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Psychological disturbances are frequent following COVID-19. However, there is
not much information about whether pre-existing psychological disorders are
associated with the severity and evolution of COVID-19. We aimed to explore the
associations between regular psychotropic medication use (PM) before infection
as a proxy for mood or anxiety disorders with COVID-19 recovery trajectories.
We used data from the Predi-COVID study. We followed adults, tested positive for
SARS-CoV-2 and collected demographics, clinical characteristics, comorbidities
and daily symptoms 14 days after inclusion. We calculated a score based on
16 symptoms and modeled latent class trajectories. We performed polynomial
logistic regression with PM as primary exposure and the different trajectories as
outcome. We included 791 participants, 51% were men, and 5.3% reported regular
PM before infection. We identified four trajectories characterizing recovery
dynamics: “Almost asymptomatic,” “Quick recovery,” “Slow recovery,” and
“Persisting symptoms”. With a fully adjusted model for age, sex, socioeconomic,
lifestyle and comorbidity, we observed associations between PM with the risks of
being in more severe trajectories than "Almost Asymptomatic”: “Quick recovery”
(relative risk (95% confidence intervals) 3.1 (2.7, 3.4), "Slow recovery” 5.2 (3.0, 9.2),
and “Persisting symptoms“11.7 (6.9, 19.6) trajectories. We observed a gradient of
risk between PM before the infection and the risk of slow or no recovery in the
first 14days. These results suggest that a pre-existing psychological condition
increases the risk of a poorer evolution of COVID-19 and may increase the risk
of Long COVID. Our findings can help to personalize the care of people with
COVID-19.

latent class trajectory analyses, symptom score, psychotropic medication, depressive
symptoms, anxiety, mental health, COVID-19, cohort study (or longitudinal study)
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1. Introduction

The severity of COVID-19 is heterogeneous and can range from
asymptomatic to extreme severity and death (1). During the first
weeks of the infection, the COVID-19 disease often presents clinically
with mild symptoms and recovery at the end of the second week.
However, the severity of COVID-19 may vary in some people with
aggravation or persistent symptoms, now known as long COVID (2).
A study that analyzed the acute symptoms reported that specific
symptoms such as fatigue might predict hospital care and respiratory
support (3). A cohort study showed that individuals older than 65 had
a higher risk of persistent symptoms after the acute Covid infection
phase, such as respiratory insufficiency, hypertension, kidney
problems, memory complaints and mental health conditions (4).

People with a more severe gravity at an early stage have a higher
risk of developing chronic symptomatology in the long term (5).
Therefore, early symptoms are essential to predict future long COVID:
more than five symptoms during the first week of infection is
associated with a higher risk of developing long COVID (6). Galal
et al. created a symptom score that, at the acute stage, was correlated
with long COVID symptoms (7). Using a score of symptoms can help
analyze the severity of the disease.

The COVID-19 pandemic had a significant impact on the mental
health of the population (8, 9). There is evidence of the impact of
COVID-19 symptoms on short and long-term psychological
symptoms (10, 11). A recent study revealed the association between
psychological distress and concomitant COVID-19 symptoms (12).
Moreover, there is some evidence of the effect of depression on
immunity (13). While there is much evidence of how COVID-19
infection and lockdown influence mental health trajectories, there is
evidence of a higher risk of COVID-19 infection in people with
pre-existing psychological comorbidity (14). However, it is unknown
whether people with psychological disorders could evolve differently
concerning COVID-19 symptoms.

Therefore, the objective of this study was to analyze the role of
anxiety or mood disorders as a determinant of COVID-19
symptom trajectories.

