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ABSTRACT  

Introduction: There has been growing concern about the long-term effects of COVID-

19 on mental health. The biological factors common to psychiatric conditions and 

COVID-19 are not yet fully understood. Methodology: We narratively reviewed 

prospective longitudinal studies that measured metabolic or inflammatory markers and 

assessed psychiatric sequalae and cognitive impairment in individuals with COVID-19 at 

least 3 months after the infection. A literature search identified three relevant cohort 

studies. Results: Overall, depressive symptomatology and cognitive deficits persisted 

for up to one year after COVID-19; depression and cognitive changes were predicted by 

acute inflammatory markers, and changes in these markers correlated with changes in 

depressive symptomatology; female sex, obesity, and the presence of inflammatory 

markers were associated with more severe clusters of physical and mental health status 

in patients’ self-perceived recovery; and plasma metabolic profiles of patients continued 

to differ from those of healthy controls three months after hospital discharge, which were 

associated with widespread alterations in neuroimaging, reflecting issues with white 

matter integrity. This is a non-systematic review and cautions should be made while 

interpreting the conclusions. Conclusion: In individuals affected by the COVID-19, 

prolonged exposure to stress and alterations in metabolic and inflammatory markers 

plays a central role in psychiatric sequalae and cognitive deficits in the long term. 

Keywords: COVID-19; Inflammation; Metabolomics; Depression; Anxiety; Cognitive 

Impairment. 

 

INTRODUCTION 

In the last few decades, the burden of mental disorders has surpassed that of 

cancer and cardiovascular diseases on a global scale.1 The coronavirus disease- 19 

(COVID-19) caused by Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-

2) is expected to increase the prevalence of psychiatric disorders,2 yet the interactions 

between the biological, psychological, and social determinants of this relationship are 

not yet understood. Public health interventions and vaccination strategies have been 

instigated to control the dissemination of COVID-19, but it remains a serious global 

threat. Although predominantly a respiratory pathogen, SARS-CoV-2 can cause 

significant damage to multiple organ systems, including the nervous system, and is 

associated with significant neuropsychiatric morbidities.3–5  
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COVID-19 can lead to disability and death, causing generalized anxiety. This is 

in addition to the social isolation and distress caused by the associated lockdowns, 

financial problems, and harmful media coverage.6,7 Moreover, the acute phase of the 

infection can be associated with psychiatric conditions including depression, anxiety, 

post-traumatic stress disorder (PTSD), suicide, self-harm, and alcohol and substance 

misuse.2 A meta-analysis found a prevalence of depression of 45% (95%CI: 37–54%, 

I2=96%), and anxiety of 47% (95%CI: 37–57%, I2=97%) in COVID-19 patients.8  

During the acute phase of COVID-19, sufferers may experience a variety of 

neuropsychiatric symptoms, which are not always related to the severity of the disease.9 

These include delirium, depression, anxiety, and insomnia.10–12 The underlying 

mechanisms can be a consequence of either direct infection of the central nervous 

system (CNS) or due to indirect immune dysfunction or a nonspecific autoimmune 

response.13 Metabolites, as the downstream products of genes and proteins, provide a 

functional readout of cellular processes and are often used as biomarkers. Metabolomic 

approaches can reveal the specific processes occurring in affected tissue14 and changes 

in serum metabolites are associated with COVID-19 infection and its consequences.  

Psychological stress resulting from facing a potentially fatal illness, social 

isolation, concerns about infecting others, and social stigma may also contribute to 

psychiatric symptoms. Exposure to a life-threatening illness can also lead to symptoms 

of PTSD.15,16 Studies suggest that certain genetic markers can increase vulnerability to 

trauma-induced dysregulation of specific neuronal networks. This may allow the 

identification of those at high risk of PTSD during COVID-19 infection.15 

The World Health Organization warned of possible consequences of COVID-19 

infection on cognition from the first months.17–19 Potential neurocognitive sequelae have 

been attributed to insults to the CNS due to neuroinflammatory responses, infection of 

vascular endothelial cells, and microinvasion of the CNS through the cranial nerves.20,21 

It is now well recognized that COVID-19 infection may impact cognition.22 As a result, 

researchers and clinicians have endeavored to characterize cognitive impairments in 

recovered individuals and to determine associations with disease severity and 

bidirectional relations with mental health conditions. The aim of this review is to 

understand the impact of Covid-19 on mental health and cognition, and their association 

with metabolic and inflammatory markers. First, we will present the primary findings of 

this review, followed by a discussion on the key pathophysiological changes associated 

with COVID-19, including inflammation, metabolomics, cognition, and stress.  
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METHODS 

An electronic search of the literature was performed in PubMed on October 30th, 2022, 

using the following keywords: ((COVID-19 or SARS-CoV-2) and (depress* or anxiety or 

“traumatic experiences” or “posttraumatic stress disorder” or trauma or inflammat* or 

neuroendocrine or metabolomic or “cognitive impairment” or cognit* or “mental health” 

or “psychiatric disorder” or psychiatr* or neuropsychiatr*)). We included studies that: 1) 

had a prospective longitudinal design with at least 3 months of follow-up (to capture the 

long-term effects of biological markers on mental health and cognition after COVID-19 

infection) and 2) correlated depression/anxiety and cognitive changes with biological 

markers (e.g., laboratory parameters to measure inflammation or metabolic alterations; 

neuroimaging alterations). We excluded studies that solely assessed mental health 

outcomes without any biological parameters or cognitive assessment. We extracted the 

following data from the included studies: a) study location and design; b) characteristics 

of the population (number of individuals and mean age); c) time of assessments and 

assessment tools used for mental health and cognition; d) biological parameters used; 

and e) the main findings regarding mental health status, cognitive functions, and 

biological parameters.  

 

RESULTS 

Three cohort studies were found that fulfilled our selection criteria. The first of 

these was a prospective case-control study from China that sought to understand the 

associations between metabolic and structural changes in the brain three months after 

COVID-19 infection and symptoms of anxiety and depression.23 The second study, from 

Italy, evaluated the role of inflammation in depression, anxiety, and cognitive changes 

three months after COVID-19 infection.11 The third study, from UK, aimed to understand 

the relationships between patients-perceived recovery, mental and physical health 

status, and inflammatory profile in individuals discharged from hospital after 1 year of 

COVID-19 infection.24 A summary of the three studies is presented in Table 1. 
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Table 1. Summaries of the Studies Reviewed 

Study Location Design Population Time of 

assessment 

Assessment tools Findings 

Mazza et al., 

2021 11 

San Raffaele 

Hospital, 

Milan, Italy 

Single-

center 

prospective 

study 

402 COVID-19 

survivors 

(baseline), and 

226 at three-

month follow-

up (mean age 

58.5 ± 12.8) 

At hospital 

admission 

(baseline), 

one and three 

months after 

discharge 

Mental health status: Unstructured 

interview (DSM-5); Impact of Event 

Scale-Revised (IES-R); PTSD Checklist 

for DSM-5 (PCL-5); Zung Self-Rating 

Depression Scale (ZSDS); 13-item 

Beck’s Depression Inventory (BDI-13); 

State-Trait Anxiety Inventory Form Y 

(STAI-Y); Women’s Health Initiative 

Insomnia Rating Scale (WHIMS); 

Obsessive-Compulsive Inventory (OCI).  

