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ABSTRACT

OBJECTIVE: Since the emergence of SARS-CoV-2, an increasing number of
people report long-term physical and psychological impairments. Research on
the immunological sequalae of long COVID (LC) is growing, though its
relationship with mental health remains underexplored. We investigated the
psychological impairments associated with LC, identify related psychological
symptom clusters, and their relationship with physical symptoms and pandemic-

related variables.

METHODS: Cross-sectional descriptive study, using an online questionnaire
(September 2020 - December 2022) in German and French, assessing
depression, anxiety, fatigue, stress, and somatic symptoms. Clusters were
identified using hierarchical and machine learning techniques (Kmeans and
AffinityPropagation) and compared based on LC symptoms, past physical and
mental health, substance use, COVID-19 variant, and family dynamics.
RESULTS: Among 1218 LC participants (78.7% female), four clusters were
identified using AffinityPropagation: (1) low anxiety, depression, and
somatoform symptoms, (2) low anxiety and depression but moderate
somatoform symptoms, (3) high anxiety and depression with high somatoform
symptoms, and (4) high anxiety and depression with moderate somatoform

symptoms. Cluster 3 reported the most severe physical and neurological
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symptoms, the largest life impact (including relationship deterioration and
professional difficulties) and the highest prevalence of past mental disorders
(depression and PTSD). Cluster 1 reported the least symptoms.
CONCLUSIONS: LC significantly impacts mental health, particularly through
increased anxiety, depression, and somatoform symptoms, especially in patients
with severe LC physical symptoms. Psychological interventions targeting
distinct symptom clusters may improve both mental and physical outcomes.
Early mental health screening and tailored interventions are recommended for

LC assessment and treatment.

Keywords: Long COVID (LC); Post Covid Syndrome PCC; Post-acute sequelae of
SARS-CoV-2 infection (PASC); Psychological impact; Psychological distress; Mental
health; Psychological symptoms; Cluster analysis; AffinityPropagation
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INTRODUCTION

Long COVID (LC), also known as post-COVID-19 syndrome or post-acute sequelae of
SARS-CoV-2 infection (PASC), is a complex and evolving condition characterized by a
wide range of physical and psychological symptoms. These symptoms persist for more
than 12 weeks beyond the acute phase of the initial COVID-19 infection and cannot be
explained by an alternative diagnosis (1). Long COVID can lead to long-term disability
and functional impairment (2), significantly impacting the quality of life of individuals,

including children and adolescents (3).

The estimated prevalence of LC varies widely but it is currently estimated to affect from
10% up to 80% of patients who had COVID-19, depending on the population studied
and the criteria used (4-6). The degree of disability in LC patients is affected by several
factors, including the severity of the initial COVID-19 infection, individual responses to
the virus, specific symptoms experienced, gender, social factors, pre-existing mental
health conditions, comorbidities, and elevated inflammatory markers (7). Psychological,
physical, and cognitive symptoms can persist for weeks or months after the acute phase
of the illness. Some individuals may experience mild or intermittent symptoms, while
others face more significant disability. The degree of disability can change over time,
with some individuals experiencing gradual improvement with appropriate medical care
and rehabilitation, while others may experience chronic symptoms, leading to long-term

disability (8).

Long COVID can manifest as a variety of physical symptoms affecting multiple
systems, accompanied by persistent psychological issues, and neuropsychological
impairments. Fatigue and sleep disturbances are commonly reported, along with
symptoms like anxiety, depression, stress, post-traumatic stress, headaches, cognitive
impairment ("brain fog"), decreased concentration, muscle pain, sensory and motor
deficits, among others (9-11). Similar symptoms have been observed in various viral
infections, affecting both physical and psychological aspects, as well as presenting
neuropsychological challenges (12). These symptoms can have a significant impact on
an individual's quality of life, ability to work or attend school, and mental well-being

(13). They are collectively referred to as chronic post-viral syndromes, describing a

Copyright © 2025 Society for Biopsychosocial Science and Medicine Unauthorized reproduction of the article is prohibited.



cluster of persistent symptoms and complications that individuals often experience

following recovery from a viral infection (14).

Recent research has emphasized that fatigue is the most prominent physical symptom
affecting daily functioning in LC patients, with 87% of them experiencing it and
severely limiting their ability to return to work or seek new employment (15).
Nevertheless, LC presents a spectrum of symptoms, both physical and psychological,
and cluster analysis has been employed to identify distinct groups of LC patients based

on their physical symptom profiles (16-18)

These clusters are associated with different levels of functional impairment and
highlight the intricate relationship between physical and psychological symptoms in LC
(19). Additionally, research has identified profiles associating long-term post-COVID
symptoms, COVID-19 symptoms at hospital admission, and prior medical
comorbidities, emphasizing the importance of considering the temporal progression of

symptoms in understanding LC (17, 20).

Previous studies identified distinct physical symptom clusters, such as gastrointestinal,
musculoskeletal, neurocognitive, airway, and cardiopulmonary, and there is evidence
for associations between these clusters and an increased risk of depression and anxiety,
highlighting the psychological consequences of LC (21 - 24). Some findings suggest
that LC may be associated with comorbid mental disorders, such as anxiety and
depression, with higher rates in those with persistent symptoms (25,26). Nevertheless,
only few studies have explored psychiatric sequelae in LC patients, or the factors

associated with them (27).

