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ARTICLE INFO ABSTRACT

Keywords: Background: COVID-19 is associated with depressive psychopathology in survivors. Negative thinking styles are a
covip core feature of major depression, fostering the experience of negative emotions and affects and hampering re-
Depression covery. This cognitive vulnerability has been observed in medical conditions associated with depression, but
;Zi‘:;z:;chology never explored in post-COVID depression.

Bias Methods: We studied 729 participants: 362 COVID-19 survivors, 73 inpatients with Major Depressive Disorder
Distortion (MDD), and 294 healthy participants (HC). Severity of depression was self-rated on the Zung Self-Rating

Depression Scale (ZSDS). Neuropsychological bias toward negative emotional stimuli and the negative outlook
on the self were tested in a self-description task, yielding latencies and frequencies of attribution of morally tuned
elements. Dimensions of negative thinking and depressive cognitive style in evaluation of hypothetical events
were measured on the Cognition Questionnaire (CQ).

Results: 22.4% COVID survivors self-rated depression above the clinical threshold. Frequencies and latencies of
attribution of morally negative elements, and CQ scores, correlated between themselves and predicted ZSDS
scores, with post-COVID depressed patients showing intermediate scores between the more severe MDD patients,
and non-depressed post-COVID participants and HC.

Limitations: Recruitment was in a single center, thus raising the possibility of population stratification.
Conclusions: The breadth of self-reproach and depressive cognitive style in evaluating events showed the same
association with severity of depression in MDD and in post-COVID depressed patients, distributing along a
gradient of severity, thus suggesting that individual features of negative thinking styles are shared in these
conditions, and should be addressed as treatment targets in depressed COVID-19 survivors.

1. Introduction

Negative thinking styles are a core feature of major depression,
encompassing negative thinking, automatic thoughts, dysfunctional
attributional style and dysfunctional attitudes, with irrational thought
patterns in high level mental models used to interpret experience lead-
ing to self-deprecation, self-reproach, feelings of guilt, and a general
negative outlook on the world and the self (Sheppard and Teasdale,

1996). Neuropsychological underpinnings of negative thinking styles
include a mood-congruent processing bias toward negative stimuli,
involving attention, memory, and processing speed. Opposite to healthy
information processing, which is biased toward positive stimuli (Pool
et al., 2016), during major depression there is a general facilitation of
performance when responding to negative-tuned elements, with stimuli
with a negative valence eliciting faster reaction times and causing robust
brain activations in circuits related to emotional processing
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(Chamberlain and Sahakian, 2006; Elliott et al., 2000, 2002; Leppanen,
2006; Matt et al., 1992).

According to the cognitive neuropsychological model of depression,
distorted information processing, with a specific bias toward negative
valence, critically contributes to sustain depressive psychopathology by
fostering the experience of negative emotions and affects, and is a pri-
mary target for antidepressant treatment (Harmer et al., 2009; Pringle
etal., 2011; Roiser et al., 2012). According to several authors, successful
treatment of depression occurs when normal emotional information
processing, and brain cortico-limbic neural responses implicated in the
cognitive generation of affect, are restored (Benedetti et al., 2007;
Benedetti et al., 2009; Davidson et al., 2003; Davidson et al., 2002; Vai
et al., 2016; Vai et al., 2015).

Several medical conditions with brain and peripheral inflammation,
and chronic pain, are associated with depression. A consistent literature
described the same irrational thought patterns and cognitive errors both,
in depressed patients with these conditions, and in major depressive
disorder (Lefebvre, 1981; Maxwell et al., 1998; Smith et al., 1994; Smith
et al., 1990; Szigethy et al., 2007), thus suggesting that negative
thinking styles associates with clinical depression independent of factors
triggering the major depressive episode. This is of high clinical rele-
vance, because clinical investigations show that in medical and neuro-
logical conditions negative thinking styles worsen prognosis by
increasing disability, when stage of disease is controlled (Benedetti
et al., 2004; Chan et al., 2020; Clough, 1991; Mikocka-Walus et al.,
2015; Smith et al., 1986). Cognitive vulnerability can moderate the ef-
fect of life stressors on depressive symptomatology, identifying a
vulnerability factor (Beevers, 2005; Losiak et al., 2019), while a ‘normal’
bias toward positive emotional processing predicts stress resilience
(Thoern et al., 2016).

The coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), involves a
pneumonia with self-reinforcing ‘cytokine storms’, activation of innate
immunity, and systemic inflammation (Fajgenbaum and June, 2020).
Possibly due to the combined effects of the perturbation of the immune

Table 1
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system, which can trigger major depression (Miller and Raison, 2016a),
and of the stress of facing a potentially fatal disease, COVID-19 survivors
often experience psychiatric sequelae including depression, anxiety,
post-traumatic stress disorder, obsessive-compulsive symptoms, and
insomnia, which persist after clinical recovery from the infection, and
significantly contribute to the quality of life of survivors (Benedetti
et al., 2020; De Lorenzo et al., 2020; Ma et al., 2020; Mazza et al., 2020,
2021; Nie et al., 2020; Yuan et al., 2020). In the first three months after
virus clearance, a large population study of medical records showed that
mood disorders are the leading psychiatric diagnoses to require atten-
tion in COVID-19 survivors (Taquet et al., 2020), and our prospective
cohort study showed that depressive psychopathology is persisting in
survivors, is predicted by systemic inflammation, and is the main cause
for administering psychopharmacological treatment in the follow-up
(Benedetti et al., 2020; Mazza et al., 2020, 2021).

Considering the above referenced literature, it can then be hypoth-
esized that patients with post-COVID depression share the same mood-
congruent negative thinking styles and cognitive vulnerability
observed in major depressive disorder (MDD), which has relevant con-
sequences in the clinics of mood disorders and of depression related to
medical conditions. We tested this hypothesis by comparing cognitive
measures in a sample of depressed COVID-19 survivors, compared with
non-depressed COVID-19 survivors, healthy controls, and patients with
MDD without COVID-19.

2. Methods
2.1. Participants and testing

We studied 729 participants, divided in four groups (Table 1): (1)
362 COVID-19 survivors, recruited in a naturalistic setting during an
ongoing prospective cohort study at IRCCS San Raffaele Hospital in
Milan, at mean & SD 14.15 £ 7.89 weeks after clearance of the virus and
hospital discharge, and divided in two groups according to the presence
of depressive psychopathology; (2) 73 consecutively admitted inpatients

Demographic characteristics of the participants divided according to diagnosis, performance at the self-description task, and levels of significance of the observed
differences (one-way ANOVA for the main group effect; and age-corrected GLM ANOVA for post-hoc comparisons between Post-COVID depressed patients and other

groups). Values are means + SD.

