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A B S T R A C T   

Background: A considerable proportion of people experience lingering symptoms after Coronavirus Disease 2019 
(COVID-19). The aim of this study was to investigate the frequency, pattern and functional implications of 
cognitive impairments in patients at a long-COVID clinic who were referred after hospitalisation with COVID-19 
or by their general practitioner. 
Methods: Patients underwent cognitive screening and completed questionnaires regarding subjective cognition, 
work function and quality of life. Patients' cognitive performance was compared with that of 150 age-, sex-, and 
education-matched healthy controls (HC) and with their individually expected performance calculated based on 
their age, sex and education. 
Results: In total, 194 patients were assessed, on average 7 months (standard deviation: 4) after acute COVID- 
19.44–53 % of the patients displayed clinically relevant cognitive impairments compared to HC and to their 
expected performance, respectively. Moderate to large impairments were seen in global cognition and in working 
memory and executive function, while mild to moderate impairments occurred in verbal fluency, verbal learning 
and memory. Hospitalised (n = 91) and non-hospitalised (n = 103) patients showed similar degree of cognitive 
impairments in analyses adjusted for age and time since illness. Patients in the cognitively impaired group were 
older, more often hospitalised, had a higher BMI and more frequent asthma, and were more often female. More 
objective cognitive impairment was associated with more subjective cognitive difficulties, poorer work function 
and lower quality of life. 
Limitations: The study was cross-sectional, which precludes causality inferences. 
Conclusions: These findings underscore the need to assess and treat cognitive impairments in patients at long- 
COVID clinics.   

1. Introduction 

Recent evidence indicates that a substantial proportion of people 
with Coronavirus Disease 2019 (COVID-19) experience lingering phys
ical and/or cognitive symptoms. Long COVID or post-COVID-19- 
syndrome is, according to the National Institute of Health and Care 
Excellence (NICE), defined as; symptoms persisting longer than 12 
weeks after the acute onset of COVID-19 (https://www.nice.org. 

uk/guidance/ng188). Most common long COVID symptoms are fa
tigue, dyspnea and cognitive impairment, such as difficulties with 
memory and concentration (Bliddal et al., 2021; Ceban et al., 2022). In 
particular, the prevalence of cognitive sequelae, also known as cognitive 
COVID, ranges from 12 % to 80 % across studies (Lopez-Leon et al., 
2021; Office for National Statistics, 2021). In a small longitudinal study 
of patients hospitalised with COVID-19, we found that greater cognitive 
impairment was associated with greater depression and anxiety 
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symptoms after 3 months (Miskowiak et al., 2021) and 1 year (Mis
kowiak et al., 2022). In fact, the level of cognitive impairment after 3 
months was related to the severity of mood symptoms after 1 year 
(Miskowiak et al., 2022). This may indicate a role of cognitive impair
ment in the common neuropsychiatric sequelae of COVID-19 (Taquet 
et al., 2021). Cognitive impairment is not uncommon following respi
ratory illnesses in general. However, the incidence of cognitive- and 
mental health consequences of COVID-19 appears to be higher even 
after 2 years (Taquet et al., 2022; Hewitt et al., 2022). Specifically, two 
studies found higher risk of developing dementia after pneumonia 
caused by the SARS-CoV-2 virus compared with the risk of dementia 
following pneumonias caused by other viruses (Taquet et al., 2021; 
Qureshi et al., 2022). In keeping with this, poorer cognitive outcomes 
after 6 months were found in COVID-19 patients admitted to intensive 
care units (ICU) compared to patients admitted to the ICU for other 
reasons (Nersesjan et al., 2022). 

A large longitudinal neuroimaging study of 782 participants 
including 394 participants with mild to moderate COVID-19 showed a 
significant illness-related reduction of grey matter thickness and volume 
in the left parahippocampal gyrus, orbitofrontal cortex and insula 
extending to the anterior cingulate cortex and temporal pole – brain 
areas directly linked to the olfactory and gustatory systems but also 
higher functions (Douaud et al., 2022). These structural changes were 
hypothesized at least partially to result from direct virus invasion of the 
central nervous system via the olfactory bulb (Douaud et al., 2022). 
Other studies suggest that exaggerated and long-lasting inflammatory 
responses also contribute to impairments in working memory and ex
ecutive function (Ceban et al., 2022; Alnefeesi et al., 2020). In contrast, 
cerebral oxygen starvation may play a more prominent role in the 
COVID-associated difficulties in hippocampus-based verbal learning and 
memory because hippocampal neurons are particularly susceptible to 
oxygen deprivation (Couzin-Frankel, 2020). Finally, the observation of 
white matter deficits indicates that microhaemorrhages can also 
contribute to cognitive complications of COVID-19 (Lersy et al., 2021). 
Complex and varying interactions between these different pathophysi
ological mechanisms - rather than any single mechanism alone - are 
likely to explain the cognitive sequelae of COVID-19 (Boldrini et al., 
2021). 

