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ARTICLE INFO ABSTRACT

Keywords: Objective: To apply Sankey plots and exponential bar plots for visualizing the evolution of anxiety/depressive
COVID-19 symptoms and poor sleep in previously hospitalized COVID-19 survivors.

AﬂXiEtY' Methods: A sample of 1266 subjects who were hospitalized due to a SARS-CoV-2 from March-May 2020 were
]S)lzl;;ess“m assessed at 8.4 (T1), 13.2 (T2) and 18.3 (T3) months after hospitalization. The Hospital Anxiety and Depression

Scale was used to determine anxiety (HADS-A) and depressive (HADS-D) symptoms. The Pittsburgh Sleep Quality
Index (PSQI) evaluated sleep quality. Clinical features, onset symptoms and hospital data were collected from
medical records.

Results: Sankey plots revealed that the prevalence of anxiety symptomatology (HADS-A > 8 points) was 22.5% (n
=285) at T1, 17.6% (n = 223) at T2, and 7.9% (n = 100) at T3, whereas the prevalence of depressive symptoms
(HADS-D > 8 points) was 14.6% (n = 185) at T1, 10.9% (n = 138) at T2, and 6.1% (n = 78) at T3. Finally, the
prevalence of poor sleep (PSQI>8 points) decreased from 32.8% (n = 415) at T1, to 28.8% (n = 365) at T2, and
to 24.8% (n = 314) at T3. The recovery curves show a decrease trend visualizing that these symptoms recovered
the following years after discharge. The regression models did not reveal medical records associated with anx-
iety/depressive symptoms or poor sleep.

Conclusion: The use of Sankey plots shows a fluctuating evolution of anxiety/depressive symptoms and poor sleep
during the first years after the infection. In addition, exponential bar plots revealed a decrease prevalence of
these symptoms during the first years after hospital discharge. No risk factors were identified in this cohort.

Post-COVID Sankey plots

1. Introduction

Although coronavirus disease 2019 (COVID-19) is mainly considered
a primary respiratory disease, the heterogeneous symptoms associated
with this condition suggests a multiorgan pathology. Symptoms associ-
ated with a severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) acute infection can affect respiratory (cough, throat pain,
dyspnoea), gastrointestinal (diarrhoea, vomiting), or neurological
(headache, anosmia, ageusia) system. This biological symptomatology is
intrinsically related to the trophism of SARS-CoV-2; however,

psychological symptoms (anxiety, depression, or poor sleep) have also
raised as a worldwide health care problem [1], since the pandemic has
provoked a deleterious impact on mental health in the general popula-
tion [2]. Liu et al. observed the presence of depressive or anxiety
symptoms in 40% and poor sleep quality in up to 50% of subjects hos-
pitalized due to a SARS-CoV-2 infection [3]. An umbrella review [n = 14
meta-analyses] showed a pooled prevalence of depression in 31% (95%
CI 25% to 38%) of people hospitalized due to COVID-19 but with a high
heterogeneity [4]. Therefore, evidence supports the presence of psy-
chological symptoms at the acute phase of infection, particularly in
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hospitalized patients; however, this associated symptomatology can be
also long-lasting after the acute phase.

The presence of long-lasting symptoms after SARS-CoV-2 infection
has received different terms, but long-COVID [5] and post-COVID-19
condition [6] are probably the most commonly used. >100 post-
COVID symptoms have been described [7]. The presence of post-
COVID symptoms, particularly fatigue and dyspnea, is associated with
worse quality of life [8]. The Global Burden of Disease Long COVID
study (which included 1.2million of subjects who experienced an acute
symptomatic SARS-CoV-2 infection) reported that 15.1% of patients still
experience symptoms one-year after [9]. In addition to post-COVID
symptoms biologically associated to SARS-COV-2, the presence of psy-
chological disturbances represents a challenge for affected individuals
since these symptoms could promote and perpetuate health burden.
Several meta-analyses reported prevalence rates ranging from 12% to
25% for depression, from 20% to 30% for anxiety and from 30% to 45%
for poor sleep the first 3-9 months after an acute SARS-CoV-2 infection
[10-12]. A recent meta-analysis has identified that anxiety, depression
and sleep problems are still present in 13.4%, 18% and 21% of COVID-
19 survivors, respectively, two-years after SARS-COV-2 infection [13].

