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A B S T R A C T   

Background: Subjective and objective cognitive dysfunction are reported after COVID-19 but with limited data on 
their congruence and associations with the severity of the acute disease. The aim of this cohort study is to 
describe the prevalence of subjective and objective cognitive dysfunction at three and six months after COVID-19 
and the associations of subjective cognitive symptoms and psychological and disease-related factors. 
Methods: We assessed a cohort of 184 patients at three and six months after COVID-19: 82 patients admitted to 
the Intensive Care Unit (ICU), 53 admitted to regular hospital wards, and 49 isolated at home. A non-COVID 
control group of 53 individuals was included. Demographic and clinical data were collected. Subjective cogni
tive symptoms, objective cognitive impairment, and depressive and post-traumatic stress disorder (PTSD) 
symptoms were assessed. 
Results: At six months, subjective cognitive impairment was reported by 32.3% of ICU-treated, 37.3% of ward- 
treated, and 33.3% of home-isolated patients and objective cognitive impairment was observed in 36.1% of 
ICU-treated, 34.7% of ward-treated, and 8.9% of home-isolated patients. Subjective cognitive symptoms were 
associated with depressive and PTSD symptoms and female sex, but not with objective cognitive assessment or 
hospital metrics. 
Conclusions: One-third of COVID-19 patients, regardless of the acute disease severity, reported high levels of 
subjective cognitive dysfunction which was not associated with results from objective cognitive screening but 
with psychological and demographic factors. Our study stresses the importance of thorough assessment of pa
tients reporting long-term subjective symptoms, screening for underlying mental health related factors such as 
PTSD or depression.   

1. Introduction 

COVID-19 can have sequelae lasting for months after initial recovery 
(Lopez-Leon et al., 2021), including neurological (Chou et al., 2021) and 
psychiatric (Premraj et al., 2022) manifestations and cognitive impair
ment (Daroische et al., 2021). Cognitive impairment is one of the most 
common prolonged symptoms of COVID-19, as defined by the WHO 
consensus on post COVID-19 condition (WHO, 2021; Davis et al., 2021). 
The incidence of cognitive symptoms has ranged from 0 to 78% (Schou 
et al., 2021) in studies of the acute and post-acute phases of COVID-19 

(Krishnan et al., 2022; Zhou et al., 2020). The heterogeneity of study 
samples and methods may partly explain the large variability in the 
results. Moreover, few studies have included a control group (Tavar
es-Junior et al., 2022), which would facilitate differentiating direct ef
fects of the disease and indirect factors of the pandemic (Schou et al., 
2021). 

There is still limited information on the long-term cognitive outcome 
of patients with different severity levels of the acute disease (Hampshire 
et al., 2021), and particularly in mild COVID-19 (Schou et al., 2021; Van 
Kessel et al., 2022; Vanderlind et al., 2021). Patients who have been 
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treated in the intensive care unit (ICU) have been found to have more 
cognitive impairment compared to other hospitalized patients (Taquet 
et al., 2021), although no differences between these patient groups have 
been found in a three-month follow-up (Rass et al., 2022). Compared to 
home-treated patients, hospitalization may be a risk to having more 
cognitive impairments (Becker et al., 2021). However, persisting 
cognitive symptoms and mental distress may appear also among patients 
with mild COVID-19 (Van Kessel et al., 2022). 

Cognitive functioning can be evaluated using objective assessment or 
subjective self-reporting questionnaires. COVID-19 patients have 
commonly reported subjective cognitive complaints (Vanderlind et al., 
2021) with as much as 54.7% reported in a 1-year follow-up (Ferrucci 
et al., 2022). However, there are contradictory results on how 
self-reported cognitive issues reflect objective cognitive evaluation 
(Almeria et al., 2020; Blackmon et al., 2022; Miskowiak et al., 2021). 
Besides infection-related factors, other mechanisms such as education, 
age, and psychological factors including distress may modulate cogni
tive outcomes (Majoka and Schimming, 2021). COVID-19 survivors may 
experience mental distress, including symptoms of depression 
(Renaud-Charest et al., 2021) and post-traumatic stress disorder (PTSD) 
(Heesakkers et al., 2022). Because of the symptomatic heterogeneity of 
COVID-19, studies employing a holistic approach combining clinical 
assessments with patient-reported measures and medical data are called 
for (Wahlgren et al., 2022). Additionally, longitudinal assessment across 
recovery is needed to assess the consequences of COVID-19 over time 
(Vanderlind et al., 2021). 

Our aim was to assess subjective and objective cognitive dysfunction 
up to six months after COVID-19 in three different levels of acute disease 
severity: patients treated in the ICU or regular hospital wards or isolated 
at home. We examined the prevalence of subjective and objective 
cognitive impairment and the associations of subjective cognitive 
impairment to objective cognition, symptoms of depression and PTSD, 
and demographic and disease-related factors at three and six months 
after COVID-19. 