Studies of cognitive COVID have produced discrepant findings 
regarding the frequency and pattern of cognitive impairments. While a 
few studies found negligible cognitive decline in COVID-19 patients 
(Mattioli et al., 2021; Whiteside et al., 2022), other studies found high 
frequencies of impairment across executive function, attention and 
memory (Bungenberg et al., 2022; Costas-Carrera et al., 2022; Crivelli 
et al., 2022; Jaywant et al., 2021; Krishnan et al., 2022; Lopez-Leon 
et al., 2021; Mazza et al., 2021; Miskowiak et al., 2021; Miskowiak et al., 
2022). The discrepancies are likely due to differences in the populations 
(hospitalised or non-hospitalised patients, differences in age, levels of 
education or comorbidities) and methodologies, including sampling 
strategies and cognition measurement tools with varying sensitivity to 
cognitive decline in younger populations (Nielsen et al., 2022). Large 
populations have been studied through electronic health records, which 
has provided insight into risks of developing neuropsychiatric disorders 
following COVID-19 (Taquet et al., 2022). However, a methodological 
limitation in most studies of cognitive COVID with cognitive testing is 
that they were generally conducted in small samples, with few excep
tions (Hampshire et al., 2020). Nevertheless, meta-analysis of cognitive 
functions in >25,268 individuals from individual studies indicates that 
22 % of individuals exhibit lingering memory- and attention difficulties 
after COVID-19 (Ceban et al., 2022). However, no study to date has 
investigated the prevalence and pattern of cognitive impairments in 
patients at long-COVID clinics. 

The aim of this study was to investigate the pattern, frequency, and 
functional implications of cognitive impairments in a large sample of 
patients assessed at a long-COVID clinic at the Copenhagen University 
Hospital, Bispebjerg, either as a standard clinical follow-up appointment 

3–4 months after hospitalisation at the hospital department or after 
referral by their general practitioner due to lingering physical symp
toms. Specifically, we aimed to investigate the following questions: (I) 
what is the frequency of clinically relevant cognitive impairments in 
patients in a long-COVID clinic, (II) what is the pattern and severity of 
these cognitive impairments, (III) do cognitive impairments differ be
tween hospitalised and non-hospitalised patients, (IV) are there differ
ences in clinical and demographic variables between patients with and 
without cognitive impairments after COVID-19, and (V) do patients' 
objective cognitive functions scale with their subjective cognitive diffi
culties in daily life, quality of life and work function? 

2. Materials and methods 

2.1. Participants and recruitment 

Patients at the long-COVID clinic at Bispebjerg Hospital took part in 
the study as part of their clinical assessments. Patients were referred to 
the clinic either (i) as part of their standard 3–4-month follow-up 
assessment after hospitalisation with COVID-19 at the Bispebjerg Hos
pital or (ii) due to referral from their general practitioner in the capital 
region of Denmark due to lingering physical symptoms after COVID-19, 
most commonly respiratory problems. All patients with sufficient Danish 
language fluency, as evaluated by the health care personnel, took part in 
the cognitive assessment. An additional inclusion criterion for the pre
sent study was absence of pre-existing neurological disorder. 

Patients tested positive for SARS-CoV-2 on a PCR-test between March 
2020 and April 2021. This period includes mainly first wave cases as 
well as expectedly the Alpha variant (B.1.1.7) since this variant was first 
identified in Denmark November 2020 and classified as the dominant 
variant in March 2021 (Statens Serum Institut, 2022). Patients under
went cognitive testing from June 2020 until December 2021. The study 
was approved by the regional ethics committee in the Capital Region of 
Denmark (protocol no. H-20035553) and all patients gave written 
informed consent. 

The healthy control participants are from a pre-established norma
tive data set (Ott et al., 2021a; Ott et al., 2021b). They were recruited 
through blood banks in the Capital Region of Denmark, while waiting to 
give blood. The rationale for recruiting the control group this way was to 
avoid a bias of high education or superior cognitive function to represent 
the background population. 

