territorios Que Pasan a La Fase 2 Del Plan de Desescalada. Available online: https://cadenaser.com/ser/2020
/05/22/sociedad/1590151185_824572.html (accessed on 22 April 2022).

http://doi.org/10.1056/NEJMoa2001017
http://www.ncbi.nlm.nih.gov/pubmed/31978945
http://doi.org/10.1007/s11126-020-09796-5
http://www.ncbi.nlm.nih.gov/pubmed/32642822
https://cido.diba.cat/legislacio/9956651/resolucio-slt7042020-d11-de-marc-per-la-qual-sadopten-mesures-de-distanciament-social-en-relacio-amb-els-esdeveniments-multitudinaris-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9956651/resolucio-slt7042020-d11-de-marc-per-la-qual-sadopten-mesures-de-distanciament-social-en-relacio-amb-els-esdeveniments-multitudinaris-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9956651/resolucio-slt7042020-d11-de-marc-per-la-qual-sadopten-mesures-de-distanciament-social-en-relacio-amb-els-esdeveniments-multitudinaris-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://www.boe.es/boe/dias/2020/05/09/pdfs/BOE-A-2020-4911.pdf
https://www.boe.es/boe/dias/2020/05/09/pdfs/BOE-A-2020-4911.pdf
https://www.boe.es/boe/dias/2020/05/03/pdfs/BOE-A-2020-4791.pdf
https://www.boe.es/boe/dias/2020/05/03/pdfs/BOE-A-2020-4791.pdf
https://www.boe.es/boe/dias/2021/05/05/pdfs/BOE-A-2021-7351.pdf
https://www.boe.es/boe/dias/2021/05/05/pdfs/BOE-A-2021-7351.pdf
https://www.boe.es/buscar/doc.php?id=BOE-A-2020-4911
https://www.boe.es/buscar/doc.php?id=BOE-A-2020-4911
https://laciutat.cat/laciutatdelgarraf/el-garraf-passa-a-la-fase-1-del-desconfinament#
https://laciutat.cat/laciutatdelgarraf/el-garraf-passa-a-la-fase-1-del-desconfinament#
https://ajuntament.barcelona.cat/premsa/2020/05/24/barcelona-a-punt-per-entrar-a-la-fase-1-de-desescalada/
https://ajuntament.barcelona.cat/premsa/2020/05/24/barcelona-a-punt-per-entrar-a-la-fase-1-de-desescalada/
https://www.barcelona.cat/infobarcelona/es/tema/informacion-sobre-la-gestion-del-covid-19/fase-2-nuevas-medidas-menos-restricciones-y-mas-actividades-2_957887.html
https://www.barcelona.cat/infobarcelona/es/tema/informacion-sobre-la-gestion-del-covid-19/fase-2-nuevas-medidas-menos-restricciones-y-mas-actividades-2_957887.html
https://beteve.cat/societat/fase-3-barcelona-desescalada/
https://beteve.cat/societat/fase-3-barcelona-desescalada/
https://www.boe.es/buscar/doc.php?id=BOE-A-2020-5088
https://www.boe.es/buscar/doc.php?id=BOE-A-2020-5088
https://cadenaser.com/ser/2020/05/22/sociedad/1590151185_824572.html
https://cadenaser.com/ser/2020/05/22/sociedad/1590151185_824572.html


Int. J. Environ. Res. Public Health 2023, 20, 5161 13 of 15

14. SER Estos Son Los Territorios Que Pasan a La Fase 3 Del Plan de Desescalada y a La Nueva Normalidad El 15 de Junio. Available
online: https://cadenaser.com/ser/2020/06/12/sociedad/1591953793_476365.html (accessed on 22 April 2022).

15. RESOLUCIÓ INT/1433/2020, de 18 de Juny. 2020. Available online: https://cido.diba.cat/legislacio/10313804/resolucio-int143
32020-de-18-de-juny-de-delegacio-de-determinades-facultats-derivades-de-lincompliment-de-la-normativa-reguladora-de-
lestat-dalarma-departament-dinterior (accessed on 22 April 2022).

