
RESEARCH ARTICLE

Cognitive and emotional predictors of quality of life and
functioning after COVID-19
Mar Ariza1,2 , Neus Cano1,3, B�arbara Segura2,4,5 , Javier Bejar6, Cristian Barru�e6,
NAUTILUS Project Collaborative Group,*, Claudio Ulises Cort�es6, Carme Junqu�e2,4,5 &
Maite Garolera1,7

1Grup de Recerca en Cervell, Cognici�o i Conducta, Consorci Sanitari de Terrassa (CST), Terrassa, Spain
2Unitat de Psicologia M�edica, Departament de Medicina, Universitat de Barcelona (UB), Barcelona, Spain
3Departament de Ci�encies B�asiques, Universitat Internacional de Catalunya (UIC), Sant Cugat del Vall�es, Spain
4Institut de Neuroci�encies, Universitat de Barcelona (UB), Barcelona, Spain
5Institut d’Investigacions Biom�ediques August Pi i Sunyer (IDIBAPS), Barcelona, Spain
6Departament de Ci�encies de la Computaci�o, Universitat Polit�ecnica de Catalunya-BarcelonaTech, Barcelona, Spain
7Neuropsychology Unit, Consorci Sanitari de Terrassa (CST), Terrassa, Spain

Correspondence

Maite Garolera, Neuropsychology Unit,

Hospital de Terrassa, Consorci Sanitari de

Terrassa (CST), Carretera de Torrebonica sn,

08227, Terrassa, Spain. Tel: +34 937 31 00

07; Fax: +3493 731 09 59; E-mail:

mgarolera@cst.cat

Received: 20 September 2023; Revised: 31

October 2023; Accepted: 8 November 2023

Annals of Clinical and Translational

Neurology 2024; 11(2): 302–320

doi: 10.1002/acn3.51952

†The members of the group author are listed

in the Acknowledgments.

Study Registration: www.ClinicalTrials.gov,

identifier NCT05307549 and NCT05307575.

Abstract

Objective: A long-term decline in health-related quality of life (HRQoL) has

been reported after coronavirus disease 2019 (COVID-19). Studies with people

with persistent symptoms showed inconsistent outcomes. Cognition and emo-

tion are important determinants in HRQoL, but few studies have examined

their prognostic significance for HRQoL and functionality in post-COVID

patients with persisting symptoms. We aimed to describe QoL, HRQoL, and

functioning in individuals post-COVID with varying COVID-19 severities and

to investigate the predictive value of cognitive and emotional variables for QoL,

HRQoL, and functioning. Methods: In total, 492 participants (398 post-COVID

and 124 healthy controls) underwent a neurobehavioral examination that

included assessments of cognition, mood, QoL/HRQoL (WHOQOL-BREF, EQ-

5D), and functioning (WHODAS-II). Analysis of covariance and linear regres-

sion models were used to study intergroup differences and the relationship

between cognitive and emotional variables and QoL and functioning. Results:

The Physical and Psychological dimensions of WHOQoL, EQ-5D, and WHO-

DAS Cognition, Mobility, Life Activities, and Participation dimensions were sig-

nificantly lower in post-COVID groups compared with a control group.

Regression models explaining 23.9%–53.9% of variance were obtained for the

WHOQoL-BREF dimensions and EQ-5D, with depressive symptoms, post-

COVID symptoms, employment status, income, and mental speed processing as

main predictors. For the WHODAS, models explaining 17%–60.2% of the vari-

ance were obtained. Fatigue, depressive symptoms, mental speed processing,

and post-COVID symptoms were the main predictors. Interpretation: QoL/

HRQoL and functioning after COVID-19 in individuals with persistent symp-

toms were lower than in non-affected persons. Depressive symptoms, fatigue,

and slower mental processing speed were predictors of lower QoL/HRQoL and

functioning.

Introduction

Post-coronavirus disease 2019 (COVID-19) condition

(PCC) is defined as the continuance or onset of new

symptoms 3 months after the initial SARS-CoV-2 infec-

tion, which last at least 2 months and cannot be attrib-

uted to another cause.1 The prevalence of PCC is

unknown, as it varies according to study cohorts,
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methodology, SARS-CoV-2 variants, and vaccination sta-

tus, but it is estimated that one in eight people with

COVID-19 will develop PCC.2,3 Fatigue, dyspnea, and

altered smell and taste senses are frequent symptoms.4

Poor memory, executive dysfunction, and slow processing

speed5–7 have been reported in people with PCC, and

depression and anxiety symptoms are also prevalent,

sometimes going above clinical cutoff values.8–10

Quality of life (QoL) is a general concept influenced by

a person’s physical health, psychological condition, level

of independence, social relationships, and relationship to

the environment.11 Health-related QoL (HRQoL) can

indicate how a patient sees their place in life as it changes

because of sickness and its treatment.12,13 HRQoL focuses

on the effects of disease on QoL, whereas QoL encom-

passes all aspects of living.14 Functioning refers to a per-

son’s bodily functions, activities, and engagement

concerning environmental circumstances.15

Studies have documented a decrease in HRQoL and

functioning in individuals more than 6 months after dis-

charge or recovery. This has been observed in both patients

post-hospitalization16–18 and individuals experiencing per-

sistent symptoms.19–24 Nevertheless, research involving per-

sons experiencing persistent symptoms following moderate

or mild COVID-19 revealed that the average HRQoL fell

within the range of the general population mean. Only

4.2% of participants reported their HRQoL as very poor or

poor.25

The relationship between COVID-19 severity and

HRQoL has been investigated over the short, medium,

and long terms. One month after recovery, there were no

differences between hospitalized and non-hospitalized

patients in a sample of patients under 50 years of age.26

However, participants with severe COVID-19 had signifi-

cantly worse HRQoL than those with moderate COVID-

1927 one and a half months after recovery, and 1–
2 months after hospital discharge, the HRQoL for

patients in the ICU was lower than for those non-ICU.28

On the other hand, further studies reported that,

3 months post-recovery, no differences were found

between ICU, moderate, and mild groups29 or between

ICU and non-ICU groups.30 In the long term, 12 months

post-infection, people with mild COVID-19 had QoL

scores within population norms, whereas those with mod-

erate or severe/critical disease had scores below.31

Synthesizing previous research can be challenging due

to the diversity of cohorts or the variation in time

between disease onset and HRQoL assessment. Further-

more, most studies have compared HRQoL scales with

population norms. As a direct consequence of the

COVID-19 epidemic, the QoL of the entire population

has decreased,32,33 therefore, when compared to these

norms, the QoL experienced by healthy individuals may

be overestimated. On the other hand, only a small num-

ber of studies have been conducted on QoL in people

with PCC, and many of these studies were conducted

through online surveys.21,23,25 In terms of whether having

more severe COVID-19 affects QoL, comparisons between

severity groups reveal inconsistent findings that do not

appear to be associated with the time elapsed between

diagnosis and evaluation.