Post Covid Post-COVID Major depressive Healthy controls For ¥? p Post-hoc tests
non- depressed (n = 81) episode (n = 73) - (n=294) - p-Values
depressed - Group II Group III Group IV (Group II vs other groups)
(n=281) -
IIVS1 I VS III IIVS1v
Group I
Sex (M/F) 213/68 32/49 29/44 133/161 75.251  <0.0001
Age 58.29 + 58.17 + 12.66 54.27 +12.96 40.46 + 14.15 106.99 <0.0001 0.9203 0.0235  <0.0001
11.17
Weeks after virus clearance 13.62 + 7.95 14.17 +7.85 - - 0.30 0.583
Frequency of attribution of 87.31 £8.29 76.30 + 11.62 51.59 + 15.29 82.03 £9.19 256.93 <0.0001  <0.0001  <0.0001  0.0011
positive elements
Frequency of attribution of 12.69 + 8.29 23.70 £ 11.62 48.41 + 15.29 17.79 £ 9.13 258.65 <0.0001  <0.0001 <0.0001 0.0011
negative elements
Latency of attribution of 1640.7 + 1844.4 + 655.6 6220.2 + 4454.6 1635.9 + 504.0 200.36 <0.0001 0.0070 <0.0001 0.0939
positive elements (msec) 616.0
Latency of attribution of 2279.9 + 2306.7 + 864.7 6025.0 + 4166.4 2187.1 + 830.7 125.75 <0.0001 0.7778  <0.0001  0.5488
negative elements (msec) 971.2
Ratio between latencies for 0.75 + 0.17 0.82 +0.15 1.10 + 0.60 0.78 £ 0.15 40.36 <0.0001 0.0016  <0.0001  0.0132
positive and negative
elements
ZSDS index score 36.86 + 6.08 58.11 + 6.61 70.50 + 10.23 - 793.12 <0.0001  <0.0001  <0.0001 -
Cognition Questionnaire (n=141) (n=47) (n=73) -
Total score 10.27 + 5.33 17.57 +9.61 26.15 +10.87 - 94.59 <0.0001  <0.0001 0.0001 -
Emotional impact 1.28 + 1.56 2.81 +£2.72 5.04 + 3.11 - 64.11 <0.0001 <0.0001 0.0003 -
Attribution of causality 3.18 +1.88 4.43 + 2.48 5.23 + 2.44 - 22.84 <0.0001 0.0004 0.1910 -
Generalization across time 1.45 + 1.42 3.21 £2.31 5.11 +3.12 - 68.65 <0.0001  <0.0001 0.0020 -
Generalization across 3.11 £1.97 5.06 + 2.68 6.34 + 3.01 - 44.88 <0.0001 <0.0001 0.0604 -
situations
Perceived 1.30 + 1.72 2.06 + 2.27 4.64 + 2.87 - 56.21 <0.0001 0.0196  <0.0001 -
uncontrollability
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affected by Major Depressive Disorder, current depressive episode
without psychotic features, who served as positive controls for depres-
sive psychopathology; and (3) 294 healthy participants recruited from
the general population, who served as negative controls.

Diagnosis of COVID-19 was made after clinical and radiological
findings suggestive of COVID-19 pneumonia at the admission to the
Emergency Department, as confirmed by positive real-time reverse-
transcriptase polymerase chain reaction from a nasopharyngeal and/or
throat swab.

Severity of depressive psychopathology was self-rated by the patients
on the Zung Self-Rating Depression Scale (ZSDS) (Zung, 1965), which
proved a valid instrument to assess depression and need of antidepres-
sant treatment in COVID-19 survivors (Mazza et al., 2021; Nie et al.,
2020). The generally accepted standard cut-off scores was used to
consider the presence of psychopathology (ZSDS index >50).

Neuropsychological bias toward emotional stimuli was tested in a
self-description task, in which each subject was presented 50 positive
and 50 negative, for a total of 100 morally tuned adjectives (e.g., brave/
vile) in random order on a computer screen, and had to answer the
question “Do these words apply to you?” by pressing keys. Recorded
variables were frequencies of self-attributed positive or negative adjec-
tives and reaction times. Positive adjectives rated as self-descriptive and
negative adjectives rated as not self-descriptive were defined positive
self-scheme elements; on the contrary, negative self-attributed and
positive refused adjectives were defined as negative self-scheme ele-
ments. Previous studies showed that during major depression the fre-
quency of elements with a negative moral valence is higher than in
euthymic states at self-description. Moreover, the reaction time recor-
ded in depressed patients is shorter for negative elements while it is
longer for positive elements if compared to latencies exhibited by
healthy subjects, with the ratio between the reaction times for the two
providing a measure of the mood-congruent processing bias during a
major depressive episode, sensitive to clinical improvement after treat-
ment (Baving et al., 1997; Benedetti et al., 2005a, 2005b, 2007, 2016,
2008). The metrics derived from this task to be included in the data
analyses were: [1] frequency of attribution of negative adjectives, and
[2] the ratio between latencies of attribution for positive/negative
adjectives.

