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Systemic cytokines related 
to memory function 
6–9 months and 12–15 months 
after SARS‑CoV‑2 infection
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Cognitive symptoms persisting beyond the acute phase of COVID‑19 infection are commonly 
described for up to 2 years after infection. The relationship between cognitive performance, in 
particular episodic memory processes observed chronically after infection, and cytokine levels in the 
acute phase of COVID‑19 has not yet been identified in humans. To determine whether the levels of 
cytokines IL1β, IL‑6 and TNFα secreted in the acute phase of SARS‑CoV‑2 infection are associated 
and predict verbal and visuospatial episodic memory performance in humans 6 to 9 months and 12 
to 15 months post‑infection. The associations and predictive value of the concentration of cytokines 
measured in acute phase (IL‑1β, IL‑6, TNFα) from plasma samples of N = 33 hospitalized COVID‑19 
patients (mean age 61 years, 39–78, 65% in intensive care) in relation to their verbal and visuospatial 
episodic memory performance measured at 6–9 months and 12–15 months post‑infection were 
analyzed. To do this, we used Spearman correlations and generalised linear mixed models. IL‑1β 
levels were associated with verbal episodic memory total recall scores 6–9 months post‑infection. At 
12–15 months post‑infection IL‑6 predicted verbal episodic memory score. This study demonstrated 
that the severity of inflammatory reaction at acute phase of SARS‑CoV‑2 infection predicts verbal 
episodic memory performance in the long‑term post‑infection.
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RT-PCR  Reverse transcription polymerase chain reaction
SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2
TNFα  Tumor necrosis factor alpha

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection leads to sequelae beyond the 
acute phase, manifested by a variety of physical, cognitive, and psychiatric symptoms (e.g. dyspnoea, memory 
loss, anxiety)1–3. These persistent symptoms are defined by the World Health Organisation as the post-COVID 
 condition4. Studies mainly highlight the persistence of cognitive symptoms and  fatigue5 up to 2 years post-infec-
tion6. In terms of prevalence, persistent cognitive symptoms one year after infection would represent between 14 
and 34% of people  hospitalized7. With regard to fatigue, 9 months after infection, around 19% of people (whether 
hospitalized or not) would still have clinically significant  fatigue8. Curiously, the persistence of these symptoms 
are not entirely explained by the severity of the disease in the acute  phase9. According to Morioka, et al.10, in a 
cohort study, more than a quarter of people with mild coronavirus disease (COVID-19) infection retained at 
least one physical or neurocognitive symptom between 6- and 24-months post-infection. However, there are 
disparities between the different research cohorts concerning the presence of post-COVID condition. During 
the 7 months following infection, multiple organs remain impacted by COVID-19, affecting between 30% and 
70% of a heterogeneous  population11.

There are multiple hypotheses regarding the pathophysiological pathways of post-COVID condition : some 
invoke the neurotropism of S proteins towards the ACE 2  receptor12 and systemic inflammatory  consequences12 
and others support the hypothesis of infiltration of the blood–brain  barrier13. The first hypothesis is currently 
being studied by profiling leukocyte and cytokine markers that could explain the sequelae following infection by 
SARS-CoV-212,14–16. More specifically, overexpression of interleukin (IL)-1β and IL-6 during infection was asso-
ciated with alterations in hippocampal neurogenesis from the post-acute phase (one week) in a mouse  model17. 
Per the literature, in 2006, a cytokine model of memory underpinned by hippocampal substrates highlighted the 
involvement of tumor necrosis factor (TNF)α, IL-6 and IL-1β in memory and learning processes in  animals18. 
Now, in the context of COVID-19 in humans, a previous study by Nuber-Champier et al.17 demonstrated relation-
ships between the immunity displayed during the acute phase of the infection and the anosognosia of memory 
deficits 6–9 months post-infection. According to the  authors19,20, TNFα predicted anosognosia of memory deficits 
and correlated with the functional connectivity of the hippocampal structures 6–9 months after  infection19,20. 
Brain imaging studies in humans are currently showing that COVID-19 infection has anatomical (e.g., alteration 
of white and grey matter) and functional repercussions that could target the hippocampus, parahippocampal 
 regions7,21,22 and a distributed cerebral network with behavioural  consequences23–25.

