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Background: Associations between personality traits and mental health outcomes
(depression, anxiety, loneliness, and stress) have rarely been assessed in a
population-representative sample of a high-income country during the COVID-19
pandemic. Additionally, as far as we know, the role of health and social behaviors as
well as resilience in the personality-mental health relationship has yet to be explored.

Methods: A representative sample of 1,828 residents of Luxembourg filled in validated
scales to assess personality traits and resilience, depressive symptoms, generalized
anxiety, loneliness, and stress, indicating mental health, in mid-April 2020.

Results: Approximately 21% of the participants scored above the cut-off for moderate
depression and moderate loneliness. Moderate anxiety and moderate stress were
present in 6.2 and 0.3% of the participants, respectively. Higher-educated respondents
and those living in higher-value housing reported better mental health. Agreeableness
and conscientiousness were most consistently associated with better mental health;
neuroticism was most consistently associated with worse mental health. Spending more
time on social media was also associated with elevated levels of all four mental health
outcomes. Social and health behaviors did not change the personality-mental health
relationships. Resilience moderated some of the personality-mental health associations,
most consistently in neuroticism.

Conclusions: Findings suggest educational and socioeconomic inequalities in
mental health in a nationally representative sample during the COVID-19 confinement
measures. Personality traits, particularly agreeableness, conscientiousness, and low
neuroticism were associated with mental health. The moderating role of resilience in the
personality-mental health relationship suggests intervention potential to improve mental
health during periods of confinement.
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INTRODUCTION

With exponentially increasing numbers of COVID-19 infections
across Europe, Luxembourg declared a crisis in mid-March 2020.
Confinement measures were implemented, including mandatory
home confinement, closure of schools, restaurants, and bars.
Only necessary activities were maintained to limit social contacts
to a maximum extent. These measures have been shown to
increase psychological distress in the general population, and
increase loneliness and isolation for older adults or vulnerable
people as well as for family members not living in the
same household (1, 2). In the general European population,
approximately one quarter has experienced symptoms of anxiety.
About one-third reported elevated symptoms of depression
(32.4%) and stress (31.9%) (3, 4).

The role of personality in mental health has been investigated
in several pre-pandemic studies, with the “Big Five” model
being the most well-known model of personality (5). The
five personality traits are neuroticism, extraversion, openness,
agreeableness, and conscientiousness, known as the most basic
dimensions of personality. Neuroticism refers to the vulnerability
to emotional instability and self-consciousness. Openness refers
to the extent to which new impressions and experiences are
made. People with high scores on this dimension are creative
and have broad interests (5). Extraversion refers to being active
and interpersonal behavior. People with high scores on this
dimension are sociable, active, focused on other people as well as
receptive to ideas (5). Conscientiousness is the tendency toward
dutifulness and competence.

High levels of neuroticism are linked to less emotional stability
and more negative mental health outcomes such as depression,
anxiety, distress, and irritability (6-8). High levels of neuroticism
and extraversion are related to lower emotional stability leading
to higher levels of stress due to higher levels of perceived threat
and lower levels of efficacy to cope with the situation (9, 10).
In contrast, conscientiousness is associated with better health
and well-being.

There is first evidence on the associations between personality
traits and mental health outcomes during the first year of the
pandemic (10). Our study extends earlier research by testing to
which extent health and social behaviors during the pandemic
control measures were able to explain the personality-mental
health relationship and explores the role of resilience as potential
moderator in this relationship.

Aside from personality traits, a number of further
sociodemographic and behavioral factors were associated
with mental health during pandemic control measures. For
instance, a systematic review carried out by Xiong et al.
(11) showed that female sex, lower education, being single,
unemployment, and increased exposure to social media were
the most common risk factors for poorer mental health.
Similarly, as shown before higher-educated participants were
less likely to present depression and anxiety symptoms than
respondents with no formal educational degree (12). In fact,
education seems to be a protective factor as it influences income
and professional status (13). It had been confirmed that the

unemployed had higher stress and anxiety levels compared to
those in full-time employment.

In addition, a relevant sociodemographic factor in the
influence of COVID-19 confinement measures on mental health
is the type of housing (14-16), in which respondents living
in small apartments, characterized by scarce views and lack
of outdoor spaces, had more severe depression symptoms,
consequently influencing well-being and work productivity. In
Luxembourg, living in a house (vs. apartment) is additionally a
rather robust proxy for individual and parental wealth due to
higher value of houses than apartments (17).

Even though older adults are considered a high-risk group
for COVID-19, and that several studies indicated that social
disconnection and distancing put older adults at a greater risk
for mental health problems (18, 19), the pandemic seems to have
a greater impact on younger adults (20, 21). Symptoms of anxiety
and depression are more present in younger adults compared
to older adults in the longitudinal follow-up (12). It is possible
that, due to less developed coping skills, young adults have more
difficulties in coping with the current situation than older adults
(22). Furthermore, remote work or work loss could disrupt social
connectedness and identity (22). Additionally, separation from
friends and a feeling of detachment from schools and universities
could also increase the levels of depression, anxiety, and stress
(23, 24). These disruptions may put an already vulnerable group
at greater risk for mental health outcomes, seeing those under
the age of 25 are already experiencing higher levels of loneliness,
which may be more devastating due to social distancing and
isolation (25).

In this sense, the use of social media and technological devices,
which has been ever increasing over the last two decades, could
serve on the one hand as a bridge to maintain social contacts. On
the other hand, however, an increase in the time spent in front of
a screen could have a negative impact on well-being, and setting
time limits of social media usage may be buffering this negative
effect (26).

Finally, in a period of confinement, resilience should positively
contribute to coping with this exceptional life situation. Indeed,
resilience has been suggested as an important determinant for
issues related to mental health during the COVID-19 pandemic
in a number of studies (27, 28) as it mediates the relationship
between personality traits and psychological functioning except
for extraversion (28). Resilience is defined as the ability to return
to a previous level of functioning after an adverse life event or
experience (29). Earlier research has shown the possibility to
improve resilience through interventions (30). However, to our
knowledge, it has not been explored yet to which extent resilience
may moderate the personality-mental health relationship.

We hypothesized that during the first wave of the COVID-
19 pandemic, personality traits would be associated with mental
health outcomes (levels of depressive symptoms, anxiety, stress,
and loneliness), similarly to evidence from pre-pandemic studies.
Further, we explored if differences in health and social behaviors
would explain the relationships of the personality traits with the
mental health outcomes. Finally, we also examined if resilience
would moderate the personality-mental health relationships.
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MATERIALS AND METHODS
Study Design

The recruitment of the participants took place in the framework
of the nationally-representative CON-VINCE study, aiming
at evaluating the dynamics of the spread of the COVID-19
disease as well as getting insights into the mental health of
the Luxembourgish population (31). The chosen sampling
strategy for the representativeness of the Luxembourgish
population was based on gender-, age-, and residency-
stratification in collaboration with a specialized survey company
(TNS-ILRES) (31).

The full study has been described in detail elsewhere
(31). The online administered questionnaire consisted, among
others, of socioeconomic and health indicators, and validated
scales to assess depression, anxiety, loneliness, stress, and
personality traits.

Given the multilingual characteristic of Luxembourg, we
used questionnaires with translations to all the four languages
(German, French, English, and Portuguese) (32-34) and applied
in large multi-country surveys such as the Survey of Health,
Aging and Retirement in Europe (35, 36). This was done to
ensure that participants could choose their preferred language to
answer the study questionnaires.

The study was approved by the national research ethics
committee (Comité National d'’Ethique de Recherche, CNER),
under reference 202004/01, and by the Luxembourgish
Ministry of Health under reference 831x6ce0d. Furthermore,
the study has been submitted for registration on
ClinicalTrials.gov (NCT04379297).

Participants

A total of 1,828 participants were randomly selected based
on three stratification variables (gender, electoral district, and
age) in order to reach representativeness of the Luxembourgish
population (18-79 years).

Material

Mental Health Measures

- The Center for Epidemiologic Studies Depression Scale (CES-
D) (37-39) assesses depressive symptoms within the general
population. A score of >16 out of 60 is indicative of an
increased risk for clinical depression (40). The CES-D had
a Cronbachs alpha of 0.89, which shows a good internal
consistency and reliability.

- The Generalized Anxiety Disorder Assessment (GAD) (41-44)
measures the presence and severity of a generalized anxiety
syndrome. The cut-off is 10 out of 21 for moderate anxiety.
The GAD-7 showed good internal consistency and reliability
(Cronbach’s alpha of 0.88).

- The Three-item Loneliness Scale (45) is derived from the
Revised UCLA Loneliness Scale (46) and measures perceived
subjective isolation and feelings of loneliness. A score of >6
is indicative of loneliness. The UCLA showed poor internal
consistency (Cronbach’s alpha of 0.60).

- The Perceived Stress Scale-4 item version (PSS-4) (47) is a self-
administered measurement of stress. A score of 6 or higher

indicates high level of stress based on population norms (48).
We detected an acceptable internal consistency and reliability
for PSS (Cronbach’s alpha of 0.68).

- The Brief Resilience Scale (BRS) (29, 49-51) assesses resilience.
Scores ranging from 3 to 4.3 are considered as a normal
level of resilience. A score <3 is indicative of low resilience,
whereas a score >4.3 indicates high resilience. The BRS
had a Cronbach’s alpha of 0.82, which means good internal
consistency and reliability.

Personality Characteristics

- The Big Five Inventory 10 (BFI-10) provides information
regarding a person’s personality (34, 52, 53). These personality
dimensions (extraversion, agreeableness, conscientiousness,
neuroticism, and openness) are each represented by two items;
constituting an assessment tool of an overall total of 10 items.
The BFI-10 items varied in terms of internal consistency
and reliability. Cronbach’s alpha was 0.66 for extraversion,
0.24 for agreeableness, 0.45 for conscientiousness, 0.63 for
neuroticism, and 0.49 for openness.

Health and Social Behaviors
Behavioral aspects in the context of the COVID-19 pandemic
were measured by quantifying the frequency of different activities
and behaviors. Among these, we focused on the physical activity
before and during the pandemic, screen time as well as social
contact by means of technological devices. Respondents were
asked to report if they were physically active before and during
the pandemic as well as the hours per week of exercise at the two
time points. Participants reported how many hours per day they
spent surfing the internet, on social media (Facebook, Twitter,
Instagram...), watching the news on TV, speaking with friends
or family via phone or video calls, and on streaming platforms.
Demographic data, specifically age, gender, marital status,
education, and type of housing (living in a house vs. living in an
apartment) were entered as control variables.

Statistical Analysis

The study data were managed by using the ADA: the CON-
VINCE Discovery Platform. STATA version 16 (StataCorp LP,
College Station, TX, USA) was used to conduct statistical
analyses, with o levels set at 0.05. Firstly, we computed descriptive
statistics for demographic and socioeconomic variables, as well as
psychological outcomes stratified by age groups.

Secondly, bivariate correlations were calculated to assess
the associations between the independent variables and the
continuous mental health outcomes (depressive symptoms,
loneliness, anxiety, and stress). Finally, we performed
multivariate regression models. We report unstandardized beta
regression coeflicients that indicate the change in the dependent
variable for a one-unit increase in the independent variable.
In the first set of regressions, we explored the associations
of personality traits with the four mental health outcomes in
separate models, controlling for sociodemographic variables.
To check that the associations of psychological scales results
with personality traits remained significant after adjustment,
we introduced one variable at a time in the regression model
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before estimating the complete model. In a second step, health
and social behaviors were additionally included to test if they
could explain the relationship between personality traits and
mental health outcomes. In a separate set of analyses, resilience
was added as a main term and as an interaction term with the
personality traits, first one at a time. Since associations did not
change when entering all personality traits and their interaction
terms with resilience at once, only the model incorporating all
interactions is presented. Another way to conceptualize resilience
is to hypothesize it as a mediator in the personality-mental health
relationship. Therefore, in a last step, a structural equation model
was set up to test the mediating role of resilience, using maximum
likelihood method, as recommend by previous literature (54), the
model fitted the structural equation modeling criteria (root mean
square error of approximation—RMSEA and standardized root
mean square residual—SRMR <0.08, goodness of fit index—GFI
and comparative fit index—CFI >0.90).