2. Method
2.1. Participants

The Predi-COVID study is an ongoing hybrid cohort of people
with confirmed SARS-CoV-2 infection. Participants were invited to
Predi-COVID if they were SARS-CoV-2 positive and older than
18years old. Inclusion was performed at the time of acute illness, at
the hospital or home, either with or without symptoms, between May
2020 and June 2022. Due to the unknown about the spread of this
pandemic, the sample size was not determined a priori. The baseline
assessment consisted of data collected via phone calls and online
questionnaires about demographics, epidemiological factors, lifestyle,
comorbidity, and biomarkers. In addition, there were questions about
medications, including the use of psychotropic medications. Then,
there were daily questionnaires for 14 days about general health status
and COVID-19-related symptoms. More details about the study are
described elsewhere (15). The National Research Ethics Committee
approved the study. All participants signed informed consent.
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2.1.1. Inclusion criteria

We included adult participants from the study with a positive PCR
who had completed the baseline questionnaires and information
about each medication they took regularly and had participated in at
least one out of thel4 days of the daily assessment.

2.2. Study design

This study is a secondary data analysis of the Predi-COVID study.
It is a longitudinal latent class trajectory analysis with a follow-up of
14 days.

2.3. Outcome and main exposure

The outcome was 14-day trajectories of a total number of COVID-
19-related symptoms. Filling an e-questionnaire proposed daily for
14 days after baseline, the participants answered questions about 16
symptoms (Supplementary Table 1). We then calculated a score
representing the severity of the disease based on the 16 symptoms. The
symptoms were: fatigue/feel bad, cough, cough aggravation, sore
throat, loss of taste/smell, diarrhea, muscle aches, chest pain, pain
scale, fever, difficulty breathing, increased breath difficulties, eating or
drinking difficulties, skin rashes, conjunctivitis, and other symptoms.
The fatigue/feel bad question had three possible answers: “I feel well,”
“I feel fatigued/tired, and “I feel bad” We assigned 0, 0.5 and 1 points,
respectively. The pain scale asked to quantify pain chest from zero (no
pain) to 10 (maximal pain). The values <2, >2 and<3, >3 were
recoded to 0, 0.5 and 1, respectively. For the 14 questions left, the
possible answers were yes (reported symptom) or no (no reported
symptom), and we assigned 1 and 0 values, respectively. The possible
values of the score go from 0 points (no reported symptoms) to 16
points (all symptoms at a maximum value reported).

The primary exposure was the use of psychotropic medications
(PM) at least three times a week before the COVID-19 diagnosis and
assessed by a trained nurse during the inclusion phone call. The team
checked the self-reported PM using information from each patient’s
list of declared medications. It classified them into antidepressants,
anxiolytics, anticonvulsants, hypnotics and antipsychotic medication
using the Anatomical Therapeutic Chemical codes.

2.4. Covariates

We assessed demographic, psychosocial and comorbidity at
baseline as possible determinants of latent classes. Age was analyzed
continuously. Smoking status was categorical (current, former and
never smoker). Education was categorized into low (only primary)
education and medium-high (secondary school and above). Income
was categorized into low income (lowest income tertile) and
moderate-high income (second and third income tertile). Work status
was classified as unemployed and employed with the question “Do
you have a professional activity?”

BMI was calculated as weight/height* (kg/m?) and categorized
as obesity with a BMI>30kg/m* and no obesity with a BMI
<30kg/m? Physical activity was calculated as the average of usual
winter and summer physical activity, including walking, cycling,
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gardening, cleaning and sport. It was categorized as low physical
activity (first tertile) and moderate high physical activity (second
and third tertile).

Diabetes was defined as a self-reported medical diagnosis or
taking diabetes oral medication or insulin. Multimorbidity was
defined as two or more chronic conditions among 16 conditions (self-
reported hypertension, chronic heart disease, chronic lung disease,
asthma, renal disease, moderate or severe liver disease, mild liver
disease, chronic neurological disorder, cancer, chronic pulmonary
disease, obesity, diabetes, rheumatic disease, malnutrition, COPD,
other). Weight loss was defined as unintentional weight loss of 3kg or
before the COVID-19 infection.
Polypharmacy was defined as taking two or more medications at least

more in the last 6months

three times a week for any condition out of COVID-19.