16. Rubin, G.J.; Wessely, S. The Psychological Effects of Quarantining a City. BMJ 2020, 368, m313. [CrossRef] [PubMed]
17. Hampshire, A.; Trender, W.; Grant, J.E.; Mirza, M.B.; Moran, R.; Hellyer, P.J.; Chamberlain, S.R. Item-Level Analysis of Mental

Health Symptom Trajectories during the COVID-19 Pandemic in the UK: Associations with Age, Sex and Pre-Existing Psychiatric
Conditions. Compr. Psychiatry 2022, 114, 152298. [CrossRef] [PubMed]

18. Kunzler, A.M.; Röthke, N.; Günthner, L.; Stoffers-Winterling, J.; Tüscher, O.; Coenen, M.; Rehfuess, E.; Schwarzer, G.; Binder, H.;
Schmucker, C.; et al. Mental Burden and Its Risk and Protective Factors during the Early Phase of the SARS-CoV-2 Pandemic:
Systematic Review and Meta-Analyses. Global. Health 2021, 17, 34. [CrossRef] [PubMed]

19. Rodríguez-Fernández, P.; González-Santos, J.; Santamaría-Peláez, M.; Soto-Cámara, R.; Sánchez-González, E.; González-Bernal, J.J.
Psychological Effects of Home Confinement and Social Distancing Derived from Covid-19 in the General Population—A
Systematic Review. Int. J. Environ. Res. Public Health 2021, 18, 6528. [CrossRef]

20. Solé, B.; Verdolini, N.; Amoretti, S.; Montejo, L.; Rosa, A.R.; Hogg, B.; Garcia-Rizo, C.; Mezquida, G.; Bernardo, M.;
Martinez-Aran, A.; et al. Effects of the COVID-19 Pandemic and Lockdown in Spain: Comparison between Community Controls
and Patients with a Psychiatric Disorder. Preliminary Results from the BRIS-MHC STUDY. J. Affect. Disord. 2021, 281, 13–23.
[CrossRef]

21. Hamm, M.E.; Brown, P.J.; Karp, J.F.; Lenard, E.; Cameron, F.; Dawdani, A.; Lavretsky, H.; Miller, J.P.; Mulsant, B.H.; Pham, V.T.;
et al. Experiences of American Older Adults with Pre-Existing Depression During the Beginnings of the COVID-19 Pandemic: A
Multicity, Mixed-Methods Study. Am. J. Geriatr. Psychiatry 2020, 28, 924–932. [CrossRef]

22. Quittkat, H.L.; Düsing, R.; Holtmann, F.J.; Buhlmann, U.; Svaldi, J.; Vocks, S. Perceived Impact of COVID-19 Across Different
Mental Disorders: A Study on Disorder-Specific Symptoms, Psychosocial Stress and Behavior. Front. Psychol. 2020, 11, 586246.
[CrossRef]

23. García-Álvarez, L.; de la Fuente-Tomás, L.; García-Portilla, M.P.; Sáiz, P.A.; Lacasa, C.M.; Santo, F.D.; González-Blanco, L.;
Bobes-Bascarán, M.T.; García, M.V.; Vázquez, C.Á.; et al. Early Psychological Impact of the 2019 Coronavirus Disease (COVID-19)
Pandemic and Lockdown in a Large Spanish Sample. J. Glob. Health 2020, 10, 1–15. [CrossRef]

24. González-Blanco, L.; Dal Santo, F.; García-Álvarez, L.; de la Fuente-Tomás, L.; Moya Lacasa, C.; Paniagua, G.; Sáiz, P.A.;
García-Portilla, M.P.; Bobes, J. COVID-19 Lockdown in People with Severe Mental Disorders in Spain: Do They Have a Specific
Psychological Reaction Compared with Other Mental Disorders and Healthy Controls? Schizophr. Res. 2020, 223, 192–198.
[CrossRef] [PubMed]

25. Martinelli, N.; Gil, S.; Chevalère, J.; Belletier, C.; Dezecache, G.; Huguet, P.; Droit-Volet, S. The Impact of the COVID-19 Pandemic
on Vulnerable People Suffering from Depression: Two Studies on Adults in France. Int. J. Environ. Res. Public Health 2021, 18, 3250.
[CrossRef] [PubMed]

26. Asmundson, G.J.G.; Paluszek, M.M.; Landry, C.A.; Rachor, G.S.; McKay, D.; Taylor, S. Do Pre-Existing Anxiety-Related and Mood
Disorders Differentially Impact COVID-19 Stress Responses and Coping? J. Anxiety Disord. 2020, 74, 102271. [CrossRef] [PubMed]