RESULTS

Descriptive Results

After excluding 34 participants with missing values on
sociodemographic and other variables of interest, data of a
total of 1,828 participants were analyzed (51.1% women).
Participants’ mean age was 47.6 years (SD = 15.1), average
number of schooling was 14.0 years (SD = 3.7). The majority
of participants (65.1%) were married or living in a registered
partnership. More than half of the participants lived in their
own house (73.7%), except for people in their 30s (39%).
Most of the participants were Luxembourgish nationals
(85.2%, Table 1).

Regarding psychological variables, 687 participants (37.7%)
indicated a high level of stress, and 114 participants (6.2%)
displayed moderate anxiety levels. Significant levels of moderate
and higher depression as well as loneliness were found in 384
(21%) and 383 (20.9%) participants, respectively. Thousand
four hundred and forty-six participants (79%) had typical
levels of resilience, while 346 (18.9%) reported low resilience
levels. In the age range 18-29, more people scored above
the cut-off for moderate depression (36.4%), anxiety (12.0%),
and loneliness (30.6%) than the other age groups. In the
same age range, participants reported higher levels of stress
(48.8%) than in the other age ranges. The prevalence of
moderate levels of psychological distress was stable across the
age ranges.

Frequency of physical activity significantly decreased during
the confinement compared to before the pandemic (63.7 vs.
54.2%; p < 0.001) in all age groups. However, the time spent
on physical activity significantly increased during the pandemic
for all the age ranges (p < 0.001). Moreover, young adults (18-
29 years) spent more hours per day on the internet (M = 3.5,
SD = 3.0), on social media (M = 3.4, SD = 3.7), on the phone
(M = 2.1, SD = 2.6), and on streaming platforms (M = 3.5;
SD = 3.8) compared to the other age groups. In the other age
ranges, mean hours spent on technical devices remained stable
(Table 1). Additional analyses showed no associations between
annual income brackets and mental health outcomes.

Bivariate Correlations

As we expected, anxiety was positively correlated with depressive
symptoms (r = 0.79, p < 0.001), stress (r = 0.16, p < 0.001)
as well as with loneliness (r = 0.44, p < 0.001). Depressive
symptoms were positively correlated with loneliness (r = 0.52,
p < 0.001), and with stress (r = 0.76, p = 0.001).

We found positive correlations between agreeableness
and resilience (r = 0.14, p < 0.001) as well as between
conscientiousness and resilience and between extraversion
and resilience (r = 0.78, p = 0.001, and r = 0.98, p < 0.001,
respectively). A negative correlation has been established
between resilience and neuroticism (r = —0.28, p < 0.001).

Multivariate Regression Models

In the first set of analyses, depression, anxiety, loneliness, and
stress served as dependent variables, and we controlled for age,
gender, education, marital status, and type of housing.

Here, higher agreeableness was associated with lower
depression (B = —0.58; SE = 0.25), lower anxiety (B = —0.28;
SE = 0.10), lower loneliness (B = —0.15; SE = 0.05), and lower
stress (B = —0.41; SE = 0.09; Table 2). Higher conscientiousness
was also associated with lower depression (B = —0.97; SE =
0.24), lower loneliness (B = —0.13; SE = 0.04), and lower stress
(B = —0.32; SE = 0.08). Low extraversion predicted higher
stress (B = —0.22; SE = 0.67). Conversely, high neuroticism
was associated with higher depression (B = 3.39; SE = 0.20),
higher anxiety (B = 1.72; SE = 0.09), higher loneliness (B =
0.34; SE = 0.04), and higher stress (B = 1.05; SE = 0.71).
Higher openness was associated with higher depression (B =
0.57; SE = 0.19), higher anxiety (B = 0.28; SE = 0.08), and
higher loneliness (B = 0.08; SE = 0.03; Table 2). Respondents
with more years of education had less anxiety (B = —0.05; SE
= 0.02). Participants living in a house showed fewer depression
symptoms than those living in an apartment (B = —1.58; SE
= 0.40). Furthermore, marital status played a role: higher stress
symptoms were found in respondents who reported being single
(B = 0.43; SE = 0.19) or widowed (B = 1.01; SE = 0.40), while
higher loneliness symptoms were associated with being single
(B = 0.40; SE = 0.09), divorced (B = 0.39; SE = 0.11), or
widowed (B = 0.45; SE = 0.20). The percentage of variance (R?)
explained by the independent variables in the models for stress,
depression, anxiety, and loneliness scales were 23, 27, 29, and
14%, respectively.

By further including health and social behaviors in the
second set of analyses, we found that the more time people
spent on social media, the more they experienced depression
(B = 0.19; SE = 0.08), anxiety (B = 0.08; SE = 0.04),
loneliness (B = 0.03; SE = 0.02), and stress (B = 0.07;
SE = 0.03; Table3). Other social and health behaviors
were not significantly associated with the mental health
outcomes and did not modify the personality-mental health
relationships. The independent variables explained a total of
24% percentage of variance in the model for stress, 28%
in the model for depression, 30% for anxiety, and 14%
for loneliness.

In the next step, the models additionally included
resilience, which was strongly and negatively associated
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TABLE 1 | Demographic characteristics, psychological measures, personality traits, and behavioral aspects by age groups.

18-29 30-39 40-49 50-59 60-69 70-84 All subjects
Nr of subjects 258 359 395 365 277 174 1,828
Age (in years) (mean; std) 25.2(2.8) 34.7 (2.9) 44.5(2.9) 54.7 (2.8) 64.0 (2.7) 73.6 (3.4) 47.6 (15.1)
Gender; female (n; %) 202 (54.7%) 185 (51.5%) 215 (54.3%) 191 (52.2%) 151 (54.5%) 52 (30.0%) 935 (51.1%)
Married/Registered partnership (n; %) 48 (18.7%) 225 (62.7%) 300 (75.8%) 299 (81.7%) 190 (68.6%) 130 (74.7%) 1,192 (65.1%)
Years of education (mean; std) 15.02 (3.5) 14.6 (3.8) 14.2 (3.5) 13.3 (3.6) 13.0(3.6) 13.4 (3.6) 14.0 (3.7)
Luxembourgish nationality (n; %) 240 (93.0%) 319 (88.9%) 316 (79.8%) 288 (78.7%) 233 (84.1%) 163 (93.7%) 1,559 (85.2%)
Living in a house (n; %) 160 (62.0%) 217 (39%) 318 (80.3%) 3083 (82.8%) 214 (77.3%) 136 (78.2%) 1,348 (73.7%)
Mental health measures
GAD-7 4.4 (4.3 3.8 (3.6) 3.2(3.2) 3.2(3.9) 2.7 (3.0 1.9(2.7) 3.3 (3.6)
>10 (%) 31 (12%) 28 (7.8%) 17 (4.3%) 24 (6.6%) 9 (3.2%) 5 (2.9%) 114 (6.2%)
CES-D 14.0 (9.3) 11.0 (8.4) 9.8(7.8) 10.5 (9.5) 9.0(7.2) 7.5(5.7) 10.4 (8.4)
>16 94 (36.4%) 82 (22.8%) 73 (18.4%) 76 (20.8%) 43 (15.5%) 16 (9.2%) 384 (21.0%)
UCLA 5.0(1.3) 4.6 (1.4) 4.3(1.3) 4.5 (1.4) 45(1.4) 4.2 (1.1) 4.5 (1.4)
>6 79 (30.6%) 78 (21.7%) 71 (17.9%) 79 (21.6%) 50 (18.1%) 26 (14.9%) 383 (20.9%)
PSS-4 items 5.8 (2.7) 4.8 (2.7) 4.6 (2.8 4.6 (3.0) 4.4 (2.8 4.0(2.5) 4.7 (2.8)
<6 126 (48.8%) 217 (60.4%) 260 (65.7%) 236 (64.5%) 181 (65.3%) 121 (69.5%) 1,141 (62.3%)
>6 132 (51.2%) 142 (39.6%) 135 (34.3%) 129 (35.5%) 96 (34.7%) 53 (30.5%) 687 (37.7%)
BRS 3.2(0.5 3.3(0.5) 3.4 (0.5 3.3(0.6) 4.5(3.4) 3.4 (0.5 3.3(0.5)
1.0-2.99 (low) 70 (27.1%) 73 (20.3%) 72 (18.2%) 69 (18.9%) 44 (15.9%) 18 (10.3%) 346 (18.9%)
3.0-4.3 (normal) 183 (70.9%) 276 (76.9%) 317 (80.1%) 289 (79.0%) 228 (82.3%) 152 (87.9%) 1,446 (79.0%)
4.31-5.0 (high) 5(1.9%) 10 (2.8%) 7 (1.8%) 8 (2.2%) 5 (1.8%) 3(1.7%) 38 (2.1%)
Personality traits
Agreeableness 3.3(0.7) 3.3(0.7) 3.4 (0.7) 3.4 (0.7) 3.5(0.7) 3.5(0.7) 3.4 (0.7)
Conscientiousness 3.6 (0.8) 3.7 (0.7) 4.0(0.7) 4.0 (0.7) 4.0 (0.9) 4.0(0.7) 3.9(0.8)
Extraversion 3.2(1.0 3.4(1.0) 3.5(0.9) 3.5(0.9) 3.6(0.9) 3.5(0.9 3.5(0.9)
Neuroticism 2.8(0.9 2.7 (0.9 2.7 (0.9 2.6 (0.9 2.5(0.9 2.3(0.8) 2.6 (0.9
Openness 3.4 (1.0 3.4 (1.0 3.4 (0.9 3.5(0.9) 3.5(1.0) 3.5(0.3) 3.4 (0.9)
Behavioral aspects
Pre-pandemic physical activity (yes-no) (n; %) 190 (73.6%) 222 (61.8%) 239 (60.4%) 235 (64.2%) 177 (63.9%) 102 (58.6%) 1,165 (63.7%)
Hours/Week of physical activity before pandemic 6.3 (5.4) 4.6 (3.2 4.8 (4.0) 5.5 (4.1) 7.1(5.4) 6.6 (4.4) 5.7 (4.5)
Physical activity during pandemic (yes—no) (n; %) 186 (72.1%) 196 (54.6%) 205 (51.8%) 192 (52.5%) 137 (49.5%) 76 (43.7%) 992 (54.2%)
Hours/Week of physical activity during pandemic 6.1 (4.4) 5.0 (3.6) 5.2 (3.8) 5.8(3.7) 7.4 (4.9) 7.3 (4.1) 5.9 (4.1)
Hours/Day spent on the Internet 3.5(3.0) 2.7 (3.0) 2.6 (3.0) 2.5(2.9) 2.2(2.4) 2.8 (4.1) 2.7 (3.0)
Hours/Day spent on social media 3.4 3.7) 1.8(2.8) 1.7 (2.5 1.4 (2.1) 1.3(2.4) 0.8 (2.9 1.8(2.8)
Hours/Day spent on Television to watch news 1.3(2.1) 1.6 (2.4) 1.6 (2.6) 1.8(2.6) 2.0(2.5 2.4 (2.6 1.6 (2.4)
Hours/Day spent on phone or video call 2.1(2.6) 1.7 (2.2 1.6 (2.2 1.6 (2.3) 1.6 (2.3) 1.6 (2.5 1.7 (2.2)
Hours/Day spent on streaming platforms 3.5(3.8) 1.8 (3.0) 1.9@3.1) 1.5 (2.7) 0.7 (1.2) 0.52.1) 1.8 (3.0)

GAD-7, generalized anxiety disorder-7; CES-D, Center for epidemiologic studies-depression; UCLA, UCLA three-item loneliness scale; PSS, perceived stress scale; BRS, brief resilience

scale; STD, standard deviation; na, not available.

with all four mental health outcomes (Table4). Including
resilience, the direction and significance of associations of
stress, anxiety, and loneliness with personality traits did not
change. Depression, agreeableness, and extraversion were
no longer significantly associated with resilience, suggesting
that resilience was more strongly associated with mental
health than the personality traits. The independent variables
explained 24% in the model for stress, 30% in the model
for depression, 31% in the model for anxiety, and 15%
for loneliness.