Cognitive impairment is related to poor HRQoL in

neurological,34 psychiatric,35 systemic,36 metabolic,37

cardiovascular,38 and infectious39 diseases. Few studies have

examined the relationship between cognition, QoL/

HRQoL, and functioning in individuals after COVID-19,

with none including PCC groups. Improvements in verbal

fluency and executive function after cognitive rehabilitation

were accompanied by improvements in QoL.40 Impair-

ments in verbal memory, fluency, mental processing speed,

and executive function affected the self-care dimension,

and executive function affected the mobility dimension of

the EuroQoL-5D HRQoL scale.41 Lastly, cognitive dysfunc-

tion, anxiety, fatigue, and hyposmia/hypogeusia were

responsible for 28.8% of the functioning variance.42

Several studies have demonstrated an increase in

anxious–depressive symptoms in people between 3 and

12 months after recovery from COVID-19.43–46 Post-

COVID-19 anxiety and depression symptoms are associ-

ated with poorer HRQol, both in the medium47 and long

terms.20,45,48,49 Both an increase in depressive symptoms

and reduction of QoL occur simultaneously; however, lit-

tle research has been conducted focusing on the predictive

value of emotional factors on QoL, HRQoL, and func-

tioning among individuals with PCC.48

The aims of the present study were (1) to describe

QoL, HRQoL, and functioning in a large sample of peo-

ple with PCC with various COVID-19 severities, includ-

ing comparison with healthy individuals, and (2) to

investigate the predictive value of cognitive and emotional

variables for QoL, HRQoL, and functioning in people

with PCC.

Materials and Methods

Study design and settings

We conducted a cross-sectional, exploratory multicenter

study of patients recruited from neuropsychology and

COVID-19 units across 19 hospitals in Catalonia, Madrid,

Canarias, (Spain), and Andorra, coordinated by the Con-

sorci Sanitari de Terrassa (Barcelona, Spain). The study

was conducted with the approval of the Drug Research

Ethics Committee (CEIm) of Consorci Sanitari de Ter-

rassa (CEIm code: 02-20-107-070) and the Ethics Com-

mittee of the University of Barcelona (IRB00003099).

ª 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 303

M. Ariza et al. Quality of Life After COVID-19

 23289503, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/acn3.51952 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [13/02/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Sample size

We used preliminary data from two projects

(ClinicalTrials.gov IDs: NCT05307549 and NCT05307575).

The appropriate sample size was calculated using the

G*Power V3.1.9.6.1.50 To meet the sample size require-

ments of the power analysis with a b-error of 95%, and a

significance level of 5%, 492 participants were required.

Based on previous research,6 we estimate the effect size of

the difference in cognitive tests between post-COVID peo-

ple and controls as small to moderate. Due to the unequal

size of the groups, which entails a loss of statistical power,51

we chose a b-error of 95%.

Participants recruitment

Three hundred ninety-four people with PCC who had

either been hospitalized or who attended different hospitals

and health centers with persistent symptoms and met the

inclusion criteria were recruited consecutively from June

2021 to December 2022. The patients were referred mainly

by general practitioners, internists, neurologists, or aller-

gists to neuropsychology units. Twenty-six recruited indi-

viduals were excluded from the analysis due to incomplete

study information. As a control sample, 134 persons who

had not been infected were recruited. Ten of these lacked

the complete data and were excluded from the analysis. Fig-

ure 1 shows the flowchart for the sample selection.

The inclusion criteria for the PCC group were (a) con-

firmed diagnosis of COVID-19 according to WHO cri-

teria with signs and symptoms of the disease during the

acute phase; (b) a post-infection period of at least

12 weeks; and (c) age between 18 and 65 years. The

exclusion criteria were (a) established diagnosis before

COVID-19 of psychiatric, neurological, or neurodevelop-

mental disorders or systemic pathologies known to cause

cognitive deficits; and (b) motor or sensory alterations

that could impede neuropsychological examinations.

Individuals in the control group were volunteers

recruited among relatives and friends of people with PCC

and disseminating information through hospitals and

health centers. The inclusion criteria were (a) age between

18 and 65 years; (b) not having had COVID-19 (no com-

patible symptoms or no positive test). The exclusion cri-

teria were (a) established diagnosis of psychiatric,

neurological, or neurodevelopmental disorders or systemic

pathologies known to cause cognitive deficits before partic-

ipation in the study and (b) motor or sensory alterations

that could impede neuropsychological examinations. All

participants were native Spanish speakers.

Procedure

The entire process was comprised of two sessions. During

the initial session, we collected data on demographic

characteristics, prior comorbidities, COVID-19, and post-

Figure 1. Flowchart for the sample selection. (A) Post-COVID condition individuals; (B) Health control. Participants were selected from the

following hospitals: Consorci Sanitari de Terrassa (Terrassa, Barcelona, Spain); Hospital Sant Joan Desp�ı Mois�es Broggi-Consorci Sanitari Integral

(Sant Joan Desp�ı, Barcelona, Spain); Hospital Universitari Arnau de Vilanova (Lleida, Spain); Hospital Universitari de Santa Maria (Lleida, Spain);

Consorci Sanitari Alt Pened�es-Garraf (Vilafranca de Pened�es, Barcelona, Spain); Hospital Verge de la Cinta, (Tortosa, Tarragona, Spain); Fundaci�o

Sant Hospital (La Seu d’Urgell, Lleida, Spain); Consorci Hospitalari de Vic (Vic, Barcelona, Spain); Hospital Universitari Germans Trias i Pujol

(Badalona, Barcelona, Spain); Hospital Universitari de Bellvitge (Barcelona, Spain); Hospital Universitari M�utua de Terrassa (Terrassa, Barcelona,

Spain); Hospital Clinic de Barcelona (Barcelona, Spain); Hospital Municipal Badalona (Badalona, Barcelona, Spain); Institut d’Assist�encia Sanit�aria

(Girona, Spain); Hospital de Figueres (Figueres, Girona, Spain); Hospital de Puigcerd�a (Puigcerd�a, Girona, Spain); Hospital General de la Cruz Roja

San Jos�e y Santa Adela (Madrid, Spain); Hospital Nostra Senyora de Meritxell (Andorra); Hospitales San Roque (Gran Canaria, Islas Canarias,