2.5. Missing data

We assumed that missing data were missing at random.
We described the percentage of missing data for each variable, and
we applied multiple imputations to deal with missing data with the
chained-equation approach (R package Mice) (16). The imputation
model was performed by choosing the best predictors for missing data
for each time point with the function “Quickpred” (17) and other
relevant confounders and outcome variables. We imputed baseline
predictors and missing values of symptoms for calculating scores. The
symptom score was calculated from day 0 to day 14 a posteriori with
the imputed symptom values in each imputed dataset. Then,
we deleted the imputed values of scores of a day when the participant
did not answer any of the questions about symptoms on that day.
We generated 40 imputed datasets with 20 iterations. We tested the
plausibility of imputed data with summary statistics.

2.6. Statistical analysis

We tested the distribution of continuous variables, and
we described the numerical variables as mean (SD) when they were
normally distributed and median (IQR) when they were not, and
categorical variables with frequency (percentage).

We performed a latent class trajectory analysis (18) with one class,
symptom trajectories as the outcome, and the day (ranging from 0 to
14) as the fixed and random effects. We tested four different structures
assuming linearity or not: linear, non-linear Beta cumulative
distribution function, non-linear Quadratic I-splines with five knots
placed at quantiles of Y and non-linear I-splines with four equidistant
nodes. We chose the model that had the lowest AIC. Then, we run
seven models with the selected structure, each with one to seven
classes. We applied the function grid and checked if the model
achieved convergence. We chose the best model based on the
following criteria the Bayesian Information Criterion (BIC) (the
smallest the best), entropy (values from 0 to 1) should be equal or
superior to 0.6 with each class should have at least 5% of the subjects
(18, 19). We estimated for each individual the probability of correct
classification with their posterior classification. We also described the
baseline characteristics stratified by classes. We plotted the best model
and then described the latent class associated with the lowest risk of
disease severity.

Frontiers in Public Health

10.3389/fpubh.2023.1055440

We performed multinomial univariate logistic regression models.
The trajectory of symptoms was the dependent variable, and PM was
the determinant. We chose the class with the lowest trajectory
regarding the number of symptoms at baseline as the reference.
We progressively added confounders in the models. To be considered
a confounder, the variable should be associated with the outcome
symptom trajectory) and the exposure (psychological disturbances).
Model 1 was adjusted for sex and age. Model 2 was further adjusted
for work, income, smoking status, BMI, physical activity and
multimorbidity. We did not include weight loss because we considered
as a collider and polypharmacy was highly correlated with
multimorbidity. We calculated the relative risk ratio as the
exponentiated pooled coeflicients of the imputed data sets and 95%
confidence intervals according to Rubin’s rules. We used R Studio (R
version 4.0.2) for all the analyzes, “lcmm” R package for trajectory
analysis and “nnet” R package for multinomial analysis. We used an
alpha <0.05 to define statistical significance.

Study method and results are reported following the
“Strengthening the Reporting of Observational Studies in
Epidemiology” in Supplementary material (STROBE) (20).

3. Results

There were 1,037 adult participants in this cohort study positive
for SARS-CoV-2. We excluded 75 participants that did not provide
baseline data. We further excluded and participated in the baseline
questionnaires. Then, we excluded 171 participants who did not
participate in any of the daily questionnaires. Finally, we analyzed 791
participants (Supplementary Figure S1). Missing data ranged from 0
to 44%. The mean (SD) age of the population was 40.0 (12.5) years;
403 (51%) were men. Forty-two participants (5.3%) reported
PM. We found that people who reported PM also reported more
baseline symptoms, current smoking, and multimorbidity. We did not
observe differences in sex, age, education, income, BMI, physical
activity, blood group and diabetes (Table 1).

By comparing men and women, we found that men reported
fewer baseline symptoms, were more frequently obese and inactive
and were more regularly current smokers with diabetes and
polypharmacy than women (Supplementary Table S2).

