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Purpose: The COVID-19 pandemic has led to millions of confirmed cases 
worldwide, resulting in numerous deaths and hospitalizations. Long-term 
symptoms after infection or vaccination, known as Post-acute COVID-19 
Syndrome (PACS) or Post-acute COVID-19 Vaccination Syndrome (PACVS), 
present a challenge for the healthcare system. Among the various neurological 
symptoms, cognitive impairments are frequently observed in PACS/PACVS 
patients. This study aimed to understand cognitive deficits in PACS/PACVS patients 
and evaluated potential treatment options, including phosphatidylcholine and 
computer-assisted cognitive training (CCT).

Methods: The Neuro-COVID Outpatient Clinic at Evangelic Hospital Vienna 
evaluated n  =  29 PACS/PACVS patients from May 2023 to October 2023. 
Enrolled patients were divided into three therapy schemes: Group A received 
phosphatidylcholine, B received phosphatidylcholine plus access to a computer-
assisted cognitive training program, and C (divided into two subgroups) 
served as a control group. Cognitive impairments were evaluated in multiple 
assessments (initial and during therapy) using the COGBAT test. Simultaneously, 
an assessment of the quality of life was conducted using the WHOQOL-BREF.

Results: Primary cognitive impairments, especially attentional deficits were 
notably evident compared to the general population. While all treatment 
groups showed cognitive improvement (significant or with a positive trend, but 
without reaching the level of statistical significance) after therapy, no significant 
interaction was found between assessment time points and treatment schemes 
for overall cognitive performance, attention, memory, and executive functions, 
suggesting consistency across the groups. The WHOQOL-BREF primarily 
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demonstrated deficits in the domains of physical health and psychological well-
being.

Conclusion: This study examined the impact of PACS/PACVS on cognitive 
performance and evaluated phosphatidylcholine and CCT as potential treatment 
options. Patients with PACS/PACVS showed notable cognitive deficits, especially 
in the domain attention. While the effectiveness of phosphatidylcholine and CCT 
in treating cognitive deficits was inconclusive, the study indicated the possibility 
of spontaneous remission of cognitive deficits in PACS/PACVS.

KEYWORDS

SARS-CoV-2, COVID-19, Post-acute COVID-19 Syndrome, Post-acute COVID-19 
Vaccination Syndrome, phosphatidylcholine, computer-assisted cognitive training, 
WHOQOL-BREF

1 Introduction

According to the World Health Organization (WHO), there have 
been more than 750 m. confirmed cases of an infection with SARS-
CoV-2 worldwide until 03/2024 (1). The majority of individuals who 
tested positive achieved full recovery. Nevertheless, at least 7 m. 
individuals died due to COVID-19, and a substantial number of 
patients required hospitalization including intensive care. Beyond the 
acute COVID-19 disease, the emergence of long-term symptoms 
poses an additional significant problem. The WHO and the National 
Institute for Health and Care Excellence (NICE) have established 
clinical case definitions, which were later terminologically denoted as 
Post-acute COVID-19 Syndrome (PACS) (2–4). PACS is defined as 
symptoms persisting for at least 12 weeks after an acute SARS-CoV-2 
infection. Furthermore, Post-acute COVID-19 Vaccination Syndrome 
(PACVS) has also been described. While it has been demonstrated 
that SARS-CoV-2 vaccinations may have prevented around 14.4 
million deaths across 185 countries in the initial vaccination year, 
there has been an emergence of vaccine-associated adverse effects in 
the following months and years (5–9).

Frequently observed neurological symptoms in PACS include 
persistent fatigue, cognitive impairments, headache, postural 
orthostatic tachycardia syndrome (POTS), mood fluctuations, 
sleeping disorders, muscular weakness, myalgia and persistent loss of 
taste or smell (4, 10–17). This study primarily focuses on the cognitive 
impairments of patients following SARS-CoV-2 infection or 
vaccination. Neurocognition can be categorized into the six main 
domains attention, executive functions, learning and memory, 
language, perceptual-motor functions, and social cognition (18). In 
people with previous SARS-CoV-2 infections the main affected 
domains were attention, executive functions, learning, and memory 
(19–26). The language domain was less affected, but nevertheless 
deficits were observed, including in receptive and expressive language 
(27, 28). It should further be noted that previous studies on PACS 
patients have demonstrated discrepancies between subjectively 
perceived cognitive impairments and results from standardized 
neuropsychological testing procedures (23, 29).

The treatment of PACS or PACVS remains a challenge for 
physicians in hospital and outpatient clinics. Numerous patients 
exhibit a wide spectrum of symptomatology, necessitating 
individualized treatment approaches (10, 11). Personalized 