27. Hao, F.; Tan, W.; Jiang, L.; Zhang, L.; Zhao, X.; Zou, Y.; Hu, Y.; Luo, X.; Jiang, X.; McIntyre, R.S.; et al. Do Psychiatric Patients
Experience More Psychiatric Symptoms during COVID-19 Pandemic and Lockdown? A Case-Control Study with Service and
Research Implications for Immunopsychiatry. Brain Behav. Immun. 2020, 87, 100–106. [CrossRef] [PubMed]

28. Korsnes, M.S.; Grødal, E.; Kjellén, E.; Kaspersen, T.M.C.; Gjellesvik, K.B.; Benth, J.Š.; McPherson, B.A. COVID-19 Concerns
Among Old Age Psychiatric In- and Out-Patients and the Employees Caring for Them, a Preliminary Study. Front. Psychiatry
2020, 11, 576935. [CrossRef] [PubMed]

29. Liu, C.H.; Stevens, C.; Conrad, R.C.; Hahm, H.C. Evidence for Elevated Psychiatric Distress, Poor Sleep, and Quality of Life
Concerns during the COVID-19 Pandemic among U.S. Young Adults with Suspected and Reported Psychiatric Diagnoses.
Psychiatry Res. 2020, 292, 113345. [CrossRef]

30. Zhu, J.H.; Li, W.; Huo, X.N.; Jin, H.M.; Zhang, C.H.; Yun, J.D.; Gao, L.G.; Cheung, T.; Hall, B.J.; Yang, B.; et al. The Attitude towards
Preventive Measures and Knowledge of COVID-19 Inpatients with Severe Mental Illness in Economically Underdeveloped Areas
of China. Psychiatr. Q. 2021, 92, 683–691. [CrossRef]

31. Castaldelli-Maia, J.M.; Marziali, M.E.; Lu, Z.; Martins, S.S. Investigating the Effect of National Government Physical Distancing
Measures on Depression and Anxiety during the COVID-19 Pandemic through Meta-Analysis and Meta-Regression. Psychol.
Med. 2021, 51, 881–893. [CrossRef]

32. Jin, Y.; Sun, T.; Zheng, P.; An, J. Mass Quarantine and Mental Health during COVID-19: A Meta-Analysis. J. Affect. Disord. 2021,
295, 1335–1346. [CrossRef]

33. Luo, M.; Guo, L.; Yu, M.; Wang, H. The Psychological and Mental Impact of Coronavirus Disease 2019 (COVID-19) on Medical
Staff and General Public—A Systematic Review and Meta-Analysis. Psychiatry Res. 2020, 291, 113190. [CrossRef]

34. Phiri, P.; Ramakrishnan, R.; Rathod, S.; Elliot, K.; Thayanandan, T.; Sandle, N.; Haque, N.; Chau, S.W.; Wong, O.W.; Chan, S.S.;
et al. An Evaluation of the Mental Health Impact of SARS-CoV-2 on Patients, General Public and Healthcare Professionals: A
Systematic Review and Meta-Analysis. EClinicalMedicine 2021, 34, 100806. [CrossRef] [PubMed]