2.2. Procedures 

Cognitive screening was conducted as part of the comprehensive 
clinical assessments of patients at the long—COVID clinic at Copenha
gen University Hospital, Bispebjerg. Objective cognitive functions were 
assessed with the brief (<20 min) Screen for Cognitive Impairment in 
Psychiatry Danish Version (SCIP-D; Jensen et al., 2015; Ott et al., 
2021a). The SCIP-D is a performance-based cognition test battery with 5 
subtests, that measure: verbal learning and memory, working memory, 
verbal fluency, and processing speed. Danish demographically adjusted 
norms exist for the SCIP, which enables accurate estimation for the in
dividual patient of their expected score, based on their age, sex and 
education level (Ott et al., 2021a). Further, the SCIP was selected 
because of its high sensitivity to cognitive deficits in general and spe
cifically its documented sensitivity of cognitive sequalae of COVID-19 
(Miskowiak et al., 2021). Furthermore, objective executive function 
was assessed with the Trail Making Test Part B in n = 189 of the patients 
(TMT-B; Army Battery, 1944), for which age- and education level 
adjusted norms also exist (Ott et al., 2021a). Subjective cognitive 
functions were assessed with the Cognitive Failures Questionnaire (CFQ; 
Broadbent et al., 1982). Pre-existing SCIP data was available for the n =
150 age-, sex- and education-matched healthy control (HC) participants 
from a previous norm study (Ott et al., 2021a). 

Patients also completed a set of questionnaires including the Work 
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Productivity and Activity Impairment Questionnaire (WPAI; Reilly 
et al., 1993), and EQ-5D-5L Quality of life questionnaire (EQ5D; Lloyd 
and Pickard, 2019) and underwent assessment of physical functions (the 
findings regarding physical functions will be reported separately for 
clarity reasons). 

2.3. Statistical analyses 

Statistical analyses were conducted using IBM SPSS statistics 25 for 
windows (IBM Corporation, Armonk, New York). Statistical significance 
was set to an alpha-level of p < 0.05 (two-tailed). To examine whether 
data were normally distributed, the Shapiro-Wilk's test was used. 

Research question (I) regarding the frequency of clinically relevant 
global or selective cognitive impairment in the patients was investigated 
through two approaches, (A) by comparing the patients' actual cognitive 
performance with what would be their expected performance calculated 
with regression-based formulas based on their age, sex and level of ed
ucation, and (B) by comparing patients' cognitive performance to a 
healthy control group (n = 150) matched on age, sex and education from 
a preestablished normative data set (Ott et al., 2021a). As for compar
ison (A), the regression-based formulas enable estimates of demo
graphically corrected normative scores applicable at an individual level 
(Duff, 2012). Thus, the formulas estimate whether each patient's 
cognition score is similar to or deviates from what would be expected of 
an individual with homogeneous demographic characteristics. Distinc
tively, the reliable change indexes (RCI) are standardized scores for the 
deviation of the observed scores from the predicted scores calculates as; 
(observed score − predicted score) / SEE, where SEE is the standard 
error of the estimate for the regression equation (Attix et al., 2009). The 
cut-off score for clinically relevant global cognitive impairment was 
defined as performance ≥ 1 SD below the expected SCIP total score or 
≥1 SD below the normative HC mean for the SCIP total, depending on 
approach of comparison (A) or (B), respectively. Selective cognitive 
impairments were defined as performance ≥ 1 SD below the expected 
score or below the normative HC mean on ≥2 of the six individual tests 
in comparison by approach (A) or (B), respectively. Regarding the 
measure of executive functioning (TMT-B), we could solely compare 
with expected scores based on age, sex and level of education, since this 
data was not collected within the healthy control group. 

Research question (II) regarding the pattern and severity of cognitive 
impairments was investigated through the two complementary ap
proaches by comparing (A) expected scores, based on demographically 
adjusted norms, with actual cognitive scores of the patients as well as 
with (B) comparisons with norms from the healthy control group. 
Comparisons for normally distributed data were performed with inde
pendent samples t-tests and paired samples t-test. For non-normally 
distributed data, comparisons were performed with Mann-Whitney U 
tests and paired samples Wilcoxon test. 

Research question (III) regarding the impact of COVID-19 severity, 
hospitalised and non-hospitalised patients was compared on objective 
cognitive performance, subjective cognition, experienced work function 
and quality of life. These analyses would be adjusted for any de
mographic variables for which hospitalised and non-hospitalised 
differed. 

Research question (IV) about possible differences in clinical and 
demographic variables between patients with and without cognitive 
impairments after COVID-19 was examined through comparison on 
these variables between patients with selective or global impairments 
(‘impaired group’) and without cognitive impairments (‘intact group’). 

Research question (V) regarding associations between the patients' 
objective cognitive functions and subjective cognitive difficulties, 
quality of life and work function were analysed with Pearson's correla
tions or Spearman's rho for normally and non-normally distributed data, 
respectively. The RCI for the patients' SCIP total scores and TMT-B scores 
were used as measures of ‘global cognitive impairment’ and ‘executive 
dysfunction’ in these analyses, respectively. Executive function was 

investigated along with global cognitive function since executive 
dysfunction previously has been associated with poorer work function 
and quality of life (Miskowiak et al., 2021; Poletti et al., 2021). 