2. Materials and methods 

2.1. Study design, setting, and population 

This is a post hoc study of the RECOVID project, a multidisciplinary, 

single-center, prospective cohort study. The study protocol has been 
previously described (Ollila et al., 2022). The study is registered at 
ClinicalTrials.gov (NCT04864938). The Ethics Committee of Helsinki 
University Hospital (HUS-1949-2020) approved the protocol. All par
ticipants gave written informed consent to the study and the principles 
of the Declaration of Helsinki were followed. 

We assessed COVID-19 patients in three groups of acute disease 
severity (Fig. 1). A control group who reported no history of COVID-19 
was also recruited (CONTROL group). The assessments were conducted 
three and six months after hospital discharge (ICU and WARD groups) or 
positive PCR test (HOME group). We included patients with data from at 
least one cognitive measure in at least one time point, resulting in a final 
study sample of 184 patients: 82 treated in ICU, 53 hospitalized who 
received ward-level care (WARD), and 49 home-isolated patients 
(HOME). The patients had been hospitalized or tested positive for 
COVID-19 between March 13 and December 31, 2020. Patients were 
typically admitted to the ICU if they had respiratory rate 30 and oxygen 
saturation with pulse oximeter 92% or below, were rapidly deteriorating 
with obviously increased work of breathing, or had other organ 
dysfunction necessitating intensive support or monitoring. The ICU 
admission criteria were in broad accordance with the published criteria 
for severe critical COVID-19 (Alhazzani et al., 2021). Recruitment took 
place by mailed invitation after discharge (ICU), from a pulmonary 
outpatient clinic appointment or during acute care in a pulmonology 
ward (WARD), or by media announcements (HOME and CONTROL). 
Inclusion criteria included a positive acute phase PCR or antibody test, 
age 18 or older, and Finnish as primary language. Exclusion criteria 
were pregnancy, prior major neurological diagnosis, developmental 
intellectual disability, or severely impaired hearing or vision. 

2.2. Study outcomes 

The main outcomes were the prevalence of subjective and objective 
cognitive impairment at 3 and 6 months after COVID-19 in three groups 
of acute disease severity compared to non-COVID controls. Secondary 
outcomes were the associations of subjective cognitive symptoms with 
objective cognitive impairment, demographic and disease-related fac
tors, and depressive and PTSD symptoms. 

We evaluated subjective cognitive impairment with the A-B Neuro
psychological Assessment Schedule (ABNAS) questionnaire (Aldenkamp 

Fig. 1. Flow chart of the data compilation.  
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et al., 1995), a scale of patient-perceived cognitive functioning. It in
cludes 24 items regarding cognitive impairments in daily life. Each item 
is scored on a scale from 0 to 3 with 0 indicating no difficulty, 1 mild 
difficulty, 2 moderate difficulty, and 3 severe difficulty. Cognitive 
symptoms are evaluated on six domains: fatigue (5 questions), slowing 
(5), memory (4), concentration (4), motor coordination (3), and lan
guage (3). The total score ranges from 0 to 72 with higher scores 
reflecting greater levels of subjective impairment. Aldenkamp et al. 
(2002) have proposed a dichotomization into low (≤15) and high (>15) 
scores reflecting low and high levels of subjective cognitive impairment. 

We screened objective cognitive functioning with Montreal Cogni
tive Assessment (MoCA). The telephone-based version (t-MoCA) (Katz 
et al., 2021) was used at 3 months. It includes a subset of items from the 
full MoCA, excluding items requiring visual stimuli and 
pencil-and-paper drawing. It consists of 22 items divided into domains 
of memory (5 points), attention (6 points), language (3 points), verbal 
reasoning (2 points), and orientation (6 points). In the 6-month assess
ment, we used the full version of MoCA, which has additional visuo
spatial/executive (5 points) and naming (3 points) domains. Total scores 
consist of points earned plus an additional point given with ≤12 years of 
education (no extra point is given with a perfect score) resulting in 
maximal total scores of 22 for t-MoCA and 30 for MoCA. Impaired MoCA 
scores were defined as ≤19 for t-MoCA (Pendlebury et al., 2013) and 
≤25 for MoCA (Nasreddine et al., 2005). Experienced neuropsycholo
gists or clinician investigators trained by experienced neuropsycholo
gists performed the assessments. 

We assessed post-traumatic stress disorder (PTSD) symptoms with 
the Impact of Event Scale-6 (IES-6), an abbreviated 6-item version of the 
IES-Revised (IES-R) that uses a five-point Likert scale ranging from 0 to 4 
(Hosey et al., 2019). The score is formed as the mean of six items and the 
cut-off point indicating significant clinical symptoms of PTSD has been 
defined as 1.75 (Hosey et al., 2019). 