rehabilitation programs might be a promising opportunity for the 
treatment of PACS (30, 31). In literature, a score of 2 or higher on the 
Post-COVID-19 Functional Status Scale indicates the need for 
neurological rehabilitative measures (32). Prior studies have 
demonstrated that rehabilitation programs can ameliorate many 
symptoms, whereas the treatment of respiratory and neurological 
symptoms is often challenging (33, 34). Several medications are being 
investigated in larger trials for the pharmacological treatment of 
neurological symptoms in PACS. To date, there are no confirmatory 
trials on treatment strategies. Regarding the pharmacological 
treatment of cognitive deficits, only limited data are available (35). For 
this reason, novel therapeutic approaches involving 
phosphatidylcholine and computer-assisted cognitive training (CCT) 
were explored as treatment options for cognitive impairments 
associated with PACS or PACVS. Phosphatidylcholine is a mixture of 
neutral lipids and phospholipids, which are essential components of 
the central nervous system, especially of the cellular membranes. This 
natural emulsifier is synthesized by both plants (e.g., soya) and 
animals (e.g., egg yolk). Phosphatidylcholine is a precursor of choline, 
which is metabolized into acetylcholine, one of the most important 
neurotransmitters involved in memory and learning (36). 
Phosphatidylcholine might enhance neuronal development (37). It has 
demonstrated positive effects on learning and memory performance 
in healthy participants and in patients with dementia or 
cerebrovascular diseases (38–43). Further, phosphatidylcholine might 
decrease the risk of developing APOE4-associated Alzheimer’s disease 
(44). Due to insufficient inpatient and outpatient rehabilitation 
infrastructure for cognitive deficits associated with PACS or PACVS, 
hope is also being placed on the pharmacological ‘pill plus’ approach. 
This approach combines pharmacological treatment with computer-
assisted neurorehabilitation of cognitive deficits. Since the early 1980s, 
CCT has been available as an adjunct for speech therapists in inpatient 
facilities and also, although less commonly, as a tool for patient-
directed therapy at home (45). CCT aims to improve deficient brain 
functions through repetitive practice, thereby enhancing neural 
networks. Studies have demonstrated the efficacy of CCT for cognitive 
impairments in neurorehabilitation, especially after strokes (46–49). 
This prospective study aimed to evaluate cognitive deficits in patients 
with PACS and PACVS and to improve therapeutic options for these 
conditions. Since PACS or PACVS patients may show comparable 
cognitive impairments to degenerative or vascular dementia, as 
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described above, this study examined whether the positive effects of 
phosphatidylcholine and CCT in dementia can also be transferred to 
PACS and PACV.

2 Materials and methods

2.1 Method/procedure

In response to the increasing number of PACS or PACVS patients 
with new suspected neurological symptoms worldwide, the 
Department of Neurology at the Evangelic Hospital Vienna established 
a Neuro-COVID Outpatient Clinic in June 2021 to provide 
comprehensive systematic assessment and care for these patients. 
Until November 2023, a total of 323 patients (06–12/2021: 57, 2022: 
140, 01–11/2023: 126) presenting with suspected PACS or PACVS 
underwent examination. From this cohort, n = 29 patients with 
subjectively perceived cognitive deficits and first appointment between 
May 01, 2023 and October 31, 2023 were included in this prospective 
study. Exclusion criteria were PACS or PACVS patients without 
cognitive deficits, patients who received cognitive-affecting therapy 
within 2 months pre-study and patients under 18 years of age. 
Selection and comprehensive examination of the included patients 
was performed at the first visit by an independent specialist in 
neurology in order to confirm the PACS or PACVS diagnosis using 
the NICE criteria (2). All included patients provided informed written 
consent. After approval, the included patients completed two 
questionnaires about their demographic data and another about their 
quality of life. According to the given answers in the questionnaires 

about PACS or PACVS symptoms, the grade of the disease was 
classified by the Post-COVID-19 Functional Status Scale (32). To 
evaluate the quality of life, the Quality of Life (QOL) assessment 
WHOQOL-BREF was used (50, 51). Subsequently, neuropsychological 
testing was conducted using the COGBAT test set (Schuhfried GmbH, 
Mödling, Austria). Following this, patients were randomly categorized 
into one of three groups. Patients were allocated using a randomized 
computer-based algorithm and a concealed allocation generated by 
the first author using https://www.randomizer.org. The results of the 
randomization were kept in non-transparent covers. The randomizer, 
who performed and communicated the group allocation, was not 
involved in the neuropsychological testing. The patients were aware of 
which group they were categorized to. Neuropsychological testing was 
performed by a psychologist who did not know which group each 
patient belonged to. Since PACS or PACVS symptoms can vary during 
the course of the day, the best possible care was taken to arrange the 
follow-up checks at the same times as initial presentation. Other 
potential confounders such as excessive noise, heat, air quality or 
lighting were kept to a minimum by using the same room for all 
patients included in the study. Patients in group A received 22.5 mL 
liquid phosphatidylcholine (Buerlecithin®, Orifarm GmbH, 
Healthcare A/S, Odense S, Denmark) three times daily for 4 weeks 
after the initial neuropsychological testing, followed by a re-evaluation 
using COGBAT test set and WHOQOL-BREF. Patients in group B, in 
addition to the 4-week treatment scheme of phosphatidylcholine 
(22.5 mL three times daily), received access to the myReha app (nyra 
health GmbH, Vienna, Austria) for 4 weeks with a minimum daily 
training duration of 25 min (Monday to Friday). After this combined 
4-week “pill plus” approach of phosphatidylcholine + CCT, a follow-up 

Patients of the Neuro-COVID-19 Outpatient Clinic 
n = 323

Excluded from this study
Patients with PACS1 or PACVS2 without 

cognitive deficits
Patients on cognitive-affecting therapy 

within 2 months pre-study
Patients under 18 years

Included patients n = 29
PACS n = 25
PACVS n = 4

Phosphatidylcholine 
treatment scheme 

(group A)
n = 9

Phosphatidylcholine + 
CCT4 treatment scheme 

(group B)
n = 10

Cross-over treatment scheme 
(group C)

C1: Phosphatidylcholine n = 5
C2: Phosphatidylcholine + CCT n = 5

Post-COVID-19 Functional Status Scale3

Grade II n = 22
Grade III n = 7

FIGURE 1

Grouping of patient collectives according to treatment schemes. 1Post-acute COVID-19 Syndrome, 2Post-acute COVID-19 Vaccination Syndrome, 
3Klok et al. (32), 4Computer-assisted cognitive training.
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using COGBAT test set and WHOQOL-BREF was performed. Group 
C (cross-over treatment scheme) received no therapy for 4 weeks after 
the initial neuropsychological testing, followed by re-evaluation using 
COGBAT test set and WHOQOL-BREF. Subsequently, the patients 
received the treatments and re-evaluations of group A (group C1) or 
B (group C2) (Figure 1).

