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Several studies have been devoted to establishing the effects of
the COVID-19 pandemic on mental health across gender, age, and
ethnicity. However, much less attention has been paid to the dif-
ferential effect of COVID-19 according to different personalities.
We do this using the UK Household Longitudinal Study (UKHLS), a
large-scale panel survey representative of the UK population. The
UKHLS allows us to assess the mental health of the same respon-
dent before and during the COVID-19 period based on their “Big
Five” personality traits and cognitive skills. We find that during
the COVID-19 period, individuals who have more extravert and
open personality traits report a higher mental health deteriora-
tion, while those scoring higher in agreeableness are less affected.
The effect of openness is particularly strong: One more SD pre-
dicts up to 0.23 more symptoms of mental health deterioration
in the 12-item General Health Questionnaire (GHQ-12) test dur-
ing the COVID-19 period. In particular, for females, cognitive skills
and openness are strong predictors of mental health deteriora-
tion, while for non-British White respondents, these predictors are
extraversion and openness. Neuroticism strongly predicts worse
mental health cross-sectionally, but it does not lead to signifi-
cantly stronger deterioration during the pandemic. The study’s
results are robust to the inclusion of potential confounding vari-
ables such as changes in physical health, household income, and
job status (like unemployed or furloughed).
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he question of whether COVID-19 affects the mental health

of different individuals in different ways is very open and
compelling. Several studies have been devoted to establishing
the effects on different ages, genders, and ethnicities (e.g., refs.
1-6). However, little attention has been paid to the differential
effect of COVID-19 according to the differences in individual
personalities (exceptions include refs. 7-10, which we will discuss
in detail later in the text).

Analyzing the differential effect of the pandemic according
to personality is important for at least three reasons. First, it
can lead to identification of at-risk groups, as well as more
personalized psychological or psychiatric treatments, even for
the post-COVID period. Second, understanding how individu-
als with different personalities react to an extreme condition
like a lockdown can shed more light on the link between per-
sonality and mental health. Third, it can make clearer unin-
tended consequences of COVID-19 restrictions and inform
policy making.

The COVID-19 period can be thought of as a natural exper-
iment, where a sort of stress test is naturally induced. The UK
Household Longitudinal Study (UKHLS) provides longitudinal
data for the same sample of individuals representative of the
UK population, where mental health is monitored before and
during the COVID-19 period. Furthermore, the UKHLS dataset
provides necessary information about personality traits and cog-
nitive skills that are the main explanatory variables in the current
study. Hence, the UKHLS is an ideal tool to analyze the effects of
this pandemic on mental health deterioration among individuals
with different personalities.

PNAS 2021 Vol. 118 No. 37 e2109282118

Some confounding factors are potentially relevant in our
study. We show that our results are robust to the inclusion of
controls, such as changes in physical health, household income,
job status (like unemployed or furloughed), marital status,
household size, and geographic location, during the COVID-19
period.

There is a widespread consensus on the personality classifi-
cation based on the openness, conscientiousness, extraversion,
agreeableness, and neuroticism five-factor model, or Big Five
(11-14). And, following this classification, there is a large liter-
ature analyzing the link between personality and mental health
(e.g., refs. 15-17).* Further, there are several contributions
studying how personality affects self-reported subjective well-
being (e.g., refs. 20-23). We show that the data used in the
current study produce results that are consistent with these con-
tributions. Building on this literature, we show using longitudinal
data representative of a country-large population how an exter-
nal shock interacts with personality to affect mental health. The
panel structure of the UKHLS dataset (i.e., the same individuals
observed in different periods) allows us to analyze the deteriora-
tion of mental health with respect to a pre-COVID-19 baseline
period and, therefore, to estimate the effect of the different
traits excluding the confounding effects due to any time-invariant
factor.

Significance

Analyzing how personality affects mental health deteriora-
tion during the COVID-19 pandemic is important because
it can lead to more personalized psychological or psychi-
atric treatments. Drawing on a longitudinal dataset rep-
resentative of the UK population before and during the
pandemic, we document that personality can be an impor-
tant factor. In particular, agreeableness is a negative pre-
dictor, while openness and, to a lower extent, extraversion
are positive predictors; the effect of neuroticism is sur-
prisingly weak. In female respondents, cognitive skills and
openness, and in non-British White respondents, extraver-
sion and openness are particularly strong predictors of men-
tal health deterioration. The fact that neuroticism has an
effect that is weaker than expected represents an interesting
puzzle.
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Some recent contributions (7-10) have emphasized how per-
sonality traits can affect individual mental health during the
pandemic period. While they are generally consistent with our
results, these studies are based on nonprobability sampling meth-
ods and smaller samples than the one used in this study, and they
do not use a clear pre-COVID-19 baseline of data to precisely
identify the deterioration of mental health. In Discussion, we will
describe these contributions in more detail.