Spain).
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COVID-19 symptoms. Each participant underwent a cog-

nitive assessment in the second session with a compre-

hensive neuropsychological battery as described in Ariza

et al.5 In this investigation, the frequency of cognitive

impairment tests was determined. Each participant’s

score was considered affected if it fell below 1.5 SD when

standardized by age and educational level. In addition,

participants completed questionnaires that measured

fatigue, anxiety, and depressive symptoms, QoL, health-

related QoL (HRQoL), and functioning. The Chalder

Fatigue Scale (CFQ)52 was used to assess fatigue, the

Generalized Anxiety Disorder 7-item scale (GAD-7)53 to

assess anxiety, and the Patient Health Questionnaire-9

(PHQ-9) to assess depressive symptoms.54 The 26-item

modified version of the validated World Health Organi-

zation Quality of Life Scale-Short Form (WHOQOL-

BREF) evaluated QoL. The WHOQOL-BREF question-

naire includes questions about physical, psychological,

social, and environmental dimensions of QoL.55 HRQoL

was assessed with the validated Spanish version of the

EQ-5D-3L provided by the EuroQoL group.56 The EQ-

5D-3L has two separate elements: a descriptive system

and a visual analog scale (EQ-VAS). The descriptive sys-

tem includes five dimensions: mobility, self-care, usual

activities, pain/discomfort, and anxiety/depression. The

scores on the five dimensions of the EQ-5D-3L were

translated into a single index value (Spanish value set)

for all health states, with higher values indicating greater

HRQoL. EQ-VAS assesses the self-evaluated health status

of the participants ranging from 0 to 100. Finally, the

level of functioning was evaluated utilizing the full ver-

sion of the World Health Organization Disability Assess-

ment Schedule-II (WHODAS-II). Scores ranging from 0

to 100 were obtained for a total and six domains (cogni-

tion, mobility, self-care, getting along, life activities, and

participation) scores, with higher values indicating lower

levels of functioning.57

Statistical analyses

Descriptive statistics were obtained for all variables of the

study. Graphical representations and descriptive statistics

were used to study the assumptions. Group differences in

demographics were examined using analysis of variance.

The chi-squared test was performed to compare categori-

cal measures between groups. One-way analysis of covari-

ance with Bonferroni-adjusted post hoc comparisons was

performed to determine differences in QoL, HRQoL, and

level of functioning, cognitive and emotional variables

among groups, including age, sex, educational level,

income (gross salary per year), and change of employ-

ment status as nuisance variables. The effect size was cal-

culated using the value partial eta squared (ήp
2).

Correlations between QoL, HRQoL, level of function-

ing, demographic (age, sex, formal education, income

level, and change in employment status), clinical variables

(severity of COVID-19 and the time since onset to assess-

ment), comorbidities (heart, respiratory and liver disease,

high blood pressure, dyslipidemia, diabetes, and obesity),

post-COVID symptoms, anxiety, depression, fatigue, and

cognitive variables were assessed using Pearson correla-

tion. To reduce the number of symptoms, an index was

calculated by adding the number of symptoms (1 for

presence and 0 for absence) and dividing by the total

number of symptoms collected (excluding cognitive,

depressive, and anxiety symptoms to avoid overlapping

symptoms).

Stepwise multiple regression analyses were conducted,

including the variables that correlated significantly with

QoL, HRQoL, and level of functioning in the previous

correlation tests as covariates that were used to adjust the

regression analyses in Step 1 (enter method). In Step 2

(forward method), cognitive and emotional variables were

included in the models. Analyses were performed using

IBM SPSS Statistics 27.0 (IBM Corp., Armonk, NY,

USA). The critical level for statistical significance was set

at a = 0.05.

Results

Sample demographics

Three hundred sixty-eight participants with PCC were clas-

sified into three severity groups: severe–intensive care unit

(ICU-PCC) (n = 81), hospitalized (H-PCC) (n = 80), and

mild (M-PCC) (n = 207).58 The participants’ sociodemo-

graphic characteristics and comorbidities are shown in

Table 1. The M-PCC and HC groups were equivalent in

age and sex and had a higher proportion of women

and were younger than the ICU-PCC and the H-PCC

groups. There were no differences in the estimated IQ

across the three PCC groups. However, there were dif-

ferences in the levels of formal education, with the M-

PCC having the highest level of education. The esti-

mated IQ and the education level in the HC group

were higher than those in all three PCC groups. The

gross annual salary distribution varied among the four

groups. ICU-PCC had a more substantial number of

individuals with salaries in the lowest range than the

HC group, which had the highest proportion of individ-

uals in the highest range. The three PCC groups showed

a larger proportion of changes in job situation than the

HC, although the PCC-H and M-PCC groups were sig-

nificantly higher.

On average, all PCC participants had shown a positive

test 328 days before their neuropsychological evaluation
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(SD = 178.81 days), and the ICU-PCC group had shorter

intervals since testing positive than the other two groups.

Comorbidities were more prevalent in the PCC groups

than in the HC group, and their prevalence rose as

COVID-19 severity increased. Specifically, ICU individuals

had a higher prevalence of premorbid hypertension, dysli-

pidemia, and obesity than other PCC and HC groups.

Figure 2 and Table S1 show symptoms reported by people

with PCC at the assessment time. CU-PCC showed signif-

icantly more limb weakness than H-PCC and more post-

traumatic stress than the other two groups. However, M-

PCC reported more cognitive symptoms, headache, dizzi-

ness, and altered smell/taste than the other groups and

more pain than H-PCC.

QoL, HRQoL, and functioning

Table 2 presents the differences in QoL, HRQoL, and

level of functioning between groups after adjusting for

age, sex, level of education, income, and change in

employment status. The physical health dimension score

of the WHOQoL-BREF was significantly lower in all PCC

groups compared with the HC group. The psychological

dimension score was statistically significantly lower in the

H-PCC and M-PCC compared with the HC group and

lower in the M-PCC group compared with the ICU-PCC

group. The environment dimension score of the

WHOQoL-BREF was significantly lower in the M-PCC

group than the HC group (Fig. 3). The EQ-5D index and

Table 1. Sociodemographic characteristics and comorbidities of the PCC and HC groups.

