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Abstract

Background: COVID-19 infection may be related to development of neural damage and neural
inflammation. Accumulating evidence highlighted the high prevalence of long-term mental health
problems among COVID-19 survivors.

Aim: The present study was conducted with aim to evaluate the long-term psychosomatic effects of
COVID-19 and their relationship with inflammatory biomarkers among COVID-19 survivors after
ICU discharge.

Method: This prospective study was conducted on patients discharged from the COVID-19 intensive
care unit (ICU) between June and August 2021. Depression, anxiety, health anxiety, sleep quality and
cognitive abilities were assessed. Also, inflammatory biomarkers including erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP), Neutrophil-to-lymphocyte ratio (NLR), ferritin and D-dimer
were measured. Data were analyzed using SPSS (version 22.0) and Pearson correlation analysis and
multiple linear regression analysis. p<0.05 was considered significant.

Results: Among 78 survivors, 26% and 45.5% had moderate/severe degree of depressive and anxiety
symptoms, respectively. Moreover, 25% of participants reported health anxiety and 61.8% poor sleep
quality. The cognitive abilities had a significant inverse correlation with D-dimer level (r=-0.44,
p<0.001). Moreover, BDI-II score was significantly correlated with ESR level (r=0.29, p<0.06). The
only factor associated with BDI-1I depression score was ESR levels (5=0.37, p=0.013). D-dimer was
independently associated with cognitive abilities score (5=-0.45, p=0.001).

Implications for Practice: Although there was a high prevalence of mental disorders among patients
discharged from COVID-19 ICUs even after 20 months, our results do not support a dominant role for
inflammatory background (during acute phase of COVID-19) to explain the neuropsychological
impairments long time after COVID-19 infection.
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Introduction

The COVID-19 pandemic had deteriorating effects on global health, with far-reaching consequences
that extend beyond the immediate physical manifestations of the disease (1). One important area of
concern is the long-term psychiatric effects of the disease, particularly among cases who have
experienced severe involvement and higher inflammatory levels during the course of the disease (2).
Accumulating evidence highlighted the alarmingly high prevalence of long-term mental-related
problems among COVID-19 survivors. Previous studies reported depression, anxiety, health anxiety,
as well as sleep disturbances as some of the most debilitating psychological distress experienced by
this population (3). In particular, vulnerable patients group comprises those who have been admitted
to intensive care units (ICUs) due to severe COVID-19 complications. As these cases undergone the
difficult path to recovery, they often face a myriad of ongoing mental health challenges (4). The
mental health crisis developed by the pandemic is overwhelming, with studies demonstrating
cognitive impairment in 20-57% of cases, and mental health problems, primarily anxiety and
depression in 6-60% of ICU survivors (5). Furthermore, a UK-based study found that 40% of patients
experienced depression, with 79% of those individuals also exhibiting anxiety symptoms (6).
Remarkably, 18% of all patients were found to have all the symptoms (7).

In a study on COVID-19 patients with one-month follow-up after hospital discharge, the increments
in psychiatric complications varied from 10-35%. The baseline Systemic Immune Inflammation Index
was positively correlated with the depression and anxiety scores (8). COVID-19 infection has been
found to cause neural damage (9), and neural inflammation, especially in cases who have experienced
a cytokine storm, which plays a considerable role in the appearance of psychiatric manifestations (10).
There are several studies evaluating the relationship between inflammatory biomarkers and short-term
or mid-term psychiatric consequences of the COVID-19, but the results are inconsistent (11-13). The
present study was conducted with aim to evaluate the long-term psychosomatic effects of COVID-19
and their relationship with inflammatory markers among patients who have been discharged from
COVID-19 ICUs in Iran.

Methods

This prospective study was conducted on patients who were admitted to the COVID-19 ICUs of Imam
Reza hospital in Mashhad (Northeast of Iran), and eventually discharged from the hospital during the
fifth wave of the pandemic (between June and August 2021). Inclusion criteria were age > 18 years,
ICU hospitalization for COVID-19 infection and discharge to home care. Individuals with a history of
psychological disorders, malignancies, autoimmune disorders, and hepatic or renal failure were
excluded from the study.