https://cadenaser.com/ser/2020/06/12/sociedad/1591953793_476365.html
https://cido.diba.cat/legislacio/10313804/resolucio-int14332020-de-18-de-juny-de-delegacio-de-determinades-facultats-derivades-de-lincompliment-de-la-normativa-reguladora-de-lestat-dalarma-departament-dinterior
https://cido.diba.cat/legislacio/10313804/resolucio-int14332020-de-18-de-juny-de-delegacio-de-determinades-facultats-derivades-de-lincompliment-de-la-normativa-reguladora-de-lestat-dalarma-departament-dinterior
https://cido.diba.cat/legislacio/10313804/resolucio-int14332020-de-18-de-juny-de-delegacio-de-determinades-facultats-derivades-de-lincompliment-de-la-normativa-reguladora-de-lestat-dalarma-departament-dinterior
http://doi.org/10.1136/bmj.m313
http://www.ncbi.nlm.nih.gov/pubmed/31992552
http://doi.org/10.1016/j.comppsych.2022.152298
http://www.ncbi.nlm.nih.gov/pubmed/35123177
http://doi.org/10.1186/s12992-021-00670-y
http://www.ncbi.nlm.nih.gov/pubmed/33781283
http://doi.org/10.3390/ijerph18126528
http://doi.org/10.1016/j.jad.2020.11.099
http://doi.org/10.1016/j.jagp.2020.06.013
http://doi.org/10.3389/fpsyg.2020.586246
http://doi.org/10.7189/jogh.10.020505
http://doi.org/10.1016/j.schres.2020.07.018
http://www.ncbi.nlm.nih.gov/pubmed/32771308
http://doi.org/10.3390/ijerph18063250
http://www.ncbi.nlm.nih.gov/pubmed/33801095
http://doi.org/10.1016/j.janxdis.2020.102271
http://www.ncbi.nlm.nih.gov/pubmed/32673930
http://doi.org/10.1016/j.bbi.2020.04.069
http://www.ncbi.nlm.nih.gov/pubmed/32353518
http://doi.org/10.3389/fpsyt.2020.576935
http://www.ncbi.nlm.nih.gov/pubmed/33329114
http://doi.org/10.1016/j.psychres.2020.113345
http://doi.org/10.1007/s11126-020-09835-1
http://doi.org/10.1017/S0033291721000933
http://doi.org/10.1016/j.jad.2021.08.067
http://doi.org/10.1016/j.psychres.2020.113190
http://doi.org/10.1016/j.eclinm.2021.100806
http://www.ncbi.nlm.nih.gov/pubmed/33842872


Int. J. Environ. Res. Public Health 2023, 20, 5161 14 of 15

35. Salari, N.; Hosseinian-Far, A.; Jalali, R.; Vaisi-Raygani, A.; Rasoulpoor, S.; Mohammadi, M.; Rasoulpoor, S.; Khaledi-Paveh, B.
Prevalence of Stress, Anxiety, Depression among the General Population during the COVID-19 Pandemic: A Systematic Review
and Meta-Analysis. Global. Health 2020, 16, 57. [CrossRef] [PubMed]

36. Franchini, L.; Ragone, N.; Seghi, F.; Barbini, B.; Colombo, C. Mental Health Services for Mood Disorder Outpatients in Milan
during COVID-19 Outbreak: The Experience of the Health Care Providers at San Raffaele Hospital. Psychiatry Res. 2020,
292, 113317. [CrossRef] [PubMed]

37. Frank, A.; Fatke, B.; Frank, W.; Förstl, H.; Hölzle, P. Depression, Dependence and Prices of the COVID-19-Crisis. Brain Behav.
Immun. 2020, 87, 99. [CrossRef] [PubMed]

38. Iasevoli, F.; Fornaro, M.; D’Urso, G.; Galletta, D.; Casella, C.; Paternoster, M.; Buccelli, C.; De Bartolomeis, A. Psychological
Distress in Patients with Serious Mental Illness during the COVID-19 Outbreak and One-Month Mass Quarantine in Italy. Psychol.
Med. 2021, 51, 1054–1056. [CrossRef] [PubMed]

39. Muruganandam, P.; Neelamegam, S.; Menon, V.; Alexander, J.; Chaturvedi, S.K. COVID-19 and Severe Mental Illness: Impact on
Patients and Its Relation with Their Awareness about COVID-19. Psychiatry Res. 2020, 291, 113265. [CrossRef] [PubMed]

40. Pan, K.Y.; Kok, A.A.L.; Eikelenboom, M.; Horsfall, M.; Jörg, F.; Luteijn, R.A.; Rhebergen, D.; van Oppen, P.; Giltay, E.J.;
Penninx, B.W.J.H. The Mental Health Impact of the COVID-19 Pandemic on People with and without Depressive, Anxiety, or
Obsessive-Compulsive Disorders: A Longitudinal Study of Three Dutch Case-Control Cohorts. Lancet Psychiatry 2021, 8, 121–129.
[CrossRef]

41. Leightley, D.; Lavelle, G.; White, K.M.; Sun, S.; Matcham, F.; Ivan, A.; Oetzmann, C.; Penninx, B.W.J.H.; Lamers, F.; Siddi, S.; et al.
Investigating the Impact of COVID-19 Lockdown on Adults with a Recent History of Recurrent Major Depressive Disorder: A
Multi-Centre Study Using Remote Measurement Technology. BMC Psychiatry 2021, 21, 435. [CrossRef]