We find that during the COVID-19 period, individuals who
have a more extravert and open personality report a higher
mental health deterioration, while the ones scoring high in agree-
ableness are less affected. The effect of openness is particularly
strong and seems increasing in magnitude thorough the entire
period.

Neuroticism seems to predict more mental health deteriora-
tion, but this effect is not significant in the main specifications of
the estimated model. This last result unveils an important puzzle
since neuroticism is considered an index of sensibility to threats;
hence, highly neurotic individuals should be particularly affected
in an environment like the COVID-19 pandemic. We further dis-
cuss this issue—together with the other main results—in detail in
Discussion.

Materials and Methods

Data. Our main data source is the COVID-19 Survey from the UKHLS, or
Understanding Society. We combine seven waves of the COVID-19 Survey
(April, May, June, July, September, and November 2020 and January 2021)
with the Wave 9 main survey (2017-2019), which serves as the baseline for
the pre-COVID-19 period (24, 25). This leads to seven panels, each with a
during- and pre-COVID-19 period. Each panel is balanced (i.e., contain two
observations per respondent) with 11,166 data points each.

We apply the longitudinal sampling weights provided in the UKHLS to
make inferences on the UK population. A key feature of the COVID-19 Sur-
vey is that it is longitudinal, enabling individuals to be tracked over the
course of the pandemic. In this balanced panel, there are 8,772 individu-
als with basic demographic information on gender, age, and ethnicity (S/
Appendix, Table S1). We further merge these data with Wave 9 main survey
to construct the pre-COVID baseline data and the Wave 3 main survey to
include information on personality traits and cognitive skills. At the end of
this process, we have a total of 5,583 individuals and an attrition of about
36%, of which about 21% (i.e., determined by the difference between 8,772
and 6,928) is due to exogenous survey sampling factors related to the dif-
ference in the respondents across different waves, while the remaining
16% (i.e., determined by the difference between 6,928 and 5,583) is due
to missing data.

While this attrition rate can be considered substantial, it positively com-
pares with previous research using the same data (3, 6). This attrition does
not significantly bias the panel in terms of personality, traits, gender, or
education, as we note from S/ Appendix, Table S1, column 5. Our main
concern with attrition is that respondents with certain personality traits sys-
tematically drop out of the sample, thus causing a sampling bias in terms
of personality traits. Comparisons in columns 5 and 6 show that this is
not the case, lending support to our research design. The final sample is,
however, 3.7 y older than the initial one. A main reason is that since the
Wave 3 main survey, younger individuals have been added to and older
individuals have dropped out from the survey. In the final panel, the age
range is 24 to 93, while in the initial balanced COVID-19 Study panel, this
was 16 to 96; hence, to the extent that we consider this sample as rep-
resentative of the UK population within the age range of 24 to 93, the
exogenous attrition should not represent a threat to representativeness of
our sample.

With this in mind, we note from column 6 (measuring the effect of
the attrition due to missing data) that there is no significant difference in
the mental health indicators (12-item General Health Questionnaire [GHQ-
12]) and in almost all the socioeconomic factors. The age difference is
significantly reduced to less than 1y, and, accordingly, the only signifi-
cant difference at the 5% level is now in the share of retired (about 0.02
smaller). All that provides support that sample-selection bias plays little or
no role in our analysis and little or no threat to the representativeness
of the sample (to the extent that we consider the sample as represen-
tative of adults aged between 24 and 93). All variables included in the
regressions and with their statistical descriptions are listed in S/ Appendix,
Table S2.