ICU-PCC H-PCC M-PCC HC

F p g2
Post hoc

Bonferroni

n = 81 n = 80 n = 207 n = 124

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (years) 52.82 (8.47) 53.24 (8.68) 47.55 (9.54) 46.78 (10.03) 13.907 0.0001 0.079 ICU > HC

ICU > M

H > HC

H > M

Education (years) 13.14 (3.14) 13.28 (3.46) 14.33 (3.24) 15.73 (3.31) 14.681 0.0001 0.083 HC > ICU

HC > H

HC > M

M > ICU

Estimated IQa 99.68 (8.44) 100.98 (7.64) 101.43 (10.12) 104.96 (6.66) 6.921 0.0001 0.077 HC > ICU

HC > H

HC > M

Time since onset to

assessment (months)

8.8 (3.8) 10.10 (5) 12.09 (6.7) 10.225 0.0001 0.053 M > ICU

M > H

N (%) N (%) N (%) N (%) v2 p

Sex (female) 38 (46.9) 40 (50) 165 (79.7) 93 (75) 44.498 0.0001

Gross salary (year) 27.400 0.007

<14,922€ 27 (33.3) 20 (25) 38 (18.4) 15 (12.2)

14,922–24,869€ 19 (23.5) 25 (31.3) 64 (30.9) 34 (27.6)

24.869–34.817€ 21 (25.9) 18 (22.5) 61 (29.5) 31 (25.2)

34,817–39,790€ 2 (2.5) 7 (8.8) 22 (10.6) 19 (15.4)

>39,790€ 12 (14.8) 10 (12.5) 22 (10.6) 24 (19.5)

Change in employment status 35 (14.8) 29 (36.3) 79 (38.2) 11 (8.9) 39.800 0.0001

Comorbidities

Heart disease 3 (3.7) 3 (3.8) 5 (2.4) 2 (1.6)

Respiratory disease 13 (16) 11 (13.8) 26 (12.6) 6 (4.8) 7.743 0.052

High blood pressure 24 (29.6) 13 (16.3) 16 (7.7) 5 (4) 36.778 0.0001

Dyslipidemia 18 (22.2) 14 (17.5) 19 (9.2) 12 (2.4) 11.537 0.009

Diabetes mellitus 5 (6.2) 7 (8.8) 1 (0.5) 3 (2.4)

Obesity 44 (55.7) 28 (34.9) 34 (17.6) 14 (12.8) 62.892 0.0001

Chronic liver disease 3 (3.7) 3 (3.8) 1 (0.5) 0

Tobacco smoking 4 (4.9) 4 (5) 19 (9.2) 29 (23.4) 25.279 0.0001

HC, healthy control; ICU, intensive care unit; PCC, post-COVID condition.
aIntelligence quotient estimated using Word Accentuation Test.
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EQ-5D VAS scores were significantly lower in all PCC

groups than in the HC group. In addition, the EQ-5D

index and VAS scores were lower in the M-PCC group

than in the ICU and H-PCC groups. The PCC groups

scored higher than the HC group on the WHODAS total,

cognition, mobility, life activities, and participation

dimensions. The H-PCC and M-PCC groups scored

higher on the WHODAS self-care scale than the HC

group, and the M-PCC group scored higher on the Get-

ting Along scale than the HC group. The life activities

score of M-PCC was higher than the ICU and H-PCC

groups (see Fig. 4).

Mental health scales and fatigue of PCC and
healthy control participants

After adjustment for age, sex, education level, income,

employment status change, and comorbidities, there were

statistically significant differences between groups on the

GAD-7 (F = 8.891, p = .0001, partial g2 = 0.053), PHQ-9

(F = 24.961, p = 0.0001, partial g2 = 0.135), and CFQ

(F = 61.649, p = 0.0001, partial g2 = 0.279). Posthoc

Bonferroni analysis showed that all PCC groups scored

significantly higher than the HC group on the GAD-7,

PHQ-9, and CFQ questionnaires. In addition, the M-PCC

group had higher PHQ-9 scores than the H-PCC group

and higher CFQ scores than the ICU and H-PCC groups

(Table S2).

Table 3 displays the percentage of subjects with impair-

ment for each neuropsychological test, while Table 4 dis-

plays the same percentage for people with PCC categorized

by COVID-19 severity. As can be seen, several tests were

impaired in people with PCC compared to HCs: general

cognition (MoCA), verbal memory (RAVLT sum, RAVLT

immediate recall, RAVLT delay recall, RAVLT recognition),

mental processing speed (TMT A, SCWT word, SCWT

color), executive function (SCWT color word, phonetic

and semantic fluency), and social cognition (RMET).

Similarly, significant differences existed across groups on

the MoCA (F = 7.759, p = 0.0001, partial g2 = 0.047),

RAVLT learning (F = 7.111, p = 0.0001, partial

g2 = 0.044), RAVLT delay recall (F = 4.860, p = 0.0002,

partial g2 = 0.030), RAVLT recognition (F = 3.577,

p = 0.014, partial g2 = 0.023), digit span forward

(F = 4.331, p = 0.005, partial g2 = 0.027), digit symbol

(F = 6.478, p = 0.0001, partial g2 = 0.040), trail making

test (TMT) B (F = 4.123, p = 0.007, partial g2 = 0.026),

SCWT color (F = 4.490, p = 0.004, partial g2 = 0.028),

SCWT word-color (F = 5.622, p = 0.0001, partial

g2 = 0.035), phonetic fluency (F = 6.515, p = 0.0001, par-

tial g2 = 0.040), semantic fluency (F = 5.005, p = 0.002,

partial g2 = 0.031), BNT (F = 4.714, p = 0.003, partial

Figure 2. Symptoms reported by people with PCC at time of assessment. The graph illustrates the frequency of symptoms exhibited by the

participants. Asterisks denote significant differences (p < 0.05).
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g2 = 0.029), and RMET (F = 4.746, p = 0.003, partial

g2 = 0.030) despite adjusting for age, sex, level of educa-

tion, income, change in employment status, and comorbid-

ities. Post hoc Bonferroni analysis showed that all PCC

groups performed worse than the HC group on the MoCA,

RAVLT delay recall, digit symbol, SCWT word-color, and

semantic fluency tests. The H-PCC and M-PCC groups

showed poorer performance in RAVLT learning and recog-

nition than the HC group, whereas ICU-PCC performed

worse than HCs on digit span forward, BNT, and RMET

tests. The TMT B and phonetic fluency scores were poorer

for the ICU and M-PCC groups than the HC group.

Finally, the performance on SCWT color in the M-PCC

group was lower than in HCs (Table S3).

Predictors of QoL, HRQoL, and functioning in
people with PCC

Table 5 displays the predictors for the models of QoL and

HRQoL variables. PHQ-9, post-COVID symptoms, and

Table 2. Intergroup differences in QoL, HRQoL, and level of functioning adjusted for age, sex, educational level, comorbidities, income, and

change of employment status.