42. Siddi, S.; Giné-Vázquez, I.; Bailon, R.; Matcham, F.; Lamers, F.; Kontaxis, S.; Laporta, E.; Garcia, E.; Arranz, B.; Costa, G.D.; et al.
Biopsychosocial Response to the COVID-19 Lockdown in People with Major Depressive Disorder and Multiple Sclerosis. J. Clin.
Med. 2022, 11, 7163. [CrossRef]

43. Matcham, F.; Barattieri Di San Pietro, C.; Bulgari, V.; De Girolamo, G.; Dobson, R.; Eriksson, H.; Folarin, A.A.; Haro, J.M.; Kerz, M.;
Lamers, F.; et al. Remote Assessment of Disease and Relapse in Major Depressive Disorder (RADAR-MDD): A Multi-Centre
Prospective Cohort Study Protocol. BMC Psychiatry 2019, 19, 72. [CrossRef]

44. The Territorial Impact of COVID-19: Managing the Crisis across Levels of Government. Available online: https:
//www.oecd.org/coronavirus/policy-responses/the-territorial-impact-of-COVID-19-managing-the-crisis-across-levels-
of-government-d3e314e1/ (accessed on 7 August 2022).

45. COVID-19: Stringency Index—Our World in Data. Available online: https://ourworldindata.org/covid-stringency-index#learn-
more-about-the-data-source-the-oxford-coronavirus-government-response-tracker (accessed on 26 January 2023).

46. Aknin, L.B.; Andretti, B.; Goldszmidt, R.; Helliwell, J.F.; Petherick, A.; De Neve, J.E.; Dunn, E.W.; Fancourt, D.; Goldberg, E.;
Jones, S.P.; et al. Policy Stringency and Mental Health during the COVID-19 Pandemic: A Longitudinal Analysis of Data from 15
Countries. Lancet Public Health 2022, 7, e417–e426. [CrossRef] [PubMed]

47. Ranjan, Y.; Rashid, Z.; Stewart, C.; Conde, P.; Begale, M.; Verbeeck, D.; Boettcher, S.; Dobson, R.; Folarin, A. Radar-Base: Open
Source Mobile Health Platform for Collecting, Monitoring, and Analyzing Data Using Sensors, Wearables, and Mobile Devices.
JMIR mHealth uHealth 2019, 7, e11734. [CrossRef]

48. Matcham, F.; Carr, E.; White, K.M.; Leightley, D.; Lamers, F.; Siddi, S.; Annas, P.; Haro, J.M.; Horsfall, M.; Ivan, A.; et al. Predictors
of Engagement with Remote Sensing Technologies for Symptom Measurement in Major Depressive Disorder. J. Affect Disord.
2022, 310, 106–115. [CrossRef] [PubMed]

49. Kroenke, K.; Strine, T.W.; Spitzer, R.L.; Williams, J.B.W.; Berry, J.T.; Mokdad, A.H. The PHQ-8 as a Measure of Current Depression
in the General Population. J. Affect. Disord. 2009, 114, 163–173. [CrossRef] [PubMed]

50. Spitzer, R.L.; Kroenke, K.; Williams, J.B.; Löwe, B. A brief measure for assessing generalized anxiety disorder: The GAD-7. Arch.
Intern. Med. 2006, 166, 1092–1097. [CrossRef]

51. Pinheiro, J.; Douglas, B.; Saikat, D.; Deepayan, S.; R Core Team. Nlme: Linear and Nonlinear Mixed Effects Models; R Package
Version 3.1-152; R Foundation for Statistical Computing: Vienna, Austria, 2021.

52. Sun, S.; Folarin, A.A.; Ranjan, Y.; Rashid, Z.; Conde, P.; Stewart, C.; Cummins, N.; Matcham, F.; Costa, G.D.; Simblett, S.; et al.
Using Smartphones and Wearable Devices to Monitor Behavioral Changes during COVID-19. J. Med. Internet Res. 2020, 22, e19992.
[CrossRef]

53. Fleischmann, E.; Dalkner, N.; Fellendorf, F.T.; Reininghaus, E.Z. Psychological Impact of the COVID-19 Pandemic on Individuals
with Serious Mental Disorders: A Systematic Review of the Literature. World J. Psychiatry 2021, 11, 1387–1406. [CrossRef]