People with debilitating and disabling medical conditions (i.e., cancer and asthma) tend
to experience higher rates of mental comorbidity (28) compared to the general
population. As pointed out by Re’em et al. (27), LC may also be associated with
comorbid mental health problems. Previous studies have identified elevated levels of
anxiety and depression symptoms in those who have had COVID-19, with milder cases

exhibiting lower rates in contrast to more severe cases (28).
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In summary, LC patients report a wide range of psychological symptoms that may arise
from various factors, such as the direct effects of the immune response to the initial
infection, and the realization of having a condition that persists over an extended period
of time (as in chronic disorders), or an interaction of both. Nonetheless, there is a risk of
misdiagnosis when assuming all symptoms are solely due to psychiatric issues (29-31),

which can contribute to increased stigmatization (32).

This study investigates the relationship between psychological distress and physical
symptoms in Long COVID (LC) patients, aiming to identify distinct subgroups based
on their psychological profiles, as assessed with standardized scales. While previous
studies have often focused on isolated psychological symptoms for analysis, the
interrelation between these symptoms and their association with physical manifestations
of LC remains largely unexplored. Thus, this study seeks to determine how these
symptom clusters differ not only in terms of their psychological symptom profiles but
also in physical symptoms and variables associated with the current pandemic. The
identification of such symptom clusters could significantly improve our understanding
of the heterogeneity of LC and would be crucial for providing more accurate
assessments and comprehensive, effective care that addresses both psychological and

physical aspects.

Objectives

1) To identify LC related potential psychological syndromes and categorize individuals
into distinct groups based on their psychological symptoms.

2) To explore potential differences in physical symptoms between the identified
psychological syndrome clusters.

3) To examine whether syndrome clusters differ in relation to other pandemic-related

factors, encompassing psychosocial and medical aspects.

METHODS

Study Design and Setting
We used an online, descriptive, cross-sectional survey with 184 items (Supplement al

Digital Content 1, http://links.lww.com/PSYMED/B78). Participation was voluntary,

Copyright © 2025 Society for Biopsychosocial Science and Medicine Unauthorized reproduction of the article is prohibited.



anonymous, and participants could withdraw at any point. The self-report questionnaire
was made available in both German and French, but not confined to these countries.
Completing the questionnaire typically took an average of 30 minutes. We selected
respondents based on the World Health Organization's definition of LC, which
encompasses individuals who have newly developed symptoms three months after their
initial SARS-CoV-2 infection, with these symptoms persisting for a minimum of two

months without any other identifiable explanation (33).

The survey was online from February 2020 to December 2022. It included questions on
participants’ global LC syndrome, considering both current and past symptoms, with an
emphasis on their severity, duration, and impact (loss of taste/smell, other ear-/nose and
throat disorder, headache, migraines, memory or concentration, other neurological
symptoms, cardiorespiratory, gastrointestinal symptoms, vascular/lymph node
symptoms, skin symptoms and others). The non-standardized items were derived from a
thorough review of the literature on LC and refined through consultations with clinical
experts to ensure they captured the most frequently reported symptoms associated with
LC. Although formal content validation was not conducted, these items were reviewed
for clarity and relevance by bilingual experts, ensuring both cultural and linguistic
appropriateness in German and French. In addition, the survey assessed mental health,
the impact of health on life quality, perceived stress, traumatic experiences, and somatic
symptom experiences. In detail, this included an assessment of depression (PHQ-4, i.e.
4 items of the PHQ-9 without physical symptoms), anxiety (GAD-7), fatigue (FAS),
psychological experiences related to physical symptoms (SSEQ) and perceived stress
(PSS). Additionally, we explored factors relating to individuals and the pandemic,
including sociodemographic factors, vaccination status, time of infection, the acute
phase, acute treatment setting, health-related factors, and the impact of the pandemic on
various aspects of personal life (CEFIS scale). To account for potential pre-existing
conditions, the survey included a comprehensive assessment of potentially confounding
variables. Furthermore, we collected data on a range of possible risk factors that may
have occurred chronologically prior to the Coronavirus infection (see 34, for the entire

study protocol).

Sampling and Recruitment
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We employed snowball sampling as our recruitment method, encompassing public
relations and information campaigns aimed at both the general public and healthcare
professionals. Additionally, we established collaborative partnerships with various
specialized units, including LC units, intensive care units, infectious diseases
departments, and mental health care departments such as psychiatry units. This
approach facilitated the direct referral of individuals with LC to our research project.
This study is part of a larger, multi-center, and international initiative, and the

recruitment procedure remained consistent across all participating institutions.

Ethical Approval:

The study adhered to the principles outlined in the Declaration of Helsinki. Ethical
approval was not deemed necessary since the data collected was non-identifiable and
anonymous. This approach was confirmed by the relevant boards of the participating
institutions, such as the Ethical Commission of the Ludwig-Maximilian-University
(Munich, Germany), the Ethics Committee for Northwest and Central Switzerland
(EKNZ), and the Ministry of Health in Luxembourg.