We evaluated depressive symptoms with the two-question screening 
method (Depression screen) (Arroll et al., 2003; Whooley et al., 1997) at 
three months and the Patient Health Questionnaire-9 (PHQ-9) (Kroenke 
et al., 2001) at six months. The Depression screen was considered pos
itive when “yes” was given to either of the two questions (Arroll et al., 
2003). For the PHQ-9, a score of 10 or higher reflects at least moderate 
depressive symptoms (Kroenke et al., 2001). 

We retrieved demographic information and clinical variables (length 
of hospital and ICU stay, supplementary oxygen, delirium, invasive 
mechanical ventilation [IMV], Charlson comorbidity index [CCI], and 
comorbidities) from medical records. Education level was reported by 
the patient. 

2.3. Statistical analysis 

We provide descriptive statistics for the demographic and clinical 
characteristics of each group and report the total sample size available 
for each data element. Sample size was based on power calculations for 
finding group differences which indicated that n > 50 would be required 
for each group. Continuous variables are presented as mean (SD) or 
median (interquartile range [IQR]) and categorical variables as n (per
centage). Group differences were assessed with ANOVA for normally 
distributed continuous variables, Kruskal-Wallis for non-normally 
distributed variables, and χ2 test for categorical variables. Changes in 
the frequency of impairment in follow-up were assessed with McNemar 
tests. Because of the differences in age and education levels in the 
groups, we used additional age- and education-adjusted ANCOVAs with 
Tukey’s post hoc tests to assess differences in MoCA scores. We trans
formed all ABNAS subscale scores to a range of 0–3 to enable compar
ison of subscales with differing numbers of items and assessed group 
differences with ANOVA. 

We assessed the correlations of subjective cognitive symptoms with 
depressive and PTSD symptoms, demographic factors, hospital metrics, 
and objective cognitive impairment with Pearson’s or Spearman’s r 

correlations. We then used partial Pearson correlation coefficients con
trolling for age, education, and IES-6 to assess adjusted associations 
between subjective cognitive symptoms and objective cognitive per
formance. Finally, we used Venn diagrams to illustrate the overlap of 
objective cognitive dysfunction, subjective cognitive symptoms, and 
PTSD symptoms. 

Statistical significance was set at p < .05 and all tests were two- 
tailed. The Bonferroni correction and the Benjamini-Hochberg 
adjusted false discovery rate (FDR) were used to control for multiple 
comparisons. No imputation was performed for missing data. Data were 
analyzed using IBM SPSS Statistics for Mac Version 27 (IBM Corp., 
Armonk, NY) and Jamovi version 2.2 (The jamovi project, 2021, 
https://jamovi.org). 

3. Results 

3.1. Patient characteristics 

The mean age of the COVID-19 patients was 53.4 (SD 12.8) years and 
44% were men. The HOME group was younger than the ICU, WARD, and 
CONTROL groups (all p < .001). The ICU group had less education than 
the WARD (p = .002), HOME (p < .001), and CONTROL (p < .001) 
groups. The CONTROL group had 50.9% men and a mean age of 54.9 
(12.3) years. Demographic characteristics, comorbidities, and hospital 
metrics are presented in Table 1. 

3.2. Subjective cognitive symptoms 

Of all COVID-19 patients, 40.6% (63/155) reported high levels of 
subjective cognitive symptoms (ABNAS score >15) at three months and 
34.2% (53/155) at six months compared to 8.0% (4/50) of the CON
TROL group. The frequencies of high ABNAS scores remained the same 
at three and six months (Table 2). There were no differences in ABNAS 
median scores between the ICU, WARD, and HOME groups (Table 2). In 
ABNAS subscales of fatigue (p < .001) and language (p < .001), all pa
tient groups reported more symptoms than controls (Fig. 2). In slowing, 
more symptoms were reported by the ICU and HOME groups at 3 and 6 
months and the WARD group at 6 months compared to controls. The ICU 
group reported more symptoms than controls in motor coordination at 3 
and 6 months and the HOME group in concentration at 6 months. 

3.3. Objective cognitive outcome 

The 3-month cognitive assessment took place on average 108 (SD 18) 
days after hospital discharge for ICU and 152 (41) days for WARD pa
tients and 181 (29) days after positive COVID-19 test result for HOME 
patients. Cognitive impairment was observed in 77 of 151 (51.0%) pa
tients (Table 2). A statistically significant difference in the mean t-MoCA 
scores emerged between ICU (19.1 [95% CI 18.5 to 19.6]), WARD (18.7 
[18.0 to 19.3]), and HOME (20.2 [19.7 to 20.7]) groups (p = .011, η2 

0.06). The HOME group scores were higher than ICU (p = .042) and 
WARD (p = .009) groups. Age (p = .015, η2 0.04) and education (p <
.001, η2 0.143) were significantly related to t-MoCA score. After 
adjusting for age and education, a significant group effect remained (p =
.038, η2 0.044) but no significant post hoc pairwise differences were 
found after adjusting for multiple comparisons. 