54. Robinson, E.; Sutin, A.R.; Daly, M.; Jones, A. A Systematic Review and Meta-Analysis of Longitudinal Cohort Studies Comparing
Mental Health before versus during the COVID-19 Pandemic in 2020. J. Affect. Disord. 2022, 296, 567–576. [CrossRef]

55. Kontaxis, S.; Gil, E.; Marozas, V.; Lazaro, J.; Garcia, E.; Posadas-De Miguel, M.; Siddi, S.; Bernal, M.L.; Aguilo, J.; Haro, J.M.; et al.
Photoplethysmographic Waveform Analysis for Autonomic Reactivity Assessment in Depression. IEEE Trans. Biomed. Eng. 2021,
68, 1273–1281. [CrossRef]

56. Osório, C.; Probert, T.; Jones, E.; Young, A.H.; Robbins, I. Adapting to Stress: Understanding the Neurobiology of Resilience.
Behav. Med. 2017, 43, 307–322. [CrossRef]

http://doi.org/10.1186/s12992-020-00589-w
http://www.ncbi.nlm.nih.gov/pubmed/32631403
http://doi.org/10.1016/j.psychres.2020.113317
http://www.ncbi.nlm.nih.gov/pubmed/32721785
http://doi.org/10.1016/j.bbi.2020.04.068
http://www.ncbi.nlm.nih.gov/pubmed/32360604
http://doi.org/10.1017/S0033291720001841
http://www.ncbi.nlm.nih.gov/pubmed/32423496
http://doi.org/10.1016/j.psychres.2020.113265
http://www.ncbi.nlm.nih.gov/pubmed/32763536
http://doi.org/10.1016/S2215-0366(20)30491-0
http://doi.org/10.1186/s12888-021-03434-5
http://doi.org/10.3390/jcm11237163
http://doi.org/10.1186/s12888-019-2049-z
https://www.oecd.org/coronavirus/policy-responses/the-territorial-impact-of-COVID-19-managing-the-crisis-across-levels-of-government-d3e314e1/
https://www.oecd.org/coronavirus/policy-responses/the-territorial-impact-of-COVID-19-managing-the-crisis-across-levels-of-government-d3e314e1/
https://www.oecd.org/coronavirus/policy-responses/the-territorial-impact-of-COVID-19-managing-the-crisis-across-levels-of-government-d3e314e1/
https://ourworldindata.org/covid-stringency-index#learn-more-about-the-data-source-the-oxford-coronavirus-government-response-tracker
https://ourworldindata.org/covid-stringency-index#learn-more-about-the-data-source-the-oxford-coronavirus-government-response-tracker
http://doi.org/10.1016/S2468-2667(22)00060-3
http://www.ncbi.nlm.nih.gov/pubmed/35461592
http://doi.org/10.2196/11734
http://doi.org/10.1016/j.jad.2022.05.005
http://www.ncbi.nlm.nih.gov/pubmed/35525507
http://doi.org/10.1016/j.jad.2008.06.026
http://www.ncbi.nlm.nih.gov/pubmed/18752852
http://doi.org/10.1001/archinte.166.10.1092
http://doi.org/10.2196/19992
http://doi.org/10.5498/wjp.v11.i12.1387
http://doi.org/10.1016/j.jad.2021.09.098
http://doi.org/10.1109/TBME.2020.3025908
http://doi.org/10.1080/08964289.2016.1170661


Int. J. Environ. Res. Public Health 2023, 20, 5161 15 of 15

57. Jefatura de Estado Real Decreto 463/2020, de 14 de Marzo, BOE n.◦3692; 2020. Available online: https://www.boe.es/buscar/act.
php?id=BOE-A-2020-3692 (accessed on 22 April 2022).

58. García-Esquinas, E.; Ortolá, R.; Gine-Vázquez, I.; Carnicero, J.A.; Mañas, A.; Lara, E.; Alvarez-Bustos, A.; Vicente-Rodriguez, G.;
Sotos-Prieto, M.; Olaya, B.; et al. Changes in Health Behaviors, Mental and Physical Health among Older Adults under Severe
Lockdown Restrictions during the Covid-19 Pandemic in Spain. Int. J. Environ. Res. Public Health 2021, 18, 7067. [CrossRef]

59. RESOLUCIÓ SLT/719/2020, de 12 de Març; 2020. Available online: https://cido.diba.cat/legislacio/9970276/resolucio-slt71920
20-de-12-de-marc-per-la-qual-sadopten-mesures-addicionals-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-
departament-de-salut (accessed on 22 April 2022).

