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Abstract

Purpose A significant number of people will experience prolonged symptoms after COVID-19 infection that will greatly
impact functional capacity and quality of life. The aim of this study was to identify trajectories of health-related quality of
life (HRQOL) and their predictors among adults diagnosed with COVID-19.

Methods This is a retrospective analysis of an ongoing prospective cohort study (BQC-19) including adults (>18y) recruited
from April 2020 to March 2022. Our primary outcome is HRQOL using the EQ-5D-5L scale. Sociodemographic, acute
disease severity, vaccination status, fatigue, and functional status at onset of the disease were considered as potential predic-
tors. The latent class mixed model was used to identify the trajectories over an 18-month period in the cohort as a whole,
as well as in the inpatient and outpatient subgroups. Multivariable and univariable regressions models were undertaken to
detect predictors of decline.

Results 2163 participants were included. Thirteen percent of the outpatient subgroup (2 classes) and 28% in the inpatient
subgroup (3 classes) experienced a more significant decline in HRQOL over time than the rest of the participants. Among
all patients, age, sex, disease severity and fatigue, measured on the first assessment visit or on the first day after hospital
admission (multivariable models), were identified as the most important predictors of HRQOL decline. Each unit increase
in the SARC-F and CFS scores increase the likelihood of belonging to the declining trajectory (univariable models).
Conclusion Although to different degrees, similar factors explain the decline in HRQOL over time among the overall
population, people who have been hospitalized or not. Clinical functional capacity scales could help to determine the risk
of HRQOL decline.

Keywords Quality of life - Post COVID-19 condition - Trajectory - Physical function - Functional status - Functional
capacity

P4 Livia Pinheiro Carvalho 5 Département Des Sciences de la Santé Communautaire,

livia.pinheiro.carvalho @usherbrooke.ca Faculté de Médecine et des Sciences de la Santé, Université
de Sherbrooke, Sherbrooke, Canada

Ecole de Réadaptation, Faculté de Médecine et des Sciences 6

de la Santé, Université de Sherbrooke, Sherbrooke, Canada Ecole de Réadaptation, Centre de Recherche

Interdisciplinaire en Réadaptation du Montréal Métropolitain
Centre de Recherche du Centre Hospitalier Universitaire de (CRIR), Institut Universitaire sur la Réadaptation en
Sherbrooke, Sherbrooke, Canada Déficience Physique de Montréal (IURDPM), CIUSSS du

3 Centre de Recherche sur le Vieillessement de CIUSSS de s[e;l;iree—;udc—;lrel;lhile—de—Montreal, Université de Montréal,
I’Estrie-CHUS, Sherbrooke, Canada ’
Centre de Recherche du Centre Hospitalier, Université de

Département de Microbiologie et d’Infectiologie, Faculté Montréal, Montreal, Canada

de Médecine et des Sciences de la Santé, Université de
Sherbrooke, Sherbrooke, Canada

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11136-023-03406-0&domain=pdf

2708

Quality of Life Research (2023) 32:2707-2717

Introduction

The severe acute respiratory syndrome coronavirus 2 infection,
responsible for the novel coronavirus disease 2019 (COVID-
19), caused more than six million deaths worldwide between
December 2019 and October 2022 [1]. During COVID-19,
people may be asymptomatic or experience a spectrum of
symptoms varying from very mild to severe [2]. Although
most of the population has presented the asymptomatic or
mild form of the disease, between 5 and 15% of COVID-19
survivors have developed more severe symptoms that required
hospitalization, especially in the pre-vaccination era of the
pandemic [3].

Furthermore, it has been reported that a significant number
of people will experience persistent post-COVID-19 symp-
toms [4—6] commonly referred to as post-COVID condition.
According to the WHO definition, this condition would be
present in “individuals with a history of probable or con-
firmed infection, usually 3 months from the onset of COVID-
19 with symptoms that last for at least 2 months and cannot
be explained by an alternative diagnosis” [7]. Since then, the
post-COVID condition has been associated with a broad range
of symptoms involving various organ systems and several
health outcomes [8]. The most prevalent symptoms reported
include fatigue, attention and cognitive disorders, dyspnea and
post-exertional malaise [4, 5]. Long-term adverse effects on
overall functional capacity, ability to perform activities of daily
living, ability to return to work, and quality of life have been
reported [9].