20f7 | PNAS

https://doi.org/10.1073/pnas.2109282118

Mental health. The index of mental health we use is the GHQ-12 (26). The
GHQ-12 is a well-known self-report instrument for evaluating minor psychi-
atric disorders, which may signal the beginning of serious disorders, where
the respondent must report the extent to which 12 symptoms of mental
health deterioration were present in the past few weeks on a Likert scale;
we consider the “caseness” formulation ranging from 0 to 12, which rep-
resents the number of symptoms felt “more than usual” or “much more
than usual” (we present the questionnaire in S/ Appendix, section 1). We
prefer this to the “score” formulation—which is the sum of each single
answer from 1 to 4—because the latter is a cumulative measure of the
symptoms’ intensity, which is arguably less objective and, hence, less compa-
rable across individuals. We will see below that the results are qualitatively
similar—stronger if anything—when we use the score formulation.

Big Five personality traits. \We use the personality classification based on
the Five-Factor Model, which is the most common classification (11-13).
These “Big Five” personality traits are: neuroticism (or emotional stability),
extraversion, conscientiousness, agreeableness, and openness, usually mea-
sured through self-report based on the so-called NEO Five-Factor Inventory
(see e.g., ref. 14), with 60 items (12 items per domain). However, scale-
development studies have indicated that the Big Five traits can be reliably
assessed with a smaller number of items (e.g., refs. 27 and 28) that can be
used in large-scale surveys. The current data are measured with a short 15-
item questionnaire (3 per each of the Big Five traits). A detailed description
of the questions is available in S/ Appendix, section 1. This information is mea-
sured in Wave 3 of the UKHLS main survey (in 2011-2013). Ref. 29 argues that
personality traits vary little for individuals aged between 18 and 65. Given
that traits and cognitive skills have been measured in 2011-2013, we will
check whether excluding participants over age 60 and under age 27 from
the analysis substantially changes our results.t In S/ Appendix, Table S3, we
present the correlation matrix between personality traits, cognitive skills, and
gender. As it is normally observed, neuroticism is negatively correlated with
all other traits that are otherwise positively correlated with each other. As
is normally the case, the correlation between openness and cognitive skills
is positive and rather substantial (see Discussion for more details on this).
Control variables. We use a measure of cognitive skills as a control variable.
They have also been measured in the Wave 3 main survey of the UKHLS (in
2011-2013). We use the 1°! principal component of all measures provided in
the main UKHLS dataset, apart from the self-rated memory (the questions
are presented in S/ Appendix, section 1; see ref. 31 for details). Furthermore,
we introduce as control variables job status, household income (in loga-
rithm), missing income (dummy), any long-term health condition, month
of the interview (dummies), age, region, marital status, household size, and
presence of children in the household. Summary statistics for all variables
are listed in S/ Appendix, Table S2.

Econometric Models. We have a series of balanced panels with two periods
each, so every respondent is recorded twice: once in the pre-COVID-19 wave
(i.e., Wave 9 main survey, related to the period 2017-2019) and once in each
of the waves within the COVID-19 period (April, May, June, July, September,
and November 2020 and January 2021). Using this dataset, we estimate the
following model for each two-period panel:

GHQjs =tO;T + yi: A+ ri+ €t [1]

where i represents the individual, t =0 indicates the period of the Wave
9 main survey, and t=1 denotes each period of the seven waves dur-
ing the COVID-19 pandemic. GHQ;; is the mental health indicator; 6; is
the vector of the time-invariant individual characteristics, including per-
sonality traits—our variables of interest—cognitive skills, and gender; y;;
are the time-variant control variables for each respondent (e.g., income);
and r; are the individual-specific fixed effects. The vector of time-invariant
characteristics is:
0,‘ = (N,‘, E,‘, C,', A[, O,‘, CS,', Sex;, 1),'

where N = neuroticism, E = extraversion, C = conscientiousness, A = agree-
ableness, O = openness, CS = cognitive skills, Sex = female, and one is
the constant term. The term t0;T" represents the interaction of a personal-
ity trait and other time-invariant individual characteristics with t, which is
equal to one for the COVID-19 period and zero otherwise. Therefore, some
components of vector I represent our main coefficients of interest. €; is an
idiosyncratic error assumed, as usual, to be uncorrelated with the regressors.

TFurthermore ref. 30 shows that they change very little, even after very serious shocks
like bereavement or unemployment.
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In the regression estimating Eq. 1, we cluster the SEs at the individual lev-
els (i.e., we make the standard assumption, given the above specification of
the model with individual fixed effects, that errors are uncorrelated across
individuals, but correlated within).