In a subgroup of 188 COVID survivors and 73 hospitalized MD pa-
tients, negative thinking styles were also rated on the Cognition Ques-
tionnaire (CQ) (Fennell and Campbell, 1984), a measure of depressive
cognitive style which assesses dimensions of negative thinking in rela-
tion to a number of hypothetical events. The questionnaire comprises
five dimensions which are applied to the consequences of the hypo-
thetical situations: emotional impact, attribution of causality, general-
ization across time, generalization across situations, perceived
uncontrollability.

2.2. Statistical analyses

All the statistical analyses were performed with a commercially
available software package (StatSoft Statistica 12, Tulsa, OK, USA) and
following standard computational procedures (Dobson, 1990; Hill and
Lewicki, 2006). All analyses were corrected for age and sex.

First, we performed statistical analyses to compare means and fre-
quencies (ANOVA F-test, Pearson y2 test) exploring the effect of group
on differences in response latencies, frequencies of negative elements at
self-description, depressive cognitive style, severity of depressive
symptoms (See Table 1). Post-hoc Least Significance Difference (LSD)
tests were also computed as appropriate. To further investigate the effect
of diagnostic group on the aforementioned constructs a Generalized
Linear Model (GLZM) analysis was also performed, while controlling for
age and sex. Again, post-hoc Kruskal-Wallis tests were conducted to
detect any between groups difference.

Second, in order to explore the relationship between cognitive
vulnerability and depressive psychopathology, three separate GLMZ
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homogeneity of slope regression analyses were modelled: i) ratio be-
tween latencies to respond to positive/negative elements, and group,
were entered as predictors of number of self-attributed negative ele-
ments; ii) ratio between latencies and group were entered as predictors
of severity of depressive symptoms; iii) number of negative self-scheme
elements were entered as predictors of depressive symptoms. All the
analysis considered age and sex as nuisance covariates. In case of sig-
nificant interaction between predictors, additional GLMZ separate slope
analysis was conducted.

Third, considering the results of the GLZM analyses, we tested a
mediation/moderation model of the predictive effect of the neuropsy-
chological metrics (ratio between latencies to respond to positive/
negative elements) on severity of depression, with number of negative
self-scheme elements as mediator, and group (COVID survivors vs MD
patients) as moderator, by using the nonparametric resampling pro-
cedure implemented in Process v.4.0, as integrated in IBM Statistical
Package for Social Science (SPSS) v23.0 (https://www.processmacro.
org/index.html) (Hayes, 2017). Briefly, the model tested the condi-
tional indirect effect of the predictor on the dependent variable (a x b),
after testing (i) for the interaction effect of the moderator with the
predictor, and (ii) for the main effects of the predictor on the mediator
(a), and of the mediator on the dependent variable (b) in the two
diagnostic groups (see Hayes, 2017; Model 58, p.683). 5000 bootstrap
resamples were used to generate 95% confidence percentile intervals for
each analysis.

Fourth, in the subgroup in which depressive cognitive style was
assessed with CQ, three separates GLMZ homogeneity of slope regres-
sion analyses were run to examine the association of depressive cogni-
tive style as assessed through CQ with depressive symptoms as assessed
through ZSDS, and the two measures returned from the self-description
task (i.e., frequency of negative elements, and ratio between latencies),
always considering age and sex as nuisance covariates. We specified the
following three different models: i) CQ score and group were entered as
predictors of depressive severity; ii) frequency of negative elements and
group were entered as predictors of CQ score; iii) ratio between latencies
in self-attribution and group were entered as predictors of CQ score.