ICU-PCC H-PCC M-PCC HC

F p g2
Post hoc

Bonferroni pMadj (SE) Madj (SE) Madj (SE) Madj (SE)

PH-WHOQoL-BREF 51.64 (1.22) 51.43 (1.16) 48.63 (0.72) 57.98 (0.97) 20.280 0.0001 0.113 ICU < HC 0.0001

H < HC 0.0001

M < HC 0.0001

PS-WHOQoL-BREF 60.53 (1.41) 57.68 (1.34) 54.69 (0.83) 62.59 (1.12) 12.354 0.0001 0.072 H < HC 0.042

M < HC 0.0001

M < ICU 0.003

SR-WHOQoL-BREF 63.86 (2.38) 62.66 (2.27) 59.47 (1.41) 65.67 (1.90) 2.614 0.051 0.016

E-WHOQoL-BREF 66.38 (1.80) 65.98 (1.71) 64.47 (1.06) 69.63 (1.43) 2.857 0.037 0.018 M < HC 0.022

EQ-5D-3L index 0.752 (0.022) 0.787 (0.021) 0.677 (0.013) 0.864 (0.018) 25.474 0.0001 0.138 ICU < HC 0.001

H < HC 0.042

M < HC 0.0001

M < ICU 0.032

M < H 0.0001

EQ-5D-3L VAS 67.83 (2.30) 67.32 (2.20) 59.81 (1.35) 76.82 (1.81) 19.551 0.0001 0.110 ICU < HC 0.023

H < HC 0.008

M < HC 0.0001

M < ICU 0.023

M < H 0.027

WHODAS total 27.58 (2.00) 26.54 (1.90) 31.98 (1.18) 12.35 (1.59) 33.348 0.0001 0.174 ICU < HC 0.0001

H > HC 0.0001

M > HC 0.0001

WHODAS cognition 26.70 (2.30) 26.12 (2.19) 32.56 (1.36) 11.44 (1.83) 29.160 0.0001 0.155 ICU > HC 0.0001

H > HC 0.0001

M > HC 0.0001

WHODAS mobility 23.02 (2.43) 20.93 (2.30) 24.57 (1.43) 9.12 (1.92) 14.494 0.0001 0.084 ICU > HC 0.0001

H > HC 0.0001

M > HC 0.0001

WHODAS self-care 8.64 (1.68) 10.32 (1.60) 8.54 (0.99) 2.72 (1.33) 5.521 0.0001 0.034 H > HC 0.003

M > HC 0.003

WHODAS getting along 16.26 (2.39) 16.98 (2.27) 20.88 (1.41) 12.04 (1.89) 4.920 0.002 0.030 M > HC 0.001

WHODAS life activities 27.69 (2.84) 28.88 (2.69) 38.08 (1.67) 12.11 (2.25) 29.232 0.0001 0.155 ICU > HC 0.0001

H > HC 0.0001

M > HC 0.0001

M > ICU 0.014

M > H 0.028

WHODAS participation 29.93 (2.05) 28.94 (2.03) 34.28 (1.26) 14.85 (1.68) 28.969 0.0001 0.154 ICU > HC 0.0001

H > HC 0.0001

M > HC 0.0001

g2 effect size is as follows: g2 = 0.009, small; g2 = 0.059, medium; g2 = 0.139, large.

E, environment; H, hospitalized; HC, healthy control; ICU, intensive care unit; M, mild; PCC, post-COVID condition; PH, physical health; PS, psy-

chological; SR, social relationships; WHODAS, World Health Organization Disability Assessment Schedule; WHOQOL-BREF, World Health Organiza-

tion Quality of Life Scale.
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change in employment status were significant predictors

for a model that explained 35.1% of the variance for the

PH-WHOQoL-BREF. As the Psychological-WHOQoL-

BREF dimension incorporates aspects related to negative

and positive emotions and self-esteem, we excluded the

GAD-7 and PHQ-9 variables to prevent redundancy in

the emotional measures. CFQ, income, post-COVID

symptoms, and TMT A added statistical significance to a

model that accounted for 32.8% of the variance. PHQ-9,

income, and RAVLT recognition were significant predic-

tors in a model explaining 23.9% of the variance for the

Social Relationships-WHOQoL-BREF. A model explaining

34.4% of the variance in the Environment-WHOQoL-

BREF was significantly predicted by PHQ-9, SCWT

color–word, income, post-COVID symptoms, and hyper-

tension. For the EQ-5D index, significant predictors of a

model explaining 53.9% of the variance were PHQ-9,

post-COVID symptoms, CFQ, and digit symbol score.

PHQ-9, post-COVID symptoms, CFQ, digit symbol,

and change in employment status added statistical signifi-

cance to the model of WHODAS Mobility dimension,

accounting for 38.2% of the variance. For the WHODAS

Self-Care dimension, a model emerged that explained

17% of the variance, with CFQ, digit symbol score, and

Figure 3. Intergroup differences in WHOQoL-BREF adjusted for age, sex, educational level, comorbidities, income, and employment status

change. Bars represent the adjusted mean of the WHOQoL-BREF dimension scores for each group. Asterisks denote significant differences. The

Bonferroni comparisons are shown.
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post-COVID symptoms being significant predictors.

PHQ-9 score and SCWT word score were the predictors

that added significance to a model that explained 23.7%

of the variance of the WHODAS Getting Along dimen-

sion. The WHODAS Life Activities dimension model was

predicted by PHQ-9, CFQ, post-COVID symptoms,

female sex, and digit span forward, which explained

48.3% of the variance. Statistically significant predictors

for the WHODAS Participation dimension model (60.2%

of variance) included PHQ-9, CFQ, change in employ-

ment status, post-COVID symptoms, education level, and

digit symbol score (see Table 6).

Discussion

Our first aim was to describe QoL, HRQoL, and func-

tioning in a large sample of people with PCC with differ-

ent COVID-19 severities and compare these data with

those from healthy control participants. Very few studies

have examined QoL in individuals post-COVID-19,59

with the majority of them primarily focusing on health

care workers.60,61 When testing QoL using the WHOQoL-

BREF, we found that participants with PCC scored lower

than HCs on a subset of QoL measures that address phys-

ical and mental health. Moreover, we found that partici-

pants who had mild COVID-19 reported worse QoL than

those who were admitted to an ICU.

No additional effects on QoL beyond those related to

health were found (except for a lower environmental

QoL in the M-PCC group compared with controls).

Consistently, results obtained with the specific HRQoL

indicator, the EQ-5D index, were significantly lower in

all PCC groups compared with HC group. Lower

HRQoL after COVID-19 has been reported in previous

studies.16–19,22–24 The average EQ-5D index value for the

three groups under investigation exceeded the values

previously documented by researchers from the other

countries.17,23,24 In contrast, a prior investigation with

participants from Spain reported a higher mean value

than ours.22 The observed disparities likely stem from

Figure 4. Intergroup differences in WHODAS-II adjusted for age, sex, educational level, comorbidities, income, and employment status change.

Bars represent each group’s adjusted mean of the WHODAS Total and dimension scores. Asterisks denote significant differences. The Bonferroni

comparisons are shown.
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variations in cultural norms and the differential effects

of the COVID-19 pandemic experienced by different

countries and regions.