Virus Variants:

The assignment of specific SARS-CoV-2 variants to participants was based on
information on the reported country of residence and the reported infection date. To
estimate the virus variant prevalent at the reported date of infection, we used data from
the GISAID initiative (35). The specific data source for this estimation was the GISAID
variant distribution tracker, which offers a comprehensive, up-to-date overview of the
variant distribution across different countries. This approach allowed for a more
accurate approximation of the likely virus variant each participant had contracted,
considering the temporal and geographical prevalence of specific variants as per the

GISAID database.

Statistical analysis

Standard data cleaning procedures were applied before analysis. This included
reviewing the data for missing or incomplete responses, removing any duplicates, and
ensuring the validity of the responses. Only completed surveys were included in the
analysis. This study employed two distinct clustering approaches using the total scores

of the GAD7, PHQ-4 (PHQ-9 excluding items which refer to physical symptoms), and
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all the SEEQ dimensions (34). The first approach involved a combination of
hierarchical and non-hierarchical clustering methods, using NbClust and Kmeans
clustering to compensate for the weakness of each other, following the
recommendations provided by Hair and colleagues (36). In this procedure, we first
applied a hierarchical cluster to obtain a suggested number of clusters to be used in the
further Kmeans clustering. For this purpose, we used a R package (v4.2.0), named
NbClust (37). After this step, we proceeded to a Kmeans clustering analysis to generate

a suggested number of clusters identified in the previous step.

The second approach employed the AffinityPropagation machine learning model with
parameter tuning for cluster generation. In this approach, we tuned a parameter named
“preference”, which influences the number of clusters generated. After generating the
clusters with both approaches, we compared the two resulting cluster solutions using
three intrinsic indexes (silhouette, Calinski-Harabasz, Davies-Bouldin). In addition, we

assessed the cluster solutions from a clinical perspective.

Once the final cluster solution was chosen, we compared the identified clusters on the
following external variables: LC symptoms, previous medical illness, previous mental
health problems, life impact, substance use, vaccination status, COVID-19 variant,
stress level, pain and suffering levels, gender, and family situation. The covariates used
in the modelling were standardized prior to analysis. This step was taken to ensure that
variables with different ranges, such as symptom scores, did not disproportionately
influence the clustering process. By standardizing the covariates, we minimized the risk
of symptoms with wider scoring ranges dominating the analysis and ensured a more

balanced contribution of each variable to the clustering model.

Cluster Comparisons and Statistical Analysis:

To compare clusters with respect to physical symptoms, we generated contingency
tables and performed Chi-Squared tests complemented by Cramer’s V analysis to report
effect sizes. Post hoc analyses were conducted using the chisq.post.hoc.test R package
(38), applying Bonferroni correction based on residuals from Pearson’s Chi-squared

Test for Count Data.
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This procedure was also applied to explore differences between syndrome clusters in
terms of pandemic-related variables, including psychosocial and medical factors. For
continuous external variables, we used the Kruskal-Wallis test followed by Dunn’s test

as a post hoc analysis with Bonferroni correction.

Analysis of Symptom Distributions Across Clusters:

To examine the symptom distributions across the four clusters, we conducted a Chi-
Squared test with 6 degrees of freedom. Symptoms were categorized into three distinct
groups (e.g., mild, moderate, severe). While these categories may suggest an ordinal
structure, they were treated as unordered in the analysis to allow for a more flexible
evaluation of differences between clusters. This approach avoids imposing assumptions
about linearity or equal spacing between categories, focusing instead on capturing broad

patterns and disparities in symptom distributions.

The primary goal of this analysis was to identify and interpret meaningful differences
across clusters, including potential non-linear or complex relationships. Treating the
symptom categories as unordered ensures that all patterns in the data are considered,
preventing oversimplifications that may arise from tests for trends assuming monotonic

changes.

For a more detailed description of the study protocol, methodology and data-analytic

strategy, see Gomez Bravo et al. (34).

RESULTS

Participants included 1218 individuals with self-identified LC. The mean age was 42.61
years old (SD=11.82) with a majority being female (78.7%, N=959). Participants
mostly came from Germany (77.1%, N=939) and Luxembourg (15.8%, N=192). A
majority of the sample were professionals (75.6%, N=920), refer to individuals engaged
in skilled occupations, and had a university degree (56.9%, N=693) or vocational

training (27.3%, N=332).
The Kmeans and AffinityPropagation clustering solutions are both reported in Fig 1.

While the Kmeans solution proposed a three-cluster solution, the AffinityPropagation

solution proposed a four-cluster solution. Regarding the indexes, the AffinityPropation
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presented better silhouette (0.36 vs 0.35) and Davies-Bouldin (1.42 vs 1.46) scores, but
a lower Calinski-Harabasz score (424.15 vs 513.12).