Next, testing the moderating role of resilience on mental
health outcomes, resilience was interacted with the personality
traits first one at a time, then in a joint model. As the associations
were similar, only the full model containing all five interactions
is reported (Table 5). Here, in more conscientious respondents,
higher resilience was associated with higher levels of stress (B =
0.316, SE = 0.148, p = 0.033). In more neurotic respondents,
higher resilience was associated with lower levels of stress (B
= —0.259, SE = 0.124, p = 0.037). Higher resilience was
also associated with lower levels of depression and anxiety,
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TABLE 2 | Associations of mental health and personality traits outcomes, controlling for sociodemographic variables.

Perceived stress Depression Anxiety Loneliness

B SE P B SE P B SE P B SE P
Agreeableness -0.41 0.085 0.000 -0.578 0.246 0.019 -0.271 0.104 0.009 —0.147 0.043  0.001
Conscientiousness -0.32 0.082 0.000 -0964 0.237 0.000 -0.039 0.100 0.695 —0.127 0.042 0.002
Extraversion -0.22  0.67 0.001 -0.353 0.193 0.067 —0.044  0.081 0.586 0.032  0.084 0.351
Neuroticism 1.05 0.705 0.000 3.394 0.203  0.000 1721  0.085 0.000 0.341  0.036 0.000
Openness 0.05 0.652 0.445 0.574 0.187  0.002 0.280 0.079  0.000 0.081 0.033 0.015
Age groups
18-29 (reference)
30-39 —0.64 0.086 0.004 -1.527 0.642 0.018 —0.442 0.271 0.103 —0.133 0.1138 0.239
40-49 —-0.6 0.082  0.011 -1.696 0.681 0.013 -0.867 0.287 0.003 -0.345 0.120 0.004
50-59 -0.52 0.067 0.03¢ 0693 0707 0.327 —0.794 0.298 0.008 —0.132 0.124  0.290
60-69 -0.65 0.07 0.012 -2.004 0.746 0.007 —-1.201 0.315 0.000 -0.114  0.131 0.385
70-4 -0.82 0.065 0.005 —2.388 0.844 0.0056 -1.415 0356 0.000 —0.249 0.148 0.094
Sex
Female (reference)
Male -0.3 0.12 0 -2197 0361 0.000 -0.786 0.152 0.000 -0.241 0.063 0.000
School Years -0.05  0.02 0.28 -0.041 0.047 0385 -0.051 0.020 0.012 —-0.010 0.008 0.235
Marital status
Married/Registered partnership (reference)
Single 043 0.19 0.02 2032 0.532 0.000 0.093 0224 0.678 0.400 0.094 0.000
Divorced 043 0.22 0.06 1200 0.646 0.063 0.098 0272 0.719 0.391  0.113  0.001
Widow 1.01  0.40 0.01 2,140 1152  0.063 0.215  0.486  0.658 0.454 0.202 0.025
Other Status 049 0.38 0.20 0.723  1.085  0.506 0.446  0.458  0.330 0.370  0.191 0.052
Housing
Apartment (reference)
House -0.10 0.14 0.48 -1.584 0405 0.000 -0279 0.171  0.103 0.001 0.071 0.989
Others 0.96 0.85 0.26 2.455 2.451 0.317 1.302 1.034 0.208 —0.154 0.431 0.721

B, unstandardized regression coefficient; SE, standard error; p, P-value. Bold letters indicate significant coefficients with p smaller 0.05.

respectively, in more neurotic respondents (depression: B =
—1.798, SE = 0.349, p = 0.000; anxiety: B = —0.989, SE =
0.147, p = 0.000). Finally, in more open respondents, higher
resilience was associated with lower levels of depression and
anxiety (depression: B = —1.175, SE = 0.344, p = 0.001; anxiety:
B = —0.431, SE = 0.145, p = 0.003).

Structural Equation Modeling

In a last step, a structural equation model mediation analysis
was carried out to test whether the resilience could explain
the associations between personality traits and mental health
during the pandemic, also controlling for sociodemographic
variables. The results showed that resilience plays a role as a
mediator in mental health outcomes. More specifically, higher
levels of resilience in more extroverted people were associated
with higher levels of perceived stress (B = 0.355; SE = 0.058;
p < 0.01), whereas they are associated with lower levels of
anxiety (B = —0.089; SE = 0.037, p < 0.05), depression
(B = —0.097; SE = 0.036, p < 0.01), and loneliness (B =
—0.013; SE = 0.005, p < 0.05). Similarly, more resilient, and
conscientious people showed higher levels of perceived stress
(B = 0.025; SE = 0.010, p < 0.05), loneliness (B = 0.134;

SE = 0.023, p < 0.01), and they tend to have lower levels of
anxiety (B = —0.048; SE = 0.018, p < 0.01). Table 6 shows
the indirect effects of the model, and Figurel shows the
model tested.

DISCUSSION
Explanation of Findings

The aim of this study was to investigate the associations
between personality traits and mental health in a period of
confinement during the first wave of the COVID-19 pandemic
in a nationally representative sample, and to which extent
social and health behaviors would explain the personality-mental
health relationships. We further explored the moderating role of
resilience in the personality-mental health relationship.

The CON-VINCE participants reported higher levels of
moderate depression compared to another study in Luxembourg
carried out before the pandemic (55) and comparatively high
levels of loneliness. The prevalence of depressive symptoms
during the pandemic was in line with previous findings
(10). Comparing the findings to another European country,
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TABLE 3 | Associations of personality traits, mental health outcomes and social and behavioral aspects, controlling for sociodemographic variables.

Perceived Stress Depression Anxiety Loneliness

B SE P B SE P B SE P B SE P
Agreeableness -0.394 0.087 0.000 -0.602 0.250 0.016 -0.256 0.105 0.015 —0.144 0.045 0.001
Conscientiousness -0.284 0.085 0.001 -0.782 0.243  0.001 0.010 0.102 0923 -0.117 0.043 0.007
Extraversion -0.247 0.069 0.000 -0.441 0.197 0.025 -0.071 0.083  0.389 0.004 0.085 0.907
Neuroticism 1.048 0.072 0.000 3.391 0.206  0.000 1.733 0.087  0.000 0.332 0.037 0.000
Openness 0.013 0.067 0.848 0.450 0.191  0.018 0.237 0.080 0.003 0.083 0.034 0.015
Age groups
18-29 (reference)
30-39 -0.531 0.229 0.020 -1.216 0653 0.063 -0317 0275 0249 -0.073 0.117 0.533
40-49 -0.542 0.245 0.027 —-1.409 0.699 0.044 -0.748 0.294 0.011 -0.259 0.125 0.038
50-59 -0.391 0256 0.126 —-0.263 0.731 0.719 -0.662 0.307 0.031 -0.066 0.130 0.613
60-69 -0.530 0.274 0.053 -1.609 0.782 0.040 -1.064 0.329 0.001 -0.032 0.140 0.818
70-84 -0.695 0.313 0.026 -1.978 0.894 0.027 -1.351 0.376 0.000 -0.169 0.160 0.290
Sex
Female (reference)
Male -0.272 0.130 0.037 -2.232 0.371 0.000 -0.710 0.156 0.000 -0.217 0.066 0.001
School Years -0.050 0.017 0.003 -0.028 0.048 0558 —-0.035 0.020 0.084 —-0.008 0.009 0.363
Marital status
Married/ registered partnership (reference)
Single 0.411  0.188  0.029 2.056 0.538 0.000 0.095 0.226  0.675 0.399 0.096 0.000
Divorced 0438 0.228 0.054 1.066  0.651 0.102 0.045 0.274 0.871 0.347 0.116  0.003
Widow 1.074 0.415 0.010 2488 1.186 0.036 0.164 0499  0.743 0.511 0.212 0.016
Other Status 0.440 0.386 0.254 0.766  1.102  0.487 0435 0464  0.349 0.378 0.197  0.055
Housing
Apartment (reference)
House -0.1056 0.143 0466 —-1.468 0410 0.000 -0.282 0.172 0.102 —0.008 0.073  0.909
Others 1.022 0.851 0.230 2.626 2.431 0.280 1.332 1.023 0.198 —-0.111 0.434 0.797
Social and behavioral aspects
Pre-COVID-19 exercise (ref. no exercise) -0.159 0.159  0.318 0.263 0.454  0.563 —-0.166  0.191 0.386 —0.002  0.081 0.978
Current exercise (ref. no exercise) 0.077 0.154 0.617 —-0.507 0439 0.248 —-0.137 0.185 0.459 0.057 0.078 0.464
Hours spent daily
On the internet -0.016  0.026  0.536 0.018 0.073 0.802 -0.025 0.031 0416  —-0.004 0.013 0.774
On social media 0.068 0.029  0.020 0.190 0.083 0.023 0.080 0.035 0.023 0.030 0.015 0.045
News and TV 0.023  0.031 0.454  —0.004 0.089  0.961 0.038 0.088 0.306 0.001 0.016  0.938
Phone calls —-0.020 0.083 0.538 0.048 0.094 0.608 0.034 0.039 0.388 0.012 0.017  0.491
Streaming 0.011  0.024  0.660 0.000 0.069 0995 -0.009 0.029 0770 -0.012 0.012 0.323

B, unstandardized regression coefficient; SE, standard error, p, P-value. Bold letters indicate significant coefficients with p smaller 0.05.

Luxembourg, at that time point, only had few confirmed COVID-
19 cases and a low prevalence of the SARS-CoV-2 virus (31), and
had comparatively lower anxiety levels than Austria at the same
time (56).

Confirming earlier findings (11), higher levels of education
were associated with fewer depression symptoms. Higher
education seems to be related to greater stability and access to
employment opportunities, which is associated with higher well-
being, on the other hand, people with lower education are the
ones that might experience the first impact of the economic crisis
due to restriction measures (57). As reported in other countries,
such as Italy (14) and France (58) we also found that the type

of housing was associated with mental health, with respondents
living in an apartment reporting increased depression symptoms.
This may be due to feeling more confined when living in a
(usually less spacious) apartment. However, as living in a house
is a robust proxy for wealth in this setting, also more robust
than annual income for which we did not find associations with
mental health, these findings may also point to socioeconomic
inequalities in mental health.

Younger respondents presented higher scores on depression
and anxiety scales as well as higher feelings of loneliness and
perceived stress than other age groups in the CON-VINCE study
(12) in line with earlier studies (3, 16). Testing the association of
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TABLE 4 | Associations of mental health outcomes, personality traits, and resilience, controlling for sociodemographic variables.