In the light of these observations, one of the major concerns linked to the persistence of these symptoms and 
pathophysiological patterns lies in the risks associated with the development or acceleration of neurodegenera-
tive  pathologies26. Current work highlighting possible neurodegenerative trajectories associated with multiple 
types of viral infection (e.g. pneumonia, herpes)27 suggests that COVID-19 could also be a risk factor in the 
development of neurodegenerative  pathologies28. Furthermore, the immune (IL-6 and IL-1β) and cognitive rela-
tionships in the context of neurodegenerative diseases seem to be increasingly  robust29–31. It therefore seems of 
crucial interest to investigate in depth the immune and cognitive relationships following SARS-CoV-2 infection 
in order to better predict the associated very long-term risks to mental health. Furthermore, the investigation of 
immune-cognitive relationships appears to be crucial in understanding the persistence of cognitive symptoms 
after SARS-CoV-2 infection, which is still not well understood. To our knowledge, in the context of COVID-19, 
few studies have demonstrated associations between immunity during the acute phase and specific cognitive 
deficits observed beyond 6 months after infection in  humans19,32,33.

Thus, given what is currently known about the relationships between cytokines (TNFα, IL-6 and IL-1β), brain 
function and associated cognitive  processes18,31,34, and given the hypotheses of post-COVID cognitive decline 
whose origin appears to stem from systemic  inflammation35, it is crucial to continue studying these interactions 
to better understand their effects. In other words, it seems necessary to study the relationships between memory 
capacity observed in humans at 6–9 months and 12–15 months post-infection alongside the levels of cytokines 
TNFα, IL-6 and IL-1β secreted during the acute phase. In this context, the main objective of this study was to 
explore the links between the cytokines TNFα, IL-6 and IL-1β secreted during the acute phase and verbal and 
visuospatial episodic memory performances in humans at 6–9 months and 12–15 months post-infection with 
SARS-CoV-2. With this objective in mind, and based on previous results linking immunity and cognition in the 
context of COVID-1919,32, we hypothesized that cytokine release syndrome at the time of acute COVID-19—
including TNFα, IL-6 and IL-1β—would be associated with reduced episodic memory performance 6–9 months 
and 12–15 months post-infection. Furthermore, we expected that these biomarkers may predict verbal and 
visuospatial episodic memory performance 6–9 months and 12–15 months post-infection.

Results
Sociodemographic and clinical data
The sociodemographic and clinical data of the 33 patients included in this study are reported in Table 1. The sam-
ple comprised 65% patients hospitalized in intensive care and 35% hospitalized in conventional internal medicine.

Cytokines levels in the acute phase of COVID‑19
The plasma cytokines – TNFα, IL-6, and IL-1β – concentrations assessment conducted via immunoassay at the 
time of admission to hospital for SARS-CoV2 infection, are presented in Table 2.
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Association between cytokines levels in the acute phase of COVID‑19 and episodic memory 
performance 6–9 months and 12–15 months post‑infection
Verbal episodic memory at 6–9 months
Correlations between RLRI raw scores obtained 6–9 months post-infection and cytokine levels measured in 
the acute phase of COVID-19 revealed all negative correlations between IL-1β plasma levels and all total scores 
and a free recall. IL-1β plasma levels correlated with RLRI free recall 2 (r = − 0.37; p = 0.034); total recall 1 scores 
(r = − 0.40; p = 0.019) total recall 2 scores (r = − 0.43; p = 0.013), the total of the three total scores (r = − 0.46; 
p = 0.006) (see Fig. 1), and total recall at 20-min scores (r = − 0.36; p = 0.037).

Visuospatial episodic memory at 6–9 months
None of the results were significant.

Verbal episodic memory at 12–15 months
RLRI free recall 2 scores correlated negatively with IL-1β plasma levels (r = − 0.41; p = 0.016) and the addition 
of the three free recall scores correlated negatively with IL-1β plasma levels measured on the acute phase of the 
infection (r = − 0.36; p = 0.039) (see Fig. 1).

Visuospatial episodic memory at 12–15 months
None of the results were significant.