Cognitive Functions: Brief Assessment 

of Cognition in Schizophrenia (BACS) 

Inflammatory Parameters: C-reactive 

protein (CRP), neutrophil/ lymphocyte 

ratio (NLR), monocyte/ lymphocyte 

ratio (MLR), and systemic immune-

inflammation index (SII) (SII = platelets 

x neutrophils/ lymphocytes). 

 

Mental Health status: 8.8% of patients were diagnosed with major 

depressive disorder or anxiety disorders (DSM-5), while 28% had 

symptoms of depression on the ZSDS index (≥50). Those with a previous 

psychiatric diagnosis were at higher risk of a major psychiatric disorder 

after COVID-19 infection (χ2 =20.12; p <0.001). Depressive 

symptomatology persisted between the 1-month and 3-month follow-

ups, while PTSD symptoms, anxiety, and insomnia reduced significantly. 

Predictors of depression at the three-month follow-up were female sex 

(Wilks’λ=0.92, F=5.76, p=0.003), psychiatric history (Wilks’λ=0.93, 

F=5.29, p=0.006), and psychopathology at one-month follow-up (Wilks’ 

λ=0.82; F=15.16; p <0.001). 

Cognitive functions: The severity of depressive symptoms (ZSDS) had a 

negative effect on neurocognitive functioning at the 1 and 3-month 

follow-up. Specifically, depression predicted reduced information 

processing performance (one month: Wald=7.05, p=0.007; three 

months: Wald=8.37, p=0.003). 

Inflammatory Parameters: Depression at 3-months follow-up was 

predicted by systemic inflammation (SII level) at baseline: (ZSDS: 

χ2=42.417, p <0.0001; BDI-13: χ2=56.536, p <0.0001) and changes of SII 

(ZSDS: Wald W2=6.881, p=0.0087; BDI-13: Wald W2=14.304, p=0.0002). 
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Yang et al., 

2021 23 

Tongji 

Medical 

College, 

Huazhong 

University of 

Science and 

Technology, 

Wuhan, Hubei

, China 

Single-

center 

prospective 

study 

28 recovered 

COVID-19 

patients (mean 

age 40 ± 7.9) 

and 27 healthy 

controls (37.7 ± 

9.0) 

Three months 

after hospital 

discharge 

Mental health status: Nine-Item 

Patient Health Questionnaire (PHQ-9); 

Generalized Anxiety Disorder Screener 

(GAD-7); Post-traumatic Stress 

Disorder Self-Rating Scale (PTSD-SS); 

PTSD Checklist-Civilian Version (PCL-C); 

Hamilton Anxiety Rating Scale (HAMA); 

17-item Hamilton Depression Rating 

Scale (HAMD). 

Cerebral white matter imaging: 

Magnetic resonance imaging (Siemens 

3 T scanner, Magnetom Skyra; 

Siemens, Erlangen, Germany). 

Plasma untargeted metabolomic: 

Liquid chromatography-mass 

spectrometry (LC-MS) analysis (ultra-

high-performance liquid). 

chromatography (Ultimate 3000), 

system coupled to a Q Exactive high-

resolution mass spectrometry (HRM) 

system (Thermo Scientific, USA). 

Mental health status: Recovered COVID-19 patients showed 

significantly higher indices on the GAD-7, HAMA, HAMD, PTSD-SS, and 

PCL-C. 

Cerebral white matter imaging: Recovered COVID-19 patients showed 

decreased fractional anisotropy, increased mean diffusivity, and radial 

diffusivity values in multiple white matter tracts. 

Plasma untargeted metabolomic: 22 metabolites (including xanthosine, 

hypoxanthine, and arachidonic acid), were significantly elevated and 30 

metabolites (including taurine, serotonin, inosine, and adenosine) were 

reduced in recovered COVID-19 patients compared to healthy controls. 
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The PHOSP-

COVID 

Collaborative 

Group, 2022 

24 

83 Hospitals 

across UK 

 

Multicentric 

prospective 

study 

2 320 patients 

discharged from 

hospital (mean 

age 58.0 ± 

12.6), out of 

which 807 

assessed at 5- 

and 1-year 

follow-up 

(mean age 58.7 

± 12.5) 

Three months 

and one year 

after hospital 

discharge 

Mental Health Status: Generalized 

Anxiety Disorder 7-item scale (GAD-7), 

the Patient Health Questionnaire-9 

(PHQ-9), and the Post Traumatic Stress 

Disorder Checklist (PCL-5). 

Cognitive Functions: Montreal 

Cognitive Assessment (MoCA) 

Inflammatory Parameters: the Olink 

Explore 384 Inflammation panel. 

 

Mental health status: Cognitive impairments were associated with trait 

anxiety and depression  

Cognitive functions: After 1 year, 8.8% had significant cognitive 

impairment. However, it significantly improved at 1 year in the moderate 

with cognitive impairment cluster and was unchanged in the other 

clusters. 

Inflammatory Parameters: The following proteins were significantly 

increased in participants in the very severe recovery cluster compared 

with those in the mild cluster: trefoil factor 2, transforming growth factor 

a, lysosomal associated membrane protein 3, CD83 molecule, galectin-9, 

urokinase plasminogen activator surface receptor, interleukin-6, 

erythropoietin, FMS-related receptor tyrosine kinase 3 ligand, agrin, 

secretoglobin family 3A member 2, follistatin, and C-type lectin domain 

family 4 member D. IL-6 and CD70 molecule were increased in the 

moderate with cognitive impairment cluster compared with the mild 

cluster. 
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Neuroendocrine/ Metabolic Dysfunction  

Yang et al.23 studied the relationship between structural changes in cerebral white 

matter, mental health status, and metabolism in recovered COVID-19 patients. Twenty-

eight (n=28) recovered COVID-19 patients three months after hospital discharge with no 

previous underlying diseases were compared with 27 healthy controls. A mental health 

evaluation found significantly higher scores in recovered COVID-19 patients on the Post-

Traumatic Stress Disorder Self-Rating Scale25 (PTSD-SS: mean 29.5; SD 26.5-38 

versus 24; SD 24-25, p <0.01), the PTSD Checklist-Civilian Version26 (PCL-C: 23; SD 

19-27.5 versus 18; SD 17-18.5, p <0.01), the Generalized Anxiety Disorder Screener27 

(GAD-7: 1.5; SD 0-4 versus 0; SD 0-1.5, p <0.05), the Hamilton Anxiety Rating Scale28 

(HAMA: 2.5; SD 1-5.25 versus 1; SD 0-3, p <0.05), and the 17-item Hamilton Depression 

Rating Scale29 (HAMD: 5; SD 2-9.25 versus 2; SD 1-4.5, p <0.01). Moreover, several 

metabolites, including xanthosine, hypoxanthine, and arachidonic acid, were significantly 

elevated, and others, including taurine, serotonin, inosine, and adenosine, were 

significantly reduced in the peripheral blood of recovered COVID-19 patients. These 

metabolic alterations were primarily related to purine pathways, amino acids, lipids, and 

amine metabolism. Magnetic resonance imaging found some of these metabolic 

alterations to be significantly correlated with alterations in the white matter of certain 

brain regions. This included a positive association between arachidonic acid and left 

cingulum radial diffusivity (R=0.415, p=0.002), and serotonin with left anterior corona 

radiata (R=0.308, p=0.022). Amino acid alterations were significantly correlated with 

changes in the left cingulum, the left anterior corona radiata, and the left internal 

capsule.23  

 

Inflammation  

A prospective cohort study was conducted in Italy with 402 COVID-19 survivors, 

who were followed up three months after hospital discharge.11 Unstructured interviews 

were conducted using DSM-5 criteria to identify current mental disorders. 