The complex concept of health-related quality of life
(HRQOL) is multidimensional and includes domains related
to the physical, mental, emotional and social functioning, each
in terms of objective and subjective measures [10]. HRQOL is
well known to be affected by the individual’s physical, func-
tional status and mental functioning, which can be reflected
by the person’s level of fitness and ability to move and walk
around independently and safely [11].

Although we have taken great steps towards understand-
ing and managing COVID-19 and its long-term effects from a
medical perspective, there are still few studies that investigated
the clinical implications and their impact on affected individu-
als’ quality of life [12, 13] and the factors that predispose some
individuals to a greater decline remain poorly understood.

This study aimed to identify HRQOL trajectories among
predefined subpopulations (overall, outpatients and inpatients)
and to identify the modifiable and non-modifiable predictors
of these trajectories over time.
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Methods

This is a retrospective analysis of an ongoing prospective
cohort study of adults included in the Biobanque Québé-
coise de la COVID-19 (BQC-19) from April 2020 to March
2022[14], which consists of a provincial infrastructure
involving 10 healthcare facilities of the Health and Social
Services Network of Quebec (Canada). This province-wide,
multicentre, initiative enabled the collection of biosamples
and clinical data since the beginning of the pandemic [14].
This secondary-analysis study was approved by the Ethics
Review Board of one of the recruiting healthcare facilities,
the CIUSSS de I’Estrie—Centre Hospitalier Universitaire de
Sherbrooke (#2022-4413). Informed consent was obtained
from all participants included in the original study. The
present study followed the Strengthening the Reporting of
Observational studies in Epidemiology guidelines for cohort
studies [15].

Study design and participants

From the original database, we included in the present study
people who:1) were aged 18 and over, 2) had a confirmed
diagnosis (PCR test), 3) were recruited in a hospital center
(inpatient subgroup) or in a COVID-19 outpatient clinic
(outpatient subgroup), 4) had at least the first assessment
(baseline) and one follow-up clinical assessment (functional
capacity and quality of life) one month after hospital dis-
charge or one month after PCR diagnostic test in an outpa-
tient clinic and 5) had at least one valid score on the primary
outcome. For the outpatient subgroup, sociodemographic
and clinical characteristics were collected at the first assess-
ment visit. HRQOL data were collected at 1, 3, 6, 12 and
18 months after the PCR test. For the inpatient subgroup,
sociodemographic and clinical characteristics were collected
at the hospital admission and HRQOL data were collected at
1, 3, 6, 12 and 18 months after hospital discharge.

Health-related quality of fife

The primary outcome of this study was HRQOL, measured
with the EuroQol 5-dimension 5-level preference-based
questionnaire (EQ-5D-5L) [16]. This tool demonstrates
moderate-to-strong correlations with global, physical, and
functional health as well as with the performance on activi-
ties of daily living. It is associated with other multi-attribute
utility instruments and has been used in a broad range of
conditions, populations and settings [17]. The tool assesses
five aspects of health: mobility, self-care, usual activities,
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pain/discomfort, and anxiety/depression, each being rated
on a scale of 0 to 5, where a score of 0 represents no prob-
lems and a score of 5 represents unable to or extreme prob-
lems. Based on the value set derived from Canadian popula-
tion norms and preferences [18-20], the EQ-5D-5L can be
summarized as an index value varying from —0.148 (worst
score) to +0.949 (best score) [20]. The minimal important
difference found in an adult population on the EQ-5D-5L
range between 0.03 and 0.05 [21].

Potential predictors

The sociodemographic and clinical baseline characteristics
as well as the severity of the disease (mild, moderate and
severe) were collected. The severity grading score was based
on the definitions of the WHO Working Group on the Clini-
cal Characterization and Management of COVID-19 infec-
tion [2]. Fatigue was assessed by a physician and collected in
a dichotomous way (yes or no) from the following question:
“Do you currently experience any fatigue?”. Participants
were also asked whether they were vaccinated or not.

