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Background: Persistent physical symptoms are common after a coronavirus disease

2019 (COVID-19) episode, but their pathophysiological mechanisms remain poorly

understood. In this study, we aimed to explore the association between anxiety and

depression at 1-month after acute infection and the presence of fatigue, dyspnea, and

pain complaints at 3-month follow-up.

Methods: We conducted a prospective study in patients previously hospitalized for

COVID-19 followed up for 3 months. The Hospital Anxiety and Depression Scale (HAD-S)

was administered by physicians at 1-month follow-up, and the presence of fatigue,

dyspnea, and pain complaints was assessed at both 1month and 3months. Multivariable

logistic regressions explored the association between anxiety and depression subscores

and the persistence of each of the physical symptom at 3 months.

Results: A total of 84 patients were included in this study (Median age: 60 years,

interquartile range: 50.5–67.5 years, 23 women). We did not find any significant

interaction between anxiety and the presence of fatigue, dyspnea, or pain complaints

at 1 month in predicting the persistence of these symptoms at 3 months (all p ≥ 0.36).

In contrast, depression significantly interacted with the presence of pain at 1 month

in predicting the persistence of pain at 3 months (OR: 1.60, 95% CI: 1.02–2.51, p =

0.039), with a similar trend for dyspnea (OR: 1.51, 95% CI: 0.99–2.28, p = 0.052).
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Discussion and Conclusion: Contrary to anxiety, depression after an acute COVID-19

episode may be associated with and increased risk of some persistent physical

symptoms, including pain and dyspnea.

Keywords: anxiety, COVID-19, long Covid, post-covid condition, post-acute COVID-19 syndrome, somatoform

disorders, depression, fatigue pain

INTRODUCTION

The coronavirus disease 2019 (COVID-19), caused by the novel
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has widely spread worldwide (1). Approximately 20% of infected
individuals develop severe illness, requiring hospitalization, but
most experience mild symptoms, and did not beneficiate for a
long-lasting follow-up (2). Among these patients, a substantial
number still present clinical symptoms at a significant distance
from acute infection (3–6). A meta-analysis including 1,816
hospitalized patients found that fatigue, dyspnea, chest pain,
and cough, were the most prevalent persistent symptoms in 52,
37, 16, and 14% of survivors between 3 weeks and 3 months
after hospitalization, respectively (6). These persistent physical
symptoms following COVID-19 are now referred to as “Long
COVID,” or “Post-COVID syndrome.” However, it is noteworthy
that they may not be specific to SARS-CoV-2 infection (7).
Indeed, although the prevalence of these persistent symptoms is
now better known, little is known about their pathophysiological
mechanisms as well as the potential clinical predictive factors
that could be used for prevention strategies. This question could
therefore represent a major public health concern over the next
few years, and supports the urgent need to understand the
pathophysiological mechanisms and clinical predictors of these
symptoms (8, 9).

Several hypotheses have been formulated to explain
these persistent physical symptoms, such as the impact of
direct effects of the virus, sequelae of neurological damage,
persistent inflammatory syndrome, or involvement of cognitive
mechanisms akin to those observed in functional somatic
disorders (8). Severe acute respiratory syndrome coronavirus
2 infection produce inflammatory disturbing, up to a so-called
“cytokine storm” (i.e., a systemic production of cytokines,
chemokines, and inflammatory mediators) (10). This immune-
inflammatory activation may induce thromboses and vascular
damages, and disturb hypothalamo-pituitary-adrenal and
neuroendocrine axes (11). In addition to these causes, psychiatric
symptoms could be one of the keys in understanding these
persistent physical symptoms (12, 13).

