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Abstract 

Background & Objective: There is growing evidence of cognitive decline post-COVID-19, even in mild 
infection. We aim to evaluate the incidence of cognitive impairment, domains affected, its risk factors 
and the effect on function during the subacute period when rehabilitation is crucial. Methods: In this 
study, the incidence of impaired cognition was assessed in patients at 3 and 6 months post-COVID-19 
infection between August 2021 and July 2022 at University Malaya Medical Center, with Montreal 
Cognitive Assessment (MoCA). The most common cognitive domains affected were identified with 
descriptive analysis. Associated sociodemographic and clinical factors were analyzed with simple and 
multiple logistic regression models. The post-COVID-19 Functional Scale (PCFS) was used to assess 
functional status. The correlation between cognition (MoCA score) and functional status (PCFS scale) 
was performed using Spearman correlation test. Results: We recruited 100 patients and found that 44% 
had impaired cognition at three months and 43% at six months. Patients with secondary education 
level (p =0.001, OR 13.541), oxygen therapy (p=0.039, OR 7.811), and obesity (p=0.029, OR 4.764) 
were associated with a higher risk of impaired cognition. The most affected MoCA domains were 
language, executive function, attention and memory. Lower MoCA score was correlated with higher 
PCFS grade (lower functional status) (p <0.001, ρ -0.729).
Conclusion: Post-COVID-19 cognitive impairments were common up to 6 months of illness and affect 
function. Clinicians are advised to perform cognitive screening especially in higher risk patients and 
provide necessary interventions.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is responsible for the COVID-19 
pandemic. It primarily affects the respiratory 
system but also impacts other organs, including 
the central nervous system.1,2 Studies have linked 
COVID-19’s inflammatory effects to neurological 
complications, notably cognitive impairment, 
necessitating further research on its long-term 
neurological consequences.3 Mood disorders such 
as anxiety, depression, and sleep disturbances 
which are common among COVID-19 survivors, 
can further contribute to cognitive decline.4-7

 Cognitive deficits post-COVID-19 include 
difficulties with executive functions, attention, 
processing speed, memory, and language.4,8,9 
They can persist even after recovery from acute 
respiratory symptoms, with studies showing 
cognitive decline in both severe and mild 
COVID-19 cases.10-13 The timing of cognitive 
recovery also varies, with some patients showing 
improvement after four months, while others 
only after a year.14,15 These cognitive challenges 
significantly affect daily activities, work 
performance, and overall quality of life.4 

 There is a growing body of global research 
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on post-COVID-19 cognitive impairment, but 
local data, particularly in Malaysia, is sparse. The 
rise in COVID-19 cases recently raises concerns 
about cognitive impairments in the Malaysian 
population. A lack of understanding of the risk 
factors and progression of cognitive impairment 
may delay necessary rehabilitation interventions. 
 This study focuses on the incidence of cognitive 
impairment at 3 and 6 months post-COVID-19 
infection. It aims to identify risk factors associated 
with cognitive impairment, determine the most 
affected cognitive domains, and assess the 
link between cognition and functional status 
in COVID-19 survivors. The findings could 
help identify at-risk individuals, facilitate early 
initiation of specific cognitive rehabilitation 
management, and prevent further functional 
decline.

METHODS

Study design, participants, and setting

This prospective cohort study was conducted 
at University Malaya Medical Center (UMMC) 
and included participants aged 18 and above, 
with confirmed COVID-19 infection via Reverse 
transcription polymerase chain reaction (rt-
PCR) or Rapid test kit-Antigen (RTK-Ag) test, 
and consented to a six-month study duration. 
Exclusion criteria included pre-existing cognitive 
impairment and language barriers in either English 
or Malay language. Patients were recruited from 
August 2021 to July 2022 through convenience 
sampling from the COVID-19 Multidisciplinary 
Team Clinic (MDC) and Rehabilitation Medicine 
Specialist Clinic. Informed consent was obtained 
prior to study enrollment.
 A sample size calculator (Raosoft) was used to 
determine the recommended sample size with a 
confidence level of 95% in a population portion 
of 300. This study required a sample size of 
143, with selected response distribution at 23% 
based on the response distribution from Rass et 
al.7 Our aim was to recruit an equal distribution 
of mild, moderate, and severe COVID-19 
cases. Assessments were conducted at 3 and 6 
months, including cognitive evaluation with the 
Montreal Cognitive Assessment (MoCA) and 
self-administered questionnaires (Patient Health 
Questionnaire-9 (PHQ-9), 7-item Generalized 
Anxiety Disorder (GAD-7), and Post COVID-19 
Functional Scale (PCFS)). Sociodemographic and 
clinical data were collected from interviews and 
medical records.