For all the GLZM analyses of homogeneity of slopes or separate-
slopes regression as appropriate, with used an identity link function
(McCullagh and Nelder, 1989). Parameter estimates were obtained with
iterative re-weighted least squares maximum likelihood procedures. The
significance of the effects was calculated with the likelihood ratio (LR)
statistic, which provides the most asymptotically efficient test known,
by performing sequential tests for the effects in the model of the factors
on the dependent variable, at each step adding an additional effect into
the model contributing to incremental Chi-square statistic, thus
providing a test of the increment in the log-likelihood attributable to
each current estimated effect; or the Wald W? test as appropriate
(Agresti, 1996; Dobson, 1990). Homogeneity of slopes was tested for the
interaction of continuous and categorical variables, and separate-slopes
regression was performed to test if the relationship between predictors
and outcomes was the same in diagnostic groups. The quality of the
statistical models was checked using the entropy maximization principle
of the Akaike information criterion (AIC) (Akaike, 1974).

3. Results

First, clinical and demographic characteristics of the sample are
resumed in Table 1. 81/362 (22.4%) COVID survivors self-rated their
depressive symptoms above the clinical threshold (ZSDS = 50), with a
higher prevalence of depression among females (41.9% vs 13.1%, x?
37.86, p < 0.0001) which confirmed previous epidemiological obser-
vations on gender ratio in post-COVID depression (Mazza et al., 2020,
2021). Both post-COVID depressed patients and MDD shared a 1.5:1 F:M
gender ratio. 10/81 COVID patients with ZSDS >50 had a previous
positive history of MDD, and did not significantly differ from the other
depressed COVID survivors on any test measure (Table 1).
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Self-rating depression above the clinical threshold (ZSDS >50)
significantly associated with more negative elements at self-description,
and faster relative reaction times for negative elements, with post-
COVID depressed patients showing intermediate scores between MDD
patients, and non-depressed post-COVID participants and HC (Table 1).
Group effects on frequency of attribution of negative elements were
tested in a GLZM analysis corrected for age and sex showed significant
(Whole model AIC for better subset: LR y2 = 538.58, p < 0.0001; Group
effect: 2 = 505.77, p < 0.0001). Group also significantly influenced the
ratio between latencies of attribution of positive/negative elements
(Whole model AIC for better subset: LR y2 = 132.03, p < 0.0001; 3% =
108.54, p < 0.0001). Kruskal-Wallis post-hoc multiple comparisons
testing showed that depressed post-COVID patients self-attributed
significantly more negative elements than post-COVID non-depressed
(z = 8.28, p < 0.0001) and HC (z' = 3.72, p = 0.0011), and less than
MDD patients (z' = 5.93, p < 0.0001); and showed a ratio between la-
tencies of attribution higher than post-COVID non-depressed (z' = 3.25,
p = 0.0069), and lower than MDD (z' = 4.08, p = 0.0003). When adding
severity of depression to the model (ZSDS scores), group effects
remained highly significant, and ZSDS significantly influenced the fre-
quency of attribution of negative elements (y? = 63.15, p < 0.0001).