Psychiatric symptoms are frequently found after a coronavirus
infection such as SARS-CoV-1 or MERS-CoV (14–16).
Supporting these findings, current reports showed that
SARS-CoV-2 infection is associated with a high prevalence
of anxiety and depression afterwards (17–19). Persistent and
disabling symptoms could induce depressive symptoms and
anxiety (20–22) and persistent physical symptoms after COVID-
19, including gastrointestinal and respiratory symptoms, are
significantly associated with a higher probability of developing

psychiatric symptoms (19, 23, 24). Reciprocally, however,
patients presenting with depression and anxiety also tend to
have more somatic and pain complaints (25). Anxiety and
depression have been identified as highly associated with
persistent symptoms in several conditions (26), including fatigue
after COVID-19 (27). Furthermore, among the most frequent
persistent symptoms after COVID-19, many are either core
diagnostic criteria for depressive or anxiety disorders (i.e.,
fatigue, sleep disorders, cognitive disturbances) or symptoms
frequently associated with these disorders (e.g., dyspnea and
panic disorder, pain and depressive disorders). For instance,
a study from our group found that cognitive complaints at 1
month after follow-up were better explained by the levels of
anxiety and depression than by objective neuropsychological
functioning (28). The high prevalence of anxiety and depression
symptoms after COVID-19 may thus partially account for
some persistent symptoms. Nevertheless, this hypothesis may
have been somewhat overlooked so far, despite clear clinical
implications, as evidence-based treatments are available for both
depression and anxiety.

In this preliminary study, we aimed to explore the association
between anxiety and depression 1 month after hospitalization
for acute SARS-Cov-2 infection and the presence of persistent
physical symptoms (fatigue, dyspnea, and pain complaints)
after 3 months. Specifically, we thought that persistent physical
symptoms would particularly occur in patients presenting both a
physical symptom and manifestations of anxiety and depression.
First, the presence of both at 1 month could indicate that
the persistent physical symptom is potentially a psychiatric
symptom. Second, anxiety and depression may share some
vulnerability factors with functional somatic symptoms (e.g.,
female gender, high level of neuroticism) and thus be associated
with an increased risk of persistent physical symptoms after an
acute COVID-19. In other words, we hypothesized that anxiety
and depression at 1 month would predict persistent physical
symptoms at 3 months for patients presenting these symptoms
at 1 month.

MATERIALS AND METHODS

Population
The study is part of The French COVID cohort (NCT04262921)
that was authorized by the French Ethics Committee (ID
RCB:2020-A00256-33). All inpatients aged 18 or more who
were hospitalized at European Hospital Georges Pompidou for
a SARS-CoV-2 infection (according to WHO criteria) during
the first wave of the COVID-19 pandemic, between March 17th
and April 29th, 2020 were included. Participants underwent a
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standardized physical evaluation by a senior physician at the
time of the inclusion (i.e., within the first 48 h of hospital
admission for COVID-19). Socio-demographic data as well as
clinical and biological data regarding the infection were recorded
at inclusion, using a standardized medical form. Clinical data
included admission in intensive care unit (ICU) as a proxy of
severity of the infection. Written informed consent was obtained
for all participants.

Patients who were discharged less than a month after the
hospitalization for COVID-19 were proposed a clinical follow-
up at 1 month, 3 months, and 6 months, either during a 1-
day outpatient clinical examination or by teleconsultation. The
present study is based on data collected during 1-day outpatient
clinical examinations at 1 month and 3 months.

Clinical Assessment
To assess anxiety and depression symptoms, the Hospital Anxiety
and Depression Scale (HAD-S) was filled at 1-month follow-up.
The HAD-S encompasses 14 items coded 0–3 and two subscales
(HADS-A: seven items measuring symptoms of anxiety; HADS-
D: seven items measuring symptoms of depression). Several
studies have shown valid psychometric properties for HAD-S
subscales in the general population (29), in patients suffering
from various pathologies (30), for older patients aged 65–80
years (31), and in different countries (32). In the present study,
the Cronbach’s alpha coefficient for the global score, the anxiety
subscore and the depression subscore was 0.86, 0.84, and 0.72,
respectively, suggesting satisfactory internal consistency.

Patients also underwent a clinical examination at 1- and 3-
month follow-up that included a general physical examination
with systematic assessment of the following residual symptoms:
agueusia, anosmia, cough, dyspnea, myalgia, arthralgia, fatigue,
headache, rhinorrhea, diarrhea, nausea. Here, we focused on
fatigue, dyspnea, and pain complaints (defined as presenting with
arthralgia, myalgia, or headache) that were self-reported. Clinical
examinations were performed by a team of physicians working in
the same hospital, but each patient was not necessarily examined
by the same clinician.