It is important to note that most studies investigating the presence of
anxiety or depressive symptoms have used cross-sectional designs since
they just assessed these symptoms once and also included follow-ups no
longer than one-year [10-12]. It seems that anxiety/depressive levels
appearing during the COVID-19 outbreak [14] or appearing after
COVID-19 [15] usually improve over time. Johnson et al. analyzed the
evolution of anxiety, depression or insomnia in a small cohort of COVID-
19 survivors and observed a stable or slightly decreased tendency of the
symptoms [16]. The LONG-COVID-EXP study analyzes the prevalence of
anxiety and depressive symptoms as well as poor sleep from the onset of
the infection up to the first year after hospital discharge in a large cohort
of hospitalized COVID-19 survivors [17]. Better understanding long-
term evolution of psychological symptoms appearing after COVID-19
could have potential implications for optimizing diagnosis, counselling
and management strategy for these patients [18]. We present here the
complete analysis of the LONG-COVID-EXP study by including data from
the onset of infection, up to 6, 12 and 18 months after their hospitali-
zation. In addition, we present Sankey plots and exponential bar plots as
novel way to visualize a fluctuating evolution of anxiety and depressive
symptoms as well as sleep quality.

2. Methods
2.1. Participants

The LONG-COVID-EXP is a multicenter study analyzing a cohort of
patients who had been previously hospitalized by an acute SARS-CoV-2
infection confirmed at hospitalization by real-time reverse transcription-
polymerase chain reaction (RT-PCR) assay of nasopharyngeal/oral swab
samples and clinical symptoms during the first wave of the pandemic
(March-May 2020) in five public urban hospitals of Madrid (Spain). As
previously described, from all patients hospitalized in these hospitals (n
= 7150) during the first wave of the pandemic, a randomly selected
sample of 400 subjects from each hospital was invited to participate
[17]. The Ethics Committee of all hospitals approved the study
(HUFA20/126, HUF/EC1517, HUIL/092-20, HCSC20/495E,
HS025112020). Verbal informed consent was obtained from all the
participants before collecting data.

2.2. Procedure

Participants were scheduled for a telephone interview conducted by
healthcare professionals at six (T1), twelve (T2) and eighteen (T3)
months after hospitalization. In such an interview, the Hospital Anxiety
and Depression Scale (HADS) and Pittsburgh Sleep Quality Index (PSQI)
were used to assess anxiety/depressive symptoms and sleep quality,
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respectively, since these questionnaires can be properly evaluated by
telephone interview [19]. Briefly, the HADS consists of 7 items assessing
anxiety symptoms (HADS-A) and 7 items assessing depressive symptoms
(HADS-D) [20]. Each item is scored on a 4-point Likert scale (0-3)
providing a maximum of 21 points for each scale. The HADS has shown
good validity and reliability in the general population [21] and more
recently in individuals with long-COVID [22]. A cut-off score of >8
points on each scale has shown good sensitivity and specificity for
identifying anxiety or depressive symptoms [23].

The PSQI evaluates sleep quality over the previous month by
including 19 self-rated questions assessing the usual bed-time, usual
wake time, number of hours slept, and number of minutes to fall asleep
[24]. Questions are answered on a 4-point Likert-type scale (0-3). All
answers are transformed into a global score ranging from 0 to 21 points
where higher scores indicate worse sleep quality. A score > 8 points is
indicative of poor sleep quality [24]. The PSQI has shown good internal
consistency and reliability [25].

Finally, clinical and hospitalization data were collected from hospital
medical records.

2.3. Sankey plots

Sankey plots were used as a method for visualization of the fluctu-
ating evolution of the patients over time [26]. The X axis represents each
follow-up (six, twelve or eighteen months after hospital discharge). The
Y axis represents the percentage of individuals reporting (or not) a
particular symptom (anxiety, depression, or poor sleep). The vertical
bars show the percentage of subjects with or without the symptom at
that time-point. The arcs depict the flows of individuals positive or
negative on a symptom with a width that is proportional to the per-
centage (from the sample) of subjects in that flow [26].

2.4. Exponential bar plots

Exponential bar plots were the second method for visualization of the
trajectory of psychological symptoms and were created with Matplotlib
3.3.4. The curve slope was fitted according to the following formulay =
Ke, where y represents the modeled prevalence of the symptom (anx-
iety, depression, poor sleep) at a time t (in months) and K and c are the
parameters of the model.

2.5. Statistical analysis

Finally, multivariate logistic regressions were performed to identify
those variables collected at hospital admission (COVID-10 onset) asso-
ciated with the development of anxiety/depressive symptoms or poor
sleep at six (T1), twelve (T2), and eighteen (T3) months after the
infection by using Python's library statsmodels 0.11.1. Adjusted odds
ratio (OR) with their respective confidence intervals (95%CI) were
calculated. A priori, the level of significance was set at 0.05.