2.2 Cognitive testing

The test set COGBAT is used for the evaluation of cognitive 
performance, encompassing the assessment of three neurocognitive 
domains including attention, memory, and executive functions. Each 
of these domains is divided into three subdimensions. The attention 
assessment included tests for alertness, divided attention, and 
processing speed. Memory performance was assessed through tests 
for learning ability, short- and long-term recall, and recognition of 
geometric figures. Executive functions were evaluated based on 
cognitive flexibility, planning ability, and working memory. The test 
battery consists of two parallel versions (S1 and S2), making it well-
suited for follow-up assessments. The testing is computer-based and 
typically takes about 1 h to complete. This comprehensive and time-
efficient evaluation of cognitive status is entirely independent of test 
administration (52).

2.3 Computer-assisted cognitive training 
(CCT)

For CCT, the app MyReha was used, which is an authorized app 
for use in cognitive impairments with class I  medical device CE 
certification. The app is a digital, German-language tablet-based 
neurorehabilitation platform for patients with neurocognitive deficits, 
providing comprehensive evidence-based therapy across a range of 
cognitive domains. It is based on the principle of “retraining,” based 
on the assumption that cognitive performance can be  improved 
through repeated stimulation, such as frequently practiced exercises 
(53). This repetition is believed to support brain function restoration 
through changes in synaptic connectivity (54, 55). Through the 
myReha app, patients receive a personalized weekly plan tailored to 
their current strengths and weaknesses in attention, memory, 
language, and executive function. By employing artificial intelligence 
solutions, the app achieves a high degree of individualization, which 
is a critical aspect of neurorehabilitation, and is accessible anytime and 
anywhere. The myReha app’s therapy content adheres to the 
therapeutic gold standard, aligning with current guidelines of the 
German Society for Neurorehabilitation, and is developed by a therapy 
team with extensive clinical experience in patients with cognitive 
deficits (56).

2.4 WHOQOL-BREF

To assess quality of life, the WHOQOL-BREF, a modified version 
of the WHOQOL-100 comprising 26 questions, was utilized (50, 51). 
Responses collected were aggregated into sum scores for the domains 
of physical health (7 items), psychological well-being (6 items), social 
relationships (3 items), and environmental health (8 items). Patients 

provided scores ranging from 1 to 5 for each response option. Raw 
scores within each domain were transformed to a scale range of 0–100, 
with 100 representing the highest possible quality of life.

2.5 Ethics statement

The primary objective of this study was to evaluate and potentially 
enhance the cognitive performance of patients with PACS and 

TABLE 1 Demographic data of n  =  29 patients with PACS or PACVS.

Demographic data Value1

Cohort characteristics

Female 19 (65.5%)

Male 10 (34.5%)

Age 44.8 ± 12.8 (21.7–66.5)

Education

  University degree 13 (44.8%)

  High school diploma 10 (34.5%)

  Middle school diploma 3 (10.3%)

  Apprenticeship diploma 2 (6.9%)

  Compulsory school diploma 1 (3.4%)

Neurological or psychiatric comorbidities

  Depression 7 (24.1%)

  Migraine 6 (20.7%)

  Tension headaches 5 (17.2%)

  Bipolar disorder 1 (3.5%)

  Meningioma 1 (3.5%)

  Post-traumatic stress disorder 1 (3.5%)

Disease specific data

Post-acute COVID-19 Syndrome (PACS) 25 (86.2%)

  SARS-CoV-2 Omicron (B1.1.529) 9 (36.0%)

  SARS-CoV-2 Delta (B.1.617.2) 3 (12.0%)

  SARS-CoV-2 Beta (B.1.351) 2 (8.0%)

  Unknown 11(44.0%)

  Four doses of vaccination2 1 (4.0%)

  Three doses of vaccination2 17 (68.0%)

  Two doses of vaccination2 3 (12.0%)

  Unvaccinated2 4 (16.0%)

Post-acute COVID-19 Vaccination 

Syndrome (PACVS)
4 (13.8%)

SARS-CoV-2/COVID-19 acute disease course

  Severe acute infection 4 (16.0%)

  Mild symptoms 21 (84.0%)

Post-COVID-19 Functional Status Scale3

  Grade II 22 (75.9%)

  Grade III 7 (24.1%)

1Absolute number (%) or Mean ± standard deviation (interquartile range), 2Vaccination 
status at time of infection, 3Classificated according to Klok et al. (32).
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PACVS. The Ethics Committee of the Evangelic Hospital Vienna 
approved the observational study under protocol number 03/2023 on 
April 25, 2023.

2.6 Statistics

Data analysis was conducted in a pseudonymous manner using 
IBM SPSS Statistics Version 29.0 (IBM). For comparative statistics, a 
95.0% confidence interval and a significance level (α) of 0.05 were 
established. The alternative hypothesis was accepted when the 
calculated p-value was less than α. Categorical data was presented 
with absolute frequencies and their percentage representation within 
the total sample. Metric variables were summarized using mean, 

minimum, and/or maximum values. Normality of metric variables 
was assessed through the Kolmogorov–Smirnov and Shapiro–Wilk 
tests. Group comparisons employed parametric tests when normal 
distribution was confirmed, and non-parametric tests when normal 
distribution was not established. Parametric tests included dependent 
or independent sample t-tests, while non-parametric tests involved 
Wilcoxon and sign tests for dependent variables, and the Mann–
Whitney U test for independent variables. To investigate differences 
in cognitive functions according to measurement time points and 
treatment schemes, repeated measures ANOVA was used. For 
correlations, either Pearson or Spearman’s rank correlation coefficient 
(K) was used depending on the normal distribution or scaling of the 
variables. Cronbach’s alpha was employed to assess the internal 
consistency of scales, with values between 0.60 and less than 0.80 

FIGURE 2

Reported new onset symptoms at least 12  weeks after infection with SARS-CoV-2 in n  =  29 PACS or PACVS patients.