Perceived stress Depression Anxiety Loneliness

B SE P B SE P B SE P B SE P
Agreeableness -0.381 0.085 0.000 -0.451 0243 0.064 -0.222 0.103 0.031 -0.134 0.043 0.002
Conscientiousness -0.313 0.082 0.000 -0.934 0.233 0.000 -0.028 0.099 0780 -0.124 0.041 0.003
Extraversion -0.203 0.067 0.002 -0.271 0.190 0.154 -0.013 0.080 0.874 0.040 0.034 0.232
neuroticism 0.959 0.072  0.000 3.052 0.204  0.000 1590 0.086 0.000 0.305 0.036 0.000
Openness 0.026 0.065 0.688 0.484 0.185 0.009 0.246 0.078  0.002 0.071  0.033  0.031
Age groups
18-29 (reference)
30-39 -0.597 0.222 0.007 -1.373 0.632 0.030 -0.383 0267 0.152 -0.117 0.112  0.299
40-49 -0.560 0.235 0.017 -1529 0.670 0.023 -0.803 0.283 0.005 -0.327 0.119  0.006
50-59 -0.496 0.244 0.042 0595 069 0393 -0.757 0.294 0.010 -0.121 0.124  0.327
60-69 -0.599 0.257 0.020 -1.814 0.735 0.014 -1.128 0.311 0.000 -0.094 0.130 0.473
70-84 -0.771 0.291 0.008 -2.193 0.831 0.008 -1.340 0.351 0.000 -0.228 0.148 0.122
Sex
Female (reference)
Male -0.275 0.125 0.027 -2.106 0.355 0.000 -0.752 0.150 0.000 -0.231 0.063 0.000
School Years -0.050 0.016 0.002 -0.033 0.047 0486 -0.047 0.020 0.017 -0.009 0.008 0.279
Marital status
Married/ registered partnership (reference)
Single 0.406 0.184  0.027 1945 0.524 0.000 0.060 0.222  0.786 0.391  0.093 0.000
Divorced 0.438 0.223  0.049 1239 0.635 0.051 0.113 0.269 0.674 0.395 0.113  0.000
Widow 1.050 0.397 0.008 2,304 1.134 0.042 0.278 0.479  0.562 0.472 0.201 0.019
Other Status 0.555 0.374 0.138 0979 1.069  0.360 0.544  0.452 0.228 0.398 0.190 0.036
Housing
Apartment (reference)
House -0.092 0.140 0510 —1559 0.398 0.000 -0.269 0.169 0.110  0.004 0.071  0.959
Others 0.758 0.846  0.370 1.692 2414 0484 1.009 1.021 0323 -0.235 0429 0.584
Resilience -0.672 0.115 0.000 -2545 0.328 0.000 -0.976 0.139 0.000 -0.270 0.058  0.000

B, unstandardized regression coefficient; SE, standard error; p, P-value. Bold letters indicate significant coefficients with p smaller 0.05.

TABLE 5 | Associations of personality traits, resilience and mental health outcomes, controlling for sociodemographic variables.

Perceived stress Depression Anxiety Loneliness
B SE P B SE P B SE P B SE P
Agreeableness —0.048 0.529 0.928 —2.450 1.492 0.101 -0.723 0.629 0.251 —0.330 0.269 0.220
Conscientiousness -1.352 0.498 0.007 -3.471 1.404 0.014 —0.854 0.592 0.150 0.047 0.253 0.853
Extraversion —0.011 0.408 0.978 —1.556 1.150 0.176 0.037 0.485 0.940 —0.160 0.207 0.439
Neuroticism 1.782 0.405 0.000 8.776 1.141 0.000 4.749 0.481 0.000 0.689 0.205 0.001
Openness 0.482 0.411 0.241 4.435 1.160 0.000 1.695 0.489 0.001 0.250 0.209 0.231
Resilience -0.152 1.044 0.884 0.157 2.942 0.957 1.828 1.241 0.536 0.036 0.529 0.946
Agreeableness x Resilience -0.102 0.159 0.520 0.601 0.449 0.181 0.148 0.189 0.435 0.059 0.081 0.465
Conscientiousness x Resilience 0.316 0.148 0.033 0.785 0.417 0.060 0.261 0.176 0.138 —0.050 0.075 0.507
Extraversion x Resilience —0.059 0.122 0.629 0.384 0.343 0.264 -0.017 0.145 0.908 0.061 0.062 0.327
Neuroticism x Resilience -0.259 0.124 0.0 37 -1.798 0.349 0.000 —0.989 0.147 0.000 —0.120 0.063 0.057
Openness x Resilience -0.135 0.122 0.267 -1.175 0.344 0.001 —0.431 0.145 0.003 —0.053 0.062 0.390

Values in bold represent statistically significant associations. B, unstandardized regression coefficient; SE, standard error; p, P-value. The model includes the covariates age group, sex,
school years, marital status, and type of housing.

personality with mental health, personality traits were associated The positive correlations between resilience and personality
with mental health outcomes independent of age and other traits showed that the higher the participants scored on the traits
socio-demographic confounders. agreeableness, conscientiousness, and extroversion, the higher
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TABLE 6 | Structural equation modeling with resilience as mediator.

Indirect effects Estimate Std. Error z-value P 95% Confidence Interval
Lower Upper
Agreeabl - BRS - PSS —-0.033 0.013 —2.547 0.011 —0.058 —0.008
Conscien - BRS - PSS 0.025 0.010 2.555 0.011 0.006 0.045
Neurotic - BRS - PSS —-0.034 0.014 —2.383 0.017 —-0.061 —0.006
Extraver - BRS - PSS 0.355 0.058 6.129 <0.001 0.242 0.469
Openness — BRS — PSS —0.003 0.005 -0.726 0.468 —0.012 0.006
Agreeabl — BRS — GAD-7 —0.008 0.011 —0.730 0.466 —0.030 0.014
Conscien - BRS - GAD-7 —0.048 0.018 -2.624 0.009 —-0.084 -0.012
Neurotic - BRS - GAD-7 0.037 0.014 2.633 0.008 0.009 0.064
Extraver - BRS - GAD-7 —0.089 0.037 —2.409 0.016 -0.162 -0.017
Openness - BRS - GAD-7 0.037 0.009 4.150 <0.001 0.019 0.054
Agreeabl - BRS - CES 0.092 0.018 5.037 <0.001 0.056 0.128
Conscien — BRS — CES -0.012 0.016 —0.731 0.465 —0.044 0.020
Neurotic - BRS - CES -0.127 0.048 —2.660 0.008 -0.221 —0.034
Extraver - BRS - CES 0.097 0.036 2.669 0.008 0.026 0.169
Openness - BRS - CES —0.009 0.004 -2.216 0.027 -0.017 —0.001
Agreeabl - BRS - UCLA —-0.023 0.010 -2.325 0.020 —-0.043 —0.004
Conscien - BRS - UCLA 0.134 0.023 5.727 <0.001 0.088 0.179
Neurotic — BRS — UCLA —0.032 0.043 -0.732 0.464 -0.117 0.053
Extraver - BRS - UCLA -0.013 0.005 —2.405 0.016 —0.024 —0.002
Openness - BRS - UCLA 0.010 0.004 2.412 0.016 0.002 0.018

Delta method standard errors, normal theory confidence intervals, ML estimator. Bold letters indicate significant coefficients with p smaller 0.05.

their resilience was. The negative correlation between resilience
and neuroticism showed that more neurotic participants were
less resilient.

Associations of Personality Traits With

Mental Health Measures

We found associations between neuroticism and impaired
mental health such as depression, anxiety, loneliness, and
stress, in line with findings from pre-pandemic studies (5, 59).
Neuroticism has been found to be linked to negative affect in a
German sample in the first wave of the pandemic (60). Resilience
was negatively linked to neuroticism, confirming previous results
of neuroticism being a risk factor for anxiety and depressive
symptoms (61, 62).

While conscientious people would search for distractions or
act to resolve their problems, respondents with higher scores
of neuroticism may ruminate as a way to react to stressful
events, which may increase vigilance for possible threats in
turn associated with stress and anxiety symptoms (63). In
addition, if anxiety symptoms are not treated, it can potentially
increase depression levels by the intense ruminating on negative
expectations and persistent worries (64). In contrast to the
literature, we found that people with higher levels of openness
experienced higher levels of depression, anxiety, and loneliness.
However, this result could be explained by different facets of
this personality trait, especially fantasy, which may lead to
experiencing higher discrepancies between idealized and actual
self- or world-states and come with a higher risk for depression

(65). We found that people scoring high in conscientiousness are
experiencing lower stress levels inconsistent with pre-pandemic
studies (66, 67), suggesting that higher conscientiousness may
be beneficial in adjusting to pandemic control measures and
accepting the new situation.

We found respondents with higher levels of extraversion to
be experiencing lower levels of stress, in line with previous
findings (68). Participants scoring lower on agreeableness were
experiencing higher stress levels, again confirming previous
findings (69). Interestingly, we could confirm a protective role
of agreeableness and extraversion on perceived stress, personality
traits which may have helped to activate beneficial coping
strategies as suggested earlier (11). However, in this study,
extraversion was not associated with lower anxiety (10), pointing
to a more important role of agreeableness.

Health and Social Behaviors in the

Personality-Mental Health Relationship

The social and health behaviors investigated in this study,
specifically the daily time spent on the internet, news, and
TV, phone calls as well as on streaming platforms and by the
physical activity before and during the pandemic unexpectedly
had limited value to explain levels of stress, depression, anxiety,
and loneliness, except time spent on social media. Further, the
investigated social and health behaviors did not substantially
change the personality-mental health relationships. One possible
explanation is that the items to assess time spent with different
behaviors may not have been able to capture fine-grained
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FIGURE 1 | Resilience as a mediator in the personality-mental health
relationship. MS, marital status; SY, school years; AG, age groups; H, housing;
Agr, agreeableness; Cns, conscientiousness; Nrt, neuroticism; Ext,
extraversion; Opn, openness; BRS, brief resilience scale; GAD-7, generalized
anxiety disorder-7; CES-D, center for epidemiologic studies-depression;
UCLA, UCLA three-item loneliness scale; PSS, perceived stress scale.

differences in the behaviors, or that behaviors resulted from
different motivations or took place in different contexts (e.g.,
streaming alone vs. as a family or couple activity).

We found more time spent on social media to be related
with stress, depression, anxiety, and loneliness, but not with
personality traits. Our results provide insight into the negative
role of social media in mental health, and confirm earlier findings
(26) in the pandemic context. Due to the cross-sectional nature
of our study, there is, however, the possibility of reverse causality.
We believe that different problematic contents in social media,
such as fake news and conspiracy theories, or overly positive self-
portrayals of others, could lead to increased levels of stress and
anxiety. We also believe that social media may provide reminders
of social contacts, foreign places, and activities that were missed
or not possible to reach during the confinement. This could have
led to increased depressive symptoms and feelings of loneliness.

Moderating Role of Resilience

We found that higher resilience was associated with lower levels
of depression, stress, anxiety, and loneliness, in line with previous
research (70). Additional analyses showed that resilience
moderated some of the personality-mental health associations,
most consistently by lowering the negative associations of
neuroticism with stress, depression, and anxiety in persons with
higher resilience. Additionally, testing a potentially mediating
role of resilience in the personality-mental health relationship
with structural equation modeling confirmed the findings from
the multivariate regression analyses. Due to the cross-sectional
nature of the study, the potentially causal mediating role of
resilience cannot be established and stricter research designs are

needed to arrive at robust conclusions about the moderating
vs. mediating role of resilience. However, the results point to
an important contribution of resilience in mental health during
the first wave of the COVID-19 pandemic. Considering that
resilience has been shown to be modifiable through interventions
(30), people with higher neuroticism may benefit from resilience
interventions to improve coping strategies and reduce symptoms.
Further, higher conscientiousness was associated with higher
levels of stress in persons with higher resilience. A possible
explanation could be that high levels of conscientiousness and
high levels of resilience could be associated with a strong sense
of having control over one’s circumstances, which could go along
with feelings of having to prepare or execute precautions not to
lose control, which could, in turn, be associated with higher levels
of stress.