3. Results

From a sample of 2000 subjects who need hospitalization due to
SARS-COV-2 infection from March-May 2020, a total of 1266 (45.6%
women, age: 61, SD: 16 years) were evaluated at all follow-up periods:
T1 (mean: 8.4, range 6 to 10), T2 (mean: 13.2, range 11 to 15) and T3
(mean: 18.3, range 16 to 21) months after hospitalization. Table 1
summarizes COVID-19 associated symptoms at hospital admission and
comorbidities of the sample.

The prevalence of anxiety symptoms (HADS-A > 8 points) was 22.5%
(n = 285) at T1, 17.6% (n = 223) at T2, and 7.9% (n = 100) at T3
(Fig. 1). Looking the Sankey plots of anxiety, 33% of subjects (n = 94/
285) self-reporting anxiety symptoms at T1 did not report it at T2
(7.74% arc from true at T1 to false at T2). Thus, 16.1% (n = 36/223) of
subjects not experiencing anxiety at T1 started to experience this
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Table 1
Demographic and clinical data of the sample (n = 1266).
Age, mean (SD), years 61 (16.5)
Female (%) 578 (45.6%)
Weight, mean (SD), kg. 74.5 (14.5)
Height, mean (SD), cm. 165 (19.0)
COVID-19 associated Symptoms at hospital admission,
n (%) - TO
Fever 948 (74.9%)
Dyspnoea 361 (28.5%)
Myalgia 374 (29.5%)

Cough 360 (28.4%)

Headache 135 (16.7%)
Diarrhoea 105 (8.3%)
Anosmia 105 (8.3%)
Ageusia 66 (7.0%)
Throat Pain 66 (5.2%)
Vomiting 39 (3.0%)
Medical co-morbidities
Hypertension 336 (26.5%)
Other (Cancer, Kidney Disease) 207 (16.3%)
Diabetes 158 (12.5%)
Cardiovascular Disease 141 (11.2%)
Asthma 85 (6.7%)
Obesity 57 (4.5%)
Chronic Obstructive Pulmonary Disease 47 (3.7%)
Rheumatological Disease 16 (1.3%)
Stay at the hospital, mean (SD), days 10.5 (10.8)
Intensive Care Unit (ICU) admission 78 (6.2%)

Anxiety (HADS-A =8 points)

5.98% 7.89%
1.91%

True

92.11%

False

12 months

6 months 18 months

Fig. 1. Sankey plots of anxiety symptomatology (HADS-A > 8 points) during
THE LONG-COVID-EXP study (from left to right): T1 (8.4 months after hospital
discharge), T2 (13.2 months after hospital discharge), and T3 (18.3 months
after hospital discharge).

symptom at T2 (2.9% arc from false at T1 to true at T2). Overall, Sankey
plots revealed that 75 individuals (6.0% of the sample) experienced
anxiety symptoms throughout all the study.

The prevalence of depressive symptoms (HADS-D > 8 points) was
14.6% (n = 185) at T1, 10.9% (n = 138) at T2, and 6.1% (n = 78) at T3
(Fig. 2). The Sankey plot revealed a similar tendency than with anxiety.
As it can be observed, 52.9% of subjects (n = 98/185) experiencing
depressive symptoms at T1 did not report it at T2 (7.7% arc from true at
T1 to false at T2). Again, 37% (n = 51/138) of individuals not experi-
encing depressive symptoms at T1 started to experience it at T2 (4.1%
arc from false at T1 to true at T2). The same tendency was observed
between T2 and T3. Fig. 2 revealed that 52 patients (4.2% of the sample)
reported depressive symptomatology during all the follow-up periods.
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Depression (HADS-D =8 points)

©2135% l 9.65%
16.11% 2.79%

True 24.00%

90.35%

False

12 months

6 months 18 months

Fig. 2. Sankey plots of depressive symptomatology (HADS-D > 8 points) during
THE LONG-COVID-EXP study (from left to right): T1 (8.4 months after hospital
discharge), T2 (13.2 months after hospital discharge), and T3 (18.3 months
after hospital discharge).

The prevalence of poor sleep (PSQI >8 points) decreased from 32.8%
(n=415) at T1, to 28.8% (n = 365) at T2, and to 24.8% (n = 314) at T3.
Fig. 3 visualizes the Sankey plots of poor sleep and graphs that 30.1% of
subjects (n = 125/415) experiencing poor sleep at T1 did not report it at
T2 (9.8% arc from true at T1 to false at T2). Showing a similar tendency
than anxiety/depressive symptoms, 20.3% (n = 74/365) of subjects not
experiencing poor sleep at T1 experienced it at T2 (5.8% arc from false
at T1 to true at T2). The Sankey plot graphed that 240 individuals
(19.0% of the sample) reported poor sleep quality during all the follow-
up periods.

Fig. 4 graphs the fitted exponential curves visualizing a decreased
prevalence trend in anxiety/depressive symptomatology and poor sleep
during the following years after hospitalization. Vertical bars represent
the percentage of those patients reporting anxiety (light orange) or
depressive (light green) symptoms or poor sleep (dark green).