Functional status was assessed by two validated tools: the
5-item sarcopenia screening self-administered questionnaire
(SARC-F) [22] and the Clinical Frailty scale (CFS) [23-25].
The former assesses five components: strength, assistance
with walking, rise from a chair, climb stairs, and falls in the
past year, with the total score ranging from O to 10, where a
score >4 is considered a negative predictor of poor muscle
function, known under the term sarcopenia. In fact, indi-
viduals with post-COVID-19 condition are at high risk of
developing sarcopenia [26]. This scale has been validated to
detect people at risk of sarcopenia-related adverse outcomes
and decline in functional capacity in older adults [22]. The
CFS has been used in several clinical studies to screen and
assess physical phenotypes. The scale stratifies the patients
according to their physical fitness or condition and level of
independence in performing daily tasks. Its score ranges
from 1 to 9, where 1 represents a person that is very fit and
9 a person that is terminally ill [27].

Statistical methods

The sample is described using descriptive statistics. Cat-
egorical variables are summarized using counts and percent-
ages. Normally distributed continuous variables, assessed
visually using Q-Q plots, are described using the mean and
standard deviations. No imputation methods were used.
Except for vaccination status, missing data were not reported
in the descriptive statistics because of their small proportion
(percentage equal to or below 6%). These were handled by
mixed modelling for trajectories and by listwise deletion for

association of covariate and classes. The X? test was used
to identify differences between subgroups for categorical
variables. Continuous variables were presented as means and
standard deviations and a 5% significant level was adopted.

The latent class mixed model (LCMM) was used to iden-
tify the trajectories of HRQOL over an 18-month period
among all participants and by subgroups (inpatients and out-
patient). This model creates potential profiles by combining
a latent class model to identify homogenous latent groups of
subjects and a mixed model to describe the mean trajectory
over time in each group. This method allows to obtain an
adequate estimate of the error while considering the indi-
vidual correlation between repeated measures. Different cri-
teria were examined to determine the optimal model struc-
ture: a) number of latent classes, b) shape and functional
forms of the trajectories (linear or quadratic), and c) the form
and structure of the variance—covariance matrix of random
effects (unstructured or diagonal). The appropriate model
was then determined according to the Bayesian Information
Criterion (BIC). The entropy and relative entropy indexes
were used to evaluate the accuracy of classification of indi-
viduals into the different latent classes, with higher values
indicating a better accuracy. Results were obtained using
the R function hlme in the lcmm package[28]. For covari-
ates, since the main goal was to predict class membership,
we used a standard three-step method [29, 30]. More pre-
cisely, we used LCMM without any predictors (Step 1), we
saved the most likely class and merged it with the original
data (Step 2) and analyzed it separately with a multinomial
logistic regression (Step 3).

The multinomial logistic regression assessed the strength
of the associations between the covariates (predictors) of
interest and the identified trajectories to characterize them.
As reference for the multinomial outcome, the upper trajec-
tory was the more stable over time and was chosen to give
a better portrayal of lower trajectories groups. Covariates
included age, sex, acute disease severity and fatigue symp-
toms. For the inpatient subgroup, intensive care unit admis-
sion (ICU) was added as a covariable. CFS and SARC-F
scores were only in the form of univariable model as sup-
plementary information but were excluded from the multi-
variable modeling due to the presence of multicollinearity.
Results are presented as odds ratio (OR) for univariable
models, and as adjusted odds ratio (aOR) for multivariable
models, with their respective 95%-confidence intervals.
Results were obtained using SPSS v.28 and R v.4.0.2.

Results
A total of 2163 individuals were eligible for this second-

ary-analysis study. Among these, 26% was infected during
the first wave of COVID-19 in Quebec (January 25 to
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August 22, 2020), 38% during the second wave (August
23, 2020, to March 20, 2021), 9% during the third wave
(March 21 to July 17, 2021) and 27% after July 17, 2021.
There is many missing data on vaccination status (88%
of these data were missing at the first assessment visit).
Therefore, vaccination status could not be considered as
a potential covariate.

Participants’ characteristics and between-subgroup
comparisons are presented in Table 1. In summary, the
outpatient subgroup is mostly composed of woman (63%)
and adults aged between 18 and 65 years old (91%). The
inpatient subgroup had a higher proportion of comorbidi-
ties than the outpatient subgroup, the most prevalent being
hypertension (49%) and diabetes (31%). A higher percent-
age of individuals with obesity were found in the inpatient
group (13%).