Strengths and Limitations

Strength of the study was a population-representative sample
with a rapid data collection during the height of pandemic
control measures in April 2020. As a limitation, we could not
account objective self-isolation in the personality-mental health
relationship as some participants were still commuting to work
whereas others were staying at home, with possibly limited
social exchange. Other factors such as asymptomatic COVID-
19 infection or COVID-19 disease of the respondents or their
loved ones were not included in the analyses; however, at this
time prevalence of the SARS-CoV-2 virus was very low in
Luxembourg (31).

The multilingual sample necessitated the use of a total of four
languages. Psychometric testing of the scales was not possible in
language-stratified subsamples as the sample sizes by language
were too small. Not all scales have been validated in all four
languages in previous studies, however, checks with several
multilingual colleagues and back translation were undertaken to
ensure proper translation. The multilingual assessment may have
resulted in diminished internal consistencies of the scales.

Additionally, we did not have information on mental health
status of the CON-VINCE participants before the pandemic.
The prevalence of depressive disorders has risen sharply in the
last years in Luxembourg, already before the pandemic. In 2017,
5.0% of the Luxembourgish population showed elevated levels
of depressive symptoms (71), whereas in 2019, this number had
already doubled (72). Elevated levels of negative psychological
outcomes may thus be due to ongoing developments in the
country, for instance, rising housing prices and increasing
inequality (17). The CON-VINCE study sample is representative
in terms of gender and age of Luxembourg residents, however
migrants, which constitute a large share of the residents, may not
be well-represented (73).

Implications for Mental Health

Interventions

Findings on higher depression levels during the pandemic
control measures underline the need for psychological support
during times of a pandemic. Additionally, in psychological
interventions or psychotherapy, knowledge about the personality
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structure of trainees or clients could potentially benefit efforts to
increase mental health during pandemic control measures.

Resilience, as shown in recent literature, is not only shaped by
the individual, but originates from other factors such as family,
community, and culture (74). Wang and Morav (75) showed
that civic participation or living in a neighborhood with strong
community support and friendship may also help build strong
resilience. In this context, a recent study showed that the feeling
of neighborhood attachment differs within ethnic minorities and
that this feeling is more pronounced for the second-generation
minorities (76). As Luxembourg is composed of almost 50%
foreigners (77), public policies should also pay more attention
to promote interethnic dialogues and residential integration in
order to strengthen resilience throughout the community.

CONCLUSION

The current study extends our knowledge about the role of
resilience in the personality-mental health relationship and
other protective and risk factors for mental health during the
pandemic. By putting earlier knowledge on the possibilities
to increase resilience through interventions to good use, this
study’s findings on the links between personality, resilience,
and mental health could improve personalized interventions for
psychological support in times of confinement.

THE CON-VINCE CONSORTIUM

Bruno Santos, Luxembourg Institute of Health, Strassen,
Luxembourg; Bianca Dragomir, Luxembourg Institute of
Health, Strassen, Luxembourg; Joélle V. Fritz, Luxembourg
Institute of Health, Strassen, Luxembourg; Claire Dording,
Luxembourg Institute of Health, Strassen, Luxembourg; Marc
P. O’Sullivan, Luxembourg Institute of Health, Strassen,
Luxembourg; Anne-Marie Hanff, Luxembourg Institute of
Health, Strassen, Luxembourg; Maxime Hansen, Department
of Neurology, Parkinson Research Clinic, Centre Hospitalier
de Luxembourg, Luxembourg, Luxembourg; Luxembourg
Institute of Health, Strassen, Luxembourg; Markus Ollert,
Luxembourg Institute of Health, Strassen, Luxembourg;
Morgane Lemaire, Luxembourg Institute of Health, Strassen,
Luxembourg; Nadia Beaupain, Luxembourg Institute of Health,
Strassen, Luxembourg; Dirk Brenner, Luxembourg Institute
of Health, Strassen, Luxembourg; Eleftheria Charalambous,
Luxembourg Institute of Health, Strassen, Luxembourg;
Emilie Charpentier, Luxembourg Institute of Health, Strassen,
Luxembourg; Manuel Counson, Luxembourg Institute of Health,
Strassen, Luxembourg; Olivia Domingues, Luxembourg Institute
of Health, Strassen, Luxembourg; Lisa Hefele, Luxembourg
Institute of Health, Strassen, Luxembourg; Gilles Iserentant,
Luxembourg Institute of Health, Strassen, Luxembourg;
Stéphanie Kler, Luxembourg Institute of Health, Strassen,
Luxembourg; Mareike Neumann, Luxembourg Institute of
Health, Strassen, Luxembourg; Jean-Yves Servais, Luxembourg
Institute of Health, Strassen, Luxembourg; Chantal Snoeck,
Luxembourg Institute of Health, Strassen, Luxembourg;

Jonathan Turner, Luxembourg Institute of Health, Strassen,
Luxembourg; Linda Hansen, Centre Hospitalier de Luxembourg,
Luxembourg, Luxembourg; Joao M. Loureiro, Centre Hospitalier
de Luxembourg, Luxembourg, Luxembourg; Béatrice Nicolai,
Centre Hospitalier de Luxembourg, Luxembourg, Luxembourg;
Alexandra Schweicher, Centre Hospitalier de Luxembourg,
Luxembourg, Luxembourg; Femke Wauters, Centre Hospitalier
de Luxembourg, Luxembourg, Luxembourg; Lukas Pavelka,
Luxembourg Centre for Systems Biomedicine, University
of Luxembourg, Esch-Belval, Luxembourg; Department of
Neurology, Parkinson Research Clinic, Centre Hospitalier de
Luxembourg, Luxembourg, Luxembourg; Guilherme R. Meyers,
Luxembourg Centre for Systems Biomedicine, University
of Luxembourg, Esch-Belval, Luxembourg; Department of
Neurology, Parkinson Research Clinic, Centre Hospitalier
de Luxembourg, Luxembourg, Luxembourg; Amna Skrozic,
Luxembourg Centre for Systems Biomedicine, University
of Luxembourg, Esch-Belval, Luxembourg; Department of
Neurology, Parkinson Research Clinic, Centre Hospitalier
de Luxembourg, Luxembourg, Luxembourg; Lara Stute,
Luxembourg Centre for Systems Biomedicine, University
of Luxembourg, Esch-Belval, Luxembourg; Department of
Neurology, Parkinson Research Clinic, Centre Hospitalier
de Luxembourg, Luxembourg, Luxembourg; Pinar Alpar,
Luxembourg Centre for Systems Biomedicine, University
of Luxembourg, Luxembourg, Luxembourg; Piotr Gawron,
Luxembourg Centre for Systems Biomedicine, University
of Luxembourg, Luxembourg, Luxembourg; Soumyabrata
Ghosh, Luxembourg Centre for Systems Biomedicine,
University of Luxembourg, Luxembourg, Luxembourg; Jacek
J. Lebioda, Luxembourg Centre for Systems Biomedicine,
University of Luxembourg, Luxembourg, Luxembourg; Laurent
Heirendt, Luxembourg Centre for Systems Biomedicine,
University of Luxembourg, Luxembourg, Luxembourg;
Enrico Glaab, Luxembourg Centre for Systems Biomedicine,
University of Luxembourg, Luxembourg, Luxembourg; Armin
Rauschenberger, Luxembourg Centre for Systems Biomedicine,
University of Luxembourg, Luxembourg, Luxembourg; Clarissa
Gomes, Luxembourg Centre for Systems Biomedicine, University
of Luxembourg, Luxembourg, Luxembourg; Taina Marques,
Luxembourg Centre for Systems Biomedicine, University of
Luxembourg, Luxembourg, Luxembourg; Borja G Ramos,
Luxembourg Centre for Systems Biomedicine, University of
Luxembourg, Luxembourg, Luxembourg; Valentin Groues,
Luxembourg Centre for Systems Biomedicine, University of
Luxembourg, Luxembourg, Luxembourg; Wei Gu, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Ahmed Hemedan, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Sascha Herzinger, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Anne Kaysen, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Fran¢ois Massart, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Patrick May, Luxembourg Centre for
Systems Biomedicine, University of Luxembourg, Luxembourg,

Frontiers in Psychiatry | www.frontiersin.org

11

October 2021 | Volume 12 | Article 745636


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Pauly et al.

Resilience in the COVID-19 Pandemic

Luxembourg; Venkata P. Satagopam, Luxembourg Centre
for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Basile Rommes, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Kirsten Rump, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Reinhard Schneider, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Noua Toukourou, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Christophe Trefois, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Carlos V. Moreno, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Maharshi Vyas, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Xinhui Wang, Luxembourg
Centre for Systems Biomedicine, University of Luxembourg,
Luxembourg, Luxembourg; Andrew Lumley, Luxembourg
Institute of Health, Strassen, Luxembourg; Sopjhie Mériaux,
Luxembourg Institute of Health, Strassen, Luxembourg; Lateitia
Huiart, Luxembourg Institute of Health, Strassen, Luxembourg;
Gloria Aguayo, Luxembourg Institute of Health, Strassen,
Luxembourg; Christelle Bahlawane, Luxembourg Institute of
Health, Strassen, Luxembourg; Magalie Perquin, Luxembourg
Institute of Health, Strassen, Luxembourg; Manon Gantenbein,
Luxembourg Institute of Health, Strassen, Luxembourg; Maura
Minelli, Luxembourg Institute of Health, Strassen, Luxembourg;
Tania Zamboni, Luxembourg Institute of Health, Strassen,
Luxembourg; Jean-Yves Ferrand, Luxembourg Institute of
Health, Strassen, Luxembourg; Sandie Boly, Luxembourg
Institute of Health, Strassen, Luxembourg; Tessy Fautsch,
Luxembourg Institute of Health, Strassen, Luxembourg; Jérome
Graas, Luxembourg Institute of Health, Strassen, Luxembourg;
Eve Herkenne, Luxembourg Institute of Health, Strassen,
Luxembourg; Alessandra Mousel, Luxembourg Institute of
Health, Strassen, Luxembourg; Daniela V. Esteves, Luxembourg
Institute of Health, Strassen, Luxembourg; Jean-Marc Plessaria,
Luxembourg Institute of Health, Strassen, Luxembourg;
Aurélie Sausy, Luxembourg Institute of Health, Strassen,
Luxembourg; Sneeha Seal, Luxembourg Institute of Health,
Strassen, Luxembourg; Michel Vaillant, Luxembourg Institute
of Health, Strassen, Luxembourg; Charléene Verschueren,
Luxembourg Institute of Health, Strassen, Luxembourg;
Hermann Thien, Luxembourg Institute of Health, Strassen,
Luxembourg; Integrated Biobank of Luxembourg, Dudelange,
Luxembourg; Geeta Acharya, Luxembourg Institute of Health,
Strassen, Luxembourg; Integrated Biobank of Luxembourg,
Dudelange, Luxembourg; Wim Ammerlaan, Luxembourg
Institute of Health, Strassen, Luxembourg; Integrated Biobank
of Luxembourg, Dudelange, Luxembourg; Ariane Assele-
Kama, Luxembourg Institute of Health, Strassen, Luxembourg;
Integrated Biobank of Luxembourg, Dudelange, Luxembourg;
Katy Baumont, Luxembourg Institute of Health, Strassen,
Luxembourg; Integrated Biobank of Luxembourg, Dudelange,
Luxembourg; Lucrece Beckers, Luxembourg Institute of Health,
Strassen, Luxembourg; Integrated Biobank of Luxembourg,