Approximately one to two days prior to discharge, the physicians approached the participants and
provided an exact explanation of the study. This timeline allowed the subjects enough time to
consider make an informed decision about involvement in the study. Written informed was obtained
for participation in the study. Additionally, the researchers used the clinical records to obtain relevant
demographic, clinical and laboratory characteristics. This laboratory measurement data collection is
an approach based on existing information, minimizing the burden on participants and increasing the
efficiency of the research process.

To assign a baseline value, the blood test results requested on the admission day or the next day were
checked retrospectively from the hospital information system and the indices that may be related to
inflammation (erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), Neutrophil-to-
lymphocyte ratio (NLR), ferritin and D-dimer levels) were recorded. All participants were follow-up
by telephone 20 months post-discharge, with a comprehensive protocol examining depression, anxiety
and health anxiety symptoms, cognitive abilities and sleep quality. The tools used to collect data were
The Cognitive Ability Questionnaire (CAQ), The Beck Depression Inventory (BDI-11), The Hamilton
Anxiety Rating Scale (HAM-A), The Health Anxiety Inventory (HAI), and The Pittsburgh Sleep
Quality Index (PSQI).

The Cognitive Ability Questionnaire (CAQ) consists of 30 questions, each with a Likert-type scale
ranging from "never" (score 1) to "always" (score 5). This scale is used to measure a broad spectrum
of cognitive abilities, including memory, attention, inhibitory control, decision-making, planning,
social cognition, and cognitive flexibility. The higher the overall score, the better the individual's
cognitive performance. The CAQ's reliability and validity have been well-established, with the
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subscales demonstrating good internal consistency, as indicated by Cronbach's alpha values ranging
from 0.71 to 0.85 (14).

The Beck Depression Inventory (BDI-I1) has been extensively used to evaluate depression in different
contexts and population. The BDI-II comprises 21 items, each scored on a 4-point Likert scale,
ranging from 0 to 3. Higher scores indicate a more severe depressive state. Depression was defined as
a BDI-II score of 14 or higher, which corresponds to at least mild depression according to Beck's
categories for the instrument. This definition was further subdivided into three categories: mild (score
of 14-19), moderate (score of 20-28), and severe (score of 29-63) (15).

The Hamilton Anxiety Rating Scale (HAM-A) is a widely recognized clinician-administered
instrument designed to quantify the severity of anxiety symptoms. This comprehensive scale
comprises 14 items, each evaluated on a 5-point Likert scale, resulting in a total score ranging from 0
to 56. Higher scores on the HAM-A indicate more severe anxiety. Responders based on HAM-A
scores are typically categorized into four groups. Individuals scoring below 8 are considered to have
no clinically significant anxiety, while those with scores between 8 and 14 are classified as
experiencing mild anxiety. Moderate anxiety is characterized by scores ranging from 15 to 23, and
severe anxiety is indicated by scores exceeding 24 (16).

The Health Anxiety Inventory (HAI) serves as a tool to assess an individual's concerns regarding their
health and the presence of hypochondriacal symptoms. The short version of this inventory comprises
18 items that explore anxiety-related aspects of health. The scoring system for the HAI ranges from 0
to 3 for each question, culminating in a total score between 0 and 54, with a score of 0-18 indicating
low anxiety, 18-36 signifying medium, and a score above 36 suggesting severe anxiety. The validity
and reliability of the HAI for the Persian version have been previously reported (16).

The Pittsburgh Sleep Quality Index (PSQI) has emerged as a widely recognized tool for evaluation of
sleep patterns and disturbances. This self-reported questionnaire examines sleep quality over a one-
month period. The PSQI encompasses 19 items that are ultimately combined to yield seven distinct
component scores. This tool offers a robust assessment of an individual's sleep quality by summing up
these factors into a global PSQI score ranging from 0 to 21. PSQI score exceeding 5 is generally
indicative of poor sleep quality, with higher scores signifying more severe sleep disturbances. The
Persian version of the PSQI which has demonstrated strong psychometric properties previously was
used in this study (17).