After testing the latent class model with four different link
functions, we found the AIC were 30,958, 22,367, 24, 263 and 21,667
for linear distribution, beta distribution (concave, convex or sigmoid
transformations), spline distribution (5 equidistant knots) and spline
with 3 equidistant nodes, respectively. We chose the model with the
lowest AIC value, the spline with 3 knots at quantiles. Then, by fitting
seven models with 3-equidistant spline models with trajectories from
1 to 7. Supplementary Table 3 details the result of the process of
selection of classes. It shows the model with 3 knots fitted with 1 to 7
trajectories. The spline model with 3 knots and four symptom
trajectories was chosen (lowest BIC and more than 5% in each class).

Figure 1 shows the four symptom trajectories. “Almost
asymptomatic” characterized people with very few baseline symptoms
with a course of symptoms that did not increase or decrease. “Quick
recovery” characterized people who seemed to recover remarkably
well, with slight to moderate symptoms that tended to decline to
achieve the same level as “Almost asymptomatic” “Slow recovery”
characterized people with mild to moderate baseline symptoms, with
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TABLE 1 Characteristics of the sample population stratified by the use of psychotropic medications.

No use of
Characteristic All sample (n=791) | 25¢ Of psychotropic | psychotropic
medications (n=42) medications
(n=749)

Symptoms, number 3.7 (+2.8) 5.5 (+2.6) 3.6 (+2.8) <0.001
Men 403 (51%) 23 (55%) 380 (55%) 0.727
Age, years 40.0 (£12.5) 43.0 (£11.7) 39.8 (£12.5) 0.105
Only primary school 407 (51%) 19 (45%) 388 (51%) 0.503
Lowest tertile income (<3,000€/month) 128 (16%) 6 (14%) 122 (16%) 0.898
Unemployed 163 (21%) 11 (26%) 152 (21%) 0.469
BMI, mean (SD), kg/m2 25.5 (+4.7) 262 (+4.6) 255 (+4.7) 0316
Obesity 114 (14%) 6 (14%) 108 (14%) 1.000
Physical activity (MET-h/week) 14.5 (£10.0) 15.1 (£10.6) 14.5 (£10.0) 0.707
Lowest tertile of physical activity 248 (31%) 14 (33%) 234 (31%) 0.910
Current smoker 144 (18%) 13 (31%) 131 (18%) 0.016
Former smoker 147 (19%) 11 (26%) 136 (19%) 0.016
Never smoker 500 (63%) 18 (43%) 482 (63%) 0.016
Blood group A 286 (36%) 10 (24%) 276 (36%) 0.122
Diabetes 22 (3%) 3 (7%) 19 (3%) 0.199
Multimorbidity 72 (9%) 11 (26%) 61 (9%) <0.001
Weight loss 99 (13%) 8 (19%) 91 (13%) 0.282
Polypharmacy 62 (8%) 8 (19%) 54 (8%) 0.013

MET, metabolic equivalent task. *p value calculated with Chi squared test among classes for categorical variables and non-paired t test for continuous variables.

Class-specific mean predicted trajectory

N
- —— Almost asymptomatic
—— Quick recovery
—— Slow recovery
@ - —— Persisting symptoms
0 -
o
o
o
(2]
(2]
E © -
S
°
g
>
[7)
<t -
N -
o -

0 2 4 6 8 10 12 14

Days

FIGURE 1
Symptom trajectories of 791 adults tested positive for SARS-CoV-2. The symptoms were reported (asked from a list of 16 symptoms) at baseline and
every day after the baseline during 14 days.
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a tendency to recover but less quickly than that observed in the “Quick
recovery symptom trajectory. “Persisting symptoms” characterized
people who started with moderate or severe symptoms and failed to
recover in 2 weeks, remaining at a high abnormal level of symptoms
at the end of the follow-up.

Our model showed that the mean of the true positives was 0.81,
with true positives ranging from 0.88 (“Persisting symptoms
“trajectory given “Persisting symptoms®) to 0.72 (“Quick recovery”
given “Quick recovery”). The mean of the false positives was 0.06 and
ranged from 0.18: “Almost asymptomatic” given “Quick recovery” to
0: “Persisting symptoms “given “Almost asymptomatic” and “Persisting
symptoms“given “Quick Recovery (Supplementary Figure 52).