Prediction of episodic memory performance 6–9 months post‑infection by acute immunity
Verbal episodic memory
RLRI free recall 1 scores obtained 6–9 months post-infection were significantly predicted by IL-1β plasma levels 
measured in the acute phase of COVID-19 (F = 4.50; p = 0.043; 95% CI [− 4.80; − 0.08]). RLRI total recalls 2 
scores were significantly predicted by IL-1β plasma levels (F = 7.02; p = 0.013; 95% CI [− 0.12; − 0.016]). In addi-
tion, the addition of the three total scores were predicted by IL-1β plasma levels measured in the acute phase of 
infection (F = 8.23; p = 0.008; 95% CI [− 6.58; − 1.10]). Finally, total recalls 1, 3 and at 20 min were significantly 
predicted by IL-1β plasma levels but did not survive FDR correction (total 1: F = 5.06; p = 0.032; 95% CI [− 0.31; 
− 0.015]); (total 3: F = 6.26; p = 0.018; 95% CI [− 0.11; − 0.012]) and (total 20 min :F = 4.76; p = 0.037; 95% CI 
[− 0.13; − 0.004]).

Table 1.  Sociodemographic and clinical data from the sample of patients assessed 6–9 months and 
12–15 months after infection with SARS-CoV-2. Education level: 1 = compulsory schooling, 2 = post-
compulsory schooling, and 3 = university degree or equivalent. Encephalopathy observed in the acute phase. 
RT-PCR reverse transcription polymerase chain reaction, SD standard deviation, Sex F female, M mal.

Patients included in the study

N = 33

Mean age in years (± SD) 61.30 (± 10.98)

Education level (1/2/3) 1/13/19

Sex (F/M) 7/26

Number of patients who required intermediate/intensive care in the acute phase 11/22

Mean days of hospitalization (± SD) 30.16 (± 25.91)

Mean days between positive RT-PCR test and collection of immunological data (± SD) 1.26 (± 2.85)

Diabetes (yes/no) 6/27

History of respiratory disorders (yes/no) 7/26

History of cardiovascular disorders (yes/no) 8/25

History of neurological disorders (yes/no) 0/33

History of psychiatric disorders (yes/no) 0/33

History of cancer (yes/no) 0/33

History of severe immunosuppression (yes/no) 0/33

History of developmental disorders (yes/no) 0/33

Table 2.  Concentration of cytokines extracted on admission to hospital for COVID-19 infection . IL 
interleukin, SD standard deviation, TNFα tumor necrosis factor-alpha.

Types of cytokines Cytokine count on day 1 of hospitalization (N = 33) median [95% CI]

TNFα (pg/ml) 3.86 [3.53; 6.61]

IL-6 (pg/ml) 12.78 [14.32; 33.65]

IL-1β (pg/ml) 0.69 [0.46; 1.39]
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Fig. 1.  Semi-log association between IL-1β secreted during the acute phase of SARS-CoV-2 infection and 
episodic memory performance 6–9 months and 12–15 months post-infection. (a) Semi-log association between 
Log IL-1β and the total of the three RLRI total scores 6–9 months post infection. (b) Semi-log association 
between Log IL-1β and the addition of the three RLRI free recall scores 12–15 months post-infection. Log 
logarithmic, RLRI free/cued recall paradigm.
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Visuospatial episodic memory
None of the results were significant.

Prediction of episodic memory performance 12–15 months post‑infection by acute immunity
Verbal episodic memory
Free recall 1 score obtained 12–15 months after infection showed that IL-6 plasma levels was a significant predic-
tive factor (F = 5.82; p = 0.022; 95% CI [− 2.84; − 0.23]).

Visuospatial episodic memory
None of the results were significant.

Discussion
The immune-cognitive relationship has been the subject of a great deal of research on animals and, more recently, 
on humans in infectious  contexts36 or neurodegenerative  diseases27,29. In particular, the cytokines IL-1, TNFα and 
IL-6 appear to be central inflammatory markers at the cerebral level and may have an impact on the performance 
of certain cognitive  processes37.