Differences were also observed in the EQ-5D index

across PCC groups. Like the observed pattern in the

Psychological-WHOQoL-BREF dimension, the differences

identified in this study were unexpected, as those with a

less severe manifestation of COVID-19 exhibited lower

EQ-5D scores. These differences went in the opposite

direction of what had been seen in previous studies.27,31

Because participants in the M-PCC group had been

experiencing symptoms longer than the participants in

the other groups, they may have perceived their HRQoL

to be poorer. Hospitalized people reported fewer depres-

sion symptoms than those not hospitalized. The M-PCC

group may have worried more about illness progression

and consequences.48 This may have increased their per-

ception of symptoms and caused more psychological

symptoms. Current hypotheses on the pathogenesis of

persistent symptoms in mild and moderate/severe acute

cases could explain why people with M-PCC reported

lower QoL. In severe instances, symptoms may be second-

ary to the acute process, whereas symptoms in M-PCC

cases may be due to later-activated processes, such as

inflammatory or autoimmune phenomena. Although

these causative mechanisms may coexist regardless of dis-

ease severity,62 we may be comparing two distinct

conditions.

The results of the functioning variables were consistent

with those obtained from the two QoL/HRQoL scales. All

participants with PCC had a decline in their general func-

tioning. In addition, they obtained lower scores in the

areas of cognition, mobility, life activities, and participa-

tion. In the Self-Care dimension, participants with H-

PCC and M-PCC reported the most difficulties, while the

M-PCC group showed the lowest scores in the Getting

Along component. The only dimension of functioning in

which the PCC groups differed was activities of daily liv-

ing. The M-PCC group’s functioning was worse than

those of the other two groups. The ideas discussed previ-

ously regarding HRQoL may explain why these individ-

uals performed worse on activities of daily living.

The second aim of the present study was to investigate

the influence of cognitive and emotional variables on

QoL/HRQoL and functioning in a sample of participants

with PCC. People with cognitive deficits may experience

difficulties performing basic activities of daily living or

solving complex problems. Being unable to accomplish

these tasks may reduce autonomy and negatively impact

QoL. Patients with other medical conditions have had

their QoL and functional status predicted by their neuro-

cognitive performance.36–38,63–65 The participants with

PCC in the present study, regardless of the severity of

acute COVID-19, showed impairments in global cogni-

tion (MoCA), verbal memory (RAVLT), and mental

speed processing–executive function (Digit symbol test,

TMT B, SCWT) compared with the control group.

Depressive symptoms, anxiety, and fatigue are also

common in people with PCC.43–46,66 In the present study,

all PCC groups showed higher levels of anxiety, depressive

symptoms, and fatigue than HCs. Additionally, partici-

pants who had less severe COVID-19 experienced higher

levels of depressive symptoms than participants who had

more severe forms of COVID-19 (hospitalized). Some

previous studies have linked the severity of COVID-19 to

a worse emotional outcome,8,10 while others have not.67,68

As far as we know, no study has shown that people with

PCC who had mild COVID-19 had more depressive

symptoms than other people with PCC who had more

serious COVID-19. This finding fit with the fact that peo-

ple with less serious COVID-19 reported lower HRQoL

than those with more severe disease. In fact, this may

explain why HRQoL was more affected. On the other

hand, fatigue is a major manifestation of PCC regardless

of the severity of the acute stage of COVID-19.66 How-

ever, in the present sample, COVID-19 severity appeared

to be inversely related to fatigue measured at 12 months

after positive testing.

Table 3. Frequency of impaired cognitive tests.

PCC HC

v2 pN N

MoCA 68 (18.5%) 0

RAVLT total 75 (20.5%) 7 (5.7%) 14.450 0.0001

RAVLT immediate

recall

68 (18.6%) 9 (7.3%) 8.860 0.003

RAVLT delay recall 50 (13.7%) 2 (1.6%) 14.032 0.0001

RAVLT recognition 151 (43.3%) 25 (20.3%) 20.469 0.0001

Digits forward 50 (13.7%) 9 (7.3%) 3.492 0.062

Digit span backwards 37 (10.1%) 6 (4.9%) 3.141 0.076

Digit symbol 13 (3.6%) 1 (0.8%) 2.494 0.114

TMT A 53 (14.5%) 8 (6.5%) 5.365 0.021

TMT B 51 (14.1%) 10 (8.1%) 2.964 0.085

SCWT words 92 (25.3%) 20 (16.4%) 4.064 0.044

SCWT colors 80 (22%) 10 (8.2%) 11.501 0.0001

SCWT color word 71 (19.5%) 8 (6.6%) 11.254 0.0001

Phonetic fluency (“P”) 41 (11.2%) 3 (2.4%) 8.634 0.003

Semantic fluency

(“animals”)

56 (15.3%) 8 (6.5%) 6.262 0.012

BNT 20 (5.5%) 4 (3.3%) 0.966 0.326

RMET 71 (19.6%) 10 (8.1%) 8.640 0.003

Numbers represent values below 1.5 SD of the standardized age and

educational level score.

BNT, Boston naming test; HC, healthy control; MoCA, Montreal Cog-

nitive Assessment; PCC, post-COVID condition; RAVLT, Rey’s auditory

verbal learning test; RMET, Reading the Mind in the Eyes Test; SCWT,

Stroop color word test; TMT, trail making test.
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Memory, executive function, and mental speed proces-

sing emerged as predictors of WHOQoL-BREF Psycholog-

ical, Social Relationships, and Environment domains and

EQ-5D. The cognitive predictors for the functioning

models (WHODAS) were mental speed processing

(mobility, self-care, getting along, and participation) and

attention (life activities). These cognitive variables are

precisely the functions that have been found to be

impaired relative to healthy subjects in the current study

and previous research.6,7

The WHOQoL-BREF Social Relationships domain

assesses respondents’ personal and social fulfillment. Rec-

ognition memory explained part of the variance of this

model. Memory deficits may influence an individual’s

functional independence, health perceptions, and life hap-

piness by making it difficult to remember crucial work

assignments, meaningful social activities, medical appoint-

ments, or errands. Poor memory performance is linked to

low QoL in patients with HIV,63 severe mental illness,34,35

and Parkinson’s disease.34 In individuals infected with

SARS-CoV2, impaired verbal memory affected self-care

dimension scores on the EQ-5D HRQoL scale.41

The Environment domain of the WHOQoL-BREF

encompasses safety and security, property and physical

environment satisfaction, economics, access to care, infor-

mation, and transportation. The variance of this variable

was partially explained by executive function (SCWT

CW). Executive function is a crucial cognitive ability for

most daily activities and has been linked to QoL in a

variety of conditions.36,37 Palladini et al.40 found an effect

of improvements in executive function on QoL, and Pole-

tti et al.41 found that impaired executive function in

SARS-CoV2-infected people affected the Self-Care and

Mobility dimensions of the EQ-5D.