The symptom score ranged from 0 to 13 points at baseline, and
the median (IQR) was 3.5 (1.5, 5.5) points and varied according to
the trajectory. Supplementary Figure S3 shows baseline symptoms
for the total sample and by symptom trajectory. The most frequent
symptoms at baseline in the total sample were muscle ache (44.6%),
other symptoms (41.0%) and cough (36.8%). Baseline symptoms
were more frequent in the “Persisting Symptoms” trajectory than in
other trajectories. In particular, the pain was frequent in the
“Persisting symptoms“trajectory (69.4%) and less frequent in the
other trajectories (11.6, 24.2 and 33.5% in the “Almost

asymptomatic,” “Quick recovery;” and “Slow recovery” trajectories,
respectively. Also, fatigue was overrepresented in the “Persisting

Symptoms” trajectory.

TABLE 2 Characteristic s of the population by trajectory of symptoms.

All sample Aliess

(n=791)
Variable
N (%) or
Mean

(+SD) (+SD)

asymptomatic
(n=244)*

N (%) or Mean

10.3389/fpubh.2023.1055440

Table 2 shows the general characteristics of people in each
trajectory. The “Almost asymptomatic” symptom trajectory (n=264)
showed the lowest frequency of PM (n=4, 2%) and the lowest mean
number of symptoms at baseline (1.0 (£1.3)). In this trajectory, men
were more represented (n=161, 66%), people had the lowest
frequency of unintentional weight loss (1 =18, 7%), and were more
frequently unemployed (1 =64 (26%).

“Quick recovery” trajectory (n=178) was characterized by a low
frequency of PM (n=7, 4%) and a higher frequency of baseline
symptoms (5.3 (£2.0)) than “Almost asymptomatic,” the lowest mean
age (37.3 (£11.3)), the lowest frequencies of diabetes (n=2, 1%),
multimorbidity (n=11, 6%) and polypharmacy (1 =10, 6%).

“Slow recovery” trajectory (n=306) with similar baseline mean
symptoms (5.0 (£2.4)) to “Quick recovery,” had higher frequencies of
PM (n=23, 7%), and weight loss (n=53, 17%) compared to
“Almost Asymptomatic.”

“Persisting symptoms” trajectory (n=54) presented the highest
mean number of symptoms at baseline among the other trajectories
(6.8 (£3.0)), and compared to other trajectories had the highest
frequencies of PM (n=8, 15%), women (n=36, 67%), diabetes (n=5,
9%), multimorbidity (n=10, 19%), weight loss (1=10, 19%), and
polypharmacy (n=8, 15%). They also had the lowest frequencies of
unemployment (n=7, 13%).

We found that the most frequent psychotropic medication was
Sertraline, and the most frequent type of psychotropic was

Quick
recovery
(GENVL))

Slow
recovery
(n=315)

Persisting
symptoms
(n=54)

p value

N (%) or
Mean (+SD)

N (%) or
Mean (+SD)

N (%) or
Mean (+SD)