Psychopathology was also assessed after one and three months using the following 

validated self-reported questionnaires: the Impact of Event Scale-Revised (IES-R)30, the 

PTSD Checklist for DSM-5 (PCL-5)31, the Zung Self-Rating Depression Scale (ZSDS)32, 

the 13-item Beck Depression Inventory (BDI-13)33, the State-Trait Anxiety Inventory 

Form Y (STAI- Y)34, the Women's Health Initiative Insomnia Rating Scale (WHIIRS)35, 

and the Obsessive-Compulsive Inventory (OCI).36  
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Of the 402 patients assessed one month after hospital discharge, 226 were 

assessed again at a three-month follow-up (age 58.5 ± 12.8; range 26–87 years). Of 

these, 35% (n=81) scored in the clinical symptomatology range on at least one of the 

four psychopathological dimensions (depression, anxiety, PTSD, and obsessive-

compulsive disorder). Higher scores were observed in women, those with a psychiatric 

history, and those who had shown psychopathology at the one-month follow-up. In the 

unstructured clinical interview, 24.3% fulfilled the diagnostic criteria for at least one 

mental disorder: major depressive disorder (n=20), anxiety disorders (n=20), insomnia 

(n=7), and other diagnoses (n=8). A comparison of the assessments at the one and 

three-month follow-ups found reductions in anxiety symptoms (STAI-state: F=11.28, 

p=0.001), PTSD (IES-R: F=21.29, p=0.001; PCL-5: F=9.07, p=0.003), and insomnia 

(WHIIRS: F=9.36, p=0.003). However, there was no change in depression scores (ZSDS 

and BDI), regardless of gender or psychiatric history.11 

At hospital admission (baseline), inflammatory markers were measured. These 

comprised C-reactive protein (CRP), neutrophil/ lymphocyte ratio (NLR), monocyte/ 

lymphocyte ratio (MLR), and systemic immune-inflammation index (SII) (SII = platelets x 

neutrophils/ lymphocytes). In a subgroup of 45 patients, these markers were also 

assessed at the three-month evaluation. Interestingly, the SII predicted the severity of 

depressive symptomatology at the three-month follow-up, and inpatients – who had 

higher SII than outpatients – scored higher on the depression scales, after correcting for 

age and sex. Reductions in inflammatory markers three months after discharge were 

correlated with lower depression scores on both the BDI-13 (Wald W2 =14.304, 

p=0.0002) and the ZSDS (Wald W2=6.881, p=0.0087), controlling for age, sex, and 

hospitalization. Reduced expression of inflammatory biomarkers was correlated with 

reductions in depressive symptoms, while those with only slight changes in SII levels 

had persistent or worsening depressive symptoms.11 

Cognitive functions were assessed using the Brief Assessment of Cognition in 

Schizophrenia (BACS)37 in a subsample of 130 patients under 70 years old at the one 

and three-month follow-ups. In cognitive assessments, 81% of patients (n=105) had 

scores below the normal range in at least one domain and this had significant effects on 

psychopathology at one (Wilks’ λ= 0.81; F=3.39; p=0.004) and three months (Wilks’ 

λ=0.82; F=2.32; p=0.042) after discharge. At one-month, average performance was 

worse in three domains: verbal fluency (ß=0.349, p=0.002), information processing 

(ß=0.348, p=0.002), and executive functions (ß=0.353, p=0.001). Only information 

processing was associated with psychopathology at the three months assessment 

(β=0.355, p=0.008). Information processing performance was predicted by the severity 
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of depressive symptoms at both the one (Wald=7.05, p=0.007) and three-month follow-

ups (Wald=8.37, p=0.003). Moreover, SII at hospital admission predicted neurocognitive 

performance. Specially, a significant negative main effect of age on all measures of 

neurocognitive performance was found, as well as a significant interaction between SII 

and age on measures of verbal memory (χ2=4.908, p=0.0267), verbal fluency (χ2=4.273, 

p=0.0387), speed of information processing (χ2=5.544, p=0.0185), and psychomotor 

coordination (χ2=6.680, p=0.0097).11 

The Post-hospitalization COVID-19 (PHOSP-COVID) Collaborative Group 

conducted a multicentric cohort in 83 hospitals across UK countries and sought to 

understand the participants’ inflammatory profile and other factors associated with health 

status and patients-perceived recovery 1 year after discharge from hospital by COVID-

19.24 Recovery was stratified by both patient-perceived recovery and clusters of recovery 

(very severe, severe, moderate with cognitive impairment, and mild), defined 5 months 

after hospital admission based upon severity of current physical status, mental health, 

and cognitive impairment. 

Overall, after 1 year-discharge, only 28.9% of 804 patients self-perceived fully 

recovered and 392 (48.8%) were not recovered. The distribution of the four clusters was 

very severe physical and mental health impairment (n=319 [19.5%]), severe physical and 

mental health impairment (n=493 [30.1%]), moderate physical health impairment with 

cognitive impairment (n=179 [10.9%]), and mild mental and physical health impairment 

(n=645 [39.4%].24 

Three factors were associated with lower probability of recovery: 1- female sex 

(odds ratio [OR]=0.68; 95% CI 0.46–0.99); 2- BMI ≥ 30 kg/m² (0.50; 95% CI 0.34–0.74); 

and 3- receiving invasive mechanical ventilation (0.42; 0.23–0.76). Interestingly, 

proportions of women and participants with obesity were higher in the very severe cluster 

than the mild cluster.24  

Among several outcome measures, mental health was assessed by the 

Generalized Anxiety Disorder 7-item scale (GAD-7)27, the Patient Health Questionnaire-

9 (PHQ-9)38, and the Post Traumatic Stress Disorder Checklist (PCL-5)36. After 1 year, 

147 (21.5%) patients had clinically relevant symptoms of anxiety, 169 (24.9%) had 

clinically relevant symptoms of depression, and 68 (10·0%) had post-traumatic stress 

disorder. In the very severe cluster, symptoms of depression and anxiety significantly 

improved between 5 months and 1 year.24 

Additionally, cognitive function was evaluated by the Montreal Cognitive 

Assessment (MoCA).39 At the 1 year-follow up, 55 (8.8%) had significant cognitive 
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impairment. Cognitive impairment significantly improved at 1 year in the moderate with 

cognitive impairment cluster and was unchanged in the other clusters.24 

The inflammatory profile was evaluated through biochemical tests. Overall, after 

adjustments for confounders, several proteins – including IL-6 – were significantly 

increased in participants in the very severe recovery cluster compared with those in the 

mild cluster. Additionally, IL-6 and CD70 molecule were significantly increased in the 

moderate with cognitive impairment cluster compared with the mild cluster. Moreover, 

after 1 year-discharge, the very severe cluster was associated with greater rate of 

participants with increased C-reactive protein concentration >5 mg/L compared with the 

mild cluster (38.4% vs 14.5%).24 

 

DISCUSSION 

The present review synthesizes the findings of three prospective longitudinal 

studies on the long-term mental health and cognitive sequelae of COVID-19 infection 

and their association with inflammation and metabolic markers.Following three months 

of COVID-19 infection, individuals who were female, had a history of psychiatric illness, 

and exhibited psychopathology after one month, had higher scores in 

psychopathological dimensions, with depression persisting as a prominent symptom. 