3. Results 

3.1. Participant characteristics 

A total of 194 of 301 patients (64.5 %) in the long-COVID clinic were 
eligible (sufficient Danish fluency and absence of pre-existing neuro
logical disease) and were included in the study (56 % females; mean age 
51 ± 15). Of these, 91 patients were referred to the clinic as a standard 
follow-up assessment after hospitalisation with COVID-19 and 103 pa
tients were referred by their general practitioner due to lingering 
physical symptoms after COVID-19. The time between illness and neu
ropsychological assessment was an average of 7 (±4) months. Table 1 
presents demographic characteristics of the patients as well as of an age-, 
sex- and education-matched sample of n = 150 healthy control partici
pants, recruited through blood banks in the Capital Region of Denmark, 
from a pre-established normative data set (Ott et al., 2021a; Ott et al., 
2021b). 

Table 2 displays demographic and clinical characteristics of the pa
tients divided in groups of hospitalised (47 %) and non-hospitalised (53 
%) patients. Compared with non-hospitalised patients, hospitalised pa
tients were older (age, mean ± SD: hospitalised: 57 ± 14, non- 
hospitalised: 45 ± 14), had higher BMI (mean ± SD, hospitalised: 30 
± 6, non-hospitalised: 25 ± 4), had higher Charlson comorbidity score 
(mean ± SD, hospitalised: 2.8 ± 2.4, non-hospitalised: 1.4 ± 1.6) and 
higher frequency of asthma (mean ± SD, hospitalised: 21 %, non- 
hospitalised: 9 %). In addition, the time between illness and cognitive 
assessment was longer in non-hospitalised patients compared to hospi
talised patients (months, mean ± SD: hospitalised: 5 ± 3, non- 
hospitalised: 9 ± 6), who were automatically followed up 3–4 months 
after their hospital discharge. 

3.2. Question (I): what is the frequency of clinically relevant cognitive 
impairments in these patients? 

Fig. 1 illustrates the frequency of clinically relevant global and se
lective cognitive impairment in the patients investigated through 
approach (A) and (B). In comparison with estimated expected perfor
mance (A), 81 patients (42 %) met the criteria for global cognitive 
impairment, while 22 patients (11 %) showed selective cognitive 
impairment and 90 (47 %) were cognitively normal. The comparison 
with the matched healthy control group (B), yielded 70 patients (36 %) 
as globally impaired, 15 (8 %) as selectively impaired and 108 (56 %) as 
cognitively normal. Hence, the two different methodologies for esti
mating the frequency of clinically relevant cognitive impairment, yiel
ded 44–53 % of the patients with cognitive impairment. 

3.3. Question (II): what is the pattern and severity of the cognitive 
impairments? 

Fig. 2 illustrates the pattern and severity of cognitive impairments 
investigated through approach (A) and (B). Approach (A), comparing 
patients' actual- and expected performance based on their de
mographics, showed that on average, patients displayed global cognitive 
impairment on the SCIP with a large effect size (SCIP Total: p < 0.001, 
Cohen's d = 0.62). Further impairment with large effect size was 
observed in working memory and executive function (WMT: p < 0.001, 
Cohen's d = 0.62; TMT-B: p < 0.001, Cohen's d = 0.73). Impairments 
with moderate effect sizes were observed within the following cognitive 
domains; verbal learning, verbal fluency, delayed verbal memory and 
psychomotor speed (VLT-L: p < 0.001, Cohen's d = 0.50; VFT: t = 4.49, 
df = 195, p < 0.001, Cohen's d = 0.40; VLT-D: p < 0.001, Cohen's d =
0.43; PMT: p < 0.001, Cohen's d = 0.34). 
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A similar pattern of impairments was found using approach (B), 
comparing the patients with the demographically matched healthy 
control group. Specifically, patients displayed global cognitive impair
ment on the SCIP with moderate effect size (p < 0.001, Cohen's d = 0.49) 
and impairment with moderate effect size on working memory (WMT: p 
< 0.001, Cohen's d = 0.55). Impairments with small to moderate effect 
sizes were found within verbal learning, verbal fluency and delayed 
verbal memory (VLT-L: p = 0.001, Cohen's d = 0.46; VFT: t = 2.07, df =
341, p = 0.04, Cohen's d = 0.22; VLT-D: p = 0.005, Cohen's d = 0.38). 
However, patients' performance in psychomotor speed appeared to be 
unimpaired compared to the healthy control group (PMT: p = 0.1). 

Taken together, there appears to be a pattern of most prominent 
impairment in the higher cognitive domains, working memory and ex
ecutive function, minimal to no impairment in psychomotor speed and 
intermediate non-specific impairments in the remaining cognitive 
domains. 