TABLE 2 COGBAT test results of n  =  29 patients with PACS or PACVS.

COGBAT Min Max Average SD1

Cognitive performance 20 69 45.07 10.10

Attention 20 56 39.55 9.78

Subdimension: alertness, visual 20 60 39.17 8.46

Subdimension: divided attention 0 63 44.39 12.51

Subdimension: processing speed 27 60 43.00 8.47

Memory 31 71 49.62 10.15

Subdimension: learning ability 27 68 50.38 11.09

Subdimension: short-term recall 31 60 48.55 9.80

Subdimension: long-term recall 37 61 49.68 8.16

Subdimension: recognition 35 60 49.11 8.59

Executive functions 29 69 47.48 8.77

Subdimension: cognitive flexibility 32 65 48.38 7.80

Subdimension: planning ability 31 65 50.64 8.82

Subdimension: working memory, verbal 27 61 45.14 9.63

1Standard deviation.
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considered adequate, those between 0.80 and less than 0.85 regarded 
as good, and values of 0.85 or higher deemed excellent.

3 Results

3.1 Study population and disease-specific 
data

The 29 enrolled patients were divided into 19 (65.5%) women and 
10 (34.5%) men (f/m = 1.9). The mean age was M = 44.8 ± 12.8 years 
(21.7–66.5 years). For 13 patients (44.8%), the highest level of 
education was a university degree, for 10 (34.5%) a high school 
diploma, for 3 (10.3%) a middle school diploma, for 2 (6.9%) an 
apprenticeship diploma, and for 1 patient (3.4%) a compulsory 
school diploma.

In total, 25 patients diagnosed with PACS and 4 with PACVS were 
enrolled in the study. Out of the 25 PACS patients, the causative virus 
variant remained unknown in 11 patients (44.0%). SARS-CoV-2 
Omicron (B1.1.529) variant was identified in 9 (36.0%), Delta 
(B.1.617.2) variant in 3 (12.0%), and Beta (B.1.351) variant in 2 (8.0%) 
patients. 17 patients (68.0%) had received three doses of vaccination 
at the time of infection, 3 (12.0%) had received two doses, and 1 
(4.0%) had received four doses. 4 (16.0%) patients were not vaccinated. 
Out of these 4 patients, two were the only patients with severe acute 
infections. The majority of patients (21/25, 84.0%) experienced mild 
symptoms during the acute SARS-CoV-2 infection. None of the 
included individuals reported a critical clinical course (acute 
respiratory distress syndrome, multiorgan failure, and/or mechanical 
ventilation). According to the Post-COVID-19 Functional Status 
Scale, 22 patients (75.9%) were classified as grade II and 7 patients 
(24.1%) as grade III, indicating the recommendation for rehabilitative 
measures for all included patients (32). 13 (44.8%) patients had 
neurological or psychiatric comorbidities prior to PACS or 
PACVS. The described comorbidities included depression in 7 
(24.1%), migraine in 6 (20.7%), and tension headaches in 5 (17.2%) 
patients, and bipolar disorder (3.5%), pre-existing meningioma 
(3.5%), and post-traumatic stress disorder in one patient each (3.5%) 
(Table 1).

At the time of initial presentation, the included patients reported 
experiencing symptoms of PACS or PACVS for an average of 

M = 12.8 ± 7.2 months. Consistent with the inclusion criteria, all 
patients reported concentration disturbances and/or memory loss. 
Additionally, as new onset neurological or psychiatric symptoms of 
PACS or PACVS, 27 (93.1%) patients exhibited fatigue, 21 (72.4%) 
word-finding difficulties, 20 (69.0%) headaches, 17 (58.6%) sleep 
disorders, 16 (55.2%) dizziness, 10 (34.5%) paresthesias, 9 (31.0%) 
depression and/or anxiety disorders, 5 (17.2%) persistent loss of smell 
or taste, 1 (3.4%) visual or auditory hallucinations, and 1 (3.4%) a 
seizure (Figure 2). Furthermore, 17 (58.6%) participants reported 
experiencing internal medical sequelae such as palpitations (10, 
34.5%) and/or respiratory distress (9, 31.0%). 21 (72.4%) patients 
reported being less physically active due to their symptoms.

3.2 Cognitive testing

When examining the descriptive statistics of the COGBAT test 
results at the initial measurement time point, it became evident that 
below average results (t < 50) are observed across nearly all dimensions 
compared to the general population (Table 2).

Foremost, a deficiency in the domain of attention 
(M = 39.55 ± 9.78) was evident when compared to the general 
population. There was also a decline observed in overall cognitive 
performance (M = 45.07 ± 10.10) compared to the general population 
(Figure 3).

Following the last neuropsychological assessment, after 
completion of the 4- or 8-week treatment phase, 14 patients (48.3%) 
reported subjectively perceiving cognitive improvement. Based on 
treatment scheme, 33.3% of group A and 40.0% of group B subjectively 
reported cognitive improvement after 4 weeks. Within the control 
groups, 60.0% of the patients in the phosphatidylcholine scheme (C1) 
and 80.0% of the phosphatidylcholine + CCT (C2) scheme reported 
subjective improvement in cognitive performance.