Additionally, SII at the onset of the infection predicted severity of depressive 

symptomatology and neurocognitive performance. While reductions in inflammatory 

markers were correlated with lower depression scores, cognitive impairment was 

independent of disease severity and affected 81% of the patients, mainly in executive 

functions.  

Moreover, patients' self-perception of recovery after one year of hospital 

discharge remained poor, with less than a third of individuals showing full recovery and 

almost half reporting no recovery. Significant cognitive impairment persisted in 8.8% of 

patients, with the presence of inflammatory markers, female sex, and obesity associated 

with more severe clusters in self-perceived mental health, cognition, and physical health. 

Finally, the metabolic profiling of plasma in recovered COVID-19 patients 

continued to differ from that of healthy controls even three months after hospital 

discharge. These changes, associated with compromised white matter integrity, were 

correlated with mental health scores, indicating the potential involvement of metabolic 

dysregulation in the persistent psychiatric symptoms following COVID-19 infection. 
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It is well known that the infection by COVID-19 increases the risk of mental 

disorders’ incidence. A large one-year cohort study conducted in the US assessed the 

risk of COVID-19 effects on mental health.40 The authors compared patients (n=153848) 

after 30 days of COVID-19 infection with three different groups. The COVID-19 group 

was found to have a significantly higher incidence of anxiety disorders than a healthy, 

contemporary control group (n=5807309; hazard ratio 1.35, 95%CI: 1.30– 1.39), 

depressive disorders (1.39 (1.34– 1.43), and stress and adjustment disorders (1.38 

(1.34–1.43). When compared with a historical group from the pre-pandemic period and 

a control group of influenza patients after 30 days of infection, the COVID-19 group had 

an increased incidence in all of the pre-specified outcomes analyzed.40  

Building upon the primary findings of this review, we will explore the 

pathophysiological changes associated with COVID-19, including inflammation, 

metabolomics, cognition, and stress. The figure 1 displays the pathophysiology of 

depression, anxiety, and cognitive deficits in COVID-19.  
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The pathophysiology of inflammation in COVID-19 and its relation to psychiatric 

symptoms 

COVID-19 infection begins when the virus enters the body through the nasal cavity and 

pulmonary alveoli and infects cells through the angiotensin-converting enzyme-2 (ACE-

2) receptor. It then stays in the cellular cytoplasm and replicates. Innate immune 

activation results in the secretion of pro-inflammatory cytokines such as TNF-alpha, IL-

1beta, IL-6, and IL-18. The immune response of the host activates CD4+ and CD8+ T 

cells to control the infection.41 

Interestingly, the severity of the infection seems to depend on both direct viral 

toxicity and how quickly the host produces specific viral antibodies and activates T cells. 

When there is a rapid and effective T cell response, COVID-19 infection is controlled, 

resulting in mild or asymptomatic disease. However, a delay in the immune response 

(i.e., a delay in type I and III IFN responses) can result in excessive viral replication and 

its spread in the target organs (i.e., the lungs). This leads to excessive and uncontrolled 

release of pro-inflammatory cytokines, a process known as a cytokine storm.41 This 

seems to be the main cause of mortality from the disease, as it can lead to respiratory 

failure and multiorgan dysfunction.42 A retrospective study of 452 COVID-19 patients in 

Wuhan, China compared severe and non-severe cases. Severe cases showed more 

infectious markers (i.e., procalcitonin, erythrocyte sedimentation rate, serum ferritin, and 

CRP) and pro-inflammatory cytokines (i.e., TNF-α, IL-2R, and IL-6).43 Another study of 

1484 patients in New York, USA found that elevated levels of IL-6 and TNF-α were strong 

and independent predictors of disease severity and mortality, even after adjusting for 

disease severity, inflammatory markers, hypoxia, and comorbidities.44 The results of the 

cohorts included in this review shed light on this subject, by demonstrating the 

association between inflammatory markers and mental health disorders.   

It is of note that the host immune response to COVID-19 infection has systemic 

repercussions, which may result in changes in the CNS (i.e., blood-brain barrier 

disruption, neurotransmission alterations, microglial activation, and oxidative stress) 

associated with depression.45 These changes could be due to direct infection of the brain, 

autoantibody formation, or distal inflammatory responses. A recent study suggests that 

the SARS-CoV-2-spike glycoprotein can activate microglia through the mediation of the 

ACE-2-NF-kB axis.46 This mechanism may promote microglial NLRP3 inflammasome 

activation and lead to neuroinflammation and neurological manifestations, such as 

Parkinson’s disease. Additionally, several studies have found that autoimmune diseases 

(i.e., rheumatoid arthritis, asthma, lupus) and pro-inflammatory conditions such as 
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obesity increase the risk of depression. Furthermore, individuals with depression, 

generalized anxiety disorder, and PTSD have higher levels of pro-inflammatory markers 

(i.e., CRP, IL-1, IL-6, TNF-a) compared to healthy controls.47 IL-6, in particular, appears 

to play a central role in the relationship between depression and long-term COVID, 

producing dysregulation between TH17/ Treg lymphocytes and sending signals to brain 

regions implicated in depression such as the anterior cingulate cortex.48  

The PHOSP-COVID Collaborative Group study reveals that long-lasting systemic 

inflammation negatively impacts both the mental and physical health of people infected 

by COVID-19.24 Those patients belonged to the very severe cluster and tended to 

present more obesity, lung damage, and a range of elevated inflammatory markers than 

the mild cluster. IL-6 specially was higher in both the very severe and the moderate with 

cognitive impairment groups than the mild group. These results are reinforced by the 

study of Mazza et al.,11 which revealed that changes in inflammatory markers correlated 

with changes in depressive symptomatology. Taken together, both studies reinforce the 

idea of the interplay between the inflammatory responses induced by COVID-19 infection 

and mental disorders, which may reinforce one another, resulting in more inflammation 

and worse the symptomatology. Moreover, they point to the possibility of using anti-

inflammatory agents as pharmacological targets as well as multidisciplinary approaches 

that could ameliorate physical and mental health symptoms, including cognitive 

rehabilitation and healthy lifestyle habits promotion. 