Dudelange, Luxembourg; Camille Bellora, Luxembourg Institute
of Health, Strassen, Luxembourg; Integrated Biobank of
Luxembourg, Dudelange, Luxembourg; Fay Betsou, Luxembourg
Institute of Health, Strassen, Luxembourg; Integrated Biobank
of Luxembourg, Dudelange, Luxembourg; Brian De Witt,
Luxembourg Institute of Health, Strassen, Luxembourg;
Integrated Biobank of Luxembourg, Dudelange, Luxembourg;
Ana Festas Lopes, Luxembourg Institute of Health, Strassen,
Luxembourg; Integrated Biobank of Luxembourg, Dudelange,
Luxembourg; Laura Georges, Luxembourg Institute of Health,
Strassen, Luxembourg; Integrated Biobank of Luxembourg,
Dudelange, Luxembourg; Gael Hamot, Luxembourg Institute
of Health, Strassen, Luxembourg; Integrated Biobank of
Luxembourg, Dudelange, Luxembourg; Estelle Henry,
Luxembourg Institute of Health, Strassen, Luxembourg;
Integrated Biobank of Luxembourg, Dudelange, Luxembourg;
Margaux Henry, Luxembourg Institute of Health, Strassen,
Luxembourg; Integrated Biobank of Luxembourg, Dudelange,
Luxembourg; Alexander Hundt, Luxembourg Institute of Health,
Strassen, Luxembourg; Integrated Biobank of Luxembourg,
Dudelange, Luxembourg; Pauline Lambert, Luxembourg
Institute of Health, Strassen, Luxembourg; Integrated Biobank
of Luxembourg, Dudelange, Luxembourg; Sabine Lehmann,
Luxembourg Institute of Health, Strassen, Luxembourg;
Integrated Biobank of Luxembourg, Dudelange, Luxembourg;
Monica Marchese, Luxembourg Institute of Health, Strassen,
Luxembourg; Integrated Biobank of Luxembourg, Dudelange,
Luxembourg; Maeva Munsch, Luxembourg Institute of Health,
Strassen, Luxembourg; Integrated Biobank of Luxembourg,
Dudelange, Luxembourg; Achilleas Pexaras, Luxembourg
Institute of Health, Strassen, Luxembourg; Integrated Biobank
of Luxembourg, Dudelange, Luxembourg; Lucie Remark,
Luxembourg Institute of Health, Strassen, Luxembourg;
Integrated Biobank of Luxembourg, Dudelange, Luxembourg;
Estelle Sandt, Luxembourg Institute of Health, Strassen,
Luxembourg; Integrated Biobank of Luxembourg, Dudelange,
Luxembourg; Margaux Schmitt, Luxembourg Institute of Health,
Strassen, Luxembourg; Integrated Biobank of Luxembourg,
Dudelange, Luxembourg; Florian Simon, Luxembourg Institute
of Health, Strassen, Luxembourg; Integrated Biobank of
Luxembourg, Dudelange, Luxembourg; Kate Sokolowska,
Luxembourg Institute of Health, Strassen, Luxembourg;
Integrated Biobank of Luxembourg, Dudelange, Luxembourg;
Johanna Trouet, Luxembourg Institute of Health, Strassen,
Luxembourg; Integrated Biobank of Luxembourg, Dudelange,
Luxembourg; Henry-Michel Cauchie, Luxembourg Institute

of Science and Technology, Luxembourg, Luxembourg;
Leslie Ogorzaly, Luxembourg Institute of Science and
Technology, Luxembourg, Luxembourg; Christian Penny,

Luxembourg Institute of Science and Technology, Luxembourg,
Luxembourg; Cécile Walczak, Luxembourg Institute of Science
and Technology, Luxembourg, Luxembourg; Delphine
Collart, Luxembourg Institute of Science and Technology,
Luxembourg, Luxembourg; Tamir Abdelrahman, Laboratoire
National de Santé, Dudelange, Luxembourg; Estelle Coibion,
Laboratoire National de Santé, Dudelange, Luxembourg; Marie
France Pirard, Laboratoire National de Santé, Dudelange,

Frontiers in Psychiatry | www.frontiersin.org

12

October 2021 | Volume 12 | Article 745636


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Pauly et al.

Resilience in the COVID-19 Pandemic

Luxembourg; Friedrich Miihlschlegel, Laboratoire National de
Santé, Dudelange, Luxembourg; Nguyen Trung, Laboratoire
National de Santé, Dudelange, Luxembourg; Guillaume Fournier,
Laboratoire National de Santé, Dudelange, Luxembourg; Marie
Leick, Laboratoire National de Santé, Dudelange, Luxembourg;
Annika Lutz, University of Luxembourg, Esch-sur-Alzette,
Luxembourg; Claus Vogele, University of Luxembourg, Esch-
sur-Alzette, Luxembourg; Judith Hiibschen, Luxembourg
Institute of Health, Strassen, Luxembourg; Christiane Hilger,
Luxembourg Institute of Health, Strassen, Luxembourg; Philipp
Jagi, Laboratoire Réunis, Junglinster, Luxembourg.

DATA AVAILABILITY STATEMENT

The datasets for this manuscript are not publicly available as they
are linked to the CON-VINCE Study and its internal regulations.
Requests to access the datasets should be directed to Rejko
Kriiger, mean of contact via email: con-vince@lih.lu.

ETHICS STATEMENT

The study was approved by the National Research Ethics
Committee (Comité National d’Ethique de Recherche, CNER),
and by the Luxembourgish Ministry of Health under reference.
The participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

RK is PI of the CON-VINCE study, responsible for funding
acquisition and management of the survey, investigation,
writing—review, and editing. CP, VS, LP, RK, AKL, and the CON-
VINCE Consortium were: involved in the conception and design
of the CON-VINCE study survey and coordinated the field data
collection. CP: conceptualization, investigation, and writing—
original draft. LP and VS: investigation, writing—original draft
and review, and editing. FR: formal analysis, writing—review,
and editing. AKL: conceptualization, methodology, investigation,
writing—original draft and review, editing, and supervision. All
authors gave their final approval of the version to be published
and agreed to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved.

REFERENCES

1. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al.
The psychological impact of quarantine and how to reduce it: rapid review of
the evidence. Lancet. (2020) 395:912-20. doi: 10.1016/S0140-6736(20)30460-8

2. Killgore WDS, Cloonan SA, Taylor EC, Dailey NS. Loneliness: a signature
mental health concern in the era of COVID-19. Psychiatry Res. (2020)
290:113117. doi: 10.1016/j.psychres.2020.113117

3. Salari N, Hosseinian-Far A, Jalali R, Vaisi-Raygani A, Rasoulpoor S,
Mohammadi M, et al. Prevalence of stress, anxiety, depression among the
general population during the COVID-19 pandemic: a systematic review and
meta-analysis. Glob Health. (2020) 16:57. doi: 10.1186/512992-020-00589-w

FUNDING

The CON-VINCE Study is funded by the National Research
Fund Luxembourg (FNR; 14716281/CON-VINCE/Kruger) and
the André Losch Foundation (Luxembourg).

ACKNOWLEDGMENTS

We would like to give special thanks to all participants of the
CON-VINCE study and to each volunteer helping in sample
processing or sample kit preparation. Additionally, we are very
grateful for the financial support by the Fonds National de
la Recherche (FNR: 14716281/CON-VINCE/Kruger) and the
André Losch Foundation, which enabled us to carry out the
project. The funders had no role in the design and conduct of the
study, nor in the decision to prepare and submit the manuscript
for publication. We also would like to thank the Ministry of
Health of Luxembourg as well as the Directorate of Health of
Luxembourg for their support. We acknowledge the joint effort
of the CON-VINCE team involved in sample and data collection.
We thank therefore all employees having participated within
CON-VINCE from Ketterthill (especially Sylvie Coito, Palma
Di Pinto and Stéphane Gidenne); Laboratoires réunis (especially
Christiane Schmitt, Stéphane Toll, and Bernard Weber); BioNeXt
(especially Emilie Weibel, Fédéric Klein, Thibault Ferrandon, and
Jean-Luc Dourson); TNS-ILRES (especially Serge Schumacher,
Tommy Klein, Antonella Di Pasquale, Antonio Rodriguez, and
Luc Biever). We would like to thank the Research Luxembourg
COVID-19 Task Force (Frank Glod, Paul Wilmes, Lars Geffers,
Jasmin Schulz, Henry-Michel Cauchie, Ulf Nehrbass, Rudi
Balling) for their overall support of the CON-VINCE study.
A special thanks also to the data protection officers Sandrine
Munoz and Laurent Prévotat, and to research assistant Miriam
Waititu-Buft for help with the literature searches. We would
also like to thank Dr. Iris Egner and Amna Skrozic for
proofreading the manuscript. Furthermore, we would like to
acknowledge the whole Communication teams involved within
CON-VINCE, especially Sabine Schmitz, Arnaud D’Agostini,
Didier Gossens, Héléne Jacuszin for their excellent work
and support during the implementation and execution of
CON-VINCE. We would like to thank Philippe Lamesch for
important and successful fundraising for research on COVID-19
in Luxembourg.

4. Shevlin M, McBride O, Murphy J, Miller JG, Hartman TK, Levita L, et
al. Anxiety, depression, traumatic stress and COVID-19-related anxiety in
the UK general population during the COVID-19 pandemic. BJPsych Open.
(2020) 6:€125. doi: 10.1192/bjo.2020.109

5. McCrae RR, Costa PT. Validation of the five-factor model of personality
across instruments and observers. J Pers Soc Psychol. (1987) 52:81-90.
doi: 10.1037/0022-3514.52.1.81

6. de Beurs E, Beekman AT, Deeg DJ, Van Dyck R, van Tilburg

W. Predictors of change in anxiety symptoms of older
persons: results from the Longitudinal Aging Study Amsterdam.
Psychol Med. (2000) 30:515-27. doi: 10.1017/S0033291799
001956

Frontiers in Psychiatry | www.frontiersin.org

13

October 2021 | Volume 12 | Article 745636


mailto:con-vince@lih.lu
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.1016/j.psychres.2020.113117
https://doi.org/10.1186/s12992-020-00589-w
https://doi.org/10.1192/bjo.2020.109
https://doi.org/10.1037/0022-3514.52.1.81
https://doi.org/10.1017/S0033291799001956
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Pauly et al.