The 6-month cognitive assessment occurred on average 182 (18) 
days after hospital discharge for ICU and 198 (17) days for WARD pa
tients and 220 (34) days after positive COVID-19 test result for HOME 
patients. Cognitive impairment was observed in 47 of 166 (28.3%) pa
tients and 15 of 48 (31.3%) controls (Table 2). The frequency of 
objective cognitive impairment decreased in all COVID-19 groups from 
3 to 6 months (Table 2). At 6 months, there was a statistically significant 
difference in the mean MoCA scores between ICU (26.4 [25.7 to 27.0]), 
WARD (26.3 [25.7 to 26.8]), HOME (28.2 [27.6 to 28.7]), and CON
TROL (26.5 [25.8 to 27.2]) groups (p < .001, η2 0.096). In the HOME 
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group, scores were higher than in ICU (p < .001), WARD (p < .001), and 
CONTROL (p = .003) groups. Age (p = .039, η2 0.02) and education (p <
.001, η2 0.171) were significantly related to MoCA score. After adjusting 
for age and education, differences in MoCA scores were statistically 
significant (p = .006, η2 0.058) with the HOME group having higher 
scores than the WARD (p = .006) and CONTROL (p = .024) groups. 

3.4. Associations of subjective cognitive symptoms with psychological 
symptoms, demographic factors, hospital metrics, and objective cognitive 
impairment 

IES-6 scores of >1.75 were found in 27.7% of patients at 3 months 
and 19.6% at 6 months (Table 2). IES-6 scores correlated with ABNAS in 
all COVID-19 groups at six months and in the ICU and WARD groups at 
three months (Table 3). On the Depression screen at three months, 
36.8% of COVID-19 patients were classified as being at risk of depressive 
symptoms (Table 2). PHQ-9 scores of ≥10 were discovered in 15.5% of 
COVID-19 patients at 6 months and 2.0% of controls (Table 2). Both 
depression scores correlated with ABNAS scores in all COVID-19 groups 
(Table 3). 

Age and education did not correlate with ABNAS scores (Table 3). 
Sex was associated with ABNAS in COVID-19 patients: women (median 
14 [IQR 6–27]) reported more subjective cognitive symptoms than men 
(median 10 [4–17.75]) at three months (p = .034). A statistically sig
nificant difference was detected in the ABNAS score in the ICU group 
(women: median 15 [7.75–34.5]; men: median 10 [4.25–17]; p = .018) 
but not in the WARD or HOME groups. At six months, there were no sex 
differences in ABNAS scores in patient groups or controls. 

No correlations were found between the length of hospital stay and 
ABNAS. In ICU patients, delirium (patients with and without delirium 
median 10.50 [5.75–28.5] and 11.50 [5.25–19.5], respectively, p =
.431) and IMV (with and without IMV median 12 [5–25] and 11 [7–23], 
respectively, p = .784) were not associated with ABNAS. 

There was a correlation with p = .05 between MoCA and ABNAS at 3 
months in the ICU group (Table 3). Because of strong associations be
tween ABNAS and IES-6, additional partial correlation analyses 

controlling for age, education, and IES-6 were performed. In the ICU 
group, the correlation between ABNAS and MoCA 3-month scores was 
not statistically significant after controlling for age, education, and IES-6 
3-month score (r = − 0.222, p = .065). No statistically significant partial 
correlations between MoCA and ABNAS were found at 3 or 6 months in 
the ICU, WARD, or HOME groups, or in the group of all COVID-19 pa
tients combined. 

The proportions of patients with significant subjective and objective 
cognitive symptoms and PTSD symptoms are described in Venn dia
grams (Fig. 3). 

4. Discussion 

In this prospective single-center study of 184 COVID-19 patients and 
53 controls we observed a poor congruence of subjective and objective 
cognitive function test results and an association of subjective cognitive 
impairment with depressive and PTSD symptoms in a six-month follow- 
up. Over one-third of patients with COVID-19, regardless of the acute 
disease severity, reported high levels of subjective cognitive impairment 
in a six-month follow-up. Objective cognitive impairment was observed 
in more than half of ICU and WARD patients and one-third of HOME 
patients at 3 months. At 6 months the cognitive performance of all three 
COVID-19 groups was similar (ICU and WARD) or better (HOME) than 
non-COVID controls. The frequency of objective but not subjective 
cognitive impairment decreased from 3 to 6 months. Depressive and 
PTSD symptoms were equally reported by all COVID-19 groups. Sub
jective cognitive symptoms were associated with depressive and PTSD 
symptoms, and in the ICU group, female sex. No associations were found 
between subjective cognitive impairment and objective cognitive 
impairment, length of hospital stay, delirium, IMV, age, or education. 