3.4. Question (III): do cognitive impairments differ between hospitalised 
and non-hospitalised patients? 

To investigate whether severity of illness had impact on the extent of 
cognitive impairment, hospitalised and non-hospitalised patients were 
compared. Groups differed in two important variables that likely 

influence cognitive status: age (years, mean ± SD: hospitalised 57 ± 14, 
non-hospitalised: 45 ± 14) and time since illness (days, mean ± SD: 
hospitalised: 162 ± 78, non-hospitalised: 266 ± 117). Analyses were 
therefore adjusted for age and time since illness, which revealed no 
differences in cognitive performance between hospitalised patients and 
non-hospitalised patients. Notably, hospitalised and non-hospitalised 
patients also showed no significant differences in subjective cognitive 
difficulties (CFQ), work function (WPAI) or quality of life (EQ-5D-5L) (p 
> 0.08). 

3.5. Question (IV): are there differences in clinical and demographic 
variables between patients with and without cognitive impairments? 

Fig. 3 displays demographic and clinical characteristics in the pa
tients divided in groups of cognitively impaired (53 %) and intact (47 %) 
patients, presenting possible confounders and/or contributors to 
cognitive impairments after COVID-19. Intact or impaired cognition 
status was established in comparisons with the patients' individually 
expected performance based on their age, sex and level of education. 
Compared with cognitively intact patients, cognitively impaired pa
tients were older (age, mean ± SD: impaired: 53 ± 16, intact: 48 ± 14, p 
= 0.04), had higher BMI (mean ± SD, impaired: 28 ± 6, intact: 26 ± 5, 
p = 0.04), had a higher frequency of asthma (%, impaired: 27 %, intact: 

Table 1 
Demographics, clinical characteristics, quality of life, work function, objective and subjective cognition data from patients and a matched control group as well as the 
expected cognitive scores based on patients' age, sex and education.   

Patients (n =
194) 

Expected scores based on age, 
sex, and education 

Healthy controls 
(n = 150) 

p-Value all patients actual 
vs. expected 

p-Value all patient vs. 
healthy controls 

Demographics      
Age (years), mean (SD) 50.8 (15.4)  50.9 (9.0)  0.69 
Sex, no. females (%) 108 (56)  84 (56)  0.95 
Years of education, mean (SD) 15.3 (3.9)  14.9 (3.0)  0.21 
BMI (kg/m2) 27.2 (5.5)     

Clinical characteristics 2.1 (2.2)     
Charlson comorbidity score 34 (19)     
Asthma, no (%) 217 (113)     
Days since illness, mean (SD)      

Cognition 71.0 (13.4) 77.2 (4.5) 76.7 (9.3) <0.001 <0.001 
SCIP Total Score, mean (SD)      
VLT-L, mean (SD) 21.3 (3.8) 22.7 (1.2) 22.9 (3.1) <0.001 0.001 
WMT, mean (SD) 18.3 (3.8) 20.0 (0.8) 20.1 (2.6) <0.001 <0.001 
VFT, mean (SD) 14.8 (5.5) 16.4 (1.4) 15.9 (4.5) <0.001 0.04 
VLT-D, mean (SD) 6.5 (2.3) 7.4 (0.7) 7.3 (1.9) <0.001 0.005 
PMT, mean (SD) 10.0 (2.7) 10.7 (1.2) 10.6 (2.3) <0.001 0.101 
TMT-B, mean (SD) 100.6 (50.0) 73.3 (17.7) – <0.001 – 
CFQ Total 63.5 (17.0) – – – – 
Proportion with severe complaints, 
scores ≥ 43, number (%) 

164 (90)        

Patients (n = 194) 

EQ-5D-5L Quality of life questionnaire  
Movement 1.5 (0.9) 
Personal care 1.3 (0.6) 
Usual activity 2.4 (1.2) 
Pain 2.3 (1.0) 
Anxiety/depression 1.8 (0.9) 

Work productivity and activity impairment  
Percent work time missed due to health (absenteeism) 20.1 [0.0, 100.0] 
Percent impairment while working due to health (presenteeism) 30.8 [0.0, 100.0] 
Percent overall work impairment due to health 8.1 [0.0, 54.6] 
Percent activity impairment due to health 41.0 [0.0, 100.0] 