Study instruments

Montreal Cognitive Assessment (MoCA) 

We choose MoCA as it is a sensitive tool for 
detecting mild cognitive impairment, evaluates 
various cognitive domains and the most frequently 
used cognitive screening post-COVID-19.16 The 
total score is 30 points and a score of less than 26 
is considered impaired cognition. The English and 
Malay versions of MoCA were used, administered 
by trained certified occupational therapists and 
rehabilitation medicine doctors.

Post COVID-19 Functional Scale (PCFS) 

PCFS is a simple tool to monitor the course of 
symptoms and the impact of symptoms on the 
functional status of post-COVID-19 survivors.17 It 
is an ordinal scale with five statements assessing 
the full spectrum of functional outcomes, and 
focuses on limitations in everyday work or 
activities and lifestyle changes. PCFS was chosen 
for its simplicity and reproducibility. The post-
COVID-19 management protocol produced by 
Ministry of Health Malaysia recommended the 
application of PCFS to monitor the patients’ 
outcome.18

Patient Health Questionnaire-9 (PHQ-9)

The PHQ-9 is a self-report measure consisting of 
nine questions based on the nine DSM-IV criteria 
for major depression. It is used to determine the 
presence or absence of depression. For severity 
measure, PHQ-9 scores range from 0 to 27, and 
each of the nine items scored from 0 (not at all) 
to 3 (nearly every day). PHQ-9 scores 5, 10, 15, 
and 20 represented mild, moderate, severe, and 
severe depression, respectively. For this study, 
we used the Malay and English versions. A score 
of 10 and above was categorized as participants 
having depression.19 PHQ-9 in Malay and English 
versions had shown to have good reliability and 
validity for patients with depression.20,21 

Generalized Anxiety Disorder (GAD-7)

GAD-7 is a screening tool for generalized anxiety 
disorder, which consists of seven items.  Each 
item is scored on a four-point Likert scale (0–3), 
with scores ranging from 0 to 21. A higher score 
reflects greater anxiety severity. GAD-7 were 
employed in both Malay and English versions to 
rule out psychological issues affecting cognitive 
performance. It is a valid and reliable tool for 
screening generalized anxiety disorder.22,23
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Statistical analyses 

Statistical analyses were performed using 
IBM SPSS, with a p-value of ≤0.05 indicating 
significance. Cognitive impairment incidence 
and affected cognitive domains were presented 
as frequency and percentage. Descriptive 
analysis identified sociodemographic and clinical 
characteristics. Continuous data were reported 
as mean and standard deviation, and categorical 
data as frequency and percentage. McNemar and 
Wilcoxon sign rank tests evaluated differences in 
outcomes between three and six months, while 
Spearman’s correlation coefficient analyzed the 
relationship between MoCA scores and continuous 
variables. Logistic regression analysis determined 
associations between cognitive impairment and 
various variables. From the simple logistic 
regression analysis table, we identified variables 
with significant values (p <0.05) at six months, 
and included them in multiple logistic regression 
analysis.

RESULTS

One hundred and sixteen eligible patients were 
recruited from the MDC and Rehabilitation 
Medicine Specialist Clinic. However, 16 patients 
dropped out due to logistic issues, busy with 
work, and uncontactable. One hundred patients 
completed the assessment at three- and six-months 
review.  