This study, which explored the relationships between cytokines released during the acute phase of SARS-
CoV-2 infection and cognitive functions in the post-infection context of COVID-19, has yielded interesting 
findings, especially in relation to memory processes. Indeed, our study supports our first hypothesis and sug-
gests several significant associations, as shown by the correlation results. These analyzes at 6–9 months revealed 
negative associations between IL-1β and all the measures involving the verbal episodic memory storage process. 
Curiously, analyzes carried out 12–15 months post- infection revealed negative correlations associating retrieval 
processes in verbal episodic memory and the plasma concentration of IL-1β measured in the acute phase of 
SARS-CoV-2 infection. It would therefore appear, from these results, that marker IL-1β has a differential impact 
on verbal episodic memory sub-processes over time. Verbal episodic memory storage performance is influenced 
by the plasma concentration of IL-1β 6–9 months post-infection, while retrieval performance is influenced by 
the plasma concentration of IL-1β 12–15 months post-infection. This implies that immunity can modulate the 
performance of different processes of verbal episodic memory. However, no significant associations were found 
for visuospatial episodic memory. Given that only the verbal aspect of episodic memory is linked to the immu-
nity secreted during the acute phase, it also seems that certain processes linked to a specific modality are more 
sensitive to inflammatory variations than others.

The present results also partially confirmed our second hypothesis, according to which acute levels of the 
cytokines IL-6, and IL-1β during the acute phase of COVID-19 could predict verbal episodic memory scores at 
6–9 months and 12–15 months post-SARS-CoV-2 infection. We observed that, at 6–9 months post-infection, 
verbal episodic memory scores involving storage processes were predicted by IL-1β plasma levels. Analyzes of 
the prediction of memory scores at 12–15 months revealed different results to those observed at 6–9 months, 
with only one verbal episodic memory score (Free recall 1) reflecting more of a retrieval process, being predicted 
by IL-6 plasma levels. As regards the results relating to visuospatial episodic memory, none of the inflammatory 
markers proved to be predictive of these cognitive performances. Curiously, plasma TNFα levels were not linked 
to (or predictive of) these cognitive processes in this context. The links maintained between viral infection, 
inflammatory markers and episodic memory leave open the question of the trajectories of certain individuals 
with an potential risk of developing neurodegenerative pathology over time.

Viral infection can increase the risk of developing neurodegenerative pathologies over  time27. According to 
Levine et al.27, hospitalization for influenza infection with pneumonia increases the risk of developing a neuro-
degenerative disease by a factor of two, 5 years later. There are many pathophysiological hypotheses, although 
the involvement of the immune system and neuroinflammation are currently interesting  leads31. Several stud-
ies have since demonstrated links between the recruitment of IL-1β, IL-6 and TNFα type cytokines and the 
cognitive disorders observed in Alzheimer’s  disease30,31,38. It would appear that particularly high levels of IL-6 
are associated with cognitive disorders observed in mild cognitive impairment and Alzheimer’s disease and 
are also observed in greater quantities in Alzheimer’s population than in a healthy  population30,38. Recently, 
authors have highlighted an increased risk of developing a neurodegenerative pathology following infection with 
COVID-1926,39. According to Zarifkar et al.26, infection with COVID-19 is associated with a 3.5-fold greater risk 
of developing Alzheimer’s disease compared with an uninfected person. The pathophysiological mechanisms 
connecting immune responses to cognitive disorders are not fully understood yet. However, the neurotrophic 
properties of IL-6 imply that a disruption in its regulation could play a role in the development of cognitive 
 disorders31. Therefore, investigating the role of cytokine secretion by circulating immune cells and tissue-resident 
cells—such as glial cells—on cell-to-cell interaction and on the neuronal network may represent a promising 
avenue for future research by linking immune profile and long-term brain dysregulation. This could enhance 
our understanding of certain neurodegenerative mechanisms and the associated cognitive  impairments40. This 
area of research becomes even more intriguing in the context of a systemic viral infection like SARS-CoV-2. The 
pathophysiological mechanisms unique to SARS-CoV-2 involve both specific and ubiquitous immune responses, 
which could potentially be mirrored in other viral contexts.