- Figure 1 here -

While the Kmeans solution identified only one cluster characterized by a high level of
anxiety and depression scores, the AffinityPropagation solution proposed two that differ
in their psychological experiences related to physical symptoms. From a clinical
perspective, this distinction is important since it implies that the level of perceived
burden imposed by physical symptoms is not necessarily associated with increased
levels of anxiety and depression. Moreover, the four clusters solution proposed by the
AffinityPropagation model was also supported by the intrinsic indexes. We thus decided
to use the four-cluster solution, based on both psychological (anxiety and depression)
and physical symptom severity (e.g., somatoform symptoms), as well as on clinical
judgment, as this offers a more nuanced understanding of psychological and somatic
symptom experiences, prioritizing clinical relevance over statistical criteria. The
following profiles were proposed:

a) Low levels of anxiety and depression symptoms and low level of somatoform

symptoms (cluster 1).

b) Low levels of anxiety and depression symptoms and moderate levels of

somatoform symptoms (cluster 2).

c¢) High levels of anxiety and depression symptoms and high levels of

somatoform symptoms (cluster 3).

d) High level of anxiety and depression symptoms and moderate levels of

somatoform symptoms (cluster 4).

Participants with severe fatigue (upper quartile FAS scores) were 3.2 and 2.8 times
more likely to meet clinical thresholds for anxiety (GAD-7) and depression (PHQ-4),
respectively, compared to participants with milder fatigue symptoms. This relationship
was particularly pronounced in Cluster 3, which exhibited the most severe physical

symptoms alongside the highest prevalence of anxiety and depressive symptoms.

Long Covid symptoms
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There were no gender differences between cluster. Clusters differed on all LC
symptoms (p <.001), except for two: loss of taste/smell and Skin symptoms. Clusters 2
and 3 presented the highest rate of headache/migraines symptoms, while cluster 1
showed the lowest LC symptoms when compared with other clusters. Participants in
cluster 3 reported more neurological symptoms and vascular/lymph node symptoms
than those in the other clusters (Table 1).

- Table 1 here -

These clusters differed in terms of physical LC related symptoms and medical and
mental health history. Related to previous medical illness, the results suggest that while
some medical conditions are evenly distributed across the clusters, others vary
significantly, indicating potential differences in the medical backgrounds of the clusters
(Supplemental Digital Content 2, http://links.lww.com/PSYMED/B79). This could be
important for understanding the heterogeneity of the long COVID patient population

and tailoring medical care to each group's specific needs.

In contrast, the analysis showed a significant difference in the prevalence of epilepsy
between clusters (p =.023). Cluster 3 had the highest proportion of individuals with
epilepsy at 2.4%, while cluster 2 had no reported cases. Clusters 1 and 4 had
proportions of 0.9% and 0.4%, respectively.

The category “others”, which includes illnesses not specified in the list, showed a
significant difference (p = .040). Cluster 3 had the highest proportion at 34.1%, while
cluster 1 had the lowest at 24.8%.

For the other conditions listed (such as diabetes, hypertension, obesity, cardiovascular
diseases, respiratory and lung conditions, asthma, kidney disease, liver disease,
cerebrovascular disease, cancer, organ transplant, allergies), the differences were not
statistically significant, as indicated by higher p-values (above .05). For these
conditions, the distribution across the four clusters did not differ more than would be

expected by chance.

Significant differences were also identified between the four clusters in terms of

previous mental health problems. Past depression, for example, was reported more
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frequently in clusters 3 and 4 (46.5% and 41.2%, respectively) compared to clusters 1
and 2 (19.1% and 21.6%, respectively) (chi-square p <.001; Cramer’s V.245,

suggesting a moderate effect size).

Similarly, previous post-traumatic stress disorder shows a higher prevalence in cluster 3
(20%) compared to the other clusters, with the chi-square test also indicating a
significant difference (p <.001) and a Cramer’s V of .151, suggesting a moderate effect

size.

There are further differences between clusters in terms of previous mental health

problems:

- ADHD: Cluster 4 showed the highest prevalence of ADHD at 5.3%, which was
significantly higher than the other clusters (p = .007).

- Burnout: Cluster 3 had a notably higher prevalence of burnout at 17.1%, which
was significantly different from clusters 1 and 4 (p = .005).

- Anxiety Disorders: Cluster 3 showed the highest prevalence at 34.1%, which is
markedly higher than Cluster 1 which had 9% (p <.001).

- Adjustment Disorders: Again, Cluster 3 exhibited a higher prevalence at 10%,
which was significantly different from clusters 1 and 4 (p =.005).

- Phobia: Cluster 3 showed a higher prevalence of phobia at 6.5%, which was
significantly different from Cluster 1 with 1.4% (p <.001).

- Obsessive-Compulsive Disorder (OCD): Cluster 3 had a higher prevalence of
OCD at 4.7%, which was significantly different from Cluster 2 which had 0.8%
(p=.021).

These results suggest that participants in Cluster 3 were significantly more affected by

mental disorders in the past.

Life impact
In terms of life impact, clusters significantly differ in their response to whether they
could live in their current state of health in the long term (Supplemental Digital Content

2, http://links.lww.com/PSYMED/B79). Cluster 3 has the lowest percentage of
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individuals who feel they could live with their current health state in the long term

(6.5%), significantly less than Cluster 1 (38.1%) and Cluster 4 (20.4%).