Mental speed processing (TMT A) explained a portion

of variance of the WHOQoL-BREF Psychological dimen-

sion, which examines participants’ beliefs, emotions, self-

esteem, body image, thinking, and learning. For the EQ-

5D index, a model was generated in which mental proces-

sing speed (digit symbol score) was a predictor variable.

This model explained 53.9% of the variance in this mea-

sure. Participants post-COVID-19 with impaired mental

speed processing showed lower Self-Care dimension

scores on the EQ-5D according to Poletti et al.69 Slow

mental processing speed has also been linked to poor

HRQoL in people with HIV.39

Except for activities of daily living, which can be

explained by attention, all aspects of functioning mea-

sured by the WHODAS could be predicted by mental

processing speed (digit symbol, SCWT word). Processing

speed is an essential component of cognitive ability and is

essential for responding quickly and correctly in compli-

cated situations. It is reduced in a variety of types of neu-

rological disorders, such as multiple sclerosis70 and mild

cognitive impairment.71 An effect on information proces-

sing speed is seen in sleep72 and mood disorders,73 as well

as in systemic diseases such as chronic fatigue syndrome74

and fibromyalgia.75

Table 4. Frequency of impaired neuropsychological test for severity of COVID-19 groups.

ICU Hospital Mild

v2 pN (%) N (%) N (%)

MoCA 21 (25.9%) 18 (22.5%) 29 (14%) 6.586 0.037

RAVLT sum 15 (18.5%) 17 (21.3%) 43 (21%) 0.251 0.882

RAVLT immediate recall 15 (18.5%) 16 (20%) 37 (18.1%) 0.132 0.936

RAVLT delay recall 11 (13.6%) 11 (13.8%) 28 (13.7%) 0.001 1.00

RAVLT recognition 35 (43.2%) 33 (44.6%) 83 (42.8%) 0.072 0.965

Digit span forward 13 (16%) 9 (11.3%) 28 (13.7%) 0.786 0.675

Digit span backward 12 (14.8%) 7 (8.8%) 18 (8.8%) 2.535 0.282

Digit symbol 4 (4.9%) 0 9 (4.4%) 3.831 0.147

TMT A 15 (18.5%) 9 (11.3%) 29 (14.1%) 1.759 0.415

TMT B 15 (18.8%) 9 (11.5%) 27 (13.2%) 1.978 0.372

SCWT words 17 (21.5%) 16 (20%) 59 (28.8%) 3.103 0.212

SCWT color 13 (16.5%) 13 (16.3%) 45 (21.9%) 1.594 0.451

SCWT word color 13 (16.5%) 13 16.3%) 45 (22%) 1.789 0.409

Phonetic fluency (“P”) 9 (11.1%) 8 (10%) 24 (11.7%) 1.169 0.919

Semantic fluency (“animals”) 13 (16%) 8 (10%) 35 (17.1%) 2.266 0.322

BNT 8 (9.9%) 2 (2.5%) 10 (4.9%) 4.550 0.103

RMET 22 (27.8%) 16 (20.3%) 33 (16.1%) 5.035 0.081

Numbers represent values below 1.5 SD of the standardized age and educational level score.

BNT, Boston naming test; H, hospitalized; ICU, intensive care unit; M, mild; MoCA, Montreal Cognitive Assessment; PCC, post-COVID condition;

RAVLT, Rey’s auditory verbal learning test; RMET, Reading the Mind in the Eyes Test; SCWT, Stroop color word test; TMT, trail making test.
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Anxiety and depression are common comorbidities of

chronic conditions.76,77 Comorbidity between a chronic

disease and depression is worse for health than depression

alone, chronic disease alone, or chronic disease without

depression.78 The persistence of symptoms has been

linked to depression following COVID-19.79 We found

that depressive symptomatology worsened Physical

Health, Social Relationships, and Environment QoL, EQ-

Table 5. Multiple linear regression models testing the association between cognitive variables QoL and HRQoL.

WHOQoL-BREF physical health (controlled for sex, income, change in employment status, severity of COVID-19, and post-COVID symptoms)

F p R2
adj (%)

64.958 0.0001 35.1% Predictors Beta t p Tolerance VIF

Constant 66.609 0.0001

PHQ-9 score �0.361 �6.890 0.0001 0.669 1.495

Post-COVID symptoms �0.227 �4.352 0.0001 0.652 1.487

Change in employment status �0.154 �3.309 0.001 0.850 1.176

WHOQoL-BREF psychological (without depression and anxiety) (controlled for sex, education, income, change in employment status, time since

onset to assessment, severity of COVID-19, and post-COVID symptoms)

F p R2
adj (%)

44.272 0.0001 32.8% Predictors Beta t p Tolerance VIF

Constant 35.951 0.0001

CFQ score �0.390 �7.246 0.0001 0.654 1.530

Income 0.152 3.379 0.0001 0.938 1.066

Post-COVID symptoms �0.158 �2.874 0.004 0.625 1.600

TMT A (time) �0.111 �2.445 0.015 0.918 1.089

WHOQoL-BREF social relationships (controlled for income and change in employment status)

F p R2
adj (%)

38.099 0.0001 23.9% Predictors Beta t p Tolerance VIF

Constant 23.267 0.0001

PHQ-9 score �0.430 �8.854 0.0001 0.910 1.099

Income 0.110 2.294 0.022 0.943 1.061

RAVLT recognition score 0.102 2.150 0.032 0.963 1.038

WHOQoL-BREF environment (controlled for sex, education, income, change in employment status, and post-COVID symptoms)

F p R2
adj (%)

38.030 0.0001 34.4% Predictors Beta t p Tolerance VIF

Constant 30.411 0.0001

PHQ-9 score �0.340 �6.426 0.0001 0.663 1.509

SCWT CW score 0.199 4.354 0.0001 0.889 1.125

Income 0.163 3.630 0.0001 0.920 1.086

Post-COVID symptoms �0.135 �0.135 0.010 0.684 1.463

HBP �0.109 �0.109 0.012 0.984 1.016

EQ-5D index (controlled for sex, income, change in employment status, time since onset to assessment, severity of COVID-19, and post-COVID

symptoms)

F p R2
adj (%)

104.623 0.0001 53.9% Predictors Beta t p Tolerance VIF

Constant 60.269 0.0001

PHQ-9 score �0.343 �6.494 0.0001 0.466 2.146

Post-COVID symptoms �0.251 �5.398 0.0001 0.601 1.665

CFQ score �0.218 �4.000 0.0001 0.437 2.287

Digit symbol score 0.104 2.772 0.006 0.917 1.091

CFQ, Chalder Fatigue Questionnaire; CW, color word; HBP, high blood pressure; PHQ-9, Patient Health Questionnaire-9; RAVLT, Rey’s auditory

verbal learning test; SCWT, Stroop color word test; TMT, trail making test; WHOQoL-BREF, Health Organization Quality of Life Scale-Short Form.
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5D, and Mobility, Getting Along, Life Activities, and Par-

ticipation and functioning in the present participants with

PCC. Conversely, anxiety did not explain any QoL/

HRQoL dimensions or functioning. On the other hand,

contrary to Calabria et al.,80 fatigue had no explanatory

value in the QoL dimensions, except for the Psychological

Table 6. Multiple linear regression models testing the association between cognitive variables and level of functioning.