 

Neuroendocrine/ Metabolic Dysfunction in COVID-19 

The COVID-19 infection induces systemic metabolic shifts in multiple molecular 

phenotypic states. These changes, known as “phenoconversion”, have been studied 

through mass spectrometry and nuclear magnetic resonance spectroscopy to identify 

patterns of metabolites associated with COVID-19 and provide insights into the 

underlying pathophysiological processes and their individual variations, as well as their 

relationships to disease severity and/or recovery.2,49–52 Protein and metabolite changes 

in the sera of COVID-19 patients have been demonstrated, implicating dysregulation of 

macrophages, platelet degranulation, complement system pathways, and massive 

metabolic suppression.49 The serum metabolite profile of COVID-19 patients can take up 

to ten months to return to normal levels, despite clinical indicators being in the normal 

range.53–55 Post-COVID-19 metabolic disorders have been observed in recovered 

moderate and critical patients54 and even subsequent to asymptomatic or mild COVID-

19 cases.55 
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Serum metabolic profiling is able to detect biological states related to mental 

disorders and can identify potential blood-based biomarkers of psychiatric diseases.56 In 

the Yang et al.23 study, the alterations found in purine pathways in recovered COVID-19 

patients could give a clue for possible pathophysiological mechanisms underlying the 

effects on mental health of COVID-19. Xanthine, one of the compounds of the purine 

pathway, acts on the amygdala, which plays a critical role in generating fear and anxiety. 

Arachidonic acid was significantly elevated in the same study, and this may provide 

insight into the role of lipid metabolism in the mental health effects of COVID-19. Fatty 

acids are necessary for the function of all cells, especially in the nervous and immune 

systems, and metabolites of the arachidonic acid pathway are known to result in effects 

on the nervous system such as anxiety.57,58 

Additionally, Yang et al.23 found reductions in serotonin and taurine in recovered 

COVID-19 patients. Serotonin dysregulation is implicated in multiple emotional 

disorders, including anxiety and depression.59,60 Taurine, in turn, is known to prevent 

oxidative stress and inflammation and hence acts as an endogenous neuroprotector.61 

Moreover, lower serum tryptophan levels and activation of the kynurenine 

pathway have both been documented in depression62–64 and a possible association 

between tryptophan-kynurenine disturbance and long COVID-19 has been postulated to 

explain the development of post-COVID depression.65–67 Tryptophan is an essential 

amino acid, which is converted into either serotonin or kynurenine. The process that 

diverts tryptophan toward kynurenine involves indoleamine 2–3-dioxygenase (IDO) and 

tryptophan 2,3-dioxygenase68,69 and has the potential to promote depression.  

Lionetto et al.70 compared tryptophan and kynurenine serum levels by HPLC/MS-

MS in COVID-19 patients to healthy controls. Those with COVID-19 showed increased 

kynurenine: tryptophan ratios and the level of increase was positively correlated with the 

severity of infection. Targeted and untargeted metabolomic analyses have also identified 

altered tryptophan metabolism in the kynurenine pathways of COVID-19 patients.71,72 

These metabolic alterations are thought to result from cytokine storms that activate the 

enzyme IDO-1, increasing kynurenine metabolites. This, in turn, may lead to long-term 

cognitive impairment and mental illness, such as depression.73,74 

Another proposed mechanism for the monoamine synthesis disturbances that 

may exacerbate or trigger mental health disorders is the disruption of ACE2 in the 

gastrointestinal tract. The gastrointestinal symptoms of COVID-19 and viral presence in 

stool suggest enteric invasion, and ACE-2 in the gastrointestinal can be affected. Enteric 

ACE-2 is responsible for regulating the uptake of amino acids, including tryptophan. 
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Thus, impaired tryptophan uptake and the subsequent reduction in serotonin, dopamine, 

and melatonin could be a factor by which COVID-19 impairs mood, memory, and sleep.75 

Finally, significant correlations were found between amino acid alterations and 

changes in the left cingulum, a bundle of axons that facilitates communication between 

various areas of the limbic system. This region is believed to play a crucial role in the 

regulation of emotions, and changes to it could potentially contribute to the development 

of anxiety and PTSD.23 

 

Cognitive Impairment induced by COVID-19 

It has been suggested that the occurrence of cognitive and mental health 

dysfunctions in recovered COVID-19 patients may be bidirectional in nature. A 

systematic review found that the most prevalent neuropsychiatric signs and symptoms 

reported in post-illness studies included sleep disorders (100%), recall of traumatic 

memories (30.4%), emotional lability (23.5%), impaired concentration or attention 

(19.9%), and impaired memory (18.9%).12 In the acute phase, attentional (38.2%) and 

memory (34.1%) impairments, insomnia (41.9%), anxiety (35.7%), and depressed mood 

(32.6%) prevail. The severity of depressive symptoms seems to predict the extent of 

cognitive deficits, especially information processing. The degree to which 

psychopathology, cognitive impairments, and disease severity are associated with the 

development of long COVID-19 has not yet been fully established.  

Two studies included in this review indicate that the SARS-CoV-2 infection seems 

to affect goal-directed cognitive skills that rely mainly on pre-frontal functioning.11,24 The 

PHOSP-COVID study24 found that, among the 55 (8.8%) participants that had significant 

cognitive impairment at one year after discharge, slowing down in thinking and short-

term memory loss were the most reported. The cognitive deficits reported by Mazza et 

al.11 affected mainly verbal fluency, information processing and executive functions, and 

were predicted by inflammatory markers at the beginning of the COVID-19 infection. 

The persistent cognitive impairments after SARS-CoV-2 infection seems to be 

related to systemic inflammation, as it happens to depression. The underlying 

mechanism may be a cytokine imbalance.76 The increase of IL-6, TNFα, and IL-1β 

cytokines, which are related to working memory and attention impairments, are also 

common in cognitive deficits observed in delirium states. Moreover, a recent study 

demonstrated that the chemokine, CCL11, associated with impairments in cognitive 

function and neurogenesis, remains elevated in long COVID-19 patients experiencing 
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cognitive symptoms compared to long COVID-19 patients with no cognitive symptoms, 

suggesting an inflammatory response contributing to cognitive deficits.9 Thus, cytokines 

may become useful as inflammatory markers for cognitive impairments after SARS-CoV-

2 infection. 

 

Pathophysiology of Stress induced by COVID-19 

The COVID-19 pandemic can have consequences on mental health and 

cognition due to continuous exposure to the stress, fear of the unknown, prolonged social 

distancing, and economic problems.77 A study evaluated neuropsychiatric and functional 

changes in 58 outpatients with dementia through their caregivers' perceptions during the 

pandemic.78 The study found that over half of the patients experienced cognitive decline, 

almost half experienced behavioral symptoms such as apathy/depression, and over a 

third experienced functional decline. These findings suggest that the pandemic and 

social isolation measures have had a significant impact on the neuropsychiatric 

symptoms of dementia patients and their caregivers' burden.78 

The acute stress in response to the aversive COVID-19 pandemic environment 

initially activates the hypothalamic-pituitary-adrenal axis, increasing the release of 

cortisol by the adrenal cortex. When the cortisol interacts with glucocorticoid receptors 

in the frontal cortex and the hippocampus, these receptors operate as transcription 

factors, modeling the neural circuitry that regulates cognition and emotional response to 

stress.79 In chronic stress, the excess of glucocorticoids results in the shrinking of 

dendritic processes and hippocampal synaptic plasticity, which can impair cognitive 

functions and emotions and increase the risk of depression.79 

Moreover, exposure to traumatic situations leads to changes in inflammatory 

markers associated with PTSD, including elevations in the CRP and the chemokines 

CCL13, CCL20, and CXCL6, and lowered levels of TNF-α and interferon-gamma.32 In 

this review, the PHOSP-COVID Collaborative Group found that 10% of the individuals 

discharged from the hospital by COVID-19 presented PTSD diagnosis after 1 year.24 

This review has several limitations. Firstly, the limited number of studies included 

may not provide a comprehensive overview of the research in the area. Secondly, we 

may not be able to distinguish between high-quality and low-quality evidence, which 

could have introduced selection bias. Thirdly, we may have subject to publication bias 

by including only studies that reported statistically significant results. Finally, the included 
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studies have their own limitations that should be considered before reaching any 

conclusion. 