Data were analyzed using SPSS (version 22.0) (SPSS Inc., USA). Pearson correlation analysis was
recruited to detect correlation between variables. Furthermore, the multiple linear regression analysis
with the Stepwise method was used to find the potential predictors of different mental health issue.
p<0.05 was considered significant.

Ethical Consideration
The study was approved by the Ethnic Committee of Mashhad University of Medical Sciences
(ethical code: IR_.MUMS.MEDICAL.REC.1400.849).

Results

Among the 78 participants, 39 (50.0%) were female. The mean age of the participants was
45.2+11.0 years (ranging 26-65 years) and their BMI was 29.2+4.6 kg/m? (ranging 19.3-39.0
kg/m?). A total of 28 (36.1%) of the participants had a Diploma degree, 74 (94.6%) were married,
12 (15.4%) were smoker, and 43 (55.1%) of the participants had chronic disease (Table 1).

The mean score of CAQ was 81.0+23.7 (range 61-140). The mean scores on the BDI-II for
depression and the PSQI for sleep quality for all subjects were 14.0+11.1 and 5.8+3.6,
respectively. Of the participants, 61.8% had sleep quality higher than or equal to 5 points,
indicating sleep problems. In BDI-II, 54.5% with 0-13 points, 19.5% with 14-19 points, 15.6%
with 20-28 points, 10.4% with 29-63 points, of which 35 individuals (45.5%) had different degrees
of depression symptoms (Figure 1).

The mean score of anxiety was 14.4+9.9 which was above the cut-off point for anxiety and 70.1%
of individuals had anxiety. The mean score of health anxiety was 13.7£9.2 and 25% of the
participants had mild depression moderate/severe health anxiety (Figure 1). The proportion of
patients experiencing one or a combination of four mental distresses is presented in Figure 2.
Regarding a total of four mental problems including depression, anxiety, health anxiety and poor
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sleep quality, 27.5% of participants experienced none, 21.9% had one, as well as 27.4%, 16.4%
and 6.8% suffered from combination of two, three or four complications, respectively.

Table 1. General characteristics of the study participants

Variables N (%)
Age

<40 years 34 (44)

>40 years 44 (56)
BMI (kg/m?)

<185 0(0)

18.5-24.9 15 (19.2)

25-29.9 31 (39.7)

>30 32 (41.0)
Sex

Male 39 (50)

Female 39 (50)
Marital status

Married 74 (94.6)

Single 2(2.7)

Divorced 2(2.7)
Family member (n)

<4 46 (59.0)

4-6 31 (39.7)

>7 1(1.3)
Educational level

Under Diploma 25 (31.9)

Diploma 28 (36.1)

Associate degree 4 (5.6)

Bachelor’s degree 7(8.3)

Master’s degree
Chronic disease

Yes 43 (55.1)

No 35 (44.9)
Smoker

Yes 12 (15.4)

No 66 (84.6)

The correlation between neuropsychological variables was assessed using Pearson correlation
analysis (Table 2). There was positive correlation between scores of BDI-1I, HAM-A, HAI and
PSQI (p<0.005). Furthermore, score of cognitive abilities negatively correlated with scores of
BDI-11, HAM-A, HAI and PSQI (p<0.05).

Correlation analysis revealed that cognitive abilities had significant inverse correlation with D-
dimer level (r=-0.44, p<0.001). Moreover, BDI-II score was significantly correlated with ESR
level (r=0.29, p<0.06) (Table 3).

Table 2. Correlation matrix between neuropsychological variable using Pearson correlation

analysis

Variable Cognitive abilities  Depression  Anxiety  Health anxiety
Depression r -0.67

p <0.001
Anxiety r -0.44 0.68

p <0.001 <0.001
Health r -0.31 0.53 0.57
anxiety p 0.011 <0.001 <0.001
Sleep r -0.24 0.35 0.47 0.31
problems p 0.045 0.002 <0.001 0.006
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Figure 1. Prevalence of depression, anxiety, health anxiety and sleep disorders among COVID
ICU survivors after 20 months follow-up
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Figure 2. The proportion of individuals experiencing none, one or a combination of four mental
distresses including depression, anxiety, health anxiety and poor sleep quality
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Table 3. Correlation coefficient between neuropsychological tests and laboratory measurements
Cognitive abilities  Depression Anxiety Health Anxiety Sleep quality