Regarding maintaining the same life rhythm as before, Cluster 2 has the highest
percentage of individuals who answered o' at 80.2%, indicating a significant impact on

their lifestyle compared to Cluster 1 (62.6%).

When it comes to returning to professional activity without complications, Clusters 2
and 3 show higher percentages of individuals who felt that they could not return to
professional activity (55.4% and 54.1%, respectively) compared to Clusters 1 and 4
(42.1% and 42.9%, respectively).

Changes in relationships that have deteriorated are most significant in Clusters 3 and 4
(74.1% and 64.2%, respectively), indicating a more negative impact on personal

relationships compared to Cluster 1 (35.2%) and Cluster 2 (51.9%).

In conclusion, regarding life impact, those in Cluster 3 are the most negatively affected
by LC in that they report the lowest capacity to live in their current state in the long
term, the most dramatic changes in life rhythm and the most negative effects on
relationships. Those in cluster 1 were least negatively affected by LC (Supplemental

Digital Content 2, http://links.lww.com/PSYMED/B79).

Substance abuse

Significant differences regarding substance use were identified between clusters.
Specifically, the use of medication, nicotine, psychotropic drugs, and alcohol shows
variation across clusters. For example, the use of medication is highest in Clusters 2 and
3, with 65.4% and 66.5% respectively, and lower in Clusters 1 (50.4%) and Cluster 4
(54%). The use of psychotropic drugs is higher in Cluster 4 (3.5%) compared to other
clusters and the use of nicotine is higher in Clusters 3 and 4 (15.9% and 15.5%,
respectively) compared to Clusters 1 and 2 (10.4% and 9.3%, respectively). Alcohol
abuse is also higher in Cluster 4 (7.1%) and Cluster 3 (5.3%) compared to Clusters 1
and 2 (Supplemental Digital Content 2, http://links.lww.com/PSYMED/B79).

Vaccination status
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While the percentage of individuals who reported not to be vaccinated was highest in
Cluster 3 (13.5%), the difference to the other clusters was only marginal (p =.067),
suggesting that vaccination status did not significantly differ between clusters

(Supplemental Digital Content 2, http://links.lww.com/PSYMED/B79).

Family situation

A significant difference between clusters occurred with regards to the variable family
situation, although there was no clear pattern. This concerned mainly the percentage of
individuals who reported to be single with children, which differed between the clusters,
with Cluster 3 having the highest (9.4%) and Cluster 1 the lowest percentage (5.4%).
There are also differences in the percentages of individuals who are single without

children, although the proportions are relatively similar across the clusters.

The distribution of individuals living as a couple with children varies significantly, with
Cluster 1 having the highest percentage (45.4%) and Cluster 4 the lowest (34.5%).
There are further differences, with Cluster 4 reporting the highest percentage of couples
without children (30.5%) and Cluster 2 having the lowest (25.3%).

The percentage of individuals living with their parents also differs, with Cluster 3
showing the highest percentage (9.4%) and Cluster 2 the lowest (3.5%). Finally,
differences are observed in shared housing situations, with Cluster 4 having a higher
percentage (4.9%) compared to Cluster 1 (1.7%). The chi-square test indicates that these
differences are statistically significant (p =.034). Cramer’s V (.085) suggests a low
effect size for cluster differences concerning family situation (Supplemental Digital

Content 2, http://links.lww.com/PSYMED/B79).

Table 2 summarizes the characteristics with which the respective cluster profiles of
psychological syndromes could be associated with. In the analysis of Long COVID
symptom severity across clusters, the symptom questions were categorized into three
ordinal levels, representing increasing severity. Initially, these categories were analyzed
using contingency tables, with degrees of freedom calculated as
(rows—1)x(columns—1)=6(rows - 1) \times (columns - 1) = 6(rows—1)*(columns—1)=6.

To better capture the trends inherent in the data, we conducted trend analyses using the
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Cochran-Armitage test for unadjusted comparisons and ordinal logistic regression to
model the associations between symptom severity and cluster membership. This revised
analysis revealed significant trends, with participants in Cluster 3, characterized by the
most severe physical and psychological symptoms, being significantly more likely to
report higher severity levels for symptoms such as fatigue and neurological impairments

compared to other clusters.

- Table 2 here -

DISCUSSION

The present study was designed to investigate the relationship between psychological
distress and physical symptoms in Long COVID (LC) patients, aiming to identify
distinct subgroups based on their psychological profiles, as assessed with standardized
scales. Previous research has shown a positive relationship between psychosocial
distress and physical symptoms (39) in survivors of Ebola virus disease. For LC, an
analogous relationship has been suggested and our study expands this understanding
specifically in this context. A better understanding of such symptom clusters could
significantly improve assessment and, therefore, comprehensive, effective care that

addresses both psychological and physical aspects of those with LC.