 

CONCLUSION 

This review presents evidence of the persistent psychiatric and cognitive 

symptoms following COVID-19 infection. Together, these prospective longitudinal 

studies suggest the complex and long-term impact of COVID-19 on mental health and 

cognition, and the potential involvement of inflammation and metabolic dysregulation in 

these persistent symptoms. 

 Long COVID-19 has become a global public health issue. Therefore, longitudinal 

studies with large samples are critical if we wish to disentangle the roles of the metabolic 

and inflammatory alterations involved in psychiatric symptoms and cognitive 

impairments caused by COVID-19. Additionally, metabolomics can make vital 

contributions to predicting and elucidating outcomes for COVID-19 patients with a 

greater degree of certainty.  

 

 

Conflict of interest: JJM was a speaker for the following laboratories in topics not 

related to this article: EMS, Eurofarma, Janssen, Apsen, Abbot, and Biolab. All other 

authors do not have any conflict of interest to report with regards to the topic of this 

manuscript. 

Funding: this study was financed in part by the Coordenação de Aperfeiçoamento de 

Pessoal de Nível Superior - Brasil (CAPES) - Finance Code 001. 

 

REFERENCES 

1.  Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. 

Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21  

regions, 1990-2010: a systematic analysis for the Global Burden of Disease 

Study 2010. Lancet. 2012;380(9859):2197–223. Erratum in: Lancet. 

2013;381(9867):628. AlMazroa, Mohammad A [added]; Memish, Ziad A [added]. 

2.  Holmes E, Wist J, Masuda R, Lodge S, Nitschke P, Kimhofer T, et al. Incomplete 

Systemic Recovery and Metabolic Phenoreversion in Post-Acute-Phase 



Trends Psychiatry Psychother - Journal Article Pre-Proof (as accepted) Page 20 of 26 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2022-0599 

Nonhospitalized COVID-19 Patients: Implications for Assessment of Post-Acute 

COVID-19 Syndrome. J Proteome Res. 2021;20(6):3315–29. 

3.  Finsterer J, Scorza FA, Scorza CA, Fiorini AC. Extrapulmonary onset 

manifestations of COVID-19. Clinics. 2021;76:e2900. 

4.  Gupta A, Madhavan MV, Sehgal K, Nair N, Mahajan S, Sehrawat TS, et al. 

Extrapulmonary manifestations of COVID-19. Nat Med. 2020;26(7):1017–32. 

5.  Canatan D, Vives Corrons JL, De Sanctis V. The Multifacets of COVID-19 in 

Adult Patients: A Concise Clinical Review on Pulmonary and Extrapulmonary 

Manifestations for Healthcare Physicians. Acta Biomed. 2020;91(4):e2020173. 

6.  Sher L. An infectious disease pandemic and increased suicide risk. Braz J 

Psychiatry. 2020;42:239–40.  

7.  Su Z, McDonnell D, Wen J, Kozak M, Abbas J, Šegalo S, et al. Mental health 

consequences of COVID-19 media coverage: the need for effective  crisis 

communication practices. Global Health. 2021;17(1):4.  

8.  Deng J, Zhou F, Hou W, Silver Z, Wong CY, Chang O, et al. The prevalence of 

depression, anxiety, and sleep disturbances in COVID-19 patients: a meta-

analysis. Ann N Y Acad Sci. 2021;1486(1):90–111.  

9.  Fernández-Castañeda A, Lu P, Geraghty AC, Song E, Lee MH, Wood J, et al. 

Mild respiratory COVID can cause multi-lineage neural cell and myelin 

dysregulation. Cell. 2022;185(14):2452-2468.e16.  

10.  Helms J, Kremer S, Merdji H, Clere-Jehl R, Schenck M, Kummerlen C, et al. 

Neurologic Features in Severe SARS-CoV-2 Infection. N Engl J Med. 

2020;382(23):2268–70.  

11.  Mazza MG, Palladini M, De Lorenzo R, Magnaghi C, Poletti S, Furlan R, et al. 

Persistent psychopathology and neurocognitive impairment in COVID-19 

survivors: Effect of inflammatory biomarkers at three-month follow-up. Brain 

Behav Immun. 2021;94:138-147.  

12.  Rogers JP, Chesney E, Oliver D, Pollak TA, McGuire P, Fusar-Poli P, et al. 

Psychiatric and neuropsychiatric presentations associated with severe 

coronavirus infections: a systematic review and meta-analysis with comparison 

to the COVID-19 pandemic. The Lancet Psychiatry. 2020;7(7):611–27. 

13.  Spudich S, Nath A. Nervous system consequences of COVID-19. Science. 



Trends Psychiatry Psychother - Journal Article Pre-Proof (as accepted) Page 21 of 26 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2022-0599 

2022;375(6578):267–9.  

14.  Patti GJ, Yanes O, Siuzdak G. Innovation: Metabolomics: the apogee of the 

omics trilogy. Nat Rev Mol Cell Biol. 2012;13(4):263–9. 

15.  Chen Z, Feng P, Becker B, Xu T, Nassar MR. Neural connectome prospectively 

encodes the risk of post-traumatic stress disorder ( PTSD ) symptom during the 

COVID-19 pandemic. Neurobiology of Stress. 2021;15:100378.  

16.  Holmes EA, Connor RCO, Perry VH, Tracey I, Wessely S, Arseneault L, et al. 

Position Paper Multidisciplinary research priorities for the COVID-19 pandemic: 

a call for action for mental health science. 2020;7:547–60.  

17.  Zhou H, Lu S, Chen J, Wei N, Wang D, Lyu H, et al. The landscape of cognitive 

function in recovered COVID-19 patients. J Psychiatr Res. 2020;129:98–102. 

18.  Cothran TP, Kellman S, Singh S, Beck JS, Powell KJ, Bolton CJ, et al. A 

brewing storm : The neuropsychological sequelae of hyperinflammation due to 

COVID-19. Brain Behav Immun. 2020;88:957–8. 

19.  Troyer EA, Kohn JN, Hong S. Brain. Are we facing a crashing wave of 

neuropsychiatric sequelae of COVID-19 ? Neuropsychiatric symptoms and 

potential immunologic mechanisms. Brain Behav Immun. 2020;87:34–9. 

20.  Wan D, Du T, Hong W, Chen L, Que H, Lu S, Peng X. Neurological 

complications and infection mechanism of SARS-COV-2. Signal Transduct 

Target Ther. 2021;6(1):406.  

21.  Jarrahi A, Ahluwalia M, Khodadadi H, Da Silva Lopes Salles E, Kolhe R, Hess 

DC, et al. Neurological consequences of COVID-19: What have we learned and 

where do we go from here? J Neuroinflammation. 2020;17(1):1–12.  