Second, the difference in reaction times to self-attribute elements
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with positive and negative moral valence (ratio between latencies to
self-attribute positive/negative elements) significantly predicted self-
description in all groups (Fig. 1, top): higher positive/negative ratio,
higher number of negative self-scheme elements. A GLZM separate-
slopes analysis showed that this relationship was significant in all
groups (COVID depressed: Wald W2 = 19.81; COVID non depressed: W>
= 15.48; MD: W? = 13.65; HC: W? = 33.54; all p < 0.001), but with a
highly significant group interaction (LR x2 = 486.92, p < 0.0001).
Decomposition of single effects showed that the relationship between
latencies ratio and self-description did not follow parallel slopes be-
tween depressed and non-depressed participants, being steeper in
depressed COVID survivors (versus non depressed COVID W2 = 53.92;
versus HC W? = 69.13; all p < 0.0001) and in MD patients (versus non
depressed COVID W? = 49.20; versus HC W? = 57.94; all p < 0.0001).
The slopes were parallel in depressed COVID survivors and in MD pa-
tients, but MDD patients showed worse self-reproach (main effect of
group: W2 = 10.21; p = 0.0014), and a stronger effect of processing bias
on self-description (worse negative moral self-description at similar
levels of processing bias, group interaction W2 = 96.63; p < 0.0001).
Moreover, the ratio between latencies to self-attribute positive/
negative elements strongly predicted the severity of self-rated depres-
sive psychopathology (ZSDS scores) (LR y2 = 40.99, p < 0.0001) (Fig. 1,
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Fig. 1. Effects of the mood-congruent bias in latency to self-attribute positive and negative morally tuned adjectives (ratio between latencies to attribute positive/
negative), and frequency of self-attribution of morally negative self-descriptive elements, on severity of depression and negative thinking styles. A: effect of ratio
between latencies on frequency of attribution of negative self-scheme elements in patients with depressive ratings above the clinical threshold (ZSDS = 50). Black
dots = COVID survivors (continous line fitting); White dots = hospitalized MD patients (dotted line fitting). B: effect of ratio between latencies on frequency of
attribution of negative self-scheme elements in COVID survivors without depression (black dots, continous line fitting) and in HC (white dots, dotted line fitting). C:
effect of ratio between latencies on ZSDS scores, with linear least-squares fitting and thresholds for the presence of clinical depression and of information processing
bias (dotted lines). White dots: COVID survivors without depression; Black dots: depressed COVID survivors; Stars: hospitalized MD patients. D: effect of frequency of

attribution of negative self-scheme elements on ZSDS score.
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bottom). Interestingly, the equation for linear fitting was y = 21.2 +
31.3x (x = ratio between latencies, y = ZSDS score), thus predicting
ZSDS values very close to the 50 cutoff when latency to respond was not
biased toward positive or negative moral self-scheme elements (i.e.,
when ratio = 1).

Stratification of diagnostic groups showed that the ratio between
latencies in COVID survivors and MDD patients distributed along the
same gradient, and testing homogeneity of slopes yielded not significant
group interactions for the effect of the processing bias on depression
severity (Wald W2 = 0.52, p = 0.473). In turn, also the frequency of
morally negative elements at self-description strongly predicted ZSDS
scores (LR y% = 127.89, p < 0.0001), and again, testing homogeneity of
slopes yielded not significant group interactions between COVID survi-
vors and hospitalized MDD patients in the relationship between self-
loathing and ZSDS scores (Wald w2 = 2.11, p = 0.146).

Third, given the significant relationships between ratio between la-
tencies, negative self-description, and depressive symptomatology, we
tested a mediation/moderation model of the effect of ratio between la-
tencies on severity of depression, with frequency of attribution of
negative self-scheme elements as mediator, and group (COVID survivors
vs MDD patients) as moderator of the relationship between ratio be-
tween latencies and depression (Fig. 2).

The model showed a high performance (for the effect of ratio be-
tween latencies on negative self-scheme, R% = 0.589, F = 119.69, d.f.
5417, p < 0.0001; for the combined effect of the ratio between latencies
and the negative self-scheme on depressive symptomatology, R? =
0.634, F =119.84, d.f. 6416, p < 0.0001). Results confirmed significant
effects of factors on outcomes in both groups, and the significant
moderation effect of diagnosis on the relationship between ratio be-
tween latencies and negative self-scheme elements, but not on the
relationship between negative self-scheme elements and depressive
symptomatology. Indirect effects (ratio between latencies - negative
self-scheme elements - severity of depression) were significant in both
groups, and not different among them: when estimating bootstrapped
95% confidence intervals for coefficients, the mediation was significant
in both groups, while the moderated mediation was not (index = —8.69
+ 3.98, 95% CI = —14.32, 1.57), meaning that the difference between
conditional indirect effects in the two groups was not significantly
different from zero.