The presence of a restrictive ventilatory defect, defined as
having a total lung capacity <80% at spirometry test at 1-month
follow-up was also recorded, as an alternative proxy of severity of
the infection. Patients also had biological investigations including
measure of the blood level of C-reactive protein (CRP), an
inflammatory marker, at 1-month.

Between March 17th and April 29th, 2020, 354 patients
hospitalized at HEGP were included in the French COVID
cohort. Among these patients, 29 were lost at follow-up because
of inter-hospital transfer, 78 died and 2 withdrew their consent.
Among the 245 patients eligible for the clinical follow-up, 7 died
during the follow-up, 22 withdrew their consent, and 6 were not
reachable. Among the 210 remaining patients who underwent
the follow-up, 132 attended the 1-day follow-up examination
at 1 month, including 109 who also attended the 1-day follow-
up examination at 3 months. Among these 109 patients, 84 had
HAD-S data at 1-month follow-up. Figure 1 presents the flow of
the study participants.

FIGURE 1 | Flow of patients in the study. Between March 17th and April 29th,

2020, 354 patients hospitalized at HEGP were included in the French COVID

cohort. Among these patients, 29 were lost at follow-up because of

inter-hospital transfer, 85 died, 24 withdrew their consent, and 6 were not

reachable. Among the 210 remaining patients who underwent the follow-up,

132 attended the 1-day follow-up examination at 1 month, including 109 who

also attended the 1-day follow-up examination at 3 months. Among these 109

patients, 84 had HAD-S data at 1-month follow-up.

Statistical Analysis
Descriptive analyses were performed for the categorical and
continuous variables of interest.

For each physical symptom considered (i.e., fatigue, dyspnea,
and pain complaints), two different binary logistic regression
models were built for the two dimensions of the HAD-S
(Anxiety andDepression), as some symptomsmay be particularly
in link with one of those dimension (e.g., fatigue or pain
complaints with depression). The outcome was the presence
of the physical symptom at 3 months and the predictive
variables were its presence at 1 month and one of the HAD-
S subscores. Furthermore, to test our hypothesis, every binary
logistic regression models included an interaction term between
the presence of the physical symptom at 1 month and the HAD-
S subscore. All models were also adjusted for age, sex, and
admission in ICU (as a clinical marker of the initial severity of
the infection).

We ran sensitivity analyses to test the robustness of our results:
admission in ICU was successively replaced with the presence
of a restrictive ventilatory defect at 1 month, the blood level
of CRP at 1 month (log-transformed), and the presence of a
medical comorbidity (i.e., diabetes or high blood pressure) at 1
month. The significance threshold was p< 0.05. All analyses were
performed using Stata 15.0 (StataCorp, College Station, TX).
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RESULTS

The characteristics of the 84 participants [23 women, median
age: 60 (interquartile range (iQr): 50.5–67.5] are displayed
in Table 1.

Table 2 displays the results of the six different multivariable
logistic regressions models searching for an interaction between
each of the physical symptoms considered (fatigue, dyspnea,

TABLE 1 | Participants’ characteristics (n = 84).

Continuous variables Median iQr

Age 60 50.5–67.5

HAD-S anxiety score 6 4–8

HAD-S depression score 4 2–6.5

Categorical variables N %

Sex

Men 61 72.6

Women 23 27.4

ICU admission 26 31.0

Restrictive ventilatory defect* at 1-month

follow-up (n = 80)

24 30.0

Comorbidity

High blood pressure 31 36.9

Diabetes 17 20.2

Chronic cardiac disease 10 11.9

Asthma 11 13.1

Other chronic pulmonary disease 6 7.1

Renal disease 7 8.3

Physical symptom at 1-month follow-up

Fatigue 50 59.5

Dyspnea 50 59.5

Pain complaints (n = 83) 29 35.4

Physical symptom at 3-month follow-up

Fatigue (n = 82) 38 46.3

Dyspnea 39 46.4

Pain complaints (n = 83) 26 31.3

*Presence of a Restrictive ventilatory defect was defined as having a total lung capacity
<80% at spirometry test.

and pain complaints) and each of the HAD-S subscore (anxiety
and depression) at 1 month in predicting the persistence of the
symptom at 3 months.