Resilience in the COVID-19 Pandemic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Ormel ], Wohlfarth T. How neuroticism, long-term difficulties, and life

situation change influence psychological distress: a longitudinal model. J Pers
Soc Psychol. (1991) 60:744-55. doi: 10.1037/0022-3514.60.5.744

. Liu S, Lithopoulos A, Zhang C-Q, Garcia-Barrera MA, Rhodes RE. Personality

and perceived stress during COVID-19 pandemic: testing the mediating role
of perceived threat and efficacy. Personal Individ Differ. (2021) 168:110351.
doi: 10.1016/j.paid.2020.110351

. Osimo SA, Aiello M, Gentili C, Ionta S, Cecchetto C. The influence of

personality, resilience, and alexithymia on mental health during COVID-19
pandemic. Front Psychol. (2021). 12:630751. doi: 10.3389/fpsyg.2021.630751
Nikéevi¢ AV, Marino C, Kolubinski DC, Leach D, Spada MM. Modelling
the contribution of the Big Five personality traits, health anxiety, and
COVID-19 psychological distress to generalised anxiety and depressive
symptoms during the COVID-19 pandemic. ] Affect Disord. (2021) 279:578-
84. doi: 10.1016/j.jad.2020.10.053

Xiong J, Lipsitz O, Nasri F, Lui LMW, Gill H, Phan L, et al. Impact of COVID-
19 pandemic on mental health in the general population: a systematic review.
J Affect Disord. (2020) 277:55-64. doi: 10.1016/j.jad.2020.08.001

Ribeiro F Schréder VE, Kriiger R, Leist AK. The evolution and
social determinants of mental health during the first wave of the
COVID-19 outbreak in Luxembourg. Psychiatry Res. (2021) 303:114090.
doi: 10.1016/j.psychres.2021.114090

Bjelland I, Krokstad S, Mykletun A, Dahl AA, Tell GS, Tambs K. Does a higher
educational level protect against anxiety and depression? The HUNT study.
Soc Sci Med. (2008). 66:1334-45. doi: 10.1016/j.socscimed.2007.12.019
Amerio A, Brambilla A, Morganti A, Aguglia A, Bianchi D, Santi E et al.
COVID-19 lockdown: housing built environment’s effects on mental health.
Int ] Environ Res Public Health. (2020) 17:5973. doi: 10.3390/ijerph17165973
Jones-Rounds ML, Evans GW, Braubach M. The interactive effects of
housing and neighbourhood quality on psychological well-being. ] Epidemiol
Community Health. (2014) 68:171-5. doi: 10.1136/jech-2013-202431

Pancani L, Marinucci M, Aureli N, Riva P. Forced social isolation and mental
health: a study on 1,006 Italians under COVID-19 lockdown. Front Psychol.
(2021) 12:663799. doi: 10.3389/fpsyg.2021.663799

Statec. Luxembourg in Figures. Statec (2020). Available online at: https://
statistiques.public.lu/catalogue- publications/luxembourg-en- chiffres/2020/
luxembourg-figures.pdf (accessed 24 June 2021).

Luo Y, Hawkley LC, Waite L], Cacioppo JT. Loneliness, health, and mortality
in old age: a national longitudinal study. Soc Sci Med. (2012). 74:907-14.
doi: 10.1016/j.socscimed.2011.11.028

Santini ZI, Jose PE, York Cornwell E, Koyanagi A, Nielsen L, Hinrichsen
C, et al. Social disconnectedness, perceived isolation, and symptoms
of depression and anxiety among older Americans (NSHAP): a
longitudinal mediation analysis. Lancet Public Health. (2020) 5:e62-70.
doi: 10.1016/52468-2667(19)30230-0

Chen B, Sun J, Feng Y. How have COVID-19 isolation policies affected
young people’s mental health? - evidence from Chinese college students. Front
Psychol. (2020) 11:1529. doi: 10.3389/fpsyg.2020.01529

Liu CH, Zhang E, Wong GTE, Hyun S, Hahm H. “Chris.” Factors associated
with depression, anxiety, and PTSD symptomatology during the COVID-19
pandemic: clinical implications for US young adult mental health. Psychiatry
Res. (2020) 290:113172. doi: 10.1016/j.psychres.2020.113172

Power E, Hughes S, Cotter D, Cannon M. Youth mental health in the time of
COVID-19. Ir ] Psychol Med. (2020) 37:301-5. doi: 10.1017/ipm.2020.84
Huang H, Leung L. Instant messaging addiction among teenagers in China:
shyness, alienation, and academic performance decrement. Cyberpsychology
Behav Impact Internet Multimed Virtual Real Behav Soc. (2009) 12:675-9.
doi: 10.1089/cpb.2009.0060

Kazmi SSH, Hasan DK, Talib S, Saxena S. COVID-19 and Lockdwon: A Study
on the Impact on Mental Health. Rochester, NY: Social Science Research
Network (2020). Report No.: ID 3577515. Available online at: https://papers.
ssrn.com/abstract=3577515 (accessed March 11, 2021).

Domagala-Krecioch A, Majerek B. The
in the period of “emerging adulthood”.
doi: 10.19044/esj.2013.v9n10p%25p

Hunt MG, Marx R, Lipson C, Young J. No more FOMO: limiting social media
decreases loneliness and depression. J Soc Clin Psychol. (2018) 37:751-68.
doi: 10.1521/jscp.2018.37.10.751

loneliness
(2013). 2.

issue  of
Eur Sci J.

27.

28.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Prime H, Wade M, Browne DT. Risk and resilience in family well-
being during the COVID-19 pandemic. Am Psychol. (2020) 75:631-643.
doi: 10.1037/amp0000660

Zager Kocjan G, Kav¢i¢ T, Avsec A. Resilience matters: explaining the
association between personality and psychological functioning during
the COVID-19 pandemic. Int ] Clin Health Psychol. (2021) 21:100198.
doi: 10.1016/j.ijchp.2020.08.002

. Smith BW, Dalen J, Wiggins K, Tooley E, Christopher P, Bernard J. The brief

resilience scale: assessing the ability to bounce back. Int ] Behav Med. (2008)
15:194-200. doi: 10.1080/10705500802222972

Steinhardt M, Dolbier C. Evaluation of a resilience intervention to enhance
coping strategies and protective factors and decrease symptomatology. ] Am
Coll Health. (2008) 56:445-53. doi: 10.3200/JACH.56.44.445-454

Snoeck CJ, Vaillant M, Abdelrahman T, Satagopam VP, Turner JD, Beaumont
K, et al. Prevalence of SARS-CoV-2 infection in the Luxembourgish
population - the CON-VINCE study. medRxiv. 2020.05.11.20092916. (2020).
doi: 10.1101/2020.05.11.20092916

Schneider EE, Schonfelder S, Domke-Wolf M, Wessa M. Measuring
stress in clinical and nonclinical subjects using a German adaptation of
the Perceived Stress Scale. Int J Clin Health Psychol. (2020) 20:173-81.
doi: 10.1016/j.ijchp.2020.03.004

Bellinghausen L, Collange J, Botella M, Emery J-L, Albert E. [Factorial
validation of the French scale for perceived stress in the workplace]. Sante
Publig. (2009) 21:365-73. doi: 10.3917/spub.094.0365

Rammstedt B, John OP. Measuring personality in one minute or less: a 10-
item short version of the Big Five Inventory in English and German. J Res
Personal. (2007) 41:203-12. doi: 10.1016/].jrp.2006.02.001

Hajek A, Konig H-H. Which factors contribute to loneliness among older
Europeans? Findings from the survey of health, ageing and retirement in
Europe: determinants of loneliness. Arch Gerontol Geriatr. (2020) 89:104080.
doi: 10.1016/j.archger.2020.104080

Luchetti M, Terracciano A, Stephan Y, Aschwanden D, Sutin AR. Personality
traits and memory: a multilevel analysis across 27 countries from the survey
of health, ageing and retirement in Europe. Psychol Sci. (2021) 32:1047-57.
doi: 10.1177/0956797621993101

Radloft LS. The CES-D scale: a self-report depression scale for research
in the general population. Appl Psychol Meas. (1977) 1:385-401.
doi: 10.1177/014662167700100306

Fuhrer R, Rouillon F. La version frangaise de I'échelle CES-D (Center
for Epidemiologic Studies-Depression Scale). Description et traduction
de Téchelle dautoévaluation. Psychiatry Psychobiol. (1989) 4:163-6.
doi: 10.1017/50767399X00001590

Jahn R, Baumgartner JS, van den Nest M, Friedrich F, Alexandrowicz
RW, Wancata J. [Criterion validity of the German version of the
CES-D in the general population]. Psychiatr Prax. (2018) 45:434-42.
doi: 10.1055/a-0584-9803

Lewinsohn PM, Seeley JR, Roberts RE. Center for Epidemiologic
Studies Depression Scale (CES-D) as a screening instrument for
depression among community-residing older adults. (1997). 11:277-87.
doi: 10.1037/0882-7974.12.2.277

Spitzer RL, Kroenke K, Williams JBW, Lowe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Arch Intern Med. (2006) 166:1092-7.
doi: 10.1001/archinte.166.10.1092

Micoulaud-Franchi J-A, Lagarde S, Barkate G, Dufournet B, Besancon
C, Trébuchon-Da Fonseca A, et al. Rapid detection of generalized
anxiety disorder and major depression in epilepsy: validation of
the GAD-7 as a complementary tool to the NDDI-E in a French
sample. Epilepsy Behav. (2016) 57:211-6. doi: 10.1016/j.yebeh.2016.
02.015

Hinz A, Klein AM, Brihler E, Glaesmer H, Luck T, Riedel-Heller SG,
et al. Psychometric evaluation of the generalized anxiety disorder
screener GAD-7, based on a large German general population
sample. ] Affect Disord. (2017) 210:338-44. doi: 10.1016/j.jad.2016.
12.012

Béartolo A, Monteiro S, Pereira A. Factor structure and construct
validity of the generalized anxiety disorder 7-item (GAD-7) among
Portuguese college students. Cad Saside Publ. (2017) 33:200212716.
doi: 10.1590/0102-311x00212716

Frontiers in Psychiatry | www.frontiersin.org

October 2021 | Volume 12 | Article 745636


https://doi.org/10.1037/0022-3514.60.5.744
https://doi.org/10.1016/j.paid.2020.110351
https://doi.org/10.3389/fpsyg.2021.630751
https://doi.org/10.1016/j.jad.2020.10.053
https://doi.org/10.1016/j.jad.2020.08.001
https://doi.org/10.1016/j.psychres.2021.114090
https://doi.org/10.1016/j.socscimed.2007.12.019
https://doi.org/10.3390/ijerph17165973
https://doi.org/10.1136/jech-2013-202431
https://doi.org/10.3389/fpsyg.2021.663799
https://statistiques.public.lu/catalogue-publications/luxembourg-en-chiffres/2020/luxembourg-figures.pdf
https://statistiques.public.lu/catalogue-publications/luxembourg-en-chiffres/2020/luxembourg-figures.pdf
https://statistiques.public.lu/catalogue-publications/luxembourg-en-chiffres/2020/luxembourg-figures.pdf
https://doi.org/10.1016/j.socscimed.2011.11.028
https://doi.org/10.1016/S2468-2667(19)30230-0
https://doi.org/10.3389/fpsyg.2020.01529
https://doi.org/10.1016/j.psychres.2020.113172
https://doi.org/10.1017/ipm.2020.84
https://doi.org/10.1089/cpb.2009.0060
https://papers.ssrn.com/abstract=3577515
https://papers.ssrn.com/abstract=3577515
https://doi.org/10.19044/esj.2013.v9n10p%25p
https://doi.org/10.1521/jscp.2018.37.10.751
https://doi.org/10.1037/amp0000660
https://doi.org/10.1016/j.ijchp.2020.08.002
https://doi.org/10.1080/10705500802222972
https://doi.org/10.3200/JACH.56.44.445-454
https://doi.org/10.1101/2020.05.11.20092916
https://doi.org/10.1016/j.ijchp.2020.03.004
https://doi.org/10.3917/spub.094.0365
https://doi.org/10.1016/j.jrp.2006.02.001
https://doi.org/10.1016/j.archger.2020.104080
https://doi.org/10.1177/0956797621993101
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1017/S0767399X00001590
https://doi.org/10.1055/a-0584-9803
https://doi.org/10.1037/0882-7974.12.2.277
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1016/j.yebeh.2016.02.015
https://doi.org/10.1016/j.jad.2016.12.012
https://doi.org/10.1590/0102-311x00212716
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Pauly et al.