Poor Sleep Quality (PSQI =8 points)

24.80%
True
75.20%
71.21%
False 67.22%
: 61.40% BRI
6 months 12 months 18 months

Fig. 3. Sankey plots of poor sleep quality (PSQI>8 points) during THE LONG-
COVID-EXP study (from left to right): T1 (8.4 months after hospital discharge),
T2 (13.2 months after hospital discharge), and T3 (18.3 months after hospi-
tal discharge).
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The regression models did not reveal any symptom at hospitalization
associated with the development of anxiety/depressive symptoms or
poor sleep quality at long-term follow-up periods.

4. Discussion

This is the first study using Sankey plots and exponential bar curves,
as two novel visualization approaches, for assessing the trajectory of
anxiety or depression, as well as sleep quality in individuals who had
been previously hospitalized due to SARS-CoV-2. The Sankey plots
revealed a fluctuating nature of anxiety/depressive symptoms or poor
sleep after COVID-19. Thus, exponential bar plots revealed a tendency
decrease in the prevalence of these symptoms during the first four years
after the infection.

Previous meta-analyses including cross-sectional studies had re-
ported an overall prevalence of anxiety symptomatology ranging from
20% to 30% for anxiety, from 12% to 25% for depression, and from 30%
to 45% for poor sleep the first 3-9 months after an acute SARS-CoV-2
infection [9-11]. The current study showed similar prevalent rates of
these symptoms at the first follow-up period with a progressive tendency
with longer follow-ups. It is important to note that prevalence of psy-
chological symptoms and sleep disorders in COVID-19 survivors is het-
erogeneous due to differences in designs (cross-sectional vs.
longitudinal), follow-ups (three or six or twelve months after), popula-
tion (hospitalized vs. non-hospitalized cohort) or collection procedures
(self-reported or use of patient-reported outcome measure-PROM). The
use of Sankey plots revealed that the prevalence of anxiety/depressive
symptoms and poor sleep is fluctuating during the first years after hos-
pitalization and has also permitted to identify the following situations:

1, new-onset symptomatology: subjects experiencing anxiety,
depression or poor sleep starting soon after the infection (e.g., 22.4% at
T1 on Fig. 1 for anxiety),

2, delayed-onset symptomatology: subjects reporting anxiety,
depression or poor sleep at a longer follow-up period, i.e., with a delayed
in time, in relation to the infection (2.9% arc from false at T1 to true at
T2 on Fig. 1 for anxiety symptoms),

3, persistent symptomatology: subjects experiencing anxiety,
depression or poor sleep throughout all follow-up period and starting
soon after the acute infection (6.0% being positive from T1 to T3 on
Fig. 1 for anxiety symptoms).

By definition, new-onset and persistent symptomatology can be

easily attributable to SARS-CoV-2 if the symptom started no later than
three months after [6]. The case of delayed-onset symptomatology is
more difficult to attribute to the acute infection since it appears months
after. This is relevant considering that psychological symptoms can be
considered as COVID-19 associated-factors rather than direct post-
COVID symptoms since anxiety or depressive symptoms are also pre-
sent in individuals who had not been infected by SARS-CoV-2. Thus,
evidence supports a bidirectional relationship between psychological
symptomatology and COVID-19. For instance, the presence of pre-
existing depressive symptoms before COVID-19 has been associated
with higher infection rate, hospitalization, intensive care unit admission
and mortality rate [27]. Thus, psychological factors can also promote
the development of post-COVID symptoms [28], since the presence of
depressive symptoms the first month after SARS-COV-2 infection
strongly predicts the presence of post-COVID fatigue one-year after [29].
Similarly, the presence of sleep disorders combined with other post-
COVID symptoms has been associated with worse quality of life [8].
This association could be explained since anxiety/depressive symptoms
or poor sleep can potentiate and shares its underlying mechanism
(mainly related to the peripheral immune-inflammatory response asso-
ciated with SARS-CoV-2 trophism) with other post-COVID symptoms
such as fatigue or cognitive impairments [30,31]. Thus, the presence of
mood disorders and poor sleep can act as psychological stressors leading
to long-term perpetuation of any post -COVID symptom.