Variables

r r r r r
ESR 0.11 0.29" 0.21 0.20 0.11
CRP 0.24 0.12 0.11 0.11 0.12
NLR -0.16 -0.42 -0.09 -0.14 -0.07
Ferritin -0.23 0.08 0.001 -0.26 -0.04
D-dimer -0.44™ -0.08 -0.014 -0.11 -0.15

Abbreviations: erythrocyte sedimentation rate (ESR); C-reactive protein (CRP); Neutrophil-to-
lymphocyte ratio (NLR).
*p<0.05; **p<0.01; ***p<0.001

On multivariate analysis, the only factor associated with BDI-1I depression score was ESR levels
(linear regression coefficient 0.37, p=0.013). Moreover, the factor independently associated with
cognitive abilities score was D-dimer (linear regression coefficient -0.45, p=0.001).

Discussion

The purpose of the present study was to comprehensively evaluate the long-term psychosomatic
effects of COVID-19 and their association with inflammatory biomarkers in COVID-19 survivors
after ICUs discharge. Overall, 26%, 45.5% 25% and 38.2% of the participants demonstrated moderate
to severe degree of depressive, anxiety, health anxiety and sleep problems symptoms, respectively.
Depression, a condition defined by constant feelings of sadness, hopelessness, and a loss of interest in
routine activities, has emerged as a significant concern. This is an obvious contrast to pre-pandemic
depression levels, highlighting the great impact of the COVID-19 experience on an individual's
mental well-being (18). Alongside depression, anxiety disorders have also been widely documented
among COVID-19 ICU survivors (19). Generalized anxiety, characterized by excessive worry and
tension, as well as more specific forms of anxiety, such as health anxiety, have been reported at
alarmingly high rates (20). Health anxiety, in particular, has become an urgent issue, as individuals
who have endured the distressing experience of severe COVID-19 often develop an amplified fear of
illness and an elevated sensitization with their physical health (21).

Previous studies reported the prevalence rates of anxiety and depression and cognitive impairment
reaching as high as 23%, 26% and 57%, respectively, even 6-12 months after initial infection (22, 23).
The situation is particularly serious for individuals who have experienced severe cases of COVID-19,
with reports of cognitive impairments, mental health issues, and poor sleep quality persisting long
after initial recovery (5). Evidences indicated that the rate of anxiety and depressive symptoms in the
12-14 months follow-up of ICU admission was 34% and 29%, respectively (24, 25). Gramaglia et al.
reported that the prevalence of anxiety and depression was 34.5% and 32%, respectively at four
months after hospital discharge due to the COVID-19 infection. Interestingly, the rate of depression
and anxiety reduced to 16.9% and 19.1%, respectively after 12-months (26). This inconsistency
between the results may be due to the timing and procedure of the measurement in different studies.
The effect of COVID-19 hospitalization on mental distress has been globally mitigated over time.
However, many extra and confounding factors may occur in such a prolonged time. Furthermore, the
disruption to sleep patterns is another prevalent complication reported by COVID-19 ICU survivors.
Insomnia, fragmented sleep, and overall poor sleep quality have been consistently found in this
population. Neville and colleagues reported that the prevalence of sleep disturbances was 50.8% at 6
months post-discharge from ICU (27). In another survey, 75% of COVID-19 ICU survivors reported
poor sleep quality after 3 months follow-up (28).

There are reasons multifaceted and complex for these long-term mental health challenges. The
traumatic nature of the COVID-19 experience, the physical complications of the disease, the isolation
and disruption to daily life, and the uncertainty about long-term prognosis all play role in the
formation and persistence of these psychological problems (29). Patients afflicted with prolonged or
post-COVID syndrome have reported a range of debilitating symptoms, including faint, tiredness,
depression, sleep complications, loss of concentration, and memory problems (30, 31). While the
precise cause of these persistent symptoms remains ambiguous, evidence indicates that they may be
linked to the underlying inflammation that persists even after the initial infection has resolved. The
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presence of virus particles in the lungs, particularly in cases of severe COVID-19, can contribute to a
state of chronic inflammation (31, 32). This inflammation, in turn, may activate the complement
system and lead to the formation of micro- and macro-thrombi, or blood clots. Furthermore, the
dysregulation of cytokines, which are signaling molecules playing a main role in the body's immune
response, has been linked to the pathogenesis of certain psychiatric disorders (33, 34).