The present study has the advantage of having investigated cognitive performance precisely with specific tools 
for each cognitive function in a population in good health prior to infection with COVID-19. Thus, the impact 
on cognitive performance can less likely attributed to confounding factors linked to comorbidities. Moreover, 
cytokine levels measured soon after hospital admission avoid any influence from drugs administered during 
hospitalization. However, this study has several limitations, starting with the small sample size and the gener-
alisability of the results, despite the power analysis we have carried out. A study involving a larger cohort seems 
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necessary in order to be able to generalise the results statistically. A second limitation of this study is the lack of 
cytokine level measurements at various follow-up points post-SARS-CoV-2 infection, as well as the absence of 
immune cell profiling using flow cytometry phenotyping. A larger immune profiling description could be used 
to predict other cognitive disorders. In addition, the temporality between measurements of immunity in the 
acute phase and the cognitive measures (6–9 months post-infection) is likely to have an impact on the trajectories 
of individuals according to the different treatments received. Finally, the absence of a control group limits the 
interpretation of potential cognitive deficits in this population. However, despite the absence of a control group 
and of any interpretation as to the presence of potential cognitive deficits, we found evidence of variations in 
verbal episodic memory performance. This spectrum of performance may possibly span a continuum between 
normal and pathological performance. Furthermore, during the acute phase of the pandemic, it was ethically 
challenging to bring healthy individuals into the hospital. As a result, this cohort does not include a control group 
that was evaluated during the pandemic.

Conclusion
This study, conducted on a human population, highlights the predictive capacity of IL-1β plasma levels during 
the acute phase of SARS-CoV-2 infection on verbal episodic memory performance measured at 6–9 months. 
Plasma levels of IL-6 secreted during the acute phase predicted verbal episodic memory scores at 12–15 months 
post-infection. These findings reinforce the hypothesis of a connection between the acute immune system dys-
regulation and long-term cognitive functions.

Methods
General procedure and patient consent
This study extends the COVID-COG project. It utilizes existing data from the COVID-COG project, which 
includes samples from hospitalized and intensive care patients (all patients were hospitalized for SARS-CoV-2 
infection), along with neuropsychological, sociodemographic, and clinical data (see section "COVID-COG 
cohort", "Participants included in the study" and "Sociodemographic and clinical data").

Fig. 2.  Study flowchart. In this study, we included 33 patients hospitalized in the acute phase of SARS-CoV-2 
infection for whom a blood sample and cytokine analysis had been performed and who were assessed a 
neuropsychological examination at 6–9 months and 12–15 months post-infection. We excluded 88 patients 
from the cohort, who had not been hospitalized due to the absence of a blood sample, patients who had 
been hospitalized without a viable blood sample for cytokine analysis and patients who had not completed a 
follow-up neuropsychological examination 12–15 months post-infection. ICU intensive care unit.
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In the present study we specifically extracted and retrospectively analyzed acute cytokine data from hospi-
talization and intensive care patients with viable venous blood samples (see Fig. 2 and section "Retrospective 
analysis of cytokines" and "Cytokines levels in the acute phase of COVID-19"). We analyzed the relationship 
and predictability of episodic memory raw scores measured at 6–9 months and 12–15 months post-infection by 
acute cytokine levels. The study was conducted in accordance with the Declaration of Helsinki, and the study 
protocol was approved by the cantonal ethics committee of Geneva (CER-02186). Each patient included in the 
study was informed and freely consented in writing to participate in the study.

COVID‑COG cohort
The COVID-COG cohort is made up of 121 people eligible according to the following exclusion criteria: no 
neurological, psychiatric, cognitive and medical history that may affect cognition (e.g., cancer, HIV), neurodevel-
opmental pathologies, pregnancy, substance use, treatment affecting cognition and age over 80. A complete and 
validated neuropsychological test battery was administered to the participants 6–9 months and 12–15 months 
post-infection (see section  "Measurement of episodic memory" and Voruz, et al.3) (free and informed consent 
of the patients was collected). The 121 people included in the COVID-COG project were divided into subgroups 
according to the severity of the infection in the acute phase. A first "mild" subgroup requiring no hospitaliza-
tion (N = 49), a second "moderate" subgroup requiring hospitalization without mechanical ventilation (N = 48) 
and finally a "severe" subgroup requiring hospitalization in intensive care with mechanical ventilation (N = 24).

Participants included in the study
As described above, we extracted, from the COVID-COG cohort, the patients who benefited from a venous blood 
sample during the acute phase of the infection as well as a neuropsychological examination at the two measure-
ment times (6–9 months and 12–15 months post-infection). Thus, 33 patients were included in this study, 22 
from intensive care and 11 from intermediate care during the acute phase of the disease (see Fig. 2 and Table 1).