22.  Hampshire A, Trender W, Chamberlain SR, Jolly AE, Grant JE, Patrick F, et al. 

EClinicalMedicine Cognitive de fi cits in people who have recovered from 

COVID-19. EClinicalMedicine. 2021;39:101044. 

23.  Yang L, Zhou M, Li L, Luo P, Fan W, Xu J, et al. Characteristics of mental health 

implications and plasma metabolomics in patients recently recovered from 

COVID-19. Transl Psychiatry. 2021;11(1):307. 

24.  PHOSP-COVID Collaborativ Group. Clinical characteristics with inflammation 

profiling of long COVID and association with 1-year recovery following 

hospitalisation in the UK: a prospective observational study. Lancet Respir Med. 



Trends Psychiatry Psychother - Journal Article Pre-Proof (as accepted) Page 22 of 26 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2022-0599 

2022;10(8):761–75.  

25.  Liu X, Ma DD, Liu LQ, Zhao GF, Li CQ, Yang J, et al. Development of the Post-

Traumatic Stress Disorder Self-Rating Scale and its reliability and validity. 

Chinese Journal of Behavioral Medical Science. 1998;7:93–6.  

26.  Weathers FW, Litz BT, Herman DS, Husha JA, Keane TM. The PTSD check list 

(PCL): Reliability, validity, and diagnostic utility. Paper presented at the Annual 

Meeting of the International Society for Traumatic Stress Studies, San Antonio, 

TX. 1993.  

27.  Löwe B, Decker O, Müller S, Brähler E, Schellberg D, Herzog W, et al. Validation 

and standardization of the Generalized Anxiety Disorder Screener (GAD-7) in 

the general population. Med Care. 2008;266–74.  

28.  Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol. 

1959;32(1):50-5  

29.  Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry. 

1960;23(1):56. 

30.  Creamer M, Bell R, Failla S. Psychometric properties of the Impact of Event 

Scale—Revised. Behav Res Ther. 2003;41(12):1489–96. 

31.  Armour C, Contractor A, Shea T, Elhai JD, Pietrzak RH. Factor Structure of the 

PTSD Checklist for DSM-5: Relationships Among Symptom  Clusters, Anger, 

and Impulsivity. J Nerv Ment Dis. 2016;204(2):108–15.  

32.  Zung WW. A Self-Rating Depression Scale. Arch Gen Psychiatry. 

1965;12(1):63–70. 

33.  Beck AT, Steer RA. Internal consistencies of the original and revised Beck 

Depression Inventory. J Clin Psychol. 1984;40(6):1365–7.  

34.  Vigneau F, Cormier S. The factor structure of the State-Trait Anxiety Inventory: 

an alternative view. J Pers Assess. 2008;90(3):280–5.  

35.  Levine DW, Dailey ME, Rockhill B, Tipping D, Naughton MJ, Shumaker SA. 

Validation of the Women’s Health Initiative Insomnia Rating Scale in a 

multicenter controlled clinical trial. Psychosom Med. 2005;67(1):98–104.  

36.  Foa EB, Huppert JD, Leiberg S, Langner R, Kichic R, Hajcak G, et al. The 

Obsessive-Compulsive Inventory: development and validation of a short version. 

Psychol Assess. 2002;14(4):485.  



Trends Psychiatry Psychother - Journal Article Pre-Proof (as accepted) Page 23 of 26 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2022-0599 

37.  Keefe RSE, Goldberg TE, Harvey PD, Gold JM, Poe MP, Coughenour L. The 

Brief Assessment of Cognition in Schizophrenia: reliability, sensitivity, and  

comparison with a standard neurocognitive battery. Schizophr Res. 2004;68(2–

3):283–97.  

38.  Kroenke K, Spitzer RL. The PHQ-9: A new depression diagnostic and severity 

measure. Psychiatr Ann. 2002;32(9):509–15.  

39.  Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I, 

et al. The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild  

cognitive impairment. J Am Geriatr Soc. 2005;53(4):695–9.  

40.  Xie Y, Xu E, Al-Aly Z. Risks of mental health outcomes in people with covid-19: 

Cohort study. BMJ. 2022;376:1–13.  

41.  Sette A, Crotty S. Adaptive immunity to SARS-CoV-2 and COVID-19. Cell. 

2021;184(4):861-880.  

42.  Fara A, Mitrev Z, Rosalia RA, Assas BM. Cytokine storm and COVID-19 : a 

chronicle of pro-inflammatory cytokines. Open Biol. 2020;10(9):200160.  

43.  Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al. Dysregulation of Immune 

Response in Patients With Coronavirus 2019 (COVID-19) in  Wuhan, China. Clin 

Infect Dis. 2020;71(15):762–8.  

44.  Del Valle DM, Kim-Schulze S, Huang H-H, Beckmann ND, Nirenberg S, Wang 

B, et al. An inflammatory cytokine signature predicts COVID-19 severity and 

survival. Nat Med. 2020;26(10):1636–43.  

45.  Miller AH, Raison CL. The role of inflammation in depression: from evolutionary 

imperative to modern treatment target. Nat Rev Immunol. 2016;16(1):22–34.  

46.  Albornoz E, Amarilla AA, Modhiran N, Parker S, Li XX, Wijesundara DK, et al. 

SARS-CoV-2 drives NLRP3 inflammasome activation in human microglia 

through spike protein. Mol Psychiatry. 2022. Published online ahead of print 

November 1. Available at: https://www.nature.com/articles/s41380-022-01831-0. 

(Accessed 20 November 2022). 

47.  Passos IC, Vasconcelos-Moreno MP, Costa LG, Kunz M, Brietzke E, Quevedo 

J, et al. Inflammatory markers in post-traumatic stress disorder: a systematic 

review,  meta-analysis, and meta-regression. The lancet Psychiatry. 

2015;2(11):1002–12.  



Trends Psychiatry Psychother - Journal Article Pre-Proof (as accepted) Page 24 of 26 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2022-0599 

48.  Harrison NA, Brydon L, Walker C, Gray MA, Steptoe A, Critchley HD. 

Inflammation causes mood changes through alterations in Subgenual Cingulate 

Activity and Mesolimbic Connectivity. Biol Psychiatry. 2009;66(5):407–14.  

49.  Shen B, Yi X, Sun Y, Bi X, Du J, Zhang C, et al. Proteomic and Metabolomic 

Characterization of COVID-19 Patient Sera. Cell. 2020;182(1):59-72.e15. 

50.  Blasco H, Bessy C, Plantier L, Lefevre A, Piver E, Bernard L, et al. The specific 

metabolome profiling of patients infected by SARS-COV-2 supports the key role 

of tryptophan-nicotinamide pathway and cytosine metabolism. Sci Rep. 

2020;10(1):16824. 

51.  Kimhofer T, Lodge S, Whiley L, Gray N, Loo RL, Lawler NG, et al. Integrative 

Modeling of Quantitative Plasma Lipoprotein, Metabolic, and Amino Acid Data 

Reveals a Multiorgan Pathological Signature of SARS-CoV-2 Infection. J 

Proteome Res. 2020;19(11):4442–54. 