Results

In SI Appendix, section 2, we report a sanity check of our data.
We show that the results (SI Appendix, Tables S4-S7) are, to a
large extent, consistent with the findings in the literature ana-
lyzing how personality affects mental health (e.g., refs. 18 and
19) and also in line with the literature on subjective well-being
(e.g., refs. 20-23), with a strong negative effect of neuroticism
and positive effects of conscientiousness and extraversion that
are smaller in magnitude.

Fig. 1, Upper Left presents the evolution of average mental
health deterioration, as measured by the increase in GHQ-12
caseness (or symptoms) between each wave during COVID-19
and the baseline (2017-2019), for all selected respondents from
April 2020 to January 2021.

We note a timeline of significant COVID-19 restriction poli-
cies adopted by the UK government. On March 23, 2020, the
Prime Minister (PM) announced a UK-wide lockdown; on May
10, “Stay at home” became “stay alert,” and the PM set out a
lockdown-lifting plan; on July 4, most restrictions were lifted in
England. On October 31, the PM announced that England was
being placed under another national lockdown. On December 2,
England’s national lockdown came to an end and was replaced
by a strengthened three-tier system. On January 4, 2021, the PM
announced a third national lockdown for England.

In Fig. 1, we observe a V-shaped path of mental health deteri-
oration from April 2020 to January 2021. Fig. 1 shows a dramatic
rise in GHQ-12 in April of about one unit (i.e., one more symp-
tom per individual), then a decline during late spring and early
summer and an increase again in autumn 2020 and January 2021.
This path roughly mirrors the evolution of the infections and
restrictions. The average mental health deterioration (i.e., aver-
age GHQ-12 changes) over the entire period from April 2020
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to January 2021 is around 0.66 symptoms (i.e., two out of three
respondents experienced one more symptom on average).

Fig. 1, Upper Center, Upper Right, and Lower present the
GHQ-12 evolution for individuals scoring high and low in each
personality trait (more precisely, belonging to the top and bot-
tom 25% of each personality score). A visual inspection of the
five panels reveals clear differences in mental health deterio-
ration for respondents at the top and bottom ends of all five
traits. In particular, individuals high in openness and low in
agreeableness seem to have experienced stronger mental health
deterioration than their counterparts to the other extremes. Neu-
roticism seems to affect individuals in the natural direction;
i.e., respondents scoring high in neuroticism experienced worse
mental health deterioration than those scoring low. Extraver-
sion seems to have more heavily affected respondents at the
beginning of the period, while conscientiousness did in the
second half.

The evidence presented in Fig. 1 provides a first indication
of a differential impact of the COVID-19 period on mental
health. There are, however, some potential confounding factors
in the relationship between personality and mental health dete-
rioration during the period of analysis. For example, personality
can affect the probability of becoming unemployed or lead to
a lower wage during the COVID-19 period (e.g., refs. 23 and
29), and, in turn, both of these factors can affect mental health.
Therefore, we move on to estimate model 1, which controls for
such confounding factors, to assess the relationships suggested
in Fig. 1.

Estimation results of model 1 are presented in Fig. 2 and S/
Appendix, Table S9. Fig. 2 plots the main coefficients of inter-
est to visualize the differential effects of COVID-19 on mental
health across different personality traits for each month during
the pandemic (April, May, June, July, September, and November
2020 and January 2021), compared against the pre—-COVID-19
baseline period (i.e., Wave 9 main survey, 2017-2019). For com-
parison, results for a specification excluding control variables are
presented in SI Appendix, Table S8 and Fig. S1.
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Mental health deterioration in the COVID-19 period, in total and among individuals with different personality traits. The changes in GHQ-12

represent mental health deterioration between the pre-COVID wave and each wave during the COVID-19 period. The black line in Upper Left panel
represents the overall average, while the other panels report the averages among subjects with the top (red lines) and bottom (blue lines) 25% score in
each personality trait. GHQ-12 index is the number of symptoms—up to 12—indicating some form of mental disorders. *P < 0.1; **P < 0.05 (statistical

significance of the difference between the two lines).
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Fig. 2. Coefficient (coef.) plots of the effects of COVID-19 on mental health by personality traits. This figure plots the main coefficients of interest, estimated
using model 1 for each pair of a period during COVID-19 and the pre-COVID-19 baseline period. The dependent variable is GHQ-12. Each dot represents the
coefficient of an interaction term between a specific trait and the COVID-19 period, for each COVID-19 wave. The spike plots refer to the 90% Cls.