Finally, depressive cognitive style in evaluation of hypothetical
events (Cognition Questionnaire scores) in depressed post-COVID pa-
tients showed intermediate levels of severity in all dimensions between
non-depressed post-COVID patients, and MDD (Table 1, bottom; post-
hoc Fisher’s least significance test: p < 0.05 at all comparisons). The
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CQ total score significantly influenced the severity of depressive symp-
tomatology as rated on the ZSDS (x? = 84.60, p < 0.0001), with COVID
survivors and MDD patients distributing along the same gradient of
progressive severity, leading to a significant group effect (worse scores
in MDD patients, x> = 172.76, p < 0.0001), and with no significant
group x CQ scores interaction (y> = 1.19, p = 0.276) (Table 1, Fig. 3).

The CQ score was predicted both, by the ratio between latencies to
self-attribute positive/negative elements (x> = 3.91, p = 0.0479), and by
the frequency of attribution of negative self-scheme elements (y?> =
42.96, p < 0.0001), with a significant main effect of group (post-COVID
vs MD: % = 91.37, p < 0.0001) when considering MDD patients and
both, depressed and non-depressed COVID survivors together. Inspec-
tion of data (Fig. 4) shows a stronger dependency of CQ scores from ratio
between latencies of attribution in MDD patients than in COVID survi-
vors, when considering all COVID patients (Fig. 4, top); while, when
considering depressed COVID survivors only (Fig. 4, bottom), the rela-
tionship was similar in the two groups. The association of negative self-
description with CQ scores followed a similar relationship in the two
groups.

ZSDS index score

0 10 20 30 40 50 60
Cognition Questionnaire total score

Fig. 3. Effect of depressive cognitive style in evaluation of hypothetical events
(Cognition Questionnaire score) on the severity of depressive symptomatology
as self-rated on the ZSDS. Black dots: COVID patients. White dots:
MDD patients.
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b=0.4310.07, t=6.41, p<0.0001

Severity of
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Fig. 2. Mediation/moderation model of the effect of cognitive vulnerability (ratio between latencies to attribute positive/negative elements; and frequency of
attribution of negative self-scheme elements) on severity of depression. a, b, axb: extimated coefficients for the effect of factors on outcomes, and their interaction,

+standard errors.
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Fig. 4. Effect of cognitive vulnerability (ratio between latencies to attribute positive/negative elements; and frequency of attribution of negative self-scheme ele-
ments) on Cognition Questionnaire scores when considering MD patients and all COVID patients (Top); and when considering MD patients and depressed COVID
survivors only (bottom). Black dots, continous line: COVID patients. White dots, dotted line fitting: MD patients.

4. Discussion

This is the first study investigating the mood-congruent negative
thinking styles in moral self-description, latency to respond to positive
or negative morally tuned adjectives, and depressive cognitive style in
causal attribution and interpretation of hypothetical events, in patients
with post-COVID depression.

The main finding is that, when compared with patients with an
ongoing major depressive episode, depressed COVID survivors show a
similar pattern of relationships between mood-congruent negative
thinking styles and the severity of the depressive syndrome, distributing
along a gradient of severity, with both groups showing a significantly
different performance in respect to healthy controls and non-depressed
COVID patients: thus suggesting that in both depressive conditions it is
the presence of depressive psychopathology that is associated with a
preponderance of negative thinking, proportional to its severity, and
irrespective of its post-COVID origin.

In particular, in respect to HC and to non-depressed COVID patients,
post-COVID depressed patients used more morally negative adjectives to
describe themselves, and showed lower latencies to assess their self-
relatedness; moreover, they showed worse depressive cognitive style
and negative thinking when evaluating a number of hypothetical events.
In respect to hospitalized patients with MDD, they showed a lower
severity of self-rated depression, paralleling less severe mood-congruent
negative thinking styles. The main difference between MDD and post-
COVID depressed patients was in the relationship between the
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neuropsychological mood-congruent processing bias toward negative
stimuli, and severity of the depressive syndrome and of other di-
mensions of cognitive vulnerability, which was stronger in patients with
MDD. However, the breadth of moral self-reproach and the severity of
negative thinking styles in evaluating events showed the same associa-
tion with severity of depression in the two groups.