The proportion of high levels of subjective cognitive symptoms in our 
study was approximately 30–40%, similar across the severity of acute 
disease, and stable in follow-up. Our findings differ from some studies 
where patients with more severe COVID-19 have reported more sub
jective symptoms (Pilotto et al., 2021; Halpin et al., 2021) but are in line 
with others which discovered similar rates of subjective cognitive 

Table 1 
Demographic characteristics, comorbidities, and hospital metrics in COVID-19 patients and controls.   

ICU (n = 82) WARD (n =
53) 

HOME (n =
49) 

pa All COVID-19 (N =
184) 

CONTROL (n =
53) 

pb 

Demographic characteristics 
Age, mean (SD), y 57.5 (11.6) 55.6 (9.6) 44.2 (13.3) <.001 53.4 (12.8) 54.9 (12.3) .453 
Sex, male, No./total (%) 49/82 (59.8) 19/53 (35.8) 13/49 (26.5) <.001 81/184 (44.0) 27/53 (50.9) .373 
Education, median (IQR), y 14 (12–15) 15 (13–17) 15 (14–17) <.001 15 (12–17) 15 (13–17) .115 

Comorbidities No./total (%)c 

CCI, median (IQR) 2 (1–3) n = 81 1 (1–2) – .196 – – – 
Hypertension 45/82 (54.9) 15/53 (28.3) 8/48 (16.7) <.001 68/183 (37.2) 11/53 (20.8) .026 
Hypercholesterolemia 26/82 (31.7) 11/53 (20.8) 4/48 (8.3) .008 41/183 (22.4) 7/53 (13.2) .143 
Heart disease 12/82 (14.6) 3/53 (5.7) 5/48 (10.4) .262 20/183 (10.9) 1/53 (1.9) .042 
Diabetes 19/82 (23.2) 5/53 (9.4) 2/48 (4.2) .006 26/183 (14.2) 1/53 (1.9) .013 
Malignancy 6/82 (7.3) 3/53 (5.7) 2/48 (4.2) .760 11/183 (6.0) 1/53 (1.9) .229 
Asthma 14/82 (17.1) 14/53 (26.4) 5/48 (10.4) .108 33/183 (18.0) 3/53 (5.7) .027 
COPD 0/82 (0.0) 3/53 (5.7) 0/48 (0.0) .024 3/183 (1.6) 0/53 (0.0) .348 
Kidney disease 3/82 (3.7) 0/53 (0.0) 0/48 (0.0) .153 3/183 (1.6) 0/53 (0.0) .348 
Liver disease 0/82 (0.0) 2/53 (3.8) 2/48 (4.2) .188 4/183 (2.2) 0/53 (0.0) .278 

Hospital metrics 
Delirium, No./total (%) 29/82 (35.4) – – – – – – 
Duration of hospital stay, median (IQR), d 20 (15–26) 8 (5–11) – <.001  – – 
Duration of supplementary oxygen, median (IQR), 
d 

20 (14–24) n =
78 

5 (1–9) – <.001 – – – 

Duration of ICU stay, median (IQR), d 10.5 (6–18) – – – – – – 
Received IMV, No./total (%) 53/82 (64.6) – – – – – – 
Duration of IMV, median (IQR), dd 7 (0–14) – – – – – – 

Abbreviations: CCI, Charlson Comorbidity Index; COPD, Chronic Obstructive Pulmonary Disease; IMV, Invasive mechanical ventilation. 
a ICU vs WARD vs HOME using ANOVA, Kruskal-Wallis test, or χ2 test, as appropriate. 
b Complete COVID-19 group vs non-COVID controls using t-test, Mann-Whitney test, or χ2 test, as appropriate. 
c Data missing from one patient in the HOME group. 
d The duration of IMV in days included intubation and extubation days, and all episodes in the case of several IMV episodes. 

R.E. Pihlaja et al.                                                                                                                                                                                                                               



Brain, Behavior, & Immunity - Health 27 (2023) 100587

5

deficits regardless of disease severity (Blackmon et al., 2022; Rass et al., 
2022). Moreover, our results strengthen the finding that COVID-19 pa
tients not requiring hospitalization can also manifest subjective cogni
tive symptoms (Vanderlind et al., 2021). 