Health-related quality of life trajectories

The trajectories for all participants are presented followed
by the presentation of the characteristics of participants in
each trajectory as well as the multivariable and univari-
able analyses. Overall, without stratification according to
hospitalization status, three main trajectories were identi-
fied (Fig. 1). The stable trajectory had an average HRQOL
index value varying between 0.929 (95% CI: 0.926-0.932)
and 0.928 (0.921-0.935). The middle trajectory remained
stable over time. The average HRQOL index value started
at 0.83 (0.81-0.84) and reached 0.80 (0.73-0.86) at
18 months. The decline trajectory had an HRQOL index
of 0.52 (0.48-0.56) at baseline. After 6 months, the aver-
age index increased slightly and then had a sharp decline
between months 6 and 18 to end up with an average index
of 0.30 (0.18-0.41).

The characteristics of the participants identified in each
of the trajectories are described in Table 2 and in the sup-
plementary material. The stable trajectory represented 69%
of the entire sample and the middle and decline trajectories
represent 16% each.

The results of the multivariable and univariable analyses
are presented in Table 3. The likelihood of belonging to
the middle trajectory compared to the stable trajectory was
significantly affected by age (=65 years old), sex (women),
COVID-19 disease severity, and the presence of fatigue.
Finally, each unit increase in the SARC-F and CFS scores
significantly increased the odds of being in the middle trajec-
tory, when examined separately (univariable models).

The likelihood of belonging to the decline trajectory com-
pared to the stable trajectory was significantly affected by
age (=65 y), sex (women), and COVID-19 disease sever-
ity. Each unit increase in the SARC-F and CFS scores

@ Springer

significantly increased the odds of being in the decline tra-
jectory when examined separately (univariable models).

Outpatient trajectories

In the outpatient subgroup, two trajectories were identified
(Fig. 2a). The stable trajectory (upper curve) remained sta-
ble over time with an average HRQOL index value vary-
ing between 0.928 (0.924-0.932) at baseline and 0.924
(0.916-0.931) at 18 months. The HRQOL index value
of the decline trajectory decreased progressively from
0.76 (0.72-0.79) to 0.60 (0.52-0.68) indicating a gradual
decline in the HRQOL index over time, with the first and
second thresholds of decline occurring around months 6
and 12 after diagnosis, respectively.

The characteristics of the participant in each trajectory
are described in Table 2 and in Supplementary material.
The stable trajectory represents 87% of the subsample and
the decline trajectory represents 13%.

The results of the multivariable and univariable analy-
ses are presented in Table 3. The likelihood of belonging
to the decline trajectory compared to the stable trajectory
was significantly affected by sex (woman) and the presence
of fatigue at the time of the diagnosis. Each unit increase
in the SARC-F and CFS score significantly increased the
odds of being in the decline trajectory when examined
separately.

Inpatient trajectories

In the inpatient subgroup, three trajectories were identi-
fied (Fig. 2b). The stable trajectory remained stable over
time with an average HRQOL index value varying between
0.928 (0.923-0.932) at baseline and 0.926 (0.912-0.940) at
18 months. The middle trajectory remained relatively sta-
ble over time. The average HRQOL index value started at
0.80 (0.78-0.82) and reached 0.73 (0.62—0.83) at 18 months.
The decline trajectory had an average HRQOL index of 0.43
(0.38-0.48) at baseline. At 6 months, the index value had
slightly increased to reach 0.56 (0.49-0.63) and then had
a pronounced decrease between months 6 and 18 to end up
with an average index value of —0.04 (—0.42-0.33).

The characteristics of the participants in each trajectory
are described in Table 2 and in supplementary material.
The stable trajectory represented 53% of the subsample,
the middle trajectory 21%, and the decline trajectory 28%.

The likelihood of belonging to the middle trajectory
compared to the stable trajectory was significantly affected
by age (=65 y) and sex (woman). Each unit increase in the
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Table 1 Distribution (in percentages) of participants' characteristics at study entry and comparison of the outpatient and inpatient subgroups