Psychotropic medications 42 (5%) 4 (2%) 7 (4%) 23 (7%) 8 (15%) <0.001
Symptoms at baseline 3.7 (+2.8) 1.0 (x1.3) 4.3 (+2.0) 5.0 (£2.4) 6.8 (+3.0) <0.001
Men 403 (51%) 161 (66%) 84 (47%) 140 (44%) 18 (33%) <0.001
Age, mean (SD), years 40.0 (£12.5) 40.5 (£13.5) 37.3 (+11.3) 40.6 (£12.5) 43.5 (£10.3) 0.003
Only primary school 407 (51%) 127 (52%) 101 (57%) 157 (50%) 22 (41%) 0.184
Lowest tertile income (<3,000€/month) 128 (16%) 42 (17%) 28 (16%) 52 (17%) 6 (11%) 0.737
Unemployed 163 (21%) 64 (26%) 35 (20%) 57 (18%) 7 (13%) 0.047
BMI, mean (SD), kg/m? 25.5 (+4.7) 25.7 (£4.5) 25.3 (+4.4) 25.3 (+4.7) 26.8 (£6.0) 0.121
Obesity 114 (14%) 41 (17%) 25 (14%) 39 (12%) 9 (17%) 0.489
Physical activity, mean (SD) (MET-h/week) 14.5 (£10.0) 14.7 (£10.3) 14.1 (£9.7) 14.5 (£9.7) 14.9 (£10.9) 0.927
Lowest tertile of physical activity 248 (31%) 77 (32%) 58 (33%) 94 (30%) 19 (35%) 0.842
Current smoker 144 (18%) 51 (21%) 27 (15%) 59 (19%) 7 (13%) 0.551
Former smoker 147 (19%) 38 (16%) 38 (21%) 60 (19%) 11 (20%) 0.551
Never smoker 500 (63%) 155 (64%) 113 (63%) 113 (63) 11 (67%) 0.551
Blood group A 286 (36%) 99 (41%) 60 (34%) 107 (34%) 20 (37%) 0.362
Diabetes 22 (3%) 8 (3%) 2 (1%) 7 (2%) 5(9%) 0.013
Multimorbidity 72 (9%) 21 (9%) 11 (6%) 30 (10%) 10 (19%) 0.051
Weight loss 99 (13%) 18 (7%) 18 (10%) 53 (17%) 10 (19%) 0.003
Polypharmacy 62 (8%) 20 (8%) 10 (6%) 24 (8%) 8 (15%) 0.178
MET, metabolic equivalent task.
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https://doi.org/10.3389/fpubh.2023.1055440
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Aguayo et al.

antidepressants (Supplementary Table 54). The density distribution of
the symptom score at baseline was different in the population with or
without PM, with a median value of 3 and 5 for the population without
and with PM, respectively. (Supplementary Figure S4). The percentage
of people taking PM varied according to the trajectory of symptoms,
being more frequent in the symptom trajectories “Persisting
Symptoms” and “Slow Recovery” and, in particular, it was
antidepressants and anxiolytics (Supplementary Figure S5).

Table 3 shows the association of PM with the risk of belonging to
a symptom trajectory using a multivariate polynomial analysis. The
dependent variable was the trajectory with the “Almost Asymptomatic”
as the reference level, and the predictor was PM. With the most
adjusted model, we found that PM was significantly associated with a
higher risk of belonging to “Quick recovery” [RR 3.1 (95% CI 2.7, 3.4)],
“Slow recovery” [RR 5.2 (95% CI 3.0, 9.2)] and “Persisting Symptoms”
[RR 11.7 (95% CI 6.9, 19.6)] than “Almost asymptomatic” trajectory.

4. Discussion

In this cohort study, PM was associated with more severe
symptom trajectories. In people with PM, we observed poorer
recovery during the first 2weeks after the infection, even after
adjusting for relevant confounders. We identified four trajectories of
COVID-19 severity, with a score reflecting the reported total number
of symptoms. We found that the symptom trajectories and recovery
were heterogeneous and identified groups of people within these
trajectories. This study is the first to perform latent class trajectory
analysis of early COVID-19 symptoms.

Carrat et al. found among a group of risk factors that preexisting
anxiety was associated with COVID-19-Like Symptoms (21). Castro
et al,, in a retrospective longitudinal analysis, found that people with
preexisting mood disorders had a higher risk of COVID-19 mortality
risk beyond day 12 after hospitalization (hazard ratio 1.540, 95%
CI=1.054, 2.250)) (22). Jeon et al. found that preexisting mental
disorders were not associated with a higher susceptibility to
COVID-19 infection but with mortality (23). Finally, Nishimi et al.
studied 263,697 fully vaccinated patients and found that preexisting
psychiatric disorders were associated with an increased incidence of
COVID-19 infection (24). A systematic review and meta-analysis in
COVID-19 found an association (cross-sectional or longitudinal)
between preexisting mood or sleep disorders with a higher
susceptibility to infection (pooled odds ratio 27 studies (95%

TABLE 3 Use of psychotropic medications to predict belonging to a
trajectory: multivariate polynomial analysis.*