COVID-19 patients reported more subjective cognitive symptoms 
than controls especially in the domains of fatigue, slowing, and lan
guage. Fatigue has been one of the most reported symptoms after 
COVID-19 (Graham et al., 2021). An interesting finding was the high 
amount of subjective language symptoms among COVID-19 patients, 
which warrants further research. In the concentration domain, the 
HOME group reported the most symptoms, which may reflect larger 
demands in work and daily life as they were the youngest group. 
Problems in motor coordination, on the other hand, were reported by 
the ICU group. Muscular weakness and decreased mobility are known 
symptoms of post-intensive care syndrome (Needham et al., 2012). 
Interestingly, COVID-19 patients’ subjective symptoms in memory did 
not differ from non-COVID controls. Blackmon et al. (2022) reported 
that 30–40% of COVID-19 patients showed subjective memory and 
attention problems, but they had no data on controls. This highlights the 
importance of a control group in COVID-19 studies. During a pandemic, 
even healthy individuals without coronavirus disease may experience 
subjective difficulties relating to the overall burden of the pandemic (e. 
g., restrictions and social isolation) or other, unexamined factors. Given 
the observed psychological distress in the general population during the 
pandemic (Patel et al., 2022), problems in cognitive functioning are also 
possible. 

In objective cognitive screening at three months, more than half of 
ICU and WARD and almost one-third of HOME patients had t-MoCA 

scores in the impaired range. The percentages of impaired MoCA scores 
decreased in follow-up. At six months, the rates of impaired cognitive 
performance in the ICU and WARD groups correspond to the findings of 
previous studies of hospitalized COVID-19 patients (Morin et al., 2021; 
Nersesjan et al., 2022; Raman et al., 2021). However, in our study, a 
similar proportion of the non-COVID controls also had MoCA scores in 
the impaired range. It is noteworthy that our non-COVID control sample 
consisted of individuals with no acute illness, whereas some studies have 
included patients hospitalized for other diseases as control subjects 
(Nersesjan et al., 2022). 

Subjective cognitive symptoms were not associated with objective 
cognitive screening, length of hospital stay, delirium, or IMV. Some 
previous studies have found subjective cognitive complaints to correlate 
with objectively measured cognitive impairment (Miskowiak et al., 
2021, 2022) whereas others (Almeria et al., 2020; Costas-Carrera et al., 
2022) have not. Previous studies have reported higher incidences of 
either objective (Ceban et al., 2022; Mendez et al., 2022) or subjective 
cognitive dysfunction (Venturelli et al., 2021). Assessment methods and 
the definitions of impairment vary across studies. Self-reported symp
toms do not necessarily manifest as impaired performance in neuro
psychological tests, especially in a short cognitive screen as used in the 
present study. Unmeasured factors may also affect cognitive assessment 
(Valdes et al., 2022). 

Psychological factors may also have a role in persisting subjective 
cognitive complaints after COVID-19 (Krishnan et al., 2022). In our 
study, subjective cognitive complaints were associated with depressive 
and PTSD symptoms, which was expected since psychological factors 
have been shown to associate with subjective cognitive complaints 

Table 2 
Cognitive and psychological outcomes in COVID-19 patients and controls.   

ICU (n = 82) WARD (n = 53) HOME (n = 49) p All COVID-19 (N =
184) 

CONTROLa (n =
53) 

p 

Subjective cognitive outcome 
ABNAS score, 3 months, median (IQR) 11 (6–23.5) 11.5 (2–27) 14 (4–23) .845 11 (4–24) – – 

n = 74 n = 46 n = 35  n = 155   
ABNAS score, 6 months, median (IQR) 10.5 (5–17) 10 (3–19) 14 (5–22) .616 11 (4–19) 4.5 (2–9) <.001 

n = 62 n = 51 n = 42  n = 155 n = 50  
ABNAS >15, 3 months, No./total (%) 
[95% CI] 

28/74 (37.8) 
[26.8–49.9] 

19/46 (41.3) 
[27.0–56.8] 

16/35 (45.7) 
[28.8–63.4] 

.732 63/155 (40.6) 
[32.8–48.8] 

– – 

ABNAS >15, 6 months, No./total (%) 
[95% CI] 

20/62 (32.3) 
[20.9–45.3] 

19/51 (37.3) 
[24.1–51.9] 

14/42 (33.3) 
[19.6–49.5] 

.848 53/155 (34.2) 
[26.8–42.2] 

4/50 (8.0) 
[2.2–19.2] 

<.001 

Difference in frequency of ABNAS >15, 3 
vs 6 mo, p 

.607 .774 .070 – – – – 

Objective cognitive outcome 
t-MoCA total score, 3 months, median 
(IQR) 

19 (17–21) 19 (17–20) 20 (19–21) .011 19 (18–21) – – 
n = 77 n = 44 n = 30  n = 151   