All participants Outpatients (n=1173) Inpatients (n=990) P value

(n=2163)
Sex (woman) 1196 (55%) 736 (63%) 460 (47%) <0.001
Age (=65 years old) 524 (24%) 109 (9%) 415 (42%) <0.001
BMI (kg/m?)* 27.7 (6.2) 27.0 (5.7) 29.0 (6.9) 0.587
Obesity (BMI> 30 kg/m?) 152 (8%) 40 (4%) 112 (13%) <0.001
Malnutrition (BMI < 25 kg/m?) 17 (<1%) 3 (<1%) 14 %) 0.001
ICU admission 203 (9%) N/A 203 (21%) N/A
Healthcare Occupation 438 (22%) 346 (30%) 92 (10%) <0.001
Pregnancy 40 (4%) 13 2%) 27 (5%) 0.011
COVID severity
Mild 1236 (62%) 1091 (97%) 145 (17%) <0.001
Moderate 512 (26%) 24 2%) 488 (57%)
Severe 236 (12% 6 (<1%) 230 (27%)
Smoking status
Non-smoker 1422 (67%) 807 (69%) 615 (65%) <0.001
Former smoker 424 (20%) 244 (21%) 180 (19%)
Passive smoker 11 (<1%) 6 (<1%) 5(<1%)
Smoker 129 (6%) 89 (8%) 40 (4%)
Not specified 137 (7%) 23 2%) 114 (12%)
Vaccination status
Vaccinated 219 (10%) 151 (9%) 68 (%) 0.012
Not specified 1903 (88%) 1602 (90%) 901 (91%)
Comorbidities
Prior cardiovascular history or cardiovascular comorbidity 648 (34%) 198 (17%) 486 (55%) <0.001
Previous transient ischemic attack (TIA) 17 (<1%) 4 (<1%) 13 2%) 0.005
Hypertension 591 (29%) 158 (14%) 433 (49%) <0.001
Atrial fibrillation or flutter 89 (4%) 12 (1%) 77 (9%) <0.001
Previous myocardial infarction 47 2%) 3 (<1%) 44 (5%) <0.001
Coronary disease 113 (6%) 14 (1%) 99 (11%) <0.001
Heart failure 62 (3%) 6 (<1%) 56 (6%) <0.001
Other chronic cardiac disease 146 (7%) 45 (4%) 101 (11%) <0.001
Pulmonary disease 143 (7%) 39 3%) 104 (12%) <0.001
Pulmonary hypertension 12 (<1%) 3 (<1%) 9 (1%) 0.026
COPD 93 (5%) 23 (2%) 70 (8%) <0.001
Other chronic lung disease 60 (3%) 20 (2%) 40 (4%) <0.001
Neurological disease 144 (7%) 27 (2%) 117 (13%) <0.001
Previous stroke 56 (3%) 7(<1%) 49 (6%) <0.001
Other neurological disease (other than a stroke and TIA) 103 (5%) 23 2%) 80 (9%) <0.001
Others 820 (41%) 305 (27%) 515 (59%) <0.001
Chronic hematological disease 91 (5%) 21 (2%) 70 (8%) <0.001
Rheumatologic disease 156 (8%) 73 (6%) 83 (10%) 0.009
Chronic kidney disease 98 (5%) 15 (1%) 83 (10%) <0.001
Liver disease 51 (3%) 11 (1%) 40 (5%) <0.001
Diabetes 329 (16%) 61 (5%) 268 (31%) <0.001
Immunosuppression 96 (5%) 15 (1%) 81 (9%) <0.001
Cancer 153 (8%) 47 (4%) 106 (12%) <0.001
HIV/AIDS 9 (<1%) 3 (<1%) 6 (<1%) 0.185
Psychiatric disease 241 (12%) 139 (12%) 102 (12%) 0.791
Dementia 76 (4%) 1(<1%) 75 (9%) <0.001

The inpatient subgroup included participants with a general hospital admission and ICU admission; kg kilogram; m meters; BMI Body Mass
Index; COPD:Chronic obstructive pulmonary diseases; H/V Human immunodeficiency virus; AIDS Acquired immunodeficiency syndrome; N/A
not applicable. P value was obtained with the X? test to identify differences between subgroups

*Presented as mean (standard deviation)
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Fig. 1 HRQOL trajectories for
all participants 1.00
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SARC-F and CFS scores significantly increased the odds
of being in the middle trajectory (univariable models).

The likelihood of belonging to the decline trajectory
compared to the stable trajectory was significantly affected
by age (=65 y), sex (women), and acute disease severity.
Each unit increase in the SARC-F and CFS scores signifi-
cantly increased the odds of being in the decline trajectory
when examined separately.