In COGBAT testing, group A and B showed significant (pA = 0.011, 
pB = 0.031) improvement in cognitive performance from first to second 
time point. Significant improvement in cognitive performance was 
also observed in group C1 from first to second (pC1 = 0.009), second to 
third (pC1 = 0.037) and first to third assessment (pC1 = <0.001). A 
positive trend, which however did not reach the level of statistical 
significance, in cognitive performance was observed in group C2 from 
first to second (pC2 = 0.053), second to third (pC2 = 0.090) and first to 

FIGURE 3

COGBAT test results of cognitive performance (left) and attention (right) of n  =  29 PACS or PACVS patients compared to the general population (red 
line).
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third (pC2 = 0.058) assessment. Furthermore, improvements were also 
noted in attention, memory, and executive functions in all treatment 
schemes (Table 3).

A negative correlation (K = −0.489, p = 0.007) was observed 
between the number of months with PACS or PACVS and the 
results of cognitive performance in the COGBAT testing. The 

TABLE 3 Results of COGBAT testing in n  =  29 PACS or PACVS patients based on treatment schemes.

Dimension Treatment scheme Assessment Mean ± SD1 p-value

Cognitive performance

A (n = 9)
1 48.4 ± 12.953

0.011
2 53.4 ± 15.339

B (n = 10)
1 44.80 ± 6.779

0.031
2 50.70 ± 8.301

C1 (n = 5)

1 45.40 ± 6.656
0.009

0.037
2 50.40 ± 5.595

3 54.00 ± 5.385

C2 (n = 5)

1 39.20 ± 12.716
0.053

0.090
2 47.80 ± 6.907

3 50.40 ± 5.814

Attention

A (n = 9)
1 42.44 ± 13.049

0.029
2 47.33 ± 12.884

B (n = 10)
1 38.90 ± 7.047

0.108
2 43.70 ± 7.119

C1 (n = 5)

1 43.80 ± 5.263
0.926

0.855
2 44.00 ± 4.528

3 44.60 ± 2.793

C2 (n = 5)

1 31.40 ± 7.987
0.100

0.229
2 38.80 ± 6.261

3 41.40 ± 3.286

Memory

A (n = 9)
1 53.67 ± 10.173

0.179
2 57.78 ± 12.163

B (n = 10)
1 47.50 ± 9.046

0.038
2 53.20 ± 9.762

C1 (n = 5)

1 47.40 ± 15.339
0.006

0.205
2 57.80 ± 14.704

3 64.60 ± 14.276

C2 (n = 5)

1 48.80 ± 6.301
0.116

0.491
2 54.80 ± 7.887

3 57.80 ± 13.517

Executive functions

A (n = 9)
1 49.67 ± 10.618

0.013
2 56.22 ± 9.284

B (n = 10)
1 47.80 ± 6.596

0.015
2 54.70 ± 8.070

C1 (n = 5)

1 47.80 ± 5.891
0.113

0.175
2 51.40 ± 6.465

3 54.80 ± 8.526

C2 (n = 5)

1 42.60 ± 11.803
0.100

0.002
2 47.80 ± 11.032

3 52.40 ± 11.675

1standard deviation.
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duration of PACS or PACVS in months did not significantly 
correlate (K = 0.31, p = 0.099) with the improvement of cognitive 
deficits from initial to second assessment.

The ANOVA revealed no significant interaction between the 
assessment time point and treatment scheme concerning cognitive 
performance (F (3, 25) = 0.46, p = 0.714). Similarly, no significant 
interaction was found for attention (F (3, 25) = 0.94, p = 0.438), 
memory (F (3, 25) = 0.82, p = 0.493), and executive functions (F (3, 
25) = 0.37, p = 0.775). Examining the main effects concerning cognitive 
performance, a significant within-subject effect was observed (F (1, 
25) = 28.22, p < 0.001, ηp2 = 0.53). Similarly, within attention (F (1, 
25) = 10.05, p = 0.004, ηp2 = 0.29), memory (F (1, 25) = 21.42, p < 0.001, 
ηp2 = 0.46), and executive functions (F (1, 25) = 21.08, p < 0.001, 
ηp2 = 0.46) significant within-subject effects were noted. Thus, 
differences in the cognitive domains of cognitive performance, 
attention, memory, and executive functions were observed, which can 
be  attributed to the assessment time point, regardless of which 
treatment scheme the patients received between the first and second 
assessment time points. An additional repeated measures ANOVA 
was used for the two control groups (C1 and C2). Hereby, the ANOVA 
revealed no significant interaction between the assessment time point 
and treatment scheme concerning cognitive performance (F (1.31, 
10.47) = 0.75, p = 0.443), attention (F (1.85, 14.81) = 2.82, p = 0.095), 
memory (F (1.51, 12.09) = 1.43, p = 0.270), and executive functions (F 
(1.75, 14) = 0.53, p = 0.574). Upon examination of the main effects, 
significant within-subject effects concerning cognitive performance 
(F (1.31, 10.47) = 22.15, p < 0.001, ηp2 = 0.74), memory (F (1.51, 
12.09) = 14.88, p < 0.001, ηp2 = 0.65), and executive functions (F (1.75, 
14) = 19.12, p < 0.001, ηp2 = 0.71) became apparent. In the domain 
attention, no significant within-subject effect was observed (F (1.85, 
14.81) = 3.70, p = 0.052). Thus, differences were noted in the domains 
cognitive performance, memory, and executive functions, which can 

be linked to the assessment time point, regardless of the treatment 
scheme between the second and third assessment time points.

A correlation emerged between the duration of PACS or PACVS 
in months and the onset of depressive and/or anxiety symptoms 
(K = 0.44, p = 0.017). The COGBAT test results concerning cognitive 
performance (K = −0.37, p = 0.048) and executive functions (K = −0.38, 
p = 0.040) displayed negative correlations with the symptoms of 
depression and anxiety. No correlation was found (K = 0.02, p = 0.908) 
between the symptoms of depression and/or anxiety and the 
improvement in cognitive performance on the COGBAT test. A 
negative correlation (K = −0.63, p < 0.001) was observed between age 
and cognitive performance. Additionally, a correlation (K = 0.41, 
p = 0.025) was found between age and the reporting of depressive and/
or anxiety symptoms. Furthermore, a negative correlation became 
apparent between the presence of fatigue and cognitive performance 
(K = −0.40, p = 0.032), particularly in the domain of attention 
(K = −0.39, p = 0.036). No significant correlation (K = 0.18, p = 0.353) 
was found between age and fatigue.