Data is presented as mean (SD) or number (percentage). WPAI, Work Productivity and Activity Impairment data is reported as median [minimum, maximum]. Ab
breviations: no, number, BMI, body mass index, SD, standard deviation. SCIP, Screen for Cognitive Impairment in Psychiatry; SD, standard deviation VLT-L, verbal 
learning test - learning; WMT, working memory test; VFT, verbal fluency test; VLT-D, verbal learning test – delayed recall; PMT, psychomotor speed test; TMT-B, Trail 
Making Test B; CFQ, Cognitive Failures Questionnaire. Data for BMI was available for 192 of the 194 patients. Data for asthma was only available for 175 of the 194 
patients. Charlson Comorbidity Score was only available for 160 of the 194 patients. CFQ data was only available for 182 of the 194 patients. Data for subtest PMT and 
consequently SCIP total was available for 193 out of the 194 patients and 149 out of the 150 healthy controls. TMT-B data was only available for 187 of the 194 
patients. Data for EQ-5D-5L and WPAI was only available for 170–173 of the 194 patients. 
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11 %, p = 0.01) and of hospitalisation with COVID-19 (%, impaired: 57 
%, intact: 34 %, p = 0.002), were more often female (%, impaired: 62 %, 
intact: 48 %, p = 0.05), and had a shorter time since illness (months, 
mean ± SD: impaired: 6 ± 3, intact: 8 ± 4, p = 0.002). In contrast, the 
groups showed no difference in years of education (p = 0.5) or physical 
comorbidities (p = 0.2). 

3.6. Question (IV): how does patients' objective cognitive impairment 
relate to their subjective cognitive difficulties, quality of life and work 
function? 

More global objective cognitive impairment correlated weakly with 
greater subjective cognitive difficulties in daily life (Pearson's correla
tion; SCIP total deviation from expected scores; r = − 0.23, p = 0.002). 
More executive dysfunction also correlated with more subjective 
cognitive difficulties (Spearman's rho; TMT-B deviation from expected 
scores; r = − 0.21, p = 0.005). Longer time between illness and cognitive 
assessment correlated with both less global cognitive impairment 
(Spearman's rho; r = 0.26, p < 0.001) and less executive dysfunction 
(Spearman's rho; r = 0.18, p = 0.02) across all patients. For non- 
hospitalised patients, longer time since illness was also related to less 
global cognitive impairment (Spearman's rho; r = 0.23, p < 0.02). For 

hospitalised patients, the degree of cognitive impairment showed no 
correlation with length of hospitalisation (p > 0.3), possibly due to the 
little variation in the time since hospital discharge among patients (5 ±
3 months). 

For quality of life measurements (EQ-5D-5L), more global cognitive 
impairment correlated with poorer mobility/movement (Spearman's 
rho; r = − 0.17, p = 0.03) and more pain (Spearman's rho; r = − 0.16, p 
= 0.04). Further, executive dysfunction correlated with poorer 
mobility/movement (Spearman's rho; r = − 0.16, p = 0.04) and with 
more anxiety and depression (Spearman's rho; r = − 0.18, p = 0.02). 

Regarding work function (WPAI), more global cognitive impairment 
correlated with more impairment while working (Spearman's rho; pre
senteeism: r = − 0.20, p = 0.04) and more activity impairment (Spear
man's rho; r = − 0.19, p = 0.02). More executive dysfunction correlated 
with more time away from work (absenteeism; Spearman's rho; r =
− 0.25, p = 0.01) and with more overall work impairment (Spearman's 
rho; r = − 0.22, p = 0.03). 

4. Discussion 

In this large study of 194 patients at a long-COVID clinic in Copen
hagen, we found clinically relevant cognitive impairment ranging from 
44 % to 53 % of the patients 7 months (SD = 4) after COVID-19, 
depending on the approach for estimating clinically relevant cognitive 
impairment (comparison with a healthy control group or demographi
cally adjusted norms, respectively). Impairments were observed with 
moderate to large effect sizes in a global measure of cognition and in 
working memory and executive function, while mild to moderate im
pairments were observed in verbal fluency, verbal learning and memory. 
Hospitalised (n = 91) and non-hospitalised (n = 103) patients showed 
similar degree of cognitive impairments in analyses adjusted for differ
ences in age and time since illness. Comparisons between cognitively 
impaired (53 %) and non-impaired (47 %) patients showed that 
impaired patients were older, had more often been hospitalised, had a 
shorter time since acute COVID-19, had a higher BMI and more frequent 
asthma, and were more often female but showed no differences in ed
ucation levels or other physical comorbidities. More objective cognitive 
impairment was weakly associated with greater subjective cognitive 
difficulties in daily life, poorer work function and lower quality of life. 

The observed broad pattern of cognitive impairments in patients 
after COVID-19 is consistent with previous performance-based studies as 
well as electronic health records (Alemanno et al., 2021; Bungenberg 
et al., 2022; Krishnan et al., 2022; Costas-Carrera et al., 2022; Crivelli 
et al., 2022; Mazza et al., 2021). In contrast, one study of 120 patients 
with mild to moderate COVID-19 found no lingering cognitive impair
ment after 4 months (Mattioli et al., 2021). The absence of cognitive 
impairments might be due to the milder cases of COVID-19 and slightly 
younger patients (48 years, range: 26–65) (Mattioli et al., 2021). Our 
findings are also consistent with previous evidence for associations 

Table 2 
Demographics and cognition data for hospitalised and non-hospitalised patients.  