We note that some personality traits significantly predict more
mental health deterioration, with a nonnegligible magnitude. To
have an idea, a coefficient of about 0.15 implies that one SD
in personality increases leads to 0.15 symptoms on the GHQ-
12 measure—i.e., one out of seven respondents reporting one
more symptom in the COVID-19 period—and we recall that the
average mental health deterioration in the COVID-19 period is
about 0.66 more symptoms.

In particular, personalities with a low score in agreeableness
and a high score in openness are predictive of more mental
health deterioration during the COVID-19 period. The effect of
openness seems to be increasing throughout the period, and it
is remarkably high in January 2021, where a one-SD increase
in openness predicts an increase of 0.23 symptoms on average.
The interaction with extraversion is weakly significant in the
second period, but if we consider the GHQ-12 scale (range 0
to 36) instead (SI Appendix, Table S10), this becomes strongly
significant at a 5% level for the second period and marginally
significant at 10% for the first and third periods. The interaction
with conscientiousness is weakly significant in the fourth wave.
Neuroticism is surprisingly insignificant in this specification.{ We
also test whether neuroticism significantly interacts with other
personality traits in predicting mental health deterioration, but
we find no evidence supporting this (SI Appendix, Table S12).

To make sure we are not picking up diverging trends or
time effects due to different personality traits, we further run a
placebo test, with Wave 9 in the main survey as the interven-
tion period and Wave 8 as the baseline period. The coefficients
of interest are plotted in Fig. 3. In this test, we are not able
to detect any significant differential effects due to personal-
ity traits across these two waves, lending support to the notion
that the diverging trends in mental health across different lev-

*To understand better this apparent discrepancy with Fig. 1, where there seem to be
a significant difference between the top and bottom 25% neuroticism scorers, in S/
Appendix, Table S11, we show that this difference vanishes once a general dummy vari-
able indicating the COVID-19 period is introduced, suggesting that this effect is rather
weak.
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els of personality traits are specific to the COVID-19 period.
Further details of this test are provided in SI Appendix, Table
S13. We also check for robustness to other psychological fac-
tors that might be correlated with personality traits, including
optimism, risk attitude, and locus of control (S Appendix, Table
S14). The results are also very similar if we omit sampling weights
(SI Appendix, Table S15) or apply inverse probability weighting
to address attrition issue (SI Appendix, Table S16 and Fig. S2),
exclude those over 60 and under 27 (SI Appendix, Table S17),
or consider different specifications of model 1 (SI Appendix,
Tables S18 and S19).

We further explore heterogeneity across demographic dimen-
sions. In Table 1, we report the results of the estimation of model
1 for males and females separately.§ First of all, we observe
in Table 1 (and in ST Appendix, Table S9) that, consistent with
existing evidence, female respondents report more symptoms of
mental health deterioration than males during the COVID-19
period (1, 3-6). Even if some coefficients lose significance in
comparison with the estimations presented in Fig. 2 (and in SI
Appendix, Table S9), given the lower power of this test, we note
that both openness and cognitive skills (which is insignificant
when we consider all together) are particularly strong predictors
of mental health deterioration in female respondents.

We also explore differential patterns by ethnicity and age
groups, by further including interaction terms for ethnicity/age,
personality traits, and the indicator for the COVID-19 period
(SI Appendix, Tables S22 and S23). The results in ST Appendix,
Table S22 suggest that B.AM.E. (Black, Asian, and minority
ethnic) respondents with high extraversion or high openness
suffer even more mental health deterioration compared to their
non-B.A.M.E. counterparts.

In terms of heterogeneity by age groups, SI Appendix, Table
S23 shows that for old respondents (aged above 65), openness is
a significantly negative predictor of mental health deterioration

SFor expositional simplicity, we only included Waves 2, 4, and 6 of the COVID-19 period;
see S| Appendix, Tables 520 and S21 for full results, including all waves.
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Fig. 3. Coefficient (coef.) plots for the effects of a placebo intervention on mental health by personality traits. This figure plots the main coefficients of
interest, estimated using model 1 for each pair of a period during a placebo intervention period (Wave 9 main survey) and the baseline (Wave 8 main
survey). The dependent variable is GHQ-12. Each dot represents a coefficient, and the spike plots the 90% Cl. Each plot represents the coefficient and Cl for

the interaction term between “During intervention period” and a personality trait.

compared with their younger counterparts (for whom openness is
a positive predictor), and conscientiousness is a significantly neg-
ative predictor (for younger counterparts, this becomes insignifi-
cant) during most months of the pandemic. While this is interest-
ing, these results should be taken with caution, since personality
traits and cognitive skills may not be fully reliable measures for
old respondents, as discussed before.