This observation has clinical implications. A consistent literature
showed that in MDD self-esteem, negative thinking, and dysfunctional
attitudes predict duration of the depressive episodes (Williams et al.,
1990), recovery (Bothwell and Scott, 1997), hopelessness (Cannon et al.,
1999) and suicidality (Whisman et al., 1995); they influence decision
making thus impacting quality of life (Mukherjee et al., 2020); and they
correlate with subsequent depression (Kernis et al., 1991), change very
slowly (Fennell and Campbell, 1984), may persist undetected after re-
covery in formerly depressed patients (Hedlund and Rude, 1995), and
can be targeted by specific therapeutic interventions (Segal et al., 1999).
If post-COVID depression shares these psychopathological features with
MDD, as it is observed when depression is triggered by other medical
conditions (see Introduction), they are likely to influence its outcome as
well, and should then be considered as a target for treatment.

COVID-19 induces a ‘cytokine storm’ involving massive release of
pro-inflammatory cytokines (Fajgenbaum and June, 2020). An extensive
literature associated severity and outcome of MDD with an abnormal
setpoint of pro-inflammatory immune/inflammatory setpoint, leading
to persistent low-grade inflammation. The hyperinflammatory state and
the subsequent cytokine dysregulation may affect interaction pathways
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between the immune system and psychopathological mechanisms, also
including a persistent perturbation of brain monoaminergic neuro-
transmission (Arteaga-Henriquez et al., 2019; Dantzer, 2018; Hodes
et al., 2015; Miller and Raison, 2016b). The raised pro-inflammatory
cytokines typically associated with the prognosis of MDD such as
Interleukin(IL)-1p and IL-6 (Benedetti et al., 2021; Poletti et al., 2020),
have been recently linked also to post-COVID depression and its pre-
vention (Benedetti et al., 2020). Alterations in blood cell counts asso-
ciated with inflammation (e.g., neutrophils, lymphocytes, platelets) are
also associated with MDD (Mazza et al., 2018), and predict depressive
psychopathology in COVID-19 survivors (Mazza et al., 2020), with time-
dependent variations of these indexes predicting the improvement or
worsening of depressive symptoms over time (Mazza et al., 2021). It can
be surmised that shared psychopathological features in MDD and post-
COVID depression could be underpinned by shared inflammatory
mechanisms in the two conditions. The interest for further research,
comparing inflammatory biomarkers in MDD and post-COVID depres-
sion and possibly associating them with psychopathological features, is
warranted.

The present results must be viewed in light of some limitations. The
limited health care resources and patient’s compliance related to the
clinical setting forced us to choose an unstructured interview format
instead of a structured clinical interview for psychopathological
assessment. Moreover, we were not able to assess all dimensions of
cognitive vulnerability in all patients, but only in a subsample.
Recruitment was in a single center, thus raising the possibility of pop-
ulation stratification and therefore limiting the possibility to generalize
our conclusions. Lastly, the cross-sectional design of the current study
makes it challenging to infer causality between the affective/cognitive
aspects of post COVID depression. These limitations, however, do not
bias the main finding that post-COVID depression shares cognitive
vulnerability and negative thinking styles in self-reproach and evalua-
tion of events, similar to those observed in MDD, thus suggesting that
these individual features should be addressed as treatment targets in
personalizing interventions. In the face to reshape psychotherapeutic
practice in the post-COVID-19 era, we highly encourage clinicians to
tailor cognitive-therapy protocols which may potentially reverse spe-
cific thinking errors and hence promoting a full-recovery of COVID-19
survivors.
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