Socio-demographic and COVID-19-related 
clinical data

The average age of the patients was 45.3 ± 
11.9 years; There were more men compared to 
women, with the majority of them being Malay, 
married, employed, and reached tertiary education. 
(Table 1)
 The COVID-19 clinical staging is classified 
as follows: Stage 1: asymptomatic; Stage 2: 
symptomatic without radiological pneumonia 
changes; Stage 3: symptomatic with radiological 
pneumonia changes; Stage 4: symptomatic, 
pneumonia, and supplemental oxygen required; 
and Stage 5: critically ill with multi-organ failure.24 

In this study, almost half of the patients had 
severe infections in Category(stage) 4 and 5. The 
mean length of hospital stay was 13.7 days and 
duration of oxygen dependency was 16.7 days. 
24% of the patients were admitted to ICU and 
19% were ventilated (Table 1).
 Nearly half of the patients (48%) did not require 
oxygen. The oxygen support methods for the other 

half of the patients are listed in Table 1. The three 
most common comorbidities are hyperlipidemia, 
hypertension, and diabetes mellitus. 

Incidence and risk factors of impaired cognition 
post COVID-19 

In this study (Table 2), we found that 44% of the 
patients had impaired cognition at three months 
and 43% at six months. The difference after 
three months was not significant (McNemar test 
P=1.000). We found that at three months, 22% 
had depression and 18% had anxiety, but the 
incidence for both dropped to 11% at six months. 
The changes were significant (McNemar test 
P=0.003 and P=0.039, respectively). 
 PCFS grading at three months (Table 2) showed 
that by ascending order, most of the patients 
had grade 2(35%), followed by grade 3(27%) 
and grade 0(25%), and the last one was grade 
4(5%). However, later, at six months, there were 
significant changes (Wilcoxon sign rank test P 
<0.001). Most of the patients had grade 2(45%) 
and grade 0(32%), and the least grade was still 
grade 4 but became lesser (2%).
 The simple logistic regression model of our 
study found that (Table 3) at three and/or six 
months: older patients, Chinese, unemployment, 
lower education level, history of ICU admission, 
history of ventilation, history of oxygen therapy, 
severe COVID-19 category, duration of oxygen 
therapy, hypertension, diabetes mellitus, obesity 
had a significant (P < 0.05) higher chance of 
impaired cognition than their counterparts. 
 Those variables with significant results using 
simple logistic regression were chosen to be further 
analyzed with Multiple Logistic Regression. Our 
study found that at six months (Table 4), patients 
with secondary education level had fifteen times 
higher chance of impaired cognition than those 
with tertiary education (P <0.001, OR 15.312), 
patients with oxygen therapy had seven times 
higher chance of impaired cognition than patients 
without oxygen therapy (P=0.012, OR 7.795), and 
obese patients had three times higher chance of 
impaired cognition than patients without obesity 
(P=0.046, OR 3.752).

Cognitive domains affected mainly by COVID-19 

The most affected domains from descending 
order were language, memory, executive function, 
visuospatial, and attention. The least affected 
domain was orientation (Figure 1). The number 
of patients with affected language, memory, 
and orientation decreased after three months. 
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Table 1: Socio-demograhic and clinical characteristics of the patients with COVID-19 (n=100)

Independent variables n(%) Mean ± SD
Gender:
  Male
  Female

60(60.0)
40(40.0)

Race:
  Malay 
  Chinese
  Indian

74(74)
16(16)
10(10)

Marital status:
  Married 
  Single/Divorced /Widowed

81(81)
19(19)

Employment:
  Employed
  Unemployed

83(83)
17(17)

Education level:
  Tertiary
  Secondary
  Primary

72(72)
24(24)
4(4)

COVID-19 Category:
  1
  2
  3
  4
  5

1(1)
32(32)
12(12)
34(34)
21(21)

Age (years):
  18 - 39
  40 - 59
  60 – 74

37(37)
52(52)
11(11)

45.3 ± 11.9 years

Length of hospital stay (days) 13.7 ± 23.6 days
Duration of oxygen dependency (days) 16.7 ± 33.4 days
Ventilation history:
  Yes
  No

19(19)
81(81)

Type of oxygen support:
  Intubation
  Noninvasive ventilation
  High-flow nasal cannula
  High flow mask
  Face mask
  Nasal Prong
  None

16(16)
3(3)
12(12)
1(1)
4(4)
16(16)
48(48)