3.3 Results of the WHOQOL-BREF

Using the WHOQOL-BREF, 25 out of 29 patients (86.2%) 
reported being very dissatisfied or dissatisfied with their health 
status. In the domains of physical health and psychological health, 
average WHOQOL-BREF scores were M =  41.3 ± 22.2 and 
47.5 ± 14.1, respectively. Average scores for the social relationships 
and environment domains were M =  64.9 ± 19.0 and 68.4 ± 20.2, 
respectively (Figure  4). The WHO quality of life exhibited good 
reliability across all scored items (Cronbach’s alpha coefficient 0.93). 
This reliability persisted upon analyzing the QOL domains 
separately, revealing coefficients of 0.66 for physical health, 0.79 for 

FIGURE 4

Boxplots of the WHOQOL-BREF domain scores from n  =  29 patients with PACS or PACVS.
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psychological, 0.60 for social relationships, and 0.92 for the 
environmental. The domains of psychological health and social 
relationships showed a negative correlation (K1 = −0.43, p = 0.021; 
K2 = −0.552, p = 0.002) with the presence of depression in the 
patient’s medical history.

Overall, 18 out of 28 patients (64.2%) reported insufficient energy 
for daily life activities. Half of these patients (14 out of 18) indicated 
experiencing little to no enjoyment in life. Additionally, 23 out of 28 
patients (82.14%) reported frequently experiencing negative emotions 
such as feeling blue, despair, anxiety, or depression (Table 4).

Significant improvement in the physical health domain was 
observed in group A from the first to the second assessment point 
(pA = 0.032). However, in all other investigated groups, there was no 
significant progress in the physical health domain from the first to the 

second assessment point (pB = 0.330, pC1 = 0.370, pC2 = 0.682) or the third 
assessment point (pC1 = 0.097, pC2 = 0.389). There was no significant 
improvement in the psychological domain in any of the investigated 
groups from the first to the second assessment point (pA = 0.169, 
pB = 0.402, pC1 = 0.174, pC2 = 0.710) or the third assessment point 
(pC1 = 0.066, pC2 = 0.367). Similarly, there was no significant progress in 
any of the investigated groups in the domain social relationships from 
the first to the second assessment point (pA = 0.512, pB = 0.680, pC1 = 0.529, 
pC2 = 0.294) or the third assessment point (pC1 = 0.648, pC2 = 0.999). 
However, a significant (pC1 = 0.041) improvement in the environment 
domain was observed in group C1 from the first to the third assessment 
point. In all other groups, there was no significant progress in the 
environment domain from the first to the second (pA = 0.119, pB = 0.658, 
pC1 = 0.706, pC2 = 0.710) or to the third assessment point (pC2 = 0.635).

TABLE 4 WHOQOL-BREF results of n  =  29 patients with PACS or PACVS.

Scale points domains 
and facets

n 1
Poor QOL1

2 3 4 5
Good QOL1

General QOL 29 2 (6.9%) 7 (24.1%) 15 (51.7%) 5 (17.2%) 0 (0%)

General health 29 6 (20.7%) 19 (65.5%) 3 (10.3%) 1 (3.4%) 0 (0%)

Physical health

Pain and discomfort 28 5 (17.9%) 7 (25.0%) 6 (21.4%) 8 (28.6%) 2 (7.1%)

Energy and fatigue 28 9 (32.1%) 9 (32.1%) 6 (21.4%) 4 (14.3%) 0 (0%)

Sleep and rest 28 4 (14.3%) 12 (42.9%) 6 (21.4%) 3 (10.7%) 3 (10.7%)

Dependence on medication 28 6 (21.4%) 6 (21.4%) 7 (25.0%) 7 (25.0%) 2 (7.1%)

Mobility 28 1 (3.6%) 6 (21.4%) 8 (28.6%) 8 (28.6%) 5 (17.9%)

Activities of daily living 28 9 (32.1%) 9 (32.1%) 3 (10.7%) 5 (17.9%) 2 (7.1%)

Work capacity 28 17 (60.7%) 6 (21.4%) 3 (10.7%) 2 (7.1%) 0 (0%)

Psychological health

Positive feelings 28 4 (14.3%) 10 (35.7%) 12 (42.9%) 2 (7.1%) 0 (0%)

Negative feelings 28 0 (0%) 5 (17.9%) 12 (42.9%) 11 (39.3%) 0 (0%)

Self-esteem 28 1 (3.6%) 6 (21.4%) 6 (21.4%) 10 (36.7%) 5 (17.9%)

Thinking, learning, memory and 

concentration

28 4 (14.3%) 15 (53.6%) 8 (28.6%) 1 (3.6%) 0 (0%)

Body image 28 0 (0%) 3 (10.7%) 6 (21.4%) 15 (53.6%) 4 (14.3%)

Satisfy with you 26 1 (3.8%) 6 (23.1%) 11 (42.3%) 7 (26.9%) 1 (3.8%)

Social Relationships

Personal relations 27 0 (0%) 4 (14.8%) 3 (11.1%) 13 (48.1%) 7 (25.9%)

Sex 28 3 (10.7%) 4 (14.3%) 9 (32.1%) 8 (28.6%) 4 (14.3%)

Practical social support 27 0 (0%) 2 (7.4%) 4 (14.8%) 13 (48.1%) 8 (29.6%)