Measurement of episodic memory
Data from objective measures of episodic memory were extracted from the COVID-COG protocol. Based on 
the MNESIS model (Eustache et al.41), we measured two dimensions of episodic memory. We used two different 
episodic memory tasks to highlight verbal and visuospatial episodic memory processes. We used the following 
tools: free/cued recall paradigm (RLRI 16) (Grober and  Buschke42) measuring verbal episodic memory (we 
collected free recall and total recall scores) and the Rey–Osterrieth Complex Figure test (Meyers and  Meyers43) 
measuring visuospatial episodic memory (we collected the scores at 3-min recall and the scores at 20-min recall) 
(see supplementary materials S1 and S2). In clinical practice, these tests are used on a daily basis to assess different 
memory processes. Symptom validity was checked using the Behavior Rating Inventory of Executive Function 
(Abeare et al., 2021). Symptoms were validated for all patients in the cohort.

Retrospective analysis of cytokines
Cytokine measurements were conducted on the first day of hospitalization, prior to the administration of any 
therapies that could affect cytokine level variations. Blood samples were collected, on average, 1.26 ± 2.85 days 
following a positive PCR test (see Table 2). Cytokines (TNFα, IL-1β, IL-6) were measured (pg/ml) using com-
mercially available multiplex bead immunoassays (Fluorokine MAP Multiplex Human Cytokine Panel, R&D 
Systems, Minneapolis, USA) and read using a Bioplex 200 array reader (Bio-Rad Laboratories, Hercules, CA, 
USA) and Luminex xMAP Technology (Luminex Corporation, Austin, TX, USA).

Statistical power
We set the type two β error at 0.80, the α threshold was set at 0.025 in view of our hypotheses. Finally, we esti-
mated a correlation coefficient on the observed relationship between TNFα levels and post-COVID 19 cognitive 
symptoms obtained in Nuber-Champier, et al.19,44.

Thus, based on the calculation made by Sb et al.45, the necessary sample size is estimated at 21 participants 
per group.

Statistical analysis
Given the distribution of our cytokine data and the proximity of certain scores to zero, we performed a loga-
rithmic (log) transformation of our  data46. In addition, as the raw cognitive data were not normally distributed 
either, we used non-parametric tests, namely Spearman correlation tests and generalised linear mixed models 
(GLMM) gamma with log link or linear depending on data  distribution46,47. We present the descriptive clinical 
and socio-demographic data of the sample in Table 1.

The standard normal deviate for α = Zα = 1.9600

The standard normal deviate for β = Zβ = 0.8416

C = 0.5 ∗ ln[(1+ r)/(1− r)] = 0.6625

Total sample size = N =
[(

Zα + Zβ

)

/C
]2

+ 3 = 21
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In relation to the hypothesis of an association between levels of cytokine secretion in the acute phase and 
memory performance at 6–9 months and 12–15 months post-infection, we performed Spearman correlations 
with a significance threshold set at 0.05. A total of four correlation matrices were produced: (i) relationship 
between cytokines levels in the acute phase of COVID-19 and verbal episodic memory scores measured at 
6–9 months; (ii) relationship between cytokines levels in the acute phase of COVID-19 and visuospatial episodic 
memory scores measured at 6–9 months; (iii) relationship between cytokines levels in the acute phase of COVID-
19 and verbal episodic memory scores measured at 12–15 months and (iv) relationship between cytokines levels 
in the acute phase of COVID-19 and visuospatial episodic memory scores measured at 12–15 months.

Concerning the hypothesis that memory performance measured at 6–9 months and 12–15 months could be 
predicted by cytokines levels in the acute phase of COVID-19, we performed GLMM. We performed a regression 
model for each verbal and visuospatial episodic memory raw score measured at 6–9 months and 12–15 months 
with log TNFα, log IL-6 and log IL-1β levels as predictors and gender, age and educational level as covariates.

Despite the hypothesis-driven nature of this study and the fact that we only investigated a limited number of 
variables (inflammatory and cognitive) related to our hypotheses, we applied a correction for the false discovery 
rate (FDR) in order to limit statistical error on the prediction analyzes.

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on reason-
able request. In the near future, the datasets generated and/or analyzed in the course of this study are available 
in the repository of Yareta, [https:// yareta. unige. ch/ home/ search? search= search% 3Dcov id% 2520c og].
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