Discussion

From our results, we can conclude that people with differ-
ent profiles will present different HRQOL trajectories after
a COVID-19 infection. In addition, 87% of participants in
the outpatient subgroups remained stable in terms of qual-
ity of life over time, while 52% maintained this stability
in the inpatient subgroups. Similar factors explained the
decline in HRQOL among participants overall, regardless of
whether they were hospitalized for COVID-19. Interestingly,
self-reported fatigue, but not age or acute disease severity,
predicted the decline trajectory in people diagnosed in the
community.

Our results demonstrate that people who experienced a
more important decline were those who had a poor HRQOL
one month after the PCR test (outpatient) or one month after
hospital discharge (inpatient). These findings suggest that
people at risk of belonging to a trajectory of decline have
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some degree of health-related impairment of quality of life.
Our findings are consistent with the results obtained in the
COVID-19 survivors, which showed a significant decrease
in HRQOL 90 after infection[31]. A meta-regression analy-
sis performed showed that HRQOL was more impaired in
ICU patients with fatigue than in those without it [12].

Some people with asymptomatic or mild disease will
experience a decline in quality of life after a COVID-19
infection. Our analyses have shown that 13% of non- hospi-
talized people will experience a decrease in quality of life
several months after the acute infection. This decrease was
greater than the minimal important difference found in an
adult population on the EQ-5D-5L[21, 32]. Although the
reported prevalence of post-COVID condition is extremely
variable[33-35], the 13% “decliners” found is consistent
with the most conservative estimates of long COVID preva-
lence. In a longitudinal study of non-hospitalized patients, it
has been shown that four months after the COVID-19 infec-
tion, patients still presented with some shortness of breath,
anosmia, ageusia and fatigue [36]. Therefore, people in the
community are also at risk of needing rehabilitation and
seeking other healthcare services because of the long-term
consequences of COVID-19.

For people diagnosed in the community, sex and the pres-
ence of fatigue seem to be the most important predictors of
a more pronounced decline in quality of life, while being
older and being a women seem to have a greater impact in
the inpatient subgroup. Interestingly, fatigue has been shown
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Table 2 Comparison of participants’ main characteristics between the different trajectory groups

All participants (n=2163) Stable trajectory Middle trajectory Decline trajectory
1482 (69%) 339 (16%) 342 (16%)
Sex (woman)* 783 (53%) 201 (59%) 213 (62%)
Age > 65 years old 241 (16%) 109 (32%) 174 (51%)
Severity
Mild 976 (72%) 174 (55%) 87 (28%)
Moderate 251 (19%) 91 (29%) 170 (54%)
Severe 127 (9%) 50 (16%) 59 (19%)
Hospitalization 543 (37%) 185 (54%) 262 (77%)
ICU admission 108 (7%) 45 (13%) 50 (15%)
Fatigue 946 (76%) 225 (82%) 181 (78%)
Outpatient (n=1173) Stable trajectory Decline trajectory
1016 (87%) 157 (13%)
Sex (woman) 624 (61%) - 113 (72%)
Age > 65 years old 95 (9%) - 14 (9%)
Fatigue 737 (76%) - 141 (93%)
Inpatient (n=990) Stable trajectory Middle trajectory Decline trajectory
510 (53%) 206 21%) 274 (28%)
Sex (woman) 206 (40%) 124 (60%) 130 (47%)
Age > 65 years old 146 (29%) 143 (69%) 136 (46%)
Severity
Mild 87 (20%) 15 (8%) 43 (18%)
Moderate 228 (53%) 128 (68%) 132 (54%)
Severe 114 (27%) 45 (24%) 71 (29%)
ICU admission 98 (19%) 38 (18%) 67 (25%)
Fatigue 946 (76%) 225 (82%) 181 (78%)

ICU Intensive care unit. * n(%) indicates the proportion of individuals with such characteristics belonging to the different trajectory groups.

Regarding sex, among people identified in the stable trajectory, 53% are women. Data reported as counts (percentages)

to be an important predictor of HRQOL in many other con-
ditions and several studies revealed that it is one of the
most prevalent symptoms of the post-COVID condition [4,
36-39]. However, the presence of fatigue doesn’t appear to
impact the risk of being in a decline trajectory in people who
were hospitalized. One may argue that many other factors
that go much beyond fatigue, such as prolonged immobi-
lization, secondary complications and polypharmacy, can
contribute to a worsening of function and quality of life in
those patients [40, 41]. In summary, age, sex, severity of the
COVID-19 infection and fatigue increase the likelihood of
belonging to the declining trajectory and these are the most
important predictors to HRQOL decline in the long term,
although some differences can be observed according to the
hospitalization status.