WHODAS Mobility (controlled for sex, income, change in employment status, and post-COVID symptoms)

F p R2
adj (%)

44.726 0.0001 38.2% Predictors Beta t p Tolerance VIF

Constant 0.414 0.679

PHQ-9 score 0.232 3.774 0.0001 0.463 2.161

Post-COVID symptoms 0.181 3.331 0.0001 0.595 1.681

CFQ score 0.199 3.087 0.002 0.421 2.378

Digit symbol score �0.113 �2.553 0.011 0.894 1.118

Change in employment status 0.109 2.323 0.021 0.795 1.258

WHODAS self-care (controlled for sex, income, change in employment status, and post-COVID symptoms)

F p R2
adj (%)

25.219 0.0001 17% Predictors Beta t p Tolerance VIF

Constant �0.169 0.866

CFQ score 0.232 �3.867 0.0001 0.649 1.542

Digit symbol score �0.180 �3.578 0.0001 0.928 1.078

Post-COVID symptoms 0.145 2.375 0.018 0.626 1.598

WHODAS getting along (controlled for sex, income, change in employment status, and time since onset to assessment)

F p R2
adj (%)

55.702 0.0001 23.7 Predictors Beta t p Tolerance VIF

Constant

PHQ-9 score 0.451 9.255 0.0001 0.912 1.096

SCWT W score �0.103 �2.109 0.036 0.912 1.096

WHODAS life activities (controlled for sex, income, change in employment status, time since onset to assessment, severity of COVID-19, and

post-COVID symptoms)

F p R2
adj (%)

67.236 0.0001 48.3% Predictors Beta t p Tolerance VIF

Constant �0.127 0.899

PHQ-9 score 0.284 4.992 0.0001 0.453 2.210

CFQ score 0.258 4.381 0.0001 0.420 2.381

Post-COVID symptoms 0.195 3.961 0.0001 0.601 1.664

Sex (female) 0.099 2.461 0.014 0.900 1.111

Digit span forward �0.091 �2.259 0.024 0.909 1.100

WHODAS participation (controlled for age, sex, income, change in employment status, time since onset to assessment, severity of COVID-19,

and post-COVID symptoms)

F p R2
adj (%)

77.200 0.0001 60.2% Predictors Beta t p Tolerance VIF

Constant �1.100 0.272

PHQ-9 score 0.403 8.052 0.0001 0.451 2.218

CFQ score 0.223 4.299 0.0001 0.419 2.387

Change employment status 0.149 3.939 0.0001 0.788 1.269

Post-COVID symptoms 0.112 2.571 0.011 0.596 1.679

Education 0.117 3.233 0.001 0.861 1.161

Digit symbol score �0.088 �2.097 0.037 0.635 1.576

CFQ, Chalder Fatigue Questionnaire; CW, color word; PHQ-9, Patient Health Questionnaire-9; SCWT, Stroop color word test; W, word; WHODAS,

World Health Organization Disability Assessment Schedule-II.
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dimension (which precluded anxiety and depression). In

contrast, fatigue played an essential role in HRQoL and

virtually all functioning domains. These findings were in

agreeance with previous post-COVID-19 studies.

Fatigue24,80,81 and depression48 were reported to be pre-

dictors of low HRQoL and poorer functioning.24

Post-COVID fatigue is correlated with cognitive

impairment in most studies.80,82,83 However, the direction

of this relationship has shown conflicting results in people

with PCC. While fatigue accounted for up to 10% of the

variability observed in visual memory, phonetic fluency,

and visuoconstructive ability in individuals with PCC,82

other studies have shown that a model containing execu-

tive dysfunction explained about 40% of the variability of

post-COVID-19 fatigue.80 In this regard, it has been

reported that fatigue acts as a mediator between cognitive

impairment and its manifestation, namely cognitive

complaints.83

This association between fatigue and cognitive impair-

ment could mask the impact of cognition on QoL and

functioning. Nonetheless, the indices, tolerance, and vari-

ance inflation factor results suggested that collinearity was

not a problem.

The limitations and strengths of the present study

require consideration while interpreting the findings. The

cross-sectional nature of our study design prevented us

from determining causal relationships with precision.

Moreover, our severity groups varied with respect to

demographic variables (age, sex, level of education,

income, change in employment status), comorbidities,

post-COVID-19 symptoms, and time from infection to

evaluation. Some of these variations cannot be avoided

and are risk factors for a more or less severe form of

COVID-19 or the development of PCC. However, we had

to control for these variables in our analyses. This study

was conducted across multiple centers, while maintaining

a consistent cultural environment. Due to the presence of

cultural variations in QoL, it is plausible that the findings

may lack generalizability to other countries.

One of the strengths of this study was its large sample

size, which included participants from several health cen-

ters. The sample underwent a comprehensive assessment

on multiple levels, including clinical, the neuropsychologi-

cal, and the emotional dimension. QoL was examined in

great detail, taking into account aspects of QoL that are

unrelated to health, and functionality. We compared

QoL, HRQoL, and functionality in patients with PCC

with a group of disease-free HCs, with all data collected

concurrently. In addition to never having COVID-19, the

present control sample lacked pathologies that could

affect HRQoL other than the PCC group’s comorbidities.

In conclusion, the results of the present study showed

that between 8 and 12 months after infection with SARS-

CoV2, QoL/HRQoL, and functioning in individuals with

persistent symptoms was lower relative to non-affected

persons. It was apparent that the health issues associated

with PCC were the primary source of concern for persons

who have the condition, whereas other areas of their QoL

were unaffected by the condition. Although individuals

with PCC who had a milder form of the disease tended

to report lower HRQoL and functioning than those who

were hospitalized, the severity of COVID-19 was not a

factor that could explain this difference. On the other

hand, all aspects of QoL, HRQoL, and functioning could

be represented by a model, with a set of shared predic-

tors. These included post-COVID symptoms, depressive

symptoms, income or employment status change, fatigue,

and speed of mental processing. Future therapeutic stud-

ies should emphasize the assessment and treatment of

these symptoms to improve the quality of life and func-

tioning of people with PCC.
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