Resilience in the COVID-19 Pandemic

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Hughes ME, Waite LJ, Hawkley LC, Cacioppo JT. A short scale for
measuring loneliness in large surveys: results from two population-
based studies. Res Aging. (2004) 26:655-72. doi: 10.1177/01640275042
68574

Russell D, Peplau LA, Cutrona CE. The revised UCLA loneliness scale:
concurrent and discriminant validity evidence. ] Pers Soc Psychol. (1980)
39:472-80. doi: 10.1037/0022-3514.39.3.472

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J
Health Soc Behav. (1983) 24:385-96. doi: 10.2307/2136404

Warttig SL, Forshaw MJ, South J, White AK. New, normative, English-sample
data for the Short Form Perceived Stress Scale (PSS-4). ] Health Psychol. (2013)
18:1617-28. doi: 10.1177/1359105313508346

da Silva-Sauer L, de la Torre-Luque A, Smith BW, Lins MCMC, Andrade
S, Fernandez-Calvo B. Brief Resilience Scale (BRS) Portuguese Version:
validity and metrics for the older adult population. Aging Ment Health. (2021)
25:1554-63. doi: 10.1080/13607863.2020.1753015

Jacobs I, Horsch A. Psychometric properties of the French brief resilience
scale. Eur ] Health Psychol. (2019) 26:1-9. doi: 10.1027/2512-8442/a000022
Chmitorz A, Kunzler A, Helmreich I, Tiischer O, Kalisch R, Kubiak T, et al.
Intervention studies to foster resilience - a systematic review and proposal for
aresilience framework in future intervention studies. Clin Psychol Rev. (2018)
59:78-100. doi: 10.1016/j.cpr.2017.11.002

Courtois R, Petot J-M, Plaisant O, Allibe B, Lignier B, Réveillére C, et al.
Validation frangaise du Big Five Inventory a 10 items (BFI-10). LEncéphale.
(2020) 46:455-62. doi: 10.1016/j.encep.2020.02.006

Brito Costa S, Bem-Haja P, Moisao A, Alberty A, Vicente Castro F, De
Almeida H, et al. Pychometric properties of Portuguese version of big five
inventory (BFI). Int | Dev Educ Psychol Rev INFAD Psicol. (2016) 1:83.
doi: 10.17060/ijodaep.2015.n2.v1.325

Hoyle RH, Panter AT. Writing about structural equation models. In Hoyle
RH, editor. Structural Equation Modeling: Concepts, Issues, and Applications.
Thousand Oaks, CA: Sage (1995). p. 158-76.

Ruiz-Castell M, Kandala N-B, Perquin M, Bocquet V, Kuemmerle A, Vigele
C, etal. Depression burden in Luxembourg: individual risk factors, geographic
variations and the role of migration, 2013-2015 European Health Examination
Survey. ] Affect Disord. (2017). 222:41-8. doi: 10.1016/j.jad.2017.06.056

Pieh C, Budimir S, Probst T. The effect of age, gender, income,
work, and physical activity on mental health during coronavirus disease
(COVID-19) lockdown in Austria. J Psychosom Res. (2020) 136:110186.
doi: 10.1016/j.jpsychores.2020.110186

Gambau B, Palomino JC, Rodriguez JG, Sebastian R.. No. 2021-11—
COVID-19 Restrictions in the US: Wage Vulnerability by Education, Race
and Gender. Oxford: INET (2021). Available online at: https://www.inet.
ox.ac.uk/publications/no-2021- 11-covid- 19-restrictions- in- the- us- wage-
vulnerability-by-education-race-and-gender/ (accessed September 13, 2021).
Ramiz L, Contrand B, Rojas Castro MY, Dupuy M, Lu L, Sztal-Kutas
C, et al. A longitudinal study of mental health before and during
COVID-19 lockdown in the French population. Glob Health. (2021) 17:29.
doi: 10.1186/512992-021-00682-8

Wang B, Dong X. The association between personality and loneliness: findings
from a community-dwelling Chinese aging population. Gerontol Geriatr Med.
(2018) 4:233372141877818. doi: 10.1177/2333721418778181

Kroencke L, Geukes K, Utesch T, Kuper N, Back M. Neuroticism
and emotional risk during the COVID-19 pandemic. PsyArXiv. (2020).
doi: 10.31234/0sf.io/8c6nh

Williams PG, O’Brien CD, Colder CR. The effects of neuroticism and
extraversion on self-assessed health and health-relevant cognition.
Pers Individ  Differ. (2004) 37:83-94. doi: 10.1016/j.paid.2003.
08.001

Jylhd P, Isometsd E. The relationship of neuroticism and extraversion to
symptoms of anxiety and depression in the general population. Depress
Anxiety. (2006) 23:281-9. doi: 10.1002/da.20167

Hawkley LC, Cacioppo JT. Social connectedness and health. In: Hazan C,
Campa MI. Human Bonding: The Science of Affectional Ties. New York, NY:
The Guilford Press (2013). p. 343-64.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Rossi R, Socci V, Talevi D, Mensi S, Niolu C, Pacitti F et al. COVID-
19 pandemic and lockdown measures impact on mental health among the
general population in Italy. An N=18147 web-based survey. medRxiv. (2020).
doi: 10.1101/2020.04.09.20057802

Khoo S, Simms LJ. Links between depression and openness and its facets. Pers
Ment Health. (2018) 12:203-15. doi: 10.1002/pmh.1417

Karsten J, Penninx BWJH, Riese H, Ormel J, Nolen WA, Hartman CA. The
state effect of depressive and anxiety disorders on big five personality traits. |
Psychiatr Res. (2012) 46:644-50. doi: 10.1016/j.jpsychires.2012.01.024
Vollrath M. Personality and stress. Scand ] Psychol. (2001) 42:335-47.
doi: 10.1111/1467-9450.00245

Gobbi S, Plomecka MB, Ashraf Z, Radzinski P, Neckels R, Lazzeri
S, et al. Worsening of preexisting psychiatric during
the COVID-19 pandemic. Front Psychiatry. 11:581426.
doi: 10.3389/fpsyt.2020.581426

Kim SE, Kim H-N, Cho J, Kwon M-], Chang Y, Ryu S, et al. Direct
and indirect effects of five factor personality and gender on depressive
symptoms mediated by perceived stress. PLoS ONE. (2016) 11:e0154140.
doi: 10.1371/journal.pone.0154140

Song S, Yang X, Yang H, Zhou P, Ma H, Teng C, et al. Psychological
resilience as a protective factor for depression and anxiety among the
public during the outbreak of COVID-19. Front Psychol. (2021). 11:618509.
doi: 10.3389/fpsyg.2020.618509

World Health Organization. Depression and Other Common Mental Disorders.
World Health Organization (2017). Available online at: https://www.jstor.org/
stable/resrep28026.1 (accessed May 14, 2021).

Hapke, Cohrdes, Niibel R. Depressive symptoms in a European comparison -
Results from the European Health Interview Survey (EHIS) 2. (2019). Available
online at: https://edoc.rki.de/handle/176904/6248 (accessed March 11, 2021).
Statec (2019). Analyses 1-2019: Atlas Démographique du Luxembourg.
Available http://statistiques.public.lu/fr/publications/series/
analyses- demographiques/2019/analyses-01-19/index.html (accessed May
11,2021).

Fleming ], Ledogar R]. Resilience, an evolving concept: a review of literature
relevant to aboriginal research. Pimatisiwin. (2008) 6:7-23.

Wang S, Morav L. Participation in civil society organizations and ethnic
minorities” interethnic friendships in Britain. Br J Sociol. (2021) 72:808-28.
doi: 10.1111/1468-4446.12819

Wang S, Ramsden M. Revisiting the “parallel lives” thesis: Neighbourhood
attachment and residential integration of ethnic minorities in England:
Neighbourhood attachment of ethnic minorities in England. Popul Space
Place. (2018) 24:€2156. doi: 10.1002/psp.2156

Statec. Evolution de la Population Totale, Luxembourgeoise et Etrangére au
ler Janvier 1961-2021. (2021). Available online at: https://statistiques.public.
lu/stat/TableViewer/tableViewHTML.aspx?sCS_ChosenLang=fr&Reportld
%20=%2012858 (accessed September 3 2021).

conditions
(2020).

online at:

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

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

endorsed by the publisher.

Copyright © 2021 Pauly, Ribeiro, Schroder, Pauly, Kriiger, Leist and the CON-
VINCE Consortium. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org

15

October 2021 | Volume 12 | Article 745636


https://doi.org/10.1177/0164027504268574
https://doi.org/10.1037/0022-3514.39.3.472
https://doi.org/10.2307/2136404
https://doi.org/10.1177/1359105313508346
https://doi.org/10.1080/13607863.2020.1753015
https://doi.org/10.1027/2512-8442/a000022
https://doi.org/10.1016/j.cpr.2017.11.002
https://doi.org/10.1016/j.encep.2020.02.006
https://doi.org/10.17060/ijodaep.2015.n2.v1.325
https://doi.org/10.1016/j.jad.2017.06.056
https://doi.org/10.1016/j.jpsychores.2020.110186
https://www.inet.ox.ac.uk/publications/no-2021-11-covid-19-restrictions-in-the-us-wage-vulnerability-by-education-race-and-gender/
https://www.inet.ox.ac.uk/publications/no-2021-11-covid-19-restrictions-in-the-us-wage-vulnerability-by-education-race-and-gender/
https://www.inet.ox.ac.uk/publications/no-2021-11-covid-19-restrictions-in-the-us-wage-vulnerability-by-education-race-and-gender/
https://doi.org/10.1186/s12992-021-00682-8
https://doi.org/10.1177/2333721418778181
https://doi.org/10.31234/osf.io/8c6nh
https://doi.org/10.1016/j.paid.2003.08.001
https://doi.org/10.1002/da.20167
https://doi.org/10.1101/2020.04.09.20057802
https://doi.org/10.1002/pmh.1417
https://doi.org/10.1016/j.jpsychires.2012.01.024
https://doi.org/10.1111/1467-9450.00245
https://doi.org/10.3389/fpsyt.2020.581426
https://doi.org/10.1371/journal.pone.0154140
https://doi.org/10.3389/fpsyg.2020.618509
https://www.jstor.org/stable/resrep28026.1
https://www.jstor.org/stable/resrep28026.1
https://edoc.rki.de/handle/176904/6248
http://statistiques.public.lu/fr/publications/series/analyses-demographiques/2019/analyses-01-19/index.html
http://statistiques.public.lu/fr/publications/series/analyses-demographiques/2019/analyses-01-19/index.html
https://doi.org/10.1111/1468-4446.12819
https://doi.org/10.1002/psp.2156
https://statistiques.public.lu/stat/TableViewer/tableViewHTML.aspx?sCS_ChosenLang=fr&ReportId%20=%2012858
https://statistiques.public.lu/stat/TableViewer/tableViewHTML.aspx?sCS_ChosenLang=fr&ReportId%20=%2012858
https://statistiques.public.lu/stat/TableViewer/tableViewHTML.aspx?sCS_ChosenLang=fr&ReportId%20=%2012858
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	The Moderating Role of Resilience in the Personality-Mental Health Relationship During the COVID-19 Pandemic
	Introduction
	Materials and Methods
	Study Design
	Participants
	Material
	Mental Health Measures
	Personality Characteristics
	Health and Social Behaviors

	Statistical Analysis

	Results
	Descriptive Results
	Bivariate Correlations
	Multivariate Regression Models
	Structural Equation Modeling

	Discussion
	Explanation of Findings
	Associations of Personality Traits With Mental Health Measures
	Health and Social Behaviors in the Personality-Mental Health Relationship
	Moderating Role of Resilience
	Strengths and Limitations
	Implications for Mental Health Interventions

	Conclusion
	The CON-VINCE Consortium
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