Physical and functional-related measures at the time of
diagnosis, provided by the SARC-F and the Clinical Frailty
scales, could be used, as complementary information, for
rapid clinical risk assessment. Interestingly, the CFS has
been evaluated as a prognostic tool to predict mortality
in people with COVID-19 [24]. In this study, the severely

frail or terminally ill patients were older (median age 80y)
and had more comorbidities [24]. Along with the baseline
HRQOL index and easily accessible information about non-
modifiable factors (age, sex and acute disease severity),
these two scales could be useful in assessing and determin-
ing prognosis (https://qualicovid.recherche.usherbrooke.ca/)
in the context of physical rehabilitation and could, to a cer-
tain extent, assist decision-making in terms of the modality
and volume of physical interventions that best meets their
needs.

Early intervention is of utmost importance for peo-
ple at risk of having a significant impact on quality of life
[42]. Indeed, trajectories generally demonstrate a progres-
sive decline without a noticeable improvement, even after
18 months. In addition, it is well known that acute, exac-
erbating, events that would happen throughout the indi-
viduals’ lives would make these trajectories even worse, as
already demonstrated in other chronic and end-of-life health
conditions [43, 44]. According to this “crisis model”, an
acute event in an already debilitated health trajectory would
cause a significant and even more pronounced decline in
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Table 3 Association between predictors and the probability of belonging to the middle or decline trajectories

All participants
Multivariable model

Middle trajectory
aOR (95% CI)

Decline trajectory
aOR (95% CI)

Age >65 years old

Women

Moderate or severe COVID-19 infection
Fatigue

ICU admission

Univariable model

CFS score

SARC-F score

1.75 (1.26-2.45)*
1.73 (1.30-2.30)*
1.88 (1.35-2.63)*
1.45 (1.03-2.04)*
1.15 (0.70-1.88)
OR (95% CI)
2.60 (2.29-2.95)*
2.52 (2.23-2.84)*

2.19 (1.55-3.09)*
2.79 (2.00-3.89)*
5.74 (4.01-8.21)*
1.25 (0.86-1.81)
0.98 (0.62-1.57)
OR (95% CI)
5.28 (4.52-6.16)*
3.80 (3.34-4.32)*

Outpatient
Multivariable model

Decline trajectory
aOR (95% CI)

Age > 65 years old
Women

Fatigue
Univariable model
CFS (score)
SARC-F (score)

0.88 (0.46-1.66)
1.60 (1.09-2.36)*
4.22 (2.19-8.14)*
OR (95% CI)
3.75 (3.00-4.68)*
2.98 (2.46-3.59)*

Inpatient

Multivariable model

Middle trajectory
aOR (95% CI)

Decline trajectory
aOR (95% CI)

Age > 65 years old

Women

Moderate or severe COVID-19 infection
Fatigue

ICU admission

Univariable model

CFS score

SARC-F score

1.85 (1.27-2.71)%
1.65 (1.13-2.41)*
1.05 (0.62-1.79)
0.90 (0.58-1.38)
1.31 (0.84-2.03)
OR (95% CI)
2.28 (1.94-2.68)*
2.24 (1.93-2.59)*

3.68 (2.30-5.90)*
3.39 (2.11-5.44)*
3.35 (1.35-8.33)*
0.63 (0.38-1.05)
1.10 (0.64-1.89)
OR (95% CI)
6.41 (5.10-8.06)*
3.83 (3.24-4.54)*

The stable trajectory (upper curve) was set as the reference class. /ICU Intensive care unit; CFS Clinical Frailty scale; SARC-F Sarcopenia
screening self-administered questionnaire; *Indicates a p-value <0.05
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Fig.2 HRQOL trajectories for outpatient (a) and inpatient (b) participants
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functionality, which would imply a reduced quality of life
and, eventually, premature death. Therefore, people must be
well identified as to the risk of decline and treated according
to priorities and availability of resources. At first, predictors
that are easy to use could help quickly identify a clientele
at greater risk of decline. Since, age, sex, severity of the
COVID-19 infection and fatigue increase the likelihood of
belonging to a HRQOL declining trajectory, these could
be useful as a quick risk screening test to be performed by
healthcare practitioners when evaluating patients.