60. RESOLUCIÓ SLT/720/2020, de 13 de Març; 2020. Available online: https://cido.diba.cat/legislacio/9956411/resolucio-slt72020
20-de-13-de-marc-per-la-qual-sadopten-noves-mesures-addicionals-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-
cov-2-departament-de-salut (accessed on 22 April 2022).

61. RESOLUCIÓ SLT/746/2020, de 18 de Març; 2020. Available online: https://cido.diba.cat/legislacio/9954147/resolucio-slt74620
20-de-18-de-marc-per-la-qual-sadopten-noves-mesures-complementaries-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-
sars-cov-2-departament-de-salut (accessed on 22 April 2022).

62. RESOLUCIÓ SLT/761/2020, de 23 de Març; 2020. Available online: https://cido.diba.cat/legislacio/9960076/resolucio-slt76120
20-de-23-de-marc-per-la-qual-sadopten-noves-mesures-complementaries-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-
sars-cov-2-departament-de-salut (accessed on 22 April 2022).

63. ELNACIONAL.CAT. El Garraf y El Alt Penedès Vuelven a Integrarse En El Territorio de Barcelona. Available online: https://www.
elnacional.cat/es/politica/coronavirus-garraf-alt-penedes-territorio-barcelona_511356_102.html (accessed on 22 April 2022).

64. Jefatura de Estado Disposición 11590, BOE n.◦260. 2020. Available online: https://www.boe.es/buscar/doc.php?id=BOE-A-2020
-11590 (accessed on 22 April 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.boe.es/buscar/act.php?id=BOE-A-2020-3692
https://www.boe.es/buscar/act.php?id=BOE-A-2020-3692
http://doi.org/10.3390/ijerph18137067
https://cido.diba.cat/legislacio/9970276/resolucio-slt7192020-de-12-de-marc-per-la-qual-sadopten-mesures-addicionals-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9970276/resolucio-slt7192020-de-12-de-marc-per-la-qual-sadopten-mesures-addicionals-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9970276/resolucio-slt7192020-de-12-de-marc-per-la-qual-sadopten-mesures-addicionals-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9956411/resolucio-slt7202020-de-13-de-marc-per-la-qual-sadopten-noves-mesures-addicionals-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9956411/resolucio-slt7202020-de-13-de-marc-per-la-qual-sadopten-noves-mesures-addicionals-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9956411/resolucio-slt7202020-de-13-de-marc-per-la-qual-sadopten-noves-mesures-addicionals-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9954147/resolucio-slt7462020-de-18-de-marc-per-la-qual-sadopten-noves-mesures-complementaries-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9954147/resolucio-slt7462020-de-18-de-marc-per-la-qual-sadopten-noves-mesures-complementaries-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9954147/resolucio-slt7462020-de-18-de-marc-per-la-qual-sadopten-noves-mesures-complementaries-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9960076/resolucio-slt7612020-de-23-de-marc-per-la-qual-sadopten-noves-mesures-complementaries-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9960076/resolucio-slt7612020-de-23-de-marc-per-la-qual-sadopten-noves-mesures-complementaries-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://cido.diba.cat/legislacio/9960076/resolucio-slt7612020-de-23-de-marc-per-la-qual-sadopten-noves-mesures-complementaries-per-a-la-prevencio-i-el-control-de-la-infeccio-pel-sars-cov-2-departament-de-salut
https://www.elnacional.cat/es/politica/coronavirus-garraf-alt-penedes-territorio-barcelona_511356_102.html
https://www.elnacional.cat/es/politica/coronavirus-garraf-alt-penedes-territorio-barcelona_511356_102.html
https://www.boe.es/buscar/doc.php?id=BOE-A-2020-11590
https://www.boe.es/buscar/doc.php?id=BOE-A-2020-11590

	Introduction 
	Materials and Methods 
	Study Design and Participants 

	Measures 
	Depression 
	Anxiety Symptoms 
	Socialdemographic Variables 

	Statistical Analysis 
	Results 
	Discussion 
	Implications and Future Directions 
	Limitations and Strengths 
	Conclusions 
	References