(@]U]Tel ¢ Slow Persisting
recovery recovery symptoms

(n=178) (n=315) (nh=54)
Models* RR (95% CI)® RR (95% CI) ® RR (95% CI) ®
Model 0 2.5(0.8,7.2) 4.7 (3.5,6.5) 10.4 (3.0, 35.9)
Model 1 2.8(2.8,2.9) 5.2(2.8,9.5) 11.6 (3.9, 34.1)
Model 2 3.1(2.7,3.4) 52(3.0,9.2) 11.7 (6.9, 19.6)

Abbreviations: RR =relative risk. 95% CI=95% confidence intervals. *‘Almost Asymptomatic
was the reference level for trajectories. Model 0: Only main predictor; Model 1=Model 0
adjusted by age and sex (not in stratified sex models); Model 2=Model 1 adjusted by work
status, income, education, smoking status, BMI, physical activity and multimorbidity.
Confidence intervals were calculated according to Rubin’s rules.
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confidence intervals) 1.67, (1.12, 2.49)), higher severity (21 studies
1.40 (1.25, 1.57)) and increased risk of death (29 studies 1.47 (1.26,
1.72)) (25). Our results agree with this previous research showing a
more severe form of COVID-19 in people with increased psychological
distress. These associations between anxiety or mood disorders and
COVID-19 infection are likely bidirectional (26). Finally, a recent
report analyzing 9,979 individuals diagnosed with COVID-19 showed
that bedridden for more than 7days had a higher risk of future
depression than those who were never bedridden. These results
highlight the bidirectional associations between depression and
COVID-19 severity (27).

Previous reports on COVID-19 found particular trajectories of
psychological disorders, identifying groups of individuals sharing a
specific evolution over time (28, 29). A cross-sectional analysis
including 938 health care workers found a higher prevalence of
psychological disorders (stress, depression, and anxiety) in COVID-19
infected health workers (30).

A recent study found that psychological distress during the first
wave of COVID-19 was associated with the belief of having had a
COVID-19 infection, reporting a higher number and more severe
symptoms attributed to COVID-19 (12). Taquet et al., using electronic
health data, including 62,354 people with a COVID-19 diagnosis, found
that psychological disturbances had bidirectional associations with
COVID-19 infection. There was an association between a pre-existing
psychiatric condition and incident COVID-19 [relative risk=1.5 (95%
CI 1.5-1.71)] (26). Another study also used health records and found a
similar association between pre-existing psychological disorders and
higher risk for COVID-19 infection, hospitalization and mortality. The
most substantial effect was observed in depression and future infection
risk. They found an adjusted odds ratio of 7.64, 95% CI: 7.45-7.83,
p<0.001) (14). With data from the UK Biobank, Wang et al. found an
association of preexisting mental disorders and COVID-19 incidence
and severity. Anxiety [OR 1.29 (95% CI 1.17-1.42)] and depression [OR
1.22 (95% CI 1.13-1.31)] were associated with a higher risk of infection.
Depression was also associated with a higher mortality risk post
COVID-19 [OR 1.57 (95% CI 1.16-2.13)] (31).

An observational study on adults with psychiatric diagnoses and
severe COVID-19 disease found that taking functional inhibitors of
acid sphingomyelinase, a type of psychotropic, was associated with
lower mortality in severe COVID-19 cases (32). We could not analyze
whether there were differences according to the psychotropic
medications due to the small number of people taking them in
our sample.

Our findings agree with these studies, and we found, in addition,
an association between PM and symptom trajectories. Among
psychotropic medications, we observed that antidepressant and
anxiolytics were overrepresented in the most severe symptom
trajectories. Our results suggest that the symptoms trajectory would
vary depending on the type of psychiatric diagnosis, observing more
pronounced differences with more depression or anxiety diagnoses
than psychotic or neurologic disorders. We think that the relationship
between psychological disturbance and COVID-19 is bidirectional.
The effect of PM on the symptom trajectories was higher in magnitude
in “Persisting symptoms,” suggesting that mood disorders/anxiety are
associated with greater disease severity and poorer recovery.