To summarize our empirical findings, we can say that dur-
ing the COVID-19 period agreeableness is a negative predictor
of mental health deterioration, while openness and, to a lower
extent, extraversion are positive predictors; neuroticism is sur-
prisingly insignificant in all specifications of the model. In female
respondents, cognitive skills and openness—and in B.A.M.E.
respondents openness and extraversion—are particularly strong
predictors of mental health deterioration.

Discussion

There is widespread evidence that mental health has been
severely affected by the COVID-19 pandemic (e.g., refs. 1, 3, 32
and 33), and it will likely be a main issue in the post-COVID

period as well (34). Therefore, it is crucial to identify the individ-
uals that have been more affected in terms of mental health and,
more generally, to shed more light on the link between personal-
ity and mental health. We believe this study provides a relevant
contribution in these directions.

Our results show that openness is a strong predictor of men-
tal health deterioration during the pandemic period. Openness is
the trait that reflects preferences for exploration and new expe-
riences (35, 36); in fact, this trait is often called “openness to
experience.” The pandemic period is characterized by several
constraints that limit the capacity of making new experiences or
seeking new sensations, and the fact that openness is positively
associated with mental health deterioration reflect this view. Fur-
thermore, openness is the Big Five trait that is more consistently
positively associated with intelligence (as we can observe in S/
Appendix, Table S2 for our data as well); in fact, openness is
sometime referred as “intellect.” Cognitive skills like fluid intel-
ligence and working memory seem to be related primarily to the
aspect of openness/intellect that can be described as intellect,
which can be separated by the artistic and contemplative traits

Table 1. Personality and mental health deterioration during the COVID-19 period for males and females

2019 and May 2020

2019 and Jul 2020 2019 and Jan 2021

Female Male Female Male Female Male
During COVID-19 period 1.656*** (0.391) 0.863 (0.530) —0.121 (0.444) 0.672 (0.480) 1.198** (0.505) 0.259 (0.471)
Agreeableness x during —0.182* (0.103) —0.199** (0.090) —0.101 (0.126) —0.028 (0.092) —0.134 (0.101) —0.149 (0.107)

—0.056 (0.099)
0.187* (0.100)
—0.019 (0.089)

—0.135 (0.116)
0.082 (0.100)
—0.080 (0.101)
0.158 (0.115)
—0.130 (0.158)
7,943

Conscientious x during
Extraversion x during
Neuroticism x during
Openness x during 0.132 (0.094)
Cognitive skills x during 0.198** (0.084)
N 8,806

0.233*** (0.084)

—0.152 (0.119)
0.102 (0.099)
—0.030 (0.087)
0.050 (0.096)

—0.118 (0.096)
—0.056 (0.086)
—0.040 (0.093)
0.129 (0.111)
—0.171 (0.152)
7,943

—0.008 (0.096)
—0.152 (0.103)
0.013 (0.093)
0.284*** (0.091)
0.136 (0.085)
8,806

—0.051 (0.105)
0.063 (0.097)
—0.022 (0.102)
0.162 (0.126)
—0.074 (0.135)

8,806 7,943

Dependent variable is GHQ-12 (range 0-12). Personality and cognitive skills variables are standardized. All models control for individual fixed effects, job
status, household income, any long-term condition, month of the interview, age, region, marital status, household size, and presence of children. Clustered
SEs at the individual level are in parentheses. *P < 0.1; **P < 0.05; ***P < 0.01.
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that characterize the openness aspect (35, 37). In our main anal-
ysis, we introduce cognitive skills as a regressor together with
openness; hence, we can separately analyze the two aspects of
openness and intellect. Openness is a particularly strong neg-
ative predictor of mental health deterioration for women and
members of the B.A.M.E. community. Interestingly, cognitive
skills are particularly strong negative predictors of mental health
deterioration for women, while there is no significant effect
for men.