Environment

Financial resources 28 2 (7.1%) 3 (10.7%) 4 (14.3%) 9 (32.1%) 10 (35.7%)

Information and skills 27 0 (0%) 0 (0%) 6 (22.2%) 9 (33.3%) 12 (44.4%)

Recreation and leisure 28 2 (7.1%) 7 (25.0%) 9 (32.1%) 5 (17.9%) 5 (17.9%)

Home environment 28 1 (3.6%) 1 (3.6%) 2 (7.1%) 13 (46.4%) 11 (39.3%)

Access to health and social care 28 2 (7.1%) 6 (21.4%) 3 (10.7%) 13 (46.4%) 4 (14.3%)

Physical safety and security 28 2 (7.1%) 3 (10.7%) 12 (42.9%) 9 (32.1%) 2 (7.1%)

Physical environment 28 0 (0%) 1 (3.6%) 5 (17.9%) 8 (28.6%) 14 (50.0%)

Transport 27 0 (0%) 4 (14.8%) 4 (14.8%) 6 (22.2%) 13 (48.1%)

1Quality of life.
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4 Discussion

4.1 Study population and disease-specific 
data

Due to the increasing number of patients with PACS or PACVS 
and the associated long-term effects, such as cognitive deficits, there 
is a need for research regarding potential treatment schemes. However, 
to evaluate possible treatment options, it is equally essential to gain an 
understanding of the cognitive deficits in affected patients. This study 
investigated a total of n = 29 patients with Post-acute COVID-19 
Syndrome (PACS) or Post-acute COVID-19 Vaccination Syndrome 
(PACVS). The primary objective of the study was to gain a better 
understanding of the cognitive deficits in these patients and to 
evaluate options for cognitive training. Therefore, this study placed 
additional emphasis on the deficits in cognitive performance, 
particularly in the domains attention, memory, and executive 
functions. Based on the Post-COVID-19 Functional Status Scale, 22 
(75.9%) patients were categorized as grade II and 7 (24.1%) patients 
as grade III, indicating the need for rehabilitative and therapeutic 
treatment options (32). As potential treatment options to enhance 
cognitive performance, phosphatidylcholine and CTT were evaluated. 
In terms of demographic data (including age, gender distribution, 
disease severity, and neurological and psychiatric pre-existing 
conditions), this study was comparable to previous studies (10, 11, 23). 
Furthermore, the manifestations of neurological and psychiatric PACS 
and PACVS symptoms were comparable to those described in 
literature (10, 23). In this cohort, the majority of patients reported 
fatigue, word-finding difficulties, sleep disorders, and headaches, 
alongside the inclusion criteria for concentration disturbances and/or 
memory loss.

4.2 Patients with PACS or PACVS show 
cognitive deficits especially in the domain 
of attention

Many standardized cognitive performance test procedures, such as 
the MMSE, have so far proven unsuitable for evaluating cognitive 
deficits in PACS/PACVS (57). In several studies, mild abnormalities 
were observed in the Montreal Cognitive Assessment (58, 59). 
However, explanations for these findings remain incomplete due to 
limitations inherent to the testing methodology. Hence, this analysis 
conducted a more detailed examination using the COGBAT test set. 
Compared to the general population, the included patients showed 
deficits in general cognitive performance, mainly in the domain 
attention. Compared to literature, this study underlined the assumption 
that individuals with PACS or PACVS exhibit cognitive deficits, 
especially in the domains attention, memory, and executive functions 
(19–21, 27, 60). Memory and executive function deficits were observed, 
but did not differ significantly from the general population. In a 
positron emission tomography (PET) analysis, various brain regions 
exhibited hypometabolism in patients with PACS, including the orbital 
gyrus, olfactory gyrus, temporal lobe, amygdala, hippocampus, 
thalamus, brain stem, and cerebellum (61). This effect could potentially 
contribute to the neuropsychological symptoms observed in PACS 
patients. The cognitive deficits primarily affect older patients. This was 
also demonstrated by a significant negative correlation between age 

and cognitive performance in this study. Additionally, the duration of 
the illness and thus, a frequently occurring onset of depression play a 
crucial role in cognitive performance.

4.3 In terms of quality of life, patients with 
PACS/PACVS exhibit parallels with various 
psychiatric and chronic disorders, 
particularly in physical and psychological 
health

In this study, regarding satisfaction with their own health status, 
86.2% of PACS/PACVS patients reported being very dissatisfied or 
dissatisfied. Based on Cronbach’s alpha coefficients α > 0.7, the 
psychological and environmental domains exhibited good internal 
consistency. The physical health and social relationships domains 
showed acceptable internal consistency with Cronbach’s alpha 
coefficients of 0.66 and 0.60, respectively. In the domains of physical 
health and psychological health, average WHOQOL-BREF scores 
were M =  41.3 ± 22.2 and 47.5 ± 14.1. These scores fell below the 
cut-off point of 60 (62) and were comparable to various psychiatric 
disorders such as major depression, eating disorders, bipolar disorder, 
schizophrenia, or chronic pain patients (63–68). Our study exhibited 
comparable results in the area of physical health to patients with 
myalgic encephalomyelitis/chronic fatigue (69). The average scores 
for the social relationships and environment domains were 64.9 ± 19.0 
and 68.4 ± 20.2, indicating that these domains were above the cut-off. 
There were no significant relevant changes in the WHOQOL-BREF 
scores across the assessment time points. Therefore, no therapy 
recommendation could be  made in our study. Furthermore, it is 
unsurprising that this study revealed a strong negative correlation 
between depression as a pre-existing condition and responses in the 
domains of psychological health and social relationships. Many 
negative responses in the psychological health domain, such as 
diminished enjoyment in life (Q5), negative feelings (Q6), or negative 
self-esteem (Q19), overlap with symptoms of depression (51). A 
primary symptom of depression is the neglect of social relationships, 
which is reflected in the responses of the WHOQOL-BREF.