The exponential bar plots used in the current study visualized that
the prevalence of anxiety/depressive symptoms can last up to 5 years
after the infection. Therefore, early identification of risk factors associ-
ated with these symptoms could help to prevent long-lasting perpetua-
tion. We did not find any potential risk factor from hospitalization for
psychological symptomatology in our cohort of previously hospitalized
COVID-19 survivors. It has been previously found that female sex, the
number of COVID-19 onset symptoms at hospital admission, and the
days at hospital were factors associated with the presence of anxiety and
depressive symptoms eight months after the infection [32]. It has been
proposed that factors such as fear, immobilization, isolation, stigmati-
zation, or medication-related side effects in the context of hospitaliza-
tion can increase the risk of poor sleep or psychological symptoms
within the following months after the infection. However, the preva-
lence of anxiety/depressive symptomatology and poor sleep quality
observed in COVID-19 survivors seven months after hospitalization was
similar than in the general population during the main outbreak [33]. It
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is possible that hospitalization risk factors have less influence in the
development of psychological symptoms with longer follow-up periods
such as those included in our study. It is also plausible that potential
factors not included in our study such as differences in neuro-
inflammation biomarkers could be more associated with the presence of
anxiety or depressive symptoms as well as poor sleep quality in previ-
ously hospitalized patients.

Although the current study used two novel methods for visualizing
anxiety and depressive symptoms and poor sleep, results should be
considered attending potential limitations. First, the cohort just included
previously hospitalized COVID-19 survivors. We do not know of similar
results will be find in a cohort of non-hospitalized COVID-19 survivors.
Second, although we used specific PROMs for evaluating the presence of
anxiety/depressive symptomatology and poor sleep, they were collected
by telephonic interview which could has a potential bias. However, the
use of telephonic interviews is the only way to assess large cohorts (over
1000 of patients during long-term follow-up periods) like in our study.
Further, it should be considered that prevalence rates reported are based
on cut-off scores established for the HADS and PSQI questionnaires. In
fact, determining cut-off values of the different PROMs is key for
increasing the validity and the transparency of studies investigating
psychological disturbances in individuals with long-COVID. We used
cut-off scores of 8 points since these values have obtained good sensi-
tivity and specificity (HADS-A > 8points, sensitivity 0.89 / specificity
0.75; HADS-D > 8 points sensitivity 0.80 / specificity 0.88) [23]. In
addition, although the suitability of the HADS for diagnosing depression
and anxiety pathology has been questioned [34], it continues to be the
most used screening instrument for assessing depressive and anxiety
symptomatology in population studies. Third, although this longitudinal
study included different follow-up periods after hospitalization, we did
not collect anxiety or depressive symptoms and sleep quality of patients
during their hospitalization or before infection. Accordingly, we do not
know pre-infection psychological status of our sample. Finally, other
psychological (e.g., post-traumatic stress disorder - PTSD), social (e.g.,
isolation, stigmatization), and familiar (e.g., death of a familiar)
stressors which may influence the presence of anxiety/depressive
symptoms and poor sleep quality, were not evaluated.

5. Conclusion

This study revealed, by using Sankey plot, a fluctuating evolution of
anxiety and depressive symptomatology as well as poor sleep quality
during the first years after the hospitalization due to acute SARS-CoV-2
infection. The use of exponential bar plots showed a decrease in the
prevalence of these symptoms the first years after hospital discharge. No
associated risk factors were identified.

Consent to participate

Participants provided informed consent before collecting data.
Consent for publication

No personal info of any patient is provided in the text.
Role of the funding source

The LONG-COVID-EXP-CM is supported by a grant associated to the
Fondo Europeo De Desarrollo Regional - Recursos REACT-UE del Pro-
grama Operativo de Madrid 2014-2020, en la linea de actuacién de
proyectos de I + D + i en materia de respuesta a COVID 19. The sponsor
had no role in the design, collection, management, analysis, or inter-
pretation of the data, draft, review, or approval of the manuscript or its
content. The authors were responsible for the decision to submit the
manuscript for publication, and the sponsor did not participate in this
decision.

Journal of Psychosomatic Research 179 (2024) 111635
CRediT authorship contribution statement

César Fernandez-de-las-Penas: Conceptualization, Data curation,
Formal analysis, Funding acquisition, Investigation, Methodology, Re-
sources, Validation, Visualization, Writing — original draft, Writing —
review & editing. José A. Arias-Navalon: Conceptualization, Formal
analysis, Investigation, Methodology, Project administration, Resources,
Software, Writing — original draft, Writing — review & editing. José D.
Martin-Guerrero: Conceptualization, Formal analysis, Investigation,
Methodology, Project administration, Resources, Software, Validation,
Writing — review & editing. Oscar J. Pellicer-Valero: Conceptualiza-
tion, Data curation, Formal analysis, Methodology, Project administra-
tion, Resources, Supervision, Writing — original draft, Writing — review &
editing. Margarita Cigaran-Méndez: Conceptualization, Data curation,
Investigation, Methodology, Project administration, Resources, Super-
vision, Validation, Writing — original draft, Writing — review & editing.