MoCA total score, 6 months, median 
(IQR) 

27 (25–29) 26 (25–28) 29 (27–30) <.001 27 (25–29) 27 (25–28) .366 
n = 72 n = 49 n = 45  n = 166 n = 48  

t-MoCA ≤19, 3 months, No./total (%) 
[95% CI] 

41/77 (53.2) 
[41.5–64.7] 

27/44 (61.4) 
[45.5–75.6] 

9/30 (30.0) 
[14.7–49.4] 

.025 77/151 (51.0) 
[42.7–59.2] 

– – 

MoCA ≤25, 6 months, No./total (%) 
[95% CI] 

26/72 (36.1) 
[25.1–48.3] 

17/49 (34.7) 
[21.7–49.6] 

4/45 (8.9) 
[2.5–21.2] 

.003 47/166 (28.3) 
[21.6–35.8] 

15/48 (31.3) 
[18.7–46.3] 

.693 

Difference in frequency of impaired 
MoCA scores, 3 vs 6 months, p 

.007 .003 .008 – – – – 

Depressive symptoms 
Depression screen ≥1, 3 months, No./total 

(%) [95% CI] 
29/74 (39.2) 
[28.0–51.2] 

18/46 (39.1) 
[25.1–54.6] 

10/35 (28.6) 
[14.6–46.3] 

.520 57/155 (36.8) 
[29.2–44.9] 

12/48 (25) 
[13.6–39.6] 

.132 

PHQ-9 ≥ 10, 6 months, No./total (%) 
[95% CI] 

8/62 (12.9) 
[5.7–23.9] 

8/51 (15.7) 
[7.0–28.6] 

8/42 (19.0) 
[8.6–34.1] 

.696 24/155 (15.5) 
[10.2–22.2] 

1/50 (2.0) 
[0.1–10.6] 

.011 

PTSD symptoms 
IES-6 > 1.75, 3 months, No./total (%) 
[95% CI] 

24/74 (32.4) 
[22.0–44.3] 

13/46 (28.3) 
[16.0–43.5] 

6/35 (17.1) 
[6.6–33.6] 

.249 43/155 (27.7) 
[20.9–35.5] 

– – 

IES-6 > 1.75, 6 months, No./total (%) 
[95% CI] 

13/62 (21.0) 
[11.7–33.2] 

10/49 (20.4) 
[10.2–34.3] 

7/42 (16.7) 
[7.0–31.4] 

.851 30/153 (19.6) 
[13.6–26.8] 

2/49 (4.1) 
[0.5–14.0] 

.010 

Difference in frequency of IES-6 > 1.75, 3 
vs 6 months, p 

.109 .344 .687 – – – – 

Abbreviations: ABNAS, A-B Neuropsychological Assessment Schedule; MoCA, Montreal Cognitive Assessment; PHQ-9, Patient Health Questionnaire-9; IES-6, Impact of 
Event Scale-6. 
b McNemar test p values. 

a Data collected once for the CONTROL group. 
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(Almeria et al., 2020; Brown et al., 2022; Henneghan et al., 2022; 
Liyanage-Don et al., 2022). The relationship between disease-related 
characteristics and subjective cognitive symptoms is still unclear. 
Consistent with our results, disease-related characteristics were not 
associated with self-reported fatigue in a previous study (Townsend 
et al., 2020). However, a greater number of COVID-related symptoms 
during the infection correlated with more subjective cognitive problems 
in another study (Henneghan et al., 2022). In our study, women in the 
ICU group reported more subjective cognitive symptoms than men. Fe
male sex has previously been reported to be associated with incomplete 
recovery (Evans et al., 2021), more frequent subjective cognitive decline 
(Ferrucci et al., 2021; Liyanage-Don et al., 2022), and more severe fa
tigue after COVID-19 (Halpin et al., 2021; Townsend et al., 2020). 

The strengths of our study include using a non-COVID control group 
which allows comparison to individuals who have been exposed to the 
indirect, societal factors associated with the pandemic. This is one of the 
first studies, to our knowledge, to investigate objective and subjective 

cognitive outcomes in several levels of COVID-19 severity. Additionally, 
the multidisciplinary approach allowed a comprehensive examination of 
clinical, cognitive, and psychological factors. 