Agreeableness reflects a tendency toward the maintenance of
social stability; for this reason, an individual with a more agree-
able personality can cope better in the constrained environment
following the lockdown (36). However, at the same time, individ-
uals scoring high in agreeableness should have a general altruistic
tendency and tend to be interested in and considerate of oth-
ers’ needs and feelings. In the pandemic, the knowledge that
other people, either within the family or outside, are suffering
for various reasons can negatively affect individuals with a more
agreeable personality. Our evidence suggests that the first effect
is stronger than the second.

Extraversion is, generally speaking, a trait related to sensitiv-
ity to social rewards (e.g., ref. 38). Therefore, in an environment
where social contacts are restricted, it is natural to expect that
extraverted individuals are particularly negatively affected. The
fact that this seems to be true only in the first part of the
COVID-19 period might be due to the fact that extravert respon-
dents managed to adapt to this situation, perhaps by using social
media platforms. In the B.A.M.E community, extraversion is a
stronger predictor of mental health deterioration than among
White British.

Neuroticism is linked to higher sensitivity to negative emotions
like anger, hostility, or depression. For this reason, neuroticism is
associated with sensibility to negative outcomes and threats (36)
that should be pervasive during the current pandemic. Surpris-
ingly, in our data, we find only weak evidence of this. A possible
answer is that, given what we can observe from SI Appendix,
Tables S4-S7, neuroticism is a strong negative predictor of men-
tal health deterioration in general, and individuals with highly
neurotic personalities have normally experienced several nega-
tive shocks in the course of their lives; hence, there might be
a sort of habituation effect at play. Another possibility is that
each individual does not normally experience too many symp-
toms of mental health deterioration as the ones measured in the
GHQ-12 questionnaire; hence, respondents with a highly neu-
rotic personality cannot experience more symptoms than what
they experienced before the pandemic period.

The effects of extraversion and openness and the lack of a
strong effect of neuroticism on mental health are consistent with
ref. 39 field-experiment results. They show that subjects expe-
riencing larger disruptions to their lifestyle behaviors, arguably
subjects with a more open and extravert personality, faced the
larger increase in depression symptoms and that the standard
predictors of depression, like a highly neurotic personality, were
less important.

Conscientiousness reflects a tendency to maintain motiva-
tional stability. For this reason, a conscientious individual can
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overcome better the practical constraints and manage better
the negative feelings due to the pandemic. On the other hand,
conscientious individuals have preferences to make long-term
ambitious plans, something impossible to achieve in an highly
uncertain environment; hence, there is no reason to expect a
positive or negative effect.

Using a convenience sample of 484 University of Vermont
first-year undergraduate students and considering as a baseline
January 2020, ref. 8 analyzes how personality traits interact with
the COVID period to affect some well-being indicators. They
find negative effects of extraversion and openness as well, and, in
line with our findings, they do not find a negative effect of neu-
roticism (they actually report a positive effect). Differently from
us, the effect of agreeableness seems negative. While we are not
aware of any particular coronavirus restrictions in Vermont in
January 2020, the expectations that a world pandemic would be
eventually declared was widespread, so it is not possible to rule
out that the baseline used by ref. 8 was completely unaffected.

Ref. 10 uses a small convenience sample of 51 German individ-
uals in a panel over three consecutive weeks within the COVID-
19 period. They show that extraverts suffer from limitations and
benefit from relaxation, and individuals with high neuroticism
have not shown any change in dealing with the restrictions over
time. The fact that both refs. 8 and 10 do not find any negative
effect on neuroticism, as we do, is remarkable.

Furthermore, refs. 9 and 7 analyze the link between personal-
ity traits and psychological well-being with cross-sectional data.
Hence, as we argued above, their designs do not allow them
to control for individual fixed effects, and it is comparable with
what we do in our sanity check (ST Appendix, Tables S4-S7). Ref.
9 surveyed a convenience sample of the Canadian population
using the online platform Qualtrics in June/July 2020. Similarly
as we do in our sanity checks, they find a negative effect of
neuroticism and a positive effect of extraversion. Ref. 7 uses a
convenience sample of the Japan population recruited through
Yahoo! Crowdsourcing service and conducted in April 2020, and
they find that neuroticism negatively affects well-being indica-
tors, as we do in our sanity check. As we argued, controlling for
individual fixed effects avoids potential confounding factors and
allows us to more precisely identify the effect of COVID-19 on
mental health.
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