Patients Hospitalised (n 
= 91) 

Non-hospitalised (n 
= 103) 

p- 
Value 

Demographics    
Age (years), mean (SD) 57.2 (14.0) 45.2 (14.4)  <0.001 
Sex, no. females (%) 49 (54) 59 (57)  0.63 
Years of education, mean 
(SD) 

15.1 (4.0) 15.6 (3.9)  0.32 

BMI (kg/m2), mean (SD) 29.5 (6.0) 25.1 (4.0)  <0.001 
Clinical characteristics    

Charlson comorbidity 
score, mean (SD) 

2.8 (2.3) 1.5 (1.8)  <0.001 

Asthma, no (%) 22 (26) 12 (13)  0.04 
Days since illness, mean 
(SD) 

162 (78) 266 (117)  <0.001 

Cognition    
SCIP Total Score, mean 
(SD) 

66.2 (14.4) 75.2 (11.0)  0.06 

VLT-L, mean (SD) 20.1 (4.1) 22.4 (3.2)  0.12 
WMT, mean (SD) 17.6 (4.3) 18.9 (3.2)  0.55 
VFT, mean (SD) 13.5 (5.2) 15.9 (5.5)  0.07 
VLT-D, mean (SD) 5.9 (2.5) 7.1 (1.9)  0.07 
PMT, mean (SD) 9.1 (2.9) 10.9 (2.3)  0.46 
TMT-B, mean (SD) 114.9 (52.3) 88.5 (44.7)  0.79 

Data is presented as mean (SD) or number (percentage). Data for BMI was 
available for 192 of the 194 patients. Data for asthma was only available for 175 
of the 194 patients. Charlson Comorbidity Score was only available for 160 of 
the 194 patients. 

Fig. 1. Proportion of patients with clinically relevant 
global or selective cognitive impairments in compar
ison with (A) normative scores adjusted for age, sex 
and education estimated with regression models and 
with (B) an age-, sex- and education-matched healthy 
control group (n = 150). Cut-off for global impair
ment defined as ≥1 SD below estimated expected 
score in (A) and ≥1 SD below the normative mean 
from the healthy control group in (B). Cut-off for se
lective impairment defined as ≥1 SD below estimated 
expected score or ≥1 SD below the HC mean on ≥2 of 
the six cognitive tests in comparison with group A or 
B, respectively. One of the 194 patients excluded from 
this analysis due to one incomplete subtest and 
consequently no SCIP total score; the analysis was 
thus conducted based on n = 193 patients.   
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between objective cognitive impairments and subjective cognitive dif
ficulties, poorer work function and quality of life (Mendez et al., 2021; 
Miskowiak et al., 2021; Poletti et al., 2021; Miskowiak et al., 2022). In 
contrast, two studies found no association between objective and sub
jective cognitive difficulties (Gouraud et al., 2021; Whiteside et al., 

2022), possibly due to a more conservative cut off score for cognitive 
impairment (performance < 2 SD below normative standard scores) 
which allowed for less variance in the data (Whiteside et al., 2022), and 
different test batteries with no assessment of executive function (Gour
aud et al., 2021). 

Fig. 2. Pattern of cognitive impairments in patients (n = 194) on average 7 months (SD = 4) months after COVID-19 in comparison (A) with normative scores 
adjusted for age, sex and education estimated with regression models and (B) with an age-, sex- and education-matched healthy control group (n = 150). Most 
pronounced impairments were seen in working memory (WMT) and executive function (TMT-B). Graphs represent the mean and error bars the standard error of the 
mean. *p < 0.05; **p < 0.01; ***p < 0.001. 

Fig. 3. Demographics and clinical characteristics of 
patients with cognitive impairment (n = 103) 
compared to patients with intact cognition (n = 90) 
after COVID-19. Intact/not-intact data available for 
193 of the 194 patients. Data for BMI was only 
available for 191 of the 193 patients. Data for asthma 
was only available for 174 of the 193 patients. 
Charlson Comorbidity Score was only available for 
159 of the 194 patients. Graphs represent the mean 
and error bars the standard error of the mean. *p <
0.05; **p < 0.01.   
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Most pronounced impairment was found in working memory and 
executive function – a domain associated with more anxiety, depression 
and overall work impairment in our cohort. Indeed, working memory 
and executive functions are cognitive domains of key importance in real 
life and work functioning, where cognitive flexibility, ability to switch 
between tasks, planning and initiation are critical skills (Garcia-Molina 
et al., 2012). This may explain the finding that greater executive 
dysfunction predicted poorer quality of life and psychosocial func
tioning after COVID-19 (Poletti et al., 2021). Consistent with our finding 
that hospitalisation and asthma were associated with cognitive impair
ment, other studies have found poorer cognition in hospitalised patients 
compared to non-hospitalised patients, indicating severity of acute 
illness as impacting degree of cognitive impairment (Bungenberg et al., 
2022; Mattioli et al., 2022). Our finding that there were more women in 
the cognitively impaired than in the intact group (62 % vs 48 %) is 
consistent with broader observations of most frequent long COVID 
symptoms in women (Sylvester et al., 2022), although the reasons for 
this difference are unclear. 