Research has extensively documented a global increase in 
depression and anxiety levels during the COVID-19 pandemic, 
affecting not only PACS and/or PACVS patients (70). Consistent with 
prior findings, PACS/PACVS patients often exhibit cognitive deficits 
alongside symptoms of depression and/or anxiety (23, 71). Moreover, 
the duration of illness appears to be associated with the severity of 
these mental health issues. Furthermore, another study suggests that 
many of these newly reported symptoms in PACS may have predated 
the viral infection itself (72).

4.4 Patients with PACS and PACVS 
demonstrate improvement in their 
cognitive performance over time, 
regardless of the evaluated therapeutic 
scheme

PACS and PACVS patients included in our study demonstrated 
significant improvement in cognitive performance and in the domains 
of attention, memory, and executive functions. Apart from a few 
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exceptions, this improvement was observed in all therapy schemes. 
Unlike previous studies, the improvement in cognitive performance 
cannot be attributed to cognitive training or CCT programs (73). In 
our study, phosphatidylcholine showed no effect on cognitive deficits 
in PACS and PACVS beyond the placebo effect. Since there is no 
significant interaction between treatment and assessment time point, 
it can be assumed that the improvement occurred due to other factors. 
The most plausible explanation for this improvement could be  a 
spontaneous and continuous remission of cognitive deficits in PACS 
and PACVS, which has also been postulated as a possible course in the 
literature (27). This effect was also observed in other neurological 
PACS symptoms such as olfactory loss or fatigue (59, 74). Further, an 
8-week follow-up may be insufficient to comprehensively assess the 
long-term effects of phosphatidylcholine and CCT. Both the 
neuroprotective effects of phosphatidylcholine and the enduring 
impact of CCT may require a longer period to fully manifest. Extended 
follow-up is crucial to accurately determine the stability and durability 
of any observed cognitive improvements, as well as to monitor for any 
delayed effects or adverse outcomes. In the literature, there is limited 
evidence regarding the temporal course of cognitive impairments. Thus 
far, there is a divided opinion regarding the improvement of cognitive 
deficits in PACS patients (75, 76). Consistent with this study, one study 
demonstrated improvement in the domain of complex attention (77). 
Moreover, the duration of PACS or PACVS in months did not correlate 
with improvement in COGBAT test. However, this might be due to the 
small sample size. Around half of the included patients reported a 
subjective improvement in cognitive performance. Hereby, it should 
be noted that the patients were aware of which treatment measures they 
received. It is therefore conceivable that the knowledge of receiving one 
or even two treatment measures may have led to a subjective 
improvement. Moreover, subjective improvement in cognitive 
performance of PACS patients does not necessarily correlate with 
improvement in neuropsychological testing (23).

4.5 Limits

The evaluation of the therapy schemes had several limitations. 
First of all, patients with status post critical course of SARS-CoV-2 
infection or Post-COVID-19 Functional Status Scale grade IV were 
underrepresented in this study. The analysis did not differentiate 
between PACS and PACVS and the vaccination status of PACS 
patients was not included in the analysis due to the low number of 
cases. Furthermore, this analysis did not differentiate between the 
virus variants of the causative SARS-CoV-2 infection. It is worth 
noting that many laboratories in Austria did not automatically 
sequence the variant during PCR testing, which explains the high 
proportion of our patients with an unclear virus variant. 
Additionally, it is uncertain from the literature whether the virus 
variant has an impact on the severity of PACS (78–80). It is worth 
mentioning that the phosphatidylcholine used contains 16.4% 
alcohol. Given reported cases of PACS and mast cell activation 
syndrome, a deterioration in symptoms due to the presence of 
alcohol, albeit in minimal amounts, cannot be entirely ruled out 
(81). Furthermore, this study was not conducted as a double-
blinded randomized study, resulting in a possible selection bias. 
Patients were always aware of which group or therapy scheme they 
belonged to. Therefore, within the constraints of clinical 
possibilities, the study design was not optimal for demonstrating 

actual efficacy of the treatment schemes. Moreover, it should 
be  noted that the low sample size may introduce statistical 
limitations. A small sample size can lead to several issues that 
compromise the reliability and validity of the results. The risk of 
sampling bias increases, as the sample may not be representative of 
the global population, potentially limiting the generalizability of the 
findings. Additionally, reduced statistical power heightens the risk 
of failing to detect true effects or, conversely, falsely rejecting the 
null hypothesis. Small sample sizes may further complicate the 
identification of differences between subgroups, such as in Group 
C, and can result in unstable outcomes that are influenced by 
individual data points. Regardless of the statistical limitations, it 
should be noted that the observed results may have been influenced 
by a potential learning effect. However, in order to mitigate this 
risk, the COGBAT test, which has two versions to minimize the 
learning effects, was used as the testing procedure.

4.6 Conclusion

This study investigated the consequences of Post-acute COVID-19 
Syndrome (PACS) and Post-acute COVID-19 Vaccination Syndrome 
(PACVS) on cognitive performance. Additionally, phosphatidylcholine 
and a CCT program were evaluated as potential treatment options. The 
included PACS and PACVS patients exhibited significant deficits in 
cognitive performance, particularly in the domain of attention, based 
on COGBAT testing. The effectiveness of treatment against cognitive 
deficits in PACS or PACVS with phosphatidylcholine and CCT could 
not be demonstrated, highlighting the need for further research to 
optimize treatment approaches. The WHOQOL-BREF primarily 
demonstrated deficits in the domains of physical health and 
psychological health, but was not impacted by the evaluated treatment 
schemes. However, this study provided evidence suggesting that 
spontaneous remission of cognitive deficits in PACS and PACVS may 
be possible.
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