Declaration of competing interest

No conflict of interest is declared by any of the authors.

References

[1] Y.T. Xiang, Y. Yang, Zhang L. LiW, Q. Zhang, T. Cheung, et al., Timely mental
health care for the 2019 Novel coronavirus outbreak is urgently needed, Lancet
Psychiatry (7) (2020) 228-229.

[2] G.M. de Sousa, V.D.O. Tavares, M.L.P. de Meiroz Grilo, M.L.G. Coelho, G.L. de
Lima-Aratjo, F.B. Schuch, N.L. Galvao-Coelho, Mental health in COVID-19
pandemic: a meta-review of prevalence meta-analyses, Front. Psychol. 12 (2021)
703838.

[3] C. Liu, W. Pan, L. Li, B. Li, Y. Ren, X. Ma, Prevalence of depression, anxiety, and
insomnia symptoms among patients with COVID-19: a meta-analysis of quality
effects model, J. Psychosom. Res. 147 (2021) 110516.

[4] M.G. Mazza, M. Palladini, G. Villa, E. Agnoletto, Y. Harrington, B. Vai, F. Benedetti,
Prevalence of depression in SARS-CoV-2 infected patients: an umbrella review of
meta-analyses, Gen. Hosp. Psychiatry 80 (2023) 17-25.

[5] C. Fernandez-de-las-Penas, Long COVID: current definition, Infection 50 (2022)
285-286.

[6] J.B. Soriano, S. Murthy, J.C. Marshall, P. Relan, J.V. Diaz, WHO clinical case
definition working group on post-COVID-19 condition. A clinical case definition of
post-COVID-19 condition by a Delphi consensus, Lancet Infect. Dis. 22 (2022)
e102-e107.

[7] L.D. Hayes, J. Ingram, N.F. Sculthorpe, More than 100 persistent symptoms of
SARS-CoV-2 (long COVID): a scoping review, Front. Med. 8 (2021) 750378.

[8] P. Malik, K. Patel, C. Pinto, R. Jaiswal, R. Tirupathi, S. Pillai, U. Patel, Post-acute
COVID-19 syndrome (PCS) and health-related quality of life (HRQoL): a systematic
review and meta-analysis, J. Med. Virol. 94 (2022) 253-262.

[9] S. Wulf Hanson, C. Abbafati, J.G. Aerts, Z. Al-Aly, C. Ashbaugh, T. Ballouz,

O. Blyuss, P. Bobkova, G. Bonsel, S. Borzakova, D. Buonsenso, D. Butnaru,

A. Carter, H. Chu, C. De Rose, M.M. Diab, E. Ekbom, M. El Tantawi, V. Fomin,
R. Frithiof, A. Gamirova, P.V. Glybochko, J.A. Haagsma, S. Haghjooy Javanmard,
E.B. Hamilton, G. Harris, M.H. Heijenbrok-Kal, R. Helbok, M.E. Hellemons,

D. Hillus, S.M. Huijts, M. Hultstrom, W. Jassat, F. Kurth, I.M. Larsson, M. Lipcsey,
C. Liu, C.D. Loflin, A. Malinovschi, W. Mao, L. Mazankova, D. McCulloch,

D. Menges, N. Mohammadifard, D. Munblit, N.A. Nekliudov, O. Ogbuoji, 1.

M. Osmanov, J.L. Penalvo, M.S. Petersen, M.A. Puhan, M. Rahman, V. Rass,

N. Reinig, G.M. Ribbers, A. Ricchiuto, S. Rubertsson, E. Samitova,

N. Sarrafzadegan, A. Shikhaleva, K.E. Simpson, D. Sinatti, J.B. Soriano,

E. Spiridonova, F. Steinbeis, A.A. Svistunov, P. Valentini, B.J. van de Water, R. van
den Berg-Emons, E. Wallin, M. Witzenrath, Y. Wu, H. Xu, T. Zoller, C. Adolph,

J. Albright, J.O. Amlag, A.Y. Aravkin, B.L. Bang-Jensen, C. Bisignano,

R. Castellano, E. Castro, S. Chakrabarti, J.K. Collins, X. Dai, F. Daoud, C. Dapper,
A. Deen, B.B. Duncan, M. Erickson, S.B. Ewald, A.J. Ferrari, A.D. Flaxman,

N. Fullman, A. Gambkrelidze, J.R. Giles, G. Guo, S.I. Hay, et al., Global Burden of
Disease Long COVID Collaborators, Estimated global proportions of individuals
with persistent fatigue, cognitive, and respiratory symptom clusters following
symptomatic COVID-19 in 2020 and 2021, JAMA 328 (2022) 1604-1615.