ESR serves as a general marker of inflammation, while CRP is a more specific indicator, reflecting
the presence of acute-phase proteins. The NLR provides insights into the balance between these two
essential immune cell types, which can shift during periods of inflammation. Ferritin, a protein
involved in iron storage, and D-dimer, a fibrin degradation product, are additional markers that may
contribute to the overall assessment of the patient's condition (35). The retrospective analysis of these
specific blood test indices offers a comprehensive approach to understand the inflammatory status of
patients at the time of COVID-19 admission.

In the present study, BDI-1I depression score only correlated with ESR level. Consistent with this
finding, Sun et al. observed no association between NLR and depression-anxiety levels in patients
with COVID-19 (11). Similarly, in a study among COVID-19 patients who were not ICU admission,
depression-anxiety scores were not related with NLR-CRP values (36). In contrast, Khorasanchi et al.
reported a positive relationship between depression, anxiety, stress symptoms and hematological
inflammatory biomarkers such as platelet-lymphocyte ratio and red cell distribution width (13). This
difference in the results may be due that the inflammatory response is a complicated process
influenced via many variables.

Coronaviruses have neurotropic properties and “cytokine storms” contribute to neuroinflammation not
only in the periphery but also in the central nervous system, leading to mental complications (37, 38).
Complex interaction of immunological axes, worry about infection, unsure of the future, stigma, and
physical distancing affected patients during the pandemic are important mental stressors which can
elevate the systemic inflammatory state (39, 40).

In the present study, higher D-dimer concentrations were related to worsened cognitive abilities.
Along with this finding, Moretta et al. in their study reported that post-COVID-19 patients with
reduced cognitive efficiency had elevated levels of D-Dimer (41). Recently, a study on 40 COVID-19
patients revealed a correlation between elevated D-dimer levels and poorer cognitive performance
(42). In a similar research by Frontera et al., a significant association was found between
neurodegenerative biomarkers and the D-dimer that may provide valuable insights into the
mechanisms underlying the acute brain injury experienced by some COVID-19 patients. It has been
suggested that the signs of acute COVID-19, hypoxia and hyperinflammation, may contribute to the
development of Alzheimer's-like pathology in non-COVID-19 populations. This occurs through the
over-expression of enzymes in the amyloidogenic axis and the down-expression of proteins
responsible for breaking down amyloid-beta (AB) (43). Additionally, higher D-dimer levels during the
acute illness phase were associated with lower verbal recall and psychomotor speed (12).

The high prevalence of mental disorders among post-COVID-19 patients indicated the importance of
early identification and intervention. Rigorous screening and regular mental health assessments, both
during the hospitalization and in the post-discharge period, can help to identify those at risk and
facilitate timely access to appropriate care. Moreover, the insights obtained from this study emphasize
the establishment of appropriate support systems and preventive measures to reduce the long-term
psychological impact of the pandemic. This knowledge can also contribute to the design of more
effective public health strategies and developing a more resilient and adaptable community in the face
of future health crises. Comprehensive and integrated care models, which consist of wide spectra of
evidence-based interventions, are important to support these populations in their recovery process.
This may include a combination of psychotherapy, medication management, support groups, and
targeted rehabilitation programs to address the specific challenges of these individuals.

Similar to other investigations, this study had some limitations. There was no pre-COVID-19 baseline
data regarding the mental health status of participants. Also, neuropsychological assessment was
conducted by phone, which is fewer reliable compared to assessment in a clinic. It is suggested to
perform more studies in the future considering these limitations.
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Implications for practice

Although a high prevalence of mental disorders was identified among patients discharged from
COVID-19 ICUs even after 20 months, our results do not support a dominant role for inflammatory
background (within acute phase of COVID-19) to explain the neuropsychological impairments long-
time after COVID-19 infection. These findings also indicate potential interventions for mental distress
following COVID-19 that future investigations might address.
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