Comorbidities:
  Hypertension
  Diabetes Mellitus
  Hyperlipidemia
  Bronchial Asthma
  Heart disease
  Obstructive sleep apnea 
  Obesity
  Thyroid disease
  Chronic kidney disease

35(35)
30(30)
41(41)
11(11)
10(10)
7(7)
23(23)
6(6)
7(7)

Notes: n(%) = number(percentage); SD = standard deviation
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The significant difference after three months 
was memory and orientation (McNemar test 
P=0.007 and P=0.022, respectively), while the 
difference after three months in language was not 
significant (McNemar test P=0.607). The number 
of patients with affected visuospatial and attention 
increased after three months, but the difference 
was insignificant (McNemar test P=0.084 and 
P=0.860, respectively). 

Correlation between cognition and functional 
status among COVID-19 patients

We found that a lower score of MoCA (poorer 
cognitive function) correlates with a higher grade 
of PCFS (worse function). ρ = -0.526, p-value 
<0.001 at three months; ρ = -0.729, p-value 
<0.001 at 6 months. The strength of the correlation 
between MoCA score and PCFS grading was 
moderate at three months, but strong at six months. 

Table 2: The outcome measures of patients with COVID-19 at 3 and 6 months.

Outcome Measures three months, 
n(%)

six months, 
n(%)

McNemar
p-value

MoCA:
  Impaired
  Normal

44(44.0)
56(56.0)

43(43.0)
57(57.0)

>0.999

PHQ-9
  Depression
  Normal

22(22.0)
78(78.0)

11(11.0)
89(89.0)

0.003

GAD-7
  Anxiety
  Normal

18(18.0)
82(82.0)

11(11.0)
89(89.0)

0.039

PCFS grade:
  0
  1
  2
  3
  4

25(25.0)
8(8.0)
35(35.0)
27(27.0)
5(5.0)

32(32.0)
14(14.0)
45(45.0)
7(7.0)
2(2.0)

Wilcoxon sign rank 
p-value

<0.001

Notes: n(%) = number(percentage); MoCA = Montreal Cognitive Assessment; PHQ-9 = Patient Health Questionnaire-9; 
GAD-7 = 7-item Generalized Anxiety Disorder; PCFS = Post COVID-19 Functional Scale

Figure 1.  The number of patients with COVID-19 who had cognitive impairments at 3 and 6 months, in the different 
cognitive domains according to MoCA.  

 EF = Executive function, VS = Visuospastial skill
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Table 4: Multiple logistic regression of the significant risk factors for impaired cognition post-COVID-19

Variables 95% C. I for OR
Adjusted OR Lower Upper p-value

Age:
  18 – 39
  40 – 59
  60 - 75

 

0.876
0.517

 

0.224
0.051

 

3.429
5.281

ref
0.850
0.578

Education level:
  Tertiary
  Secondary
  Primary

 

15.312
6.627

 

3.593
0.500

 

65.256
87.751

ref
<0.001
0.151

Unemployed 6.041 0.798 45.743 0.082
Ventilation history (Yes) 0.127 0.001 17.268 0.410
ICU admission (Yes) 1.595 0.117 21.747 0.726
Oxygen therapy:
  No oxygen Therapy
  Oxygen Therapy
  Intubated & ventilated

 

7.795
62.193

 

1.558
0.493

 

38.984
7845.470

ref
0.012
0.094

Hypertension (Present) 4.414 0.893 21.815 0.069
Diabetes Mellitus (Present) 5.207 0.651 41.635 0.120
Obesity (Present) 3.752 1.023 13.763 0.046
Hyperlipidemia (Present) 0.124 0.013 1.212 0.073
Duration of oxygen dependency 0.991 0.967 1.016 0.465