For anxiety, we did not find any significant interaction
between anxiety and fatigue, dyspnea, or pain complaints at 1
month in predicting the persistence of any of these symptoms
at 3 months. For depression, we found a significant interaction
with the presence of pain at 1 month in predicting the persistence
of pain at 3 months, with a similar, yet not significant trend for
dyspnea (Table 2). Concerning the other variables included in
the regression models, none of them were significantly associated
with the presence of any symptom at 3 months.

Replacing “admission in ICU” with another variable
measuring the severity of the infection or possible sequelae
(i.e., level of CRP at 1-month follow-up or having a
restrictive ventilatory defect at 1-month follow-up), or
comorbid conditions associated with more severe infection
(i.e., diabetes or high blood pressure) did not change the
observed associations or size effects. The depression by pain
complaints interaction remained significant [adjusted OR
[confidence interval (CI)]: 1.78 [1.05–3.02], 1.61 [1.01–2.55],
1.60 [1.02–2.51], and 1.68 [1.04–2.72], when adjusting for
restrictive ventilatory defect, CRP level, comorbid diabetes,
and comorbid high blood pressure, respectively], while the
observed trend for the depression by dyspnea interaction
even reached statistical significance for the sensitivity
analysis adjusted for restrictive ventilatory defect, comorbid
diabetes, and comorbid high blood pressure (adjusted
OR [95% CI]: 1.57 [1.01–2.44], 1.57 [1.02–2.41], and 1.51
[1.01–2.25], respectively].

DISCUSSION

In our study, we explored the associations between anxiety
and depression at 1 month after hospitalization for COVID-
19 and persistent physical symptoms at 3 months. Although
we did not find any evidence that anxiety may predict the
persistence of fatigue, dyspnea, and pain complaints, there was
a significant interaction between depression and pain complaints
in predicting the persistence of those complaints, and a similar
trend between depression and dyspnea.

TABLE 2 | Factors associated with fatigue (model 1), dyspnea (model 2), and pain complaints (model 3) at 3-month follow-up in multivariable * logistic regression.

Independent

variables

Dependent variables
M1 Fatigue (n = 81) M1 Dyspnea (n = 84) M1 Pain complaints (n = 81)

ORas CI 95% p ORas CI 95% p ORas CI 95% p

HADS-anxiety at M1 0.81 0.57–1.15 0.250 0.93 1.69–1.27 0.664 0.99 0.84–1.17 0.925

Physical symptoms at M1 4.00 0.43–37.1 0.236 3.39 0.36–31.5 0.285 4.17 0.39–44.1 0.236

Anxiety by physical symptoms interaction 1.13 0.77–1.66 0.533 1.17 0.84–1.65 0.356 1.01 0.73–1.39 0.944

HADS-depression at M1 0.84 0.60–1.17 0.307 0.80 0.57–1.12 0.199 0.93 0.77–1.13 0.466

Physical symptoms at M1 4.27 0.85–21.5 0.079 1.67 0.25–11.2 0.596 0.58 0.07–4.72 0.609

Depression by physical symptoms interaction 1.14 0.79–1.63 0.484 1.51 0.99–2.28 0.052 1.60 1.02–2.51 0.039

*All models are adjusted for age, sex, and admission in intensive care unit at admission. Bold values indicate statistically significant results.
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We specifically found that the interaction between presenting
at 1 month with pain complaints and greater HAD-S depression
subscore was significantly associated with persisting pain
complaints at 3 months. This latter result, indicating that patients
with both a pain complaint and greater depressive symptoms
at 1 month were more likely to present with persisting pain
complaints at 3 months, is in line with previous and well-known
findings, linking depression with more frequent pain complaints
on one hand (12) and the persistence of physical symptoms after
an acute infectious episode on the other hand (26). Although the
lack of interaction with fatigue is at odd with recent findings
suggesting that a history of depression may predict persistent
fatigue in patients with COVID-19 (27), these discrepancies may
be explained by the fact that current depression symptoms and
history of depression are two different measures. In addition, it
is noteworthy that our analyzes focused on the persistence of
physical symptoms at 3 months rather than on the presence of
these symptoms at 1 month. Interestingly, depression alone or
pain alone at 1 month did not predict pain at 3 months. First,
depression is frequently, yet not systematically associated with
pain. Therefore, depression without pain at 1monthmay indicate
that there is no link between these two dimensions in a given
patient, thus explaining why depression alone at month may not
predict pain at 3 months. Second, pain without depression at
1 month may be associated with a more favorable course, for
instance because of more adaptive health behaviors (e.g., higher
levels of physical activity), than pain with depression, explaining
why pain alone at month may not predict pain at 3 months.