52.  Lodge S, Nitschke P, Kimhofer T, Coudert JD, Begum S, Bong SH, et al. NMR 

Spectroscopic Windows on the Systemic Effects of SARS-CoV-2 Infection on 

Plasma Lipoproteins and Metabolites in Relation to Circulating Cytokines. J 

Proteome Res. 2021;20(2):1382–96. 

53.  Wu J, Zhao M, Li C, Zhang Y, Wang DW. The SARS-CoV-2 induced targeted 

amino acid profiling in patients at hospitalized and convalescent stage. Biosci 

Rep. 2021;41(3). 

54.  Zhang S, Luo P, Xu J, Yang L, Ma P, Tan X, et al. Plasma Metabolomic Profiles 

in Recovered COVID-19 Patients without Previous Underlying Diseases 3 

Months After Discharge. J Inflamm Res. 2021;14:4485–501. 

55.  Bizkarguenaga M, Bruzzone C, Gil-Redondo R, SanJuan I, Martin-Ruiz I, 

Barriales D, et al. Uneven metabolic and lipidomic profiles in recovered COVID-

19 patients as investigated by plasma NMR metabolomics. NMR Biomed. 

2022;35(2):e4637. 

56.  Pu J, Liu Y, Zhang H, Tian L, Gui S, Yu Y, et al. An integrated meta-analysis of 

peripheral blood metabolites and biological functions in major depressive 

disorder. Mol Psychiatry. 2021;26(8):4265–76.  

57. Liu RZ, Mita R, Beaulieu M, Gao Z, Godbout R. Fatty acid binding proteins in 

brain development and disease. Int J Dev Biol. 2010;54(8–9):1229–39. 

58.  Tallima H, El Ridi R. Arachidonic acid: Physiological roles and potential health 



Trends Psychiatry Psychother - Journal Article Pre-Proof (as accepted) Page 25 of 26 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2022-0599 

benefits - A review. J Adv Res. 2018;11:33–41. 

59.  Akimova E, Lanzenberger R, Kasper S. The serotonin-1A receptor in anxiety 

disorders. Biol Psychiatry. 2009;66(7):627–35. 

60.  Cowen PJ, Browning M. What has serotonin to do with depression? World 

Psychiatry. 2015;14(2):158–60. 

61.  Menzie J, Pan C, Prentice H, Wu JY. Taurine and central nervous system 

disorders. Amino Acids. 2014;46(1):31–46. 

62.  Ogawa S, Fujii T, Koga N, Hori H, Teraishi T, Hattori K, et al. Plasma L-

tryptophan concentration in major depressive disorder: new data and meta-

analysis. J Clin Psychiatry. 2014;75(9):e906-15. 

63.  Liu X, Zheng P, Zhao X, Zhang Y, Hu C, Li J, et al. Discovery and validation of 

plasma biomarkers for major depressive disorder classification based on liquid 

chromatography-mass spectrometry. J Proteome Res. 2015;14(5):2322–30. 

64.  Mackay GM, Forrest CM, Christofides J, Bridel MA, Mitchell S, Cowlard R, et al. 

Kynurenine metabolites and inflammation markers in depressed patients treated 

with fluoxetine or counselling. Clin Exp Pharmacol Physiol. 2009;36(4):425–35. 

65.  Essa MM, Hamdan H, Chidambaram SB, Al-Balushi B, Guillemin GJ, Ojcius DM, 

et al. Possible role of tryptophan and melatonin in COVID-19. Int J Tryptophan 

Res. 2020;13:1178646920951832. 

66.  Eroglu I, Eroglu BC, Guven GS. Altered tryptophan absorption and metabolism 

could underlie long-term symptoms in survivors of coronavirus disease 2019 

(COVID-19). Nutrition. 2021;90:111308. 

67.  Vyavahare S, Kumar S, Cantu N, Kolhe R, Bollag WB, McGee-Lawrence ME, et 

al. Tryptophan-Kynurenine Pathway in COVID-19-Dependent Musculoskeletal 

Pathology: A Minireview. Mediat Inflamm. 2021;2021:2911578. 

68.  Shader RI. Kynurenine--an old pathway retraced. J Clin Psychopharmacol. 

2006;26(4):351–2. 

69.  Lovelace MD, Varney B, Sundaram G, Lennon MJ, Lim CK, Jacobs K, et al. 

Recent evidence for an expanded role of the kynurenine pathway of tryptophan 

metabolism in neurological diseases. Neuropharmacology. 2017;112(Pt B):373–

88. 

70.  Lionetto L, Ulivieri M, Capi M, De Bernardini D, Fazio F, Petrucca A, et al. 



Trends Psychiatry Psychother - Journal Article Pre-Proof (as accepted) Page 26 of 26 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2022-0599 

Increased kynurenine-to-tryptophan ratio in the serum of patients infected with 

SARS-CoV2: An observational cohort study. Biochim Biophys Acta Mol Basis 

Dis. 2021;1867(3):166042. 

71.  Thomas T, Stefanoni D, Reisz JA, Nemkov T, Bertolone L, Francis RO, et al. 

COVID-19 infection alters kynurenine and fatty acid metabolism, correlating with 

IL-6 levels and renal status. JCI Insight. 2020;5(14):e140327. 

72.  Danlos FX, Grajeda-Iglesias C, Durand S, Sauvat A, Roumier M, Cantin D, et al. 

Metabolomic analyses of COVID-19 patients unravel stage-dependent and 

prognostic biomarkers. Cell Death Dis. 2021;12(3):258. 

73.  Lorkiewicz P, Waszkiewicz N. Biomarkers of Post-COVID Depression. J Clin 

Med. 2021;10(18):4142. 

74.  Bouças AP, Rheinheimer J, Lagopoulos J. Why Severe COVID-19 Patients Are 

at Greater Risk of Developing Depression: A Molecular Perspective. 

Neuroscientist. 2022;28(1):11-19. 

75.  Hornick MG, Olson ME, Jadhav AL. SARS-CoV-2 Psychiatric Sequelae: A 

Review of Neuroendocrine Mechanisms and Therapeutic Strategies. Int J 

Neuropsychopharmacol. 2022;25(1):1–12. 

76.  Alnefeesi Y, Siegel A, Lui LMW, Teopiz KM, Ho RCM, Lee Y, et al. Impact of 

SARS-CoV-2 Infection on Cognitive Function: A Systematic Review. Front 

Psychiatry. 2021;11:621773.  

77.  Namdar P, Mojabi NA, Mojabi B. Neuropsychological and Psychosocial 

Consequences of the COVID-19 Pandemic. Neurophysiology. 2020;52(6):446–

55.  

78.  Borelli WV, Augustin MC, de Oliveira PBF, Reggiani LC, Bandeira-de-Mello RG, 

Schumacher-Schuh AF, et al. Neuropsychiatric Symptoms in Patients with 

Dementia Associated with Increased Psychological Distress in Caregivers 

During the COVID-19 Pandemic. J Alzheimers Dis. 2021;80(4):1705-1712. 

79.  Cruz-Pereira JS, Rea K, Nolan YM, O’Leary OF, Dinan TG, Cryan JF. 

Depression’s Unholy Trinity: Dysregulated Stress, Immunity, and the 

Microbiome. Annu Rev Psychol. 2020;71:49–78.  

 

 