There are several limitations to this study. First, the home-isolated 
group was the youngest and predominantly female, whereas the ICU 
group was predominantly male with the lowest education level, 
reflecting the risk factors for severe COVID-19 infection. There is a 
rather large sex difference in the home-isolated group with a high 
number of female subjects. In previous research, females have reported 
more long-term COVID-19 symptoms than males, which may have 
several possible explanations such as sex-related immune system dif
ferences or gender-related social factors (Pela et al., 2022). We cannot 
exclude selection bias, inherent to clinical research. Second, the MoCA is 
a cognitive screening instrument with limited sensitivity to detect subtle 
cognitive deficits in younger, non-neurodegenerative populations such 
as our cohort (Ceban et al., 2022). In our earlier study, we found 
impairment especially in the ICU-treated group in domains of attention 

Fig. 2. Mean ABNAS subscale scores at a) three and 
b) six months after COVID-19. The subscale scores 
were transformed to a range of 0–3 to enable com
parison of subscales with differing numbers of items. 
Control group scores are shown in both time points. 
Error bars represent 95% confidence intervals. Bon
ferroni adjusted p values are reported. *p < .05, **p 
< .001, ***p < .001 compared to CONTROL. (Color: 
online only.). (For interpretation of the references to 
colour in this figure legend, the reader is referred to 
the Web version of this article.)   
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and executive functions, which are difficult to evaluate with a screening 
test (Ollila et al., 2022). We used both the telephone and in-person 
versions of the MoCA, which limits the comparability of the results. 
Third, there were missing data during follow-up especially for the 
HOME group. Fourth, we cannot exclude volunteer bias, as subjects 
concerned about their cognition may have been more interested in 
participating the study. Fifth, we did not use an antibody test to confirm 
that the controls had not had an asymptomatic COVID-19 infection. 
Thus, we cannot fully exclude the possibility of a previous asymptomatic 
infection in the non-COVID controls. Sixth, to our knowledge, the 
ABNAS was used for the first time to assess subjective cognitive func
tioning after COVID-19. However, it is one of the methods recommended 
by the NEUROCovid Neuropsychology Taskforce (Cysique et al., 2021). 
Finally, this is a single-center study which limits the generalizability of 

our results. 

5. Conclusions 

In conclusion, long-term subjective cognitive impairment and psy
chological symptoms were present in COVID-19 patients regardless of 
the severity of the acute disease. Subjective cognitive symptoms were 
associated with depressive and PTSD symptoms and female sex, but not 
with objective cognitive screening. Objective neuropsychological 
assessment and self-reported measures of cognition seem to assess 
different constructs, although providing valuable information on 
different aspects of functioning. It is important to thoroughly assess 
patients reporting long-term subjective symptoms and screen for un
derlying mental health related factors such as depression or PTSD. 

Table 3 
Correlations of ABNAS scores to cognitive, psychological, demographic, and admission variables.   

ICU WARD HOME CONTROL 

3 monthsa 6 monthsb 3 monthsc 6 monthsd 3 monthse 6 monthsf ABNASg 

ABNAS, 6 months .792 *** n = 59 – .669 *** – .820 *** n = 31 – – 
t-MoCA, 3 months − .253† n = 73 − .179 n = 58 − .151 n = 41 − .238 n = 43 − .014 n = 26 .034 n = 28 – 
MoCA, 6 months − .051 n = 65 .041 n = 58 − .100 n = 43 − .114 n = 47 .079 n = 32 − .106 n = 40 − .081 n = 45 
Depression screen, 3 months .519 *** .338 * n = 59 .587 *** .491 ** n = 46 .439 * .263 n = 31 .411 ** n = 48 
PHQ-9, 6 months .590 *** n = 59 .816 *** .651 *** .838 *** .653 *** n = 31 .825 *** .686 *** 
IES-6, 3 months .642 *** .540 *** n = 59 .599 *** .388 * n = 46 .379 * .256 n = 31 – 
IES-6, 6 months .517 *** n = 59 .653 *** .379 * n = 45 .557 *** n = 49 .534 ** n = 31 .657 *** .400 ** n = 49 
Length of hospital stay − .040 − .044 .017 − .192 – – – 
Age .097 − .015 − .053 − .032 − .003 − .248 − .216 
Education − .071 .189 n = 61 − .191 n = 45 − .190 n = 50 .162 − .213 − .158 

*p < .05, **p < .001, ***p < .001. †p = .05. FDR-adjusted p-values are reported. 
a n = 74. 
b n = 62. 
c n = 46. 
d n = 51. 
e n = 35. 
f n = 42. 
g n = 50 unless otherwise specified. 

Fig. 3. Venn diagrams of the overlap of subjective cognitive symptoms, objective cognitive dysfunction, and PTSD symptoms. Subjective cognitive symptoms were 
defined as an ABNAS score >15, objective cognitive dysfunction as a t-MoCA score ≤19 (3 months) and a MoCA score ≤25 (6 months), and significant PTSD 
symptoms as an IES-6 mean score >1.75. The 3-month (n = 140) and 6-month (n = 143) follow-ups are shown. (Color: online only.). (For interpretation of the 
references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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