Furthermore, our results approached statistical significance
regarding dyspnea, in line with previous findings (13). Given the
limited statistical power, our results are intriguing and should be
the subject of further investigations. Several hypotheses could be
explored regarding mechanisms accounting for the association
between persistent painful complaints and depression after a
severe COVID-19 episode. In particular, these persistent physical
symptoms might be experienced more intensely by depressed
patients, or these dimensionsmight involve shared factors such as
a high level of neuroticism (i.e., tendency to experience negative
emotions such as anger, fear, or sadness with limited tolerance
for aversive stimuli) (33, 34). Noteworthy, our cohort may not
be representative of the patients diagnosed with “long COVID”
who are mostly young women with mild initial infection, so
our results may not be generalized to these patients. Further
studies should explore the role of these psychological dimensions
regarding persistent physical symptoms after mild and severe
COVID-19 episodes.

Regarding anxiety, our results do not suggest that general
anxiety is predictive of persistent physical symptoms in
COVID-19 survivors. It could be argued that having been
included in a research cohort with planned follow-up may
have reduced the level of anxiety, leading to underestimation
of this parameter. Nevertheless, one should notice that the
hypothesis of functional somatic disorder, which is defined
by symptoms being insufficiently explained by impairment
of the organs that they designate (e.g., dyspnea with no
respiratory impairment) is not called into question by these
results on general anxiety. Indeed, among the different cognitive

and behavioral mechanisms involved in functional somatic
disorders, illness attribution, and catastrophic beliefs, which may
influence the perception of bodily perceptions, and behavioral
avoidance (including physical activity cessation), which may
influence the course of these symptoms, constitute two major
factors (35) that are not assessed by the HAD-S depression
and anxiety subscales. Among the available tools, the somatic
symptom disorder-B criteria scale [SSD-12, (36)] is a validated
scale that accurately explore the specific psychological features
associated with functional somatic disorders. Future studies
would benefit from specific assessment of these cognitive and
behavioral mechanisms.

Some strengths of our study should be underlined. We
used a prospective design with a 3-month follow-up of
COVID19 survivors and provide an original approach in
exploring the association between anxiety or depression
and persistent physical symptoms within COVID-19
survivors. This prospective design allowed us to explore
the presence of predictive factors, previously and independently
assessed from the clinical outcomes. We also used HAD-
S, a valid and reliable scale, which does not include an
assessment of physical symptoms (37): we could thus
distinguish the psychiatric symptoms evaluated by our
scale, and the physical symptoms evaluated during a
clinical interview.

However, our study also has some limitations: the
monocentric recruitment of hospitalized patients only and
the selection biases that makes the sample non-representative
of all patients with severe COVID-19, the limited sample size
that reduce statistical power, and the observational design that
does not allow concluding on causal links. Furthermore, all
the included patients were hospitalized during the pandemic
first wave and may not be representative of patients who had
severe COVID-19 later on. As we tested six hypotheses (i.e.,
six possible interactions), the significant depression by pain
interaction would not have survived correction for multiple
tests. In addition, our data contained few biological variables,
despite the potential confounding nature of certain biological
variables such as the level of cortisol or specific inflammatory
cytokines for persistent physical symptoms. We were also
not able to take into account any potential past history of
depression or other psychiatric disorder, as well as data
regarding interpersonal functioning. Furthermore, the sample
size did not allow to include much variables in the models.
These results should trigger further investigations with larger
sample size.

CONCLUSION

In this study, we did not find that anxiety at 1 month
after hospitalization was associated with persistent physical
symptoms at 3 months in patients hospitalized for COVID-
19. However, we found that having a greater depression
score and a prior pain complaint was nonetheless
significantly associated with persistent pain complaint
at 3 months, with a similar trend for dyspnea. These
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intriguing results must be considered with caution, but
may warrant focused attention on depressive symptoms
following acute COVID-19. Considering the possibility of
treating depressive symptoms effectively and early, this
association could be a lever in the management of persistent
physical symptoms.
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