A better understanding of the biological processes contributing to 
cognitive COVID is important to inform potential treatment strategies. 
Previous studies examining inflammatory parameters in COVID-19 pa
tients have reported elevations in proinflammatory markers, such as 
cytokines and D-dimers, which have been associated with poorer 
cognitive function and depression (Ceban et al., 2022; Mazza et al., 
2021). Inflammation has also been observed in patients with similar 
cognitive impairment following other respiratory diseases (Bailey et al., 
2021). Specifically, marked increases in IL-6, TNFα, and IL-1β; cytokines 
with profound impact on working memory and attention, suggest a 
cytokine storm that implicates hyperinflammation as possible cause for 
damaging the frontal lobes, causing the observed executive dysfunction 
and impairment in working memory (Alnefeesi et al., 2020; Ceban et al., 
2022). In this regard, COVID-19 patients with impaired working mem
ory and executive function might benefit from anti-inflammatory 
treatment. The observed pattern of broad cognitive impairments in 
our cohort is in line with demonstrated decline in grey matter thickness 
and volume in frontal and left parahippocampal regions after COVID-19 
(Douaud et al., 2022). These structural brain changes and cognitive 
impairments after COVID-19 likely result from a complex interaction 
between exaggerated inflammatory responses, microhaemorrhages, 
oxygen deprivation, and perhaps direct virus invasion of the brain 
(Boldrini et al., 2021; Couzin-Frankel, 2020; Douaud et al., 2022). 

Our finding that around half of patients in a long-COVID clinic pre
sent with substantial cognitive impairments indicates a clear need to 
screen for and treat cognitive impairments in patients who have had 
COVID-19, regardless of whether they were hospitalised. It is unclear 
how long and to what extent these cognitive COVID symptoms persist. 
We found a negative association between the severity of cognitive 
impairment and time since illness, suggesting some improvement over 
time. However, a previous smaller study by our group of hospitalised 
patients revealed no cognitive improvement from 3 months to 1 year 
after hospital discharge (Miskowiak et al., 2022). Larger longitudinal 
studies with longer follow-up times are needed to elucidate the duration 
of cognitive COVID. Further, studies are needed to investigate whether 
newer SARS-CoV-2 variants associated with milder symptoms, such as 
Omicron, and being vaccinated may result in less frequent and milder 
cognitive sequalae of COVID (Hampshire et al., 2020; Ceban et al., 
2022). Treatment options targeting cognitive COVID are only just 
starting to emerge. In particular, one study found that an 8-week 
personalized multidisciplinary rehabilitation program, involving 
cognitive rehabilitation with the Guttmann, NeuroPersonalTrainer 
(GNTP), along with respiratory and physical rehabilitation, ameliorated 
patients' deficits in executive functions (Albu et al., 2021). Another 
potential treatment is the multifunctional hormone erythropoietin 
(EPO), which could potentially reverse cognitive impairments after 
COVID-19 because it can improve respiration, aid neuroprotection, and 
increase neuroplasticity (Ehrenreich et al., 2020). 

A strength of the study was the large cohort, that has provided new 
insights into prevalence and pattern of cognitive impairment in patients 
in long-COVID clinics. However, notably the study does not assess the 
prevalence of cognitive COVID in the general population, but specif
ically in a long-COVID clinic among patients who have either been 
hospitalised with COVID-19 or who seek help from their general prac
titioner due to lingering physical symptoms after COVID-19. Another 
strength is the assessment of not only objective but also subjective 
cognitive function, work function and quality of life, which enabled 
insight into how these are associated in patients with long-COVID. The 
study was cross-sectional, as conclusions regarding causal mechanisms 
or relations cannot be drawn. Longitudinal studies are therefore needed 
to investigate causes and trajectory of long-COVID symptoms. 

In conclusion, we found the frequency of clinically relevant cognitive 
impairment ranging in approximately half of the patients 7 months (SD 
= 4) after COVID-19. Impairment was observed in a global measure of 
cognition as well as in working memory, executive function, verbal 
fluency, verbal learning and memory. More objective cognitive 
impairment was associated with more subjective cognitive difficulties, 
poorer work function and quality of life. The findings underscore the 
clinical importance of screening for cognitive impairments and offering 
cognitive rehabilitation treatment to patients referred to long-COVID 
clinics. 
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