Previous research has employed cluster analysis to identify distinct groups of LC
patients based on their symptom profiles. For instance, Kenny et al. (19) described
distinct clinical phenotypes or clusters of symptoms in LC patients, associated with
functional impairments, including longer work absence, higher dyspnea scores, and
lower scores in domains of general health, physical functioning, and social functioning.
This suggests that there may be different underlying pathophysiological mechanisms
driving these symptom clusters, underscoring the intricate relationship between physical
and psychological symptoms in LC. There is evidence that LC patients experience
persistent depression and anxiety symptoms (21). This underlines the need for
monitoring mental health and providing adequate support alongside the diagnosis and
treatment of the physical consequences of LC. Fernandez-de-las-Penas et al. (22)
focused on previously hospitalized COVID-19 survivors and used cluster analysis to

identify profiles associating long-term post-COVID symptoms, COVID-19 symptoms
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at hospital admission, and prior medical co-morbidities, highlighting the importance of
the temporal progression of symptoms in understanding LC. Goldhaber et al. (23)
conducted an analysis of physical symptom clusters and risk factors for post-acute
sequelae of COVID-19. They identified five symptom clusters (gastrointestinal,
musculoskeletal, neurocognitive, airway, and cardiopulmonary) and found associations
between certain symptom clusters and increased risk of depression and anxiety,
emphasizing the psychological manifestations of LC. Tsuchida et al. (24) also classified
five clusters based on the symptomatology, in a cross-sectional study in Japan. Notably,
clusters in which fatigue emerged as a prominent symptom displayed a correlation with
the severity of other symptoms, implying the potential influence of social factors on the
manifestation of LC. Although these studies provide preliminary evidence for mental
ill-health in those with LC, none of these studies used standardized questionnaires to
assess psychological syndromes. It remains largely unclear, therefore, to what extent the
identified clusters are reliable in terms of assessment and clinical relevance. An
exception is Re’em et al. (27) who recently published a study addressing psychiatric

symptomatology assessed using standardized questionnaires to phenotype LC patients.

The present study used a similar approach, although we carried out an online study,
without control group, performing both, a Kmeans and AffinityPropagation clustering
analysis, which - to the best of our knowledge - has not been carried out before using
questionnaire based self-reports. This dual-method approach, especially the use of
AffinityPropagation, is innovative as it likely provides a more nuanced understanding of
psychological symptom clustering in LC patients. Re'em et al. (27) focused more on
psychiatric outcomes and their associations with non-psychiatric symptoms and social
factors, whereas this study emphasizes the clustering analysis of online self-report
questionnaires. This approach allows for a broader understanding of psychological
distress in LC, encompassing both psychiatric and subclinical psychological symptoms.
Moreover, our study identified four distinct clusters of LC patients with different levels
of anxiety, depression, and somatoform symptoms. This fine-grained differentiation
provides a more detailed understanding of the psychological landscape of LC patients,
offering new insights into the complex interplay of different psychological symptoms in

LC, which can inform more personalized treatment approaches.
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We opted for a four-cluster solution as suggested by the AffinityPropagation model and
supported by the intrinsic indexes and a clinical assessment. The model suggested two
clusters groups which show either high or low levels of anxiety and depression
symptoms. Between these two groups, clusters can be differentiated in terms of their
levels of somatoform symptoms. In this sense, the novelty of our contribution also lies
in integrating physical symptoms and medical history with psychological profiles. This
comprehensive approach provides a more comprehensive view of the patient,
emphasizing the interconnected nature of physical and mental health in LC. This
integration is more extensive and detailed compared to Re’em et al. (27), highlighting
the importance of considering both physical and psychological symptoms in
understanding and managing LC, with implications for personalized healthcare
strategies in LC. By understanding the unique attributes of each cluster, healthcare
professionals can tailor treatments and support measures more effectively. These
clusters differed in terms of physical LC related symptoms and medical and mental
health history. Previous medical health problems significantly differ between clusters,

as do numerous previous mental disorders.

This severity-based clustering aligns with other analyses in the Long COVID research
literature (40). Our findings also support the view that the intensity of symptoms—both
psychological and physical—often co-varies, which can help guide tailored treatment
approaches for different severity levels. In fact, the clusters with strong physical
symptomatology are related to a higher prevalence of previous mental health problems.
Specifically, Cluster 3, which exhibits the most severe physical symptoms, also shows
the highest prevalence rates for several mental health conditions, including depression,
post-traumatic stress syndrome, and anxiety disorders. This indicates a strong
correlation between severe physical symptoms and a history of mental health problems.
Cluster 4, while similar to Cluster 2 in having moderate to high rates of certain mental
health conditions, also shows a notable correlation between physical symptoms and
previous mental health problems, although this relationship is less intense compared to
Cluster 3. In summary, the more severe the physical symptomatology in a cluster, the
higher the likelihood of a significant history of mental health issues. This relationship
underscores the interconnected nature of physical and mental health, particularly in the
context of LC. Fatigue, a hallmark symptom of LC, not only diminishes physical

functioning but also significantly correlates with higher levels of anxiety and
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depression, likely driven by its pervasive impact on patients' ability to maintain daily
activities and long-term goals, suggesting that fatigue not only reflects physical illness
severity but may also exacerbate psychological distress by impairing daily functioning
and increasing the perception of long-term disability. This underscores the importance
of integrated care approaches that address both physical and mental health in the
management of Long COVID.