Notes: OR = Odd ratio; C.I = Confidence interval; ICU = Intensive care unit 

DISCUSSION

This study found nearly half of the participants 
had impaired cognition at both time points. The 
choice and time of cognitive assessments play a 
role to the different incidence in previous studies.  
Rass et al.7 examined 135 patients at three months 
after disease onset using MoCA and found that 
23% had impaired cognition, which is lower than 
our study. Notably, their participants constitute 
more patients with less severe COVID-19 patients 
(77%). In contrast, Ferruci et al.25 used 10 
neuropsychological batteries and reported a higher 
incidence of cognitive impairment at 5 months 
(65%). The use of more extensive assessment 
batteries may be more sensitive to detect milder 
cognitive impairments. However, in clinical 
practice, not all centers have sufficient resources 
and time to perform the assessment batteries to 
all patients with COVID-19.
 Most extensive neuropsychological batteries 
are conducted by trained neuropsychologists and 
Malaysia has a handful of neuropsychologists 
serving the public and private sector.26  Therefore, 
the choice of MoCA, which is simpler and 
reliable to detect mild cognitive impairment 
were chosen, as in most other studies. In our 
study, MoCA was administered by doctors and 

occupational therapists after appropriate training 
and certification. 
 While we do not find a reducing trend in our 
patients with cognitive impairment from three to 
six months follow-up, other longer-term studies 
showed otherwise. Hartung et al. examined 969 
patients between 8 to 12 months after COVID-19 
infection and reported a lower incidence of 
cognitive impairment.27  Ferrucci et al. also found 
that the prevalence of cognitive impairment 
decreased at one year.25 Since our study is only 
assessing up till 6 months, we could not ascertain 
if there is any further improvement beyond that. 
 In terms of affected cognitive domains, our 
study found that language was the most impacted, 
followed by memory and executive function. 
Sentence repetition was most affected, which 
also requires good attention function. This is 
followed by verbal fluency, in which executive 
function plays a significant role too.28 Although 
participants could communicate normally, the 
demands on attention and executive function 
for the language component of the MoCA might 
explain the patients’ challenges. Cognitive fatigue, 
which is often seen in post-COVID-19 patients 
may also add as a contributing factor.29 After three 
months, there was a significant decrease in the 
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number of patients with memory and language 
impairment which is in line with other studies.25,28 

 In our study, three factors were found to be 
significantly associated with cognitive impairment 
which are: history of oxygen therapy (hypoxemia), 
lower education, and obesity. These factors are in 
accordance with other studies.25,30,31 Respiratory 
distress in moderate to severe COVID-19 infection 
leads to hypoxia, especially at the susceptible area 
of the brain, the hippocampus. This leads to the 
direct consequence of hypoxic damage to the brain 
and causes long-lasting cognitive impairment.32-34 
Lower education, on the other hand, has an 
inverse dose-response relation with dementia.35 

Thus, a high education level may protect against 
cognitive decline in COVID-19 patients. The high 
leptin level in obesity promotes B cell maturation 
and inhibits antiviral CD8+ T cell response, thus 
possibly reducing the effective immune response 
against viral infections.31 

 We also examined the effect of cognitive 
impairment with functional outcome. A lower 
MoCA score was correlated with higher PCFS 
grade (poorer functional status) at both time 
periods. This may be the first study to examine 
the correlation between MoCA and PCFS.  
Other study has used Functional Independence 
Measure Cognitive as the functional outcome 
measure.36 The results from this study highlight 
the importance of early cognitive impairment 
detection in COVID-19 patients as it can 
negatively affect the functional status of the 
patients. 
 Our study has a few limitations. Despite the 
surge of COVID-19 infections, patient recruitment 
was hampered due to high clinic load and the 
extended period which the patients had to wait to 
be seen for cognitive assessment. Therefore, our 
study sample was slightly less than recommended, 
which was 100/143. This is also a single-center 
study and in an urban setting, which may not 
reflect the Malaysian population. We were also 
unable to recruit the healthy control group during 
the pandemic due to the strict Movement Control 
Order at that time. Despite the limitations, we 
believe that this study is important as it is the first 
to establish the incidence of cognitive impairment 
in our local population, the risk factors, the 
domains most affected, and the relationship with 
functional outcome.  
 In conclusion, post-COVID-19 cognitive 
impairments were common up to 6 months of 
illness with the most common domains affected 
of language, executive function, attention and 
memory. This study can guide clinicians to 

perform cognitive screening within the first six 
months and refer for cognitive rehabilitation, 
especially in higher-risk patients. Future studies 
with larger sample sizes are needed to confirm 
our results and a follow-up of longer than six 
months to assess the progression of cognitive 
impairment. 
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