[10] L. Premraj, N.V. Kannapadi, J. Briggs, S.M. Seal, D. Battaglini, J. Fanning, J. Suen,
C. Robba, J. Fraser, S. Cho, Mid and long-term neurological and neuropsychiatric
manifestations of post-COVID-19 syndrome: a meta-analysis, J. Neurol. Sci. 434
(2022) 120162.

[11] T. Yang, M.Z. Yan, X. Li, E.H.Y. Lau, Sequelae of COVID-19 among previously
hospitalized patients up to 1 year after discharge: a systematic review and meta-
analysis, Infection 50 (2022) 1067-1109.

[12] N. Seighali, A. Abdollahi, A. Shafiee, M.J. Amini, M.M. Teymouri Athar, O. Safari,
P. Faghfouri, A. Eskandari, O. Rostaii, A.H. Salehi, H. Soltani, M. Hosseini, F.

S. Abhari, M.R. Maghsoudi, B. Jahanbakhshi, M. Bakhtiyari, The global prevalence
of depression, anxiety, and sleep disorder among patients coping with post COVID-


http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0005
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0005
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0005
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0010
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0010
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0010
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0010
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0015
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0015
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0015
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0020
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0020
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0020
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0025
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0025
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0030
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0030
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0030
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0030
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0035
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0035
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0040
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0040
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0040
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0045
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0050
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0050
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0050
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0050
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0055
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0055
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0055
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0060
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0060
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0060
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0060

C. Fernandez-de-las-Penas et al.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

19 syndrome (long COVID): a systematic review and meta-analysis, BMC Psychiatr.
24 (2024) 105.

C. Fernandez-de-las-Penas, K.I. Notarte, R. Macasaet, J.V. Velasco, J.A. Catahay, A.
T. Ver, W. Chung, J.A. Valera-Calero, M. Navarro-Santana, Persistence of post-
COVID symptoms in the general population two years after SARS-CoV-2 infection:
a systematic review and meta-analysis, J. Inf. Secur. 88 (2024) 77-88.

D. Fancourt, A. Steptoe, F. Bu, Trajectories of anxiety and depressive symptoms
during enforced isolation due to COVID-19 in England: a longitudinal
observational study lancet, Psychiatry 8 (2021) 141-149.

F. Badinlou, F. Rahimian, M. Hedman-Lagerlof, T. Lundgren, T. Abzhandadze,
M. Jansson-Frojmark, Trajectories of mental health outcomes following COVID-19
infection: a prospective longitudinal study, BMC Public Health 24 (2024) 452.
S.U. Johnson, O.M. Amundsen, M.S. Johnson, A. Hoffart, @. Halsgy,

N. Skjerdingstad, S. Ebling, O.V. Ebrahimi, Psychiatric symptoms in COVID-19-
positive individuals in the general population: trajectories of depression, anxiety,
and insomnia, Psychiatry Res. 317 (2022) 114806.

C. Fernandez-de-las-Penas, J.D. Martin-Guerrero, 1. Cancela-Cilleruelo, P. Moro-
Lopez-Menchero, J. Rodriguez-Jiménez, O.J. Pellicer-Valero, Trajectory curves of
post-COVID anxiety/depressive symptoms and sleep quality in previously
hospitalized COVID-19 survivors: the LONG-COVID-EXP-CM multicenter study,
Psychol. Med. 53 (2023) 4298-4299.

L. Duan, Zhu G psychological interventions for people affected by the COVID-19
epidemic, Lancet Psychiatry 7 (2020) 300-302.

E. Hedman, B. Ljotsson, K. Blom, S. El Alaoui, M. Kraepelien, C. Riick,

G. Andersson, C. Svanborg, N. Lindefors, V. Kaldo, Telephone versus internet
administration of self-report measures of social anxiety, depressive symptoms, and
insomnia: psychometric evaluation of a method to reduce the impact of missing
data, J. Med. Internet Res. 15 (2013) e229.

C. Herrmann-Lingen, U. Buss, R.P. Snaith, Hospital Anxiety and Depression Scale —
Deutsche Version (HADS-D), Verlag Hans Huber, Bern, 2011.

L. Bjelland, A.A. Dahl, T. Haug, D. Neckelman, The validity of the hospital anxiety
and depression scale: an updated literature review, J. Psychosom. Res. 52 (2002)
69-77.

C. Fernandez-de-las-Penas, J. Rodriguez-Jiménez, M. Palacios-Cena, A.L. de-la-
Llave-Rincén, S. Fuensalida-Novo, L.L. Florencio, S. Ambite-Quesada, R. Ortega-
Santiago, J.L. Arias-Buria, Liew BXW, V. Hernandez-Barrera, M. Cigaran-Méndez,
Psychometric properties of the hospital anxiety and depression scale (HADS) in
previously hospitalized COVID-19 patients, Int. J. Environ. Res. Public Health 19
(2022) 9273.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Journal of Psychosomatic Research 179 (2024) 111635

1. Olssgn, A. Mykletun, A.A. Dahl, The hospital anxiety and depression rating scale:
a cross-sectional study of psychometrics and case findings abilities in general
practice, BMC Psychiatr. 5 (2005) 46.