Clusters also significantly differ in terms of life impact, substance use, and COVID-19
variant. Participants allocated to cluster 3 reported more symptoms, and this was
associated with more frequent reported illnesses and a lower capacity to cope in the
long term. There are no significant differences in vaccination status or gender among
clusters. Lastly, clusters vary in terms of family situations. These findings suggest that
the clusters with more severe physical symptomatology (especially Cluster 3) also tend
to have a greater impact on life, higher substance use, and distinct relationships with
COVID-19 variants. This result, however, should be interpreted with caution as we only
inferred viral strain from the self-reported time of infection (Supplemental Digital

Content 2, http://links.lww.com/PSYMED/B79).

Several studies on LC treated psychological symptoms uniformly, without much
differentiation of the types of mental distress experienced. Our findings echo previous
research, showing a correlation between psychological symptom severity and the
severity of physical LC symptoms. The current results further corroborate previous
findings, showing a significant relationship between severe physical symptoms and
prior mental health issues. Less severe psychological symptoms tend to accompany

milder Long Covid physical manifestations (Clusters 3 and 1).

Our research also provides new insights. It appears that LC can lead to diverse
psychological syndromes not directly tied to the severity of physical symptoms.
Clusters 2 and 4 demonstrate this variety, with Cluster 2 leaning towards somatoform
disturbances and Cluster 4 more towards anxiety and depression. These differences are
associated with factors beyond the experience of physical symptoms. For instance,
Cluster 2 individuals often face greater challenges in functional and professional
aspects, while Cluster 4 individuals experience more pronounced interpersonal and

social difficulties.
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Although the link between somatoform symptoms with functional and occupational
issues, and between interpersonal-social and anxious-depressive symptoms seems
psychologically intuitive, our findings suggest for the first time that the mental distress
associated with LC is not just a reflection of the severity of the physical illness. It is also
related to its perceived impact on various levels of functionality and aspects of

individuals' lives.

Physical symptoms of Long COVID (LC) patients fluctuate normally during the day
and can interact with psychological symptoms like anxiety and depression. This daily
variability in physical health can exacerbate psychological distress, creating a
bidirectional relationship between them. Additionally, the stability of the identified
psychological clusters over time may be impacted by these fluctuations, as patients
could shift between clusters based on changes in their physical symptoms. Future
longitudinal studies are needed to assess the stability of these clusters and the need for
personalized, adaptive treatment approaches that address both physical and

psychological symptoms.

Limitations

It is important to note that the study may have attracted mainly participants who were
personally affected by impairments, contributing to self-selection bias as described in
the protocol (34). Given our recruitment strategy, which focused on Long COVID units
and mental health care departments and employed snowball sampling, the sample is
likely biased toward individuals with more severe symptoms or those already engaged
in care. This approach limits the generalizability of our findings to the broader Long
COVID population, particularly those who may not seek specialized care or experience
milder symptoms. Consequently, the extent to which these results are applicable to all
individuals with Long COVID cannot be determined. Due to the snowball sampling
method used in this study, it was not possible to determine how many potential
respondents were approached, making it difficult to calculate a precise response or
completion rate. This poses a limitation in terms of the generalizability of the results, as
the sample may not fully represent the broader Long COVID population. The duration
of the study period might have also impacted the results, as the common understanding

of the condition has been evolving since the beginning of the pandemic. Additionally,
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the online format may have made it difficult to control and observe participants during
its completion. Moreover, this study presents the same bias as any online research such
as accuracy of the assessment, accessibility barriers, digital divide, limited interactivity,

and participant selection bias etc.

The lack of official confirmation of infections, symptoms, and impairments before and
after the SARS-CoV-2 infection makes it challenging to compare differences
accurately, relying solely on participants’ reports, making accurate comparisons
challenging. Moreover, there was a gender bias, as the majority of participants were
female, which could affect the results due to higher prevalence rates of mental health
problems in women and post-viral illness. Another limitation of the study is that no
formal content validation was conducted. The questionnaire was developed during the
pandemic by clinical experts who reviewed the items and reached a consensus that the
list of symptoms was appropriate. The experts assessed whether the items captured the
key physical and psychological symptoms of Long COVID based on the available
knowledge, ensuring clarity and accessibility for participants. The bilingual clinical
experts ensured accuracy and cultural relevance in the German and French versions,
maintaining consistency with the original meaning. The rest of the consortium,
consisting of native speakers, confirmed the accuracy between the two versions,
allowing for reliable comparisons across language groups. The items were meant to
supplement standardized scales used in the study, such as PHQ-4 and GAD-7, rather
than serve as standalone diagnostic tools. The lack of physiological measurements and
information on the time since infection and associated virus variants further limit the
study’s conclusions. Another important limitation is the lack of a control group. Finally,
it is essential to note that the study did not conduct follow-up assessments to determine

symptom duration or possible improvements or deteriorations.