Strengths and limitations

Our study is based on the largest provincial multi-centre
cohort study, which allows easy generalizability of results
to a larger population. The cohort also includes individuals
who were hospitalized, both in the ward and in the ICU, and
individuals who had the diagnosis in a clinical outpatient
setting, which is rare in most studies of COVID-19.

Finally, the standardized questionnaire used to measure
quality of life is widely recommended in the literature [45].
It can be easily applied, and the results derived from it eas-
ily compared with other studies already published in other
population. However, a generic HRQOL questionnaire may
not capture the range of potential symptoms specifically
associated with COVID-19 that could alter quality of life
and may therefore be less sensitive to changes in HRQOL
than a disease-specific questionnaire. The EQ-5D-5L takes
into account the impact on quality of life in terms of mobility
and ability to perform activities of daily living but does not
take into account how specific symptoms of COVID-19 [16]
may, by themselves, affect quality of life.

Our study, however, is not without limitations. We have
a significant number of missing data on the vaccination sta-
tus as well as the different variants that appeared over the
duration of the study. It should be noted that the vaccine
was not introduced to the Quebec population until spring
of 2021, so 64% of our sample was infected in the first two
waves of COVID-19 in Quebec, before the vaccine was even
available. Therefore, the data collection was not designed to
collect data on vaccination status, which explains the high
percentage of missing data. Thus, vaccination status could
not be considered as a potential covariate. It is possible that
the vaccination status had an influence—possibly a protec-
tive influence—on the observed decline trajectories and that
different variants affected these trajectories in different ways
and to varying degrees. A study has shown, however, that
being vaccinated prior to a COVID-19 infection seems to
confer only a partial protection from the long-term effects
of COVID-19, which suggests that there may have been only
a small effect on HRQOL trajectories [46].

Our data analysis study ends at 18 months. Therefore, it
is possible that downward trajectories experience gradual
improvement, stabilization, or gradual decline thereafter.
However, since the BQC-19 study in an ongoing study, fur-
ther time points could be explored in a future study.

Participants were asked whether they had any fatigue
symptoms, without further specification. Therefore, this
does not quantify and qualify the level and extent of the
fatigue symptoms. Other measurements such as the fatigue
severity scale (FSS) [47], the Chalder Fatigue Scale (CFS)
[48] or the Functional Assessment of Chronic Illness Ther-
apy Fatigue (FACIT-F) [49] among others, would have pro-
vided more robust information on this potential predictor.

Frailty is increasingly recognized as an important con-
struct affecting adult health and has been associated with
poor physical and emotional health as well as with poor
HRQOL. Because we do not have access to information
about emotional health, it is impossible to know the extent
to which this may have influenced HRQOL trajectories.

Some individuals were misclassified. At the time of
recruitment, some people were recruited from the outpatient
clinical settings and were considered outpatients, although
further analysis showed that some of them had a previous
hospitalization. These represent slightly under 3% of the
data in the outpatient subgroup.

Finally, our cohort has a high percentage of people who
have had a hospital stay because the BQC-19 study started
recruiting exclusively in hospital centres that had the neces-
sary infrastructure and staff needed to initiate data collection
and, only a few months later, began to include people diag-
nosed in the community. Therefore, hospitalized individuals
are probably over-represented in our cohort, influencing only
the trajectories that have not been stratified.

Conclusion

In conclusion, people with different baseline profiles will
present different quality of life trajectories after a COVID-19
infection and this, regardless of whether they were hospital-
ized or not. Among patients diagnosed in the community and
in hospital centers, 13 and 28% of people, respectively, will
experience an important decline in HRQOL after a COVID-
19 infection. Age, sex, severity of the COVID-19 infection
and fatigue increase the likelihood ratio of belonging to a
HRQOL declining trajectory. Because it is unlikely that the
quality of life of these people will improve over time with-
out any concrete action or intervention, individualized and
standardized assessments and interventions must be further
investigated and implemented to better assist clinical deci-
sion-making in terms of approaches and modalities that best
respond to the patient’s needs.
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