D.J. Buysse, C.F. Reynolds, T.H. Monk, S.R. Berman, D.J. Kupfer, The Pittsburgh
sleep quality index: a new instrument for psychiatric practice and research,
Psychiatry Res. 28 (1989) 193-213.

J.S. Carpenter, M.A. Andrykowski, Psychometric evaluation of the Pittsburgh sleep
quality index, J. Psychosom. Res. 45 (1998) 5-13.

E. Otto, E. Culakova, S. Meng, Z. Zhang, H. Xu, S. Mohile, Flannery MA overview of
Sankey flow diagrams: focusing on symptom trajectories in older adults with
advanced cancer, J. Geriatr. Oncol. 13 (2022) 742-746.

B. Vai, M.G. Mazza, C. Delli Colli, M. Foiselle, B. Allen, F. Benedetti, et al., Mental
disorders and risk of COVID-19-related mortality, hospitalisation, and intensive
care unit admission: a systematic review and meta-analysis, Lancet Psychiatr. 8
(2021) 797-812.

C. Lemogne, B. Ranque, Role of psychological factors in post-COVID-19 condition,
Bull. Acad. Natl Med. (2023 Jun 21), https://doi.org/10.1016/j.
banm.2023.05.001.

M.G. Mazza, M. Palladini, G. Villa, R. De Lorenzo, P. Rovere Querini, F. Benedetti,
Prevalence, trajectory over time, and risk factor of post-COVID-19 fatigue,

J. Psychiatr. Res. 155 (2022) 112-119.

S.T. Liu, S.C. Lin, J.P. Chang, K.J. Yang, C.S. Chu, C.C. Yang, C.S. Liang, C.F. Sun, S.
C. Wang, S.K. Satyanarayanan, K.P. Su, The clinical observation of inflammation
theory for depression: the initiative of the Formosa long COVID multicenter study
(FOCuS), Clin. Psychopharmacol. Neurosci. 21 (2023) 10-18.

M. Mazza, M. Palladini, S. Poletti, F. Benedetti, Post-COVID-19 depressive
symptoms: epidemiology, pathophysiology, and pharmacological treatment, CNS
Drugs 36 (2022) 681-702.

C. Fernandez-de-las-Penas, O.J. Pellicer-Valero, E. Navarro-Pardo, J. Rodriguez-
Jiménez, J.D. Martin-Guerrero, M. Cigaran-Méndez, The number of symptoms at
the acute COVID -19 phase is associated with anxiety and depressive long-term
post-COVID symptoms: a multicenter study, J. Psychosom. Res. 150 (2021)
110625.

N. Salari, A. Hosseinian-Far, R. Jalali, et al., Prevalence of stress, anxiety,
depression among the general population during the COVID-19 pandemic: a
systematic review and meta-analysis, Glob. Health 16 (2020) 57.

T.D. Cosco, F. Doyle, M. Ward, H. McGee, Latent structure of the hospital anxiety
and depression scale: a 10-year systematic review, J. Psychosom. Res. 72 (2012)
180-184.


http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0060
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0060
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0065
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0065
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0065
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0065
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0070
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0070
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0070
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0075
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0075
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0075
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0080
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0080
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0080
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0080
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0085
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0085
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0085
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0085
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0085
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0090
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0090
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0095
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0095
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0095
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0095
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0095
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0100
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0100
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0105
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0105
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0105
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0110
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0110
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0110
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0110
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0110
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0110
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0115
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0115
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0115
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0120
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0120
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0120
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0125
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0125
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0130
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0130
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0130
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0135
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0135
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0135
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0135
https://doi.org/10.1016/j.banm.2023.05.001
https://doi.org/10.1016/j.banm.2023.05.001
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0145
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0145
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0145
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0150
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0150
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0150
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0150
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0155
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0155
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0155
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0160
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0160
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0160
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0160
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0160
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0165
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0165
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0165
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0170
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0170
http://refhub.elsevier.com/S0022-3999(24)00047-3/rf0170

	Trajectory of anxiety/depressive symptoms and sleep quality in individuals who had been hospitalized by COVID-19: The LONG- ...
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Procedure
	2.3 Sankey plots
	2.4 Exponential bar plots
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Consent to participate
	Consent for publication
	Role of the funding source
	CRediT authorship contribution statement
	Declaration of competing interest
	References