Further Research

Comparing subjective impairments with objective measurements could provide further
understanding of how individuals assess their abilities. Additionally, the prevalence of
different virus variants, vaccination status, previous medical conditions and treatment of
the participants should be considered to explore their effects on cognitive and

psychological impairments. Further longitudinal research and larger cohorts should be
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considered to analyse the long-term consequences of LC on cognitive functions and
mental health, including psychological and psychiatric interventions, ensuring

continuity of care in those experiencing various psychological syndromes.

CONCLUSIONS

The findings of this study highlight the significant impact of LC on individuals' mental
health, and the related adverse consequences for quality of life, and productivity.
However, the clusters described in this study demonstrated substantial impact on quality
of life and productivity associated with this condition and underscore the urgency to

improve diagnosis and treatment without further delay.

A conclusion to be drawn from these results is that early screening, treatment, and
support for different groups of psychological symptoms may improve the overall
condition of LC patients. Psychological interventions can improve mental well-being,
which, in turn, has a beneficial effect on physical health outcomes. Managing
psychological distress is crucial as it has the potential to exacerbate physical symptoms
or impede the recovery process. Addressing these psychological factors may well
alleviate some of the physical manifestations associated with LC. Furthermore, it could
enhance patients' ability to cope with their physical symptoms, adhere to treatment
regimens, and actively participate in rehabilitation, which would contribute to an
improvement in overall symptoms. Our results also suggest that psychological ill-health
in the context of physical illness should not be considered as a single homogenous
entity. Psychological symptoms differ significantly between individuals affected by the
same infectious disorder, which needs to be taken into account in clinical practice.
Finally, providing early psychological support might also help in reducing the severity
and progression of LC symptoms over time, thereby potentially yielding better long-

term health outcomes.

Another conclusion from the present results concerns the use of online testing in
research and clinical practice. Online psychological testing can play an important role in
assessing the psychological impact of a wide range of disorders. It can help identify and
assess mental health symptoms, cognitive impairments, and provide accessible support

for individuals experiencing persistent symptoms. Individuals can access psychological
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testing and support from their own homes, making it a convenient and effective tool for
addressing the mental health needs of those affected and providing targeted

interventions accordingly.
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Figure 1. Clustering solutions. A) Affinity Propagation. B) Kmeans.

(a) AffinityPropagation
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Table 1: Long COVID symptoms (answer = yes and still have)
Cluster | Cluster | Cluster | Cluster | Chi-square Crame
1 2 3 4 test rsv

n (%) n (%) n (%) n (%)
N |{% |N [% [N |[% |[N |% |d|X p

f

Loss of 10 | 25.1992 |24, |41* | 24. [ 70* |31 |6 |7.99 |.23|.057
taste/smell 6* |1 8 1 6 8
Other ear, 10 |23. 143 |35.|72P [42. |71 |21. |6 |29.1 |< .109
nose and 1» |19 [P 8 4 |P 4 84 .00
throat 1
disorder
Headache, 22 52,1284 | 71. 113 |78. | 141 62. |6 |54.0 | < .149
migraines 12 |2 [»e 12 (3¢ |2 |ab 14 62 .00

1
Memory or |32 |77.|344 | 86. |15 |92. 198 | 87. |6 |33.3 |< A17
concentratio |8 |5 |P 2 |7° |4 |P 6 98 .00
n 1
Other 22 | 53. 1288 |72. |15 |88. 163 |72.|6 |83.5 |< 185
neurological |5* |2 [P 210 |2 |P 1 37 .00
symptoms 1
Cardiorespir | 20 | 48. [ 259 | 64. | 12 | 72. | 149 | 65. |6 |44.7 | < 136
atory 7 19 |/ 9 4> 19 b 9 54 .00

1
Gastrointesti | 702 | 16. | 114 | 28. | 56P | 32. | 53» | 23. | 6 | 404 | < 129
nal b 6 9 |P 5 07 .00
symptoms 1
Vascular/ly | 11 |27 | 164 | 41. |92¢|54. | 82% |36. |6 |51.7 | < .146
mph node 42 b 1 1 |P 3 45 .00
symptoms 1
Skin 582 | 13. | 102 | 25. | 41 | 24. | 40% | 17. | 6 | 20.9 | .00 |.093
symptoms 7 |P 6 1 |P 7 01 2
Other 23 | 54. 1282 |70. 12 |71. 1137 ]60. |6 |34.0 | < 118

1> |6 b 7 1> 12 ab 16 58 .00

Each subscript letter denotes a subset of clusters categories whose column proportions
do not differ significantly from each other at the .05 level.
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Table 2: Description of symptom clusters and associated characteristics.

Clusters Characteristics

Cluster 1: | Characterized by fewer somatic symptoms and more likely to be in a
partnership, which could correlate with lesser psychological

symptoms.

Displays a varied pattern of mental distress, with a notable presence of
Cluster 2: | somatoform symptomatology, leading to significant functional and

professional challenges.

Exhibits pronounced physical issues, a higher incidence of pre-existing
Cluster 3: | mental health conditions, and a substantial impact on daily life,

indicating severe psychological symptoms as well.

Presents a varied pattern of mental distress too, but with a stronger
Cluster 4: | presence of anxiety and depression, impacting interpersonal and social

interactions.
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