We observed that pain and fatigue were over-represented in the
“Persisting symptoms” trajectory. This finding aligns with two
previous research that has shown associations between depressive
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symptoms and post-COVID-19 fatigue (33) and pain symptoms (34)
3months and 1 year after COVID-19 infection, respectively. Our
findings show that the early evolution of COVID-19 can help predict
later evolution.

We found that the overall tendency was to reduce symptoms, but
with different recovery curves, some people achieved an almost total
recovery while others achieved only partial recovery. Our findings
align with a study that characterized trajectories of symptoms in the
first weeks post-infection from SARS-CoV-2. They found similar
results, although their analysis was about individual symptom
trajectories and not a total score to assess overall disease severity (2).
The healthiest group corresponds to “Quick recovery” We also found
that unemployed people were mainly in the less risky “Almost
asymptomatic” trajectory. These findings can be explained because
unemployed people were less exposed to the virus.

We identified four distinct symptom trajectories. Previous
research in a population of COVID-19 patients, 94% hospitalized and
a mean age of 64years, showed that men were more at risk of
developing severe COVID-19 disease. They also observed that
testosterone levels in men were inversely associated with severity (35).
We found that “Almost asymptomatic” were over-represented by men.
A possible explanation is that our population was much younger
(mean age 39 years) and primarily asymptomatic or with mild disease
(77%) compared to the previous study.

The underlying mechanisms that could explain the association
between depression and COVID-19 severity are that they share
inflammatory pathways with an increase in inflammatory biomarkers
such as TNFq, interleukin 1-p and interleukin-6 (36). A possible
mechanism for explaining the association between pre-existing
anxiety and COVID-19 severity could be a higher neutrophil/
lymphocyte ratio in patients with anxiety. Through a cortisol elevation,
psychosocial stress is also associated with decreased immunity and a
decrease in some cytokines (37). In animal models, the associated
anxiety-induced reduction of immunity is not restricted to the cellular
but also the humoral response (38).

Finally, there is evidence of the association of olfactory function
through nasal inflammation and neuropsychiatric diagnoses, which
is relevant because of the olfactory compromise of COVID-19 and
perhaps due to vaccination (39, 40).

4.1. Strengths and limitations

This study has several strengths. In this cohort study, the
questionnaires were online, and the COVID-19 diagnosis was
ascertained with a PCR test. We analyzed a large sample size
representing a large set of COVID-19-related symptoms tracked
during 14 days with an innovative methodology to simultaneously
characterize disease severity and recovery.

This study also has several limitations. The symptoms,
determinants and confounders were self-reported, which could
introduce reporting bias. Only 5% of the population reported PM,
which limited the analysis to the total sample, making it impossible for
relevant stratified analysis. The observed associations are strong in
magnitude, but these results would now require confirmation in other
populations, where this type of medication is frequent. We observed
missing data and loss of follow-up, which might introduce biases.
However, we performed multiple imputations with a state-of-the-art
method. Multiple imputation techniques help reduce the bias if a
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complete-case analysis is performed. They also help increase the power
of the analysis because each time there is an unanswered question in a
questionnaire, there is a loss of information for calculating the total
score (41). Our population did not include much older people, and few
participants were recruited at the hospital, making it difficult to directly
compare with previous works performed in hospital-based cohort
studies with more severe cases. However, this study provides significant
findings for the general population. Finally, with the unpredictable
evolution of the pandemic due to vaccine discovery, the virus mutations
and the surveillance or lack of it, likely, our findings may not fully
represent what is going to be the future disease trajectories (42).

4.2. Conclusion

This study described four distinct symptom trajectories of
COVID-19 with different recovery timing. We also showed that PM
before the infection was associated with a greater risk of disease
severity and a poorer recovery in the first 2 weeks. In addition to all
the established risk factors of COVID-19, our findings could help
identify at-risk individuals and personalize prevention strategies and
care in case of infection to SARS-COV-2. The results of our study can
be generalizable to a similar adult population of European origin.
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