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Abstract

Background: Hospitalization during the COVID-19 pandemic has been linked with in-
creased psychological distress, cognitive impairment, and reduced quality of life (QoL).
Posttraumatic stress symptoms (PTSS) and rumination may significantly influence QoL
outcomes, yet the mechanisms underlying these effects remain poorly understood. Based
on the Cognitive Aging Model, this study examines the mediating effects of cognitive
and emotional functioning, loneliness, and posttraumatic growth (PTG) on the connection
between PTSS/rumination and QoL among patients hospitalized with COVID-19, includ-
ing the moderator effect of sex, time since discharge, and admission to the intensive care
unit (ICU). Methods: A cohort of 258 patients previously hospitalized with COVID-19
as the primary or secondary diagnosis was assessed 6 to 24 months post-discharge. Par-
ticipants completed validated self-report and neuropsychological assessments of PTSS,
rumination, cognitive function, psychological morbidity (depression and anxiety), lone-
liness, PTG, and QoL. Path analysis and multigroup analysis were employed to assess
mediating and moderating effects. Results: PTSS and rumination were associated with re-
duced physical and mental QoL, primarily via increased psychological morbidity, impaired
cognitive functioning, loneliness, and reduced PTG. Rumination showed strong direct and
indirect effects on multiple mediators. Only sex and time since discharge significantly
moderated pathways, with women showing a strong association between rumination and
cognitive impairment/loneliness, while the association between loneliness and mental
QoL was significant only in men and in recently discharged patients. Conclusions: PTSS
and rumination contribute negatively to QoL in post-discharged patients with COVID-19
through emotional, cognitive, and social pathways, influenced by sex and duration since
discharge. The findings underscore the significance of comprehensive long-term care
methods focused on cognitive rehabilitation, psychosocial sT, and social reintegration for
COVID-19 survivors.
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1. Introduction
The rapid spread of SARS-CoV-2 worldwide led the World Health Organization

to declare the outbreak in January 2020 and a pandemic on11 March2020, causing an
unprecedented health, economic, and social crisis [1]. In Portugal, the first COVID-19
patients were confirmed on 2 March 2020, and since then, more than 5,500,000 infections
and 28,000 associated deaths have been reported [2]. As expected, there was an increase in
hospitalizations due to COVID-19, particularly during the winter months and the peaks
of various waves. Portugal’s highest number of COVID-19 hospitalizations occurred in
February 2021, with over 6800 hospitalized patients, including 904 in intensive care units
(ICUs) [3,4].

The COVID-19 pandemic represented a serious threat to physical and mental health,
resulting in a global collective traumatic experience, often expressed through posttraumatic
stress symptoms (PTSS) [5,6]. The experience of COVID-19, whether through direct expo-
sure to the infection or indirect exposure via media coverage, may have contributed to the
incidence of posttraumatic stress disorder (PTSD) [7]. Previous studies have shown the
relationship between the COVID-19 pandemic and increased levels of PTSS [7,8], with 4.6%
to 55.3% of the general population reporting PTSS related to the pandemic [9]. Additionally,
a study conducted by COVID-19 Mental Disorders Collaborators [10] found an increase
of 28% and 26% in the prevalence of major depression and anxiety disorders, respectively,
due to the COVID-19 pandemic during 2020.

Particularly, hospitalized patients infected with SARS-CoV-2 reported significant men-
tal health challenges, with approximately 13.2% suffering from PTSD, 21% from depression,
and 16.4% from anxiety [11]. Notably, the prevalence of these conditions was higher
among females [9,11,12] and ICU patients [13,14]. As a result, severe COVID-19 patients
reported reduced quality of life (QoL) [15] with no improvements during the first 12 months
post-discharge [16].

The experience of life stressors, such as hospitalization due to COVID-19, may con-
tribute to ruminative thoughts, i.e., repetitive and intrusive thoughts focused on negative
experiences and emotions, which have been associated with depression and anxiety symp-
toms [17,18], being a significant predictor of PTSS in COVID-19 patients [17]. Previous
studies have also demonstrated the adverse effect COVID-19-related rumination has on
QoL [19].

Individuals with PTSS may also experience posttraumatic growth (PTG), which
refers to positive psychological changes that can occur following a life crisis or traumatic
event [20]. Several studies have shown positive associations between PTG and the experi-
ence of COVID-19 [21], particularly among discharged COVID-19 female patients (e.g., [22]),
suggesting that these patients can process and elaborate the pandemic experience positively,
contributing to greater satisfaction with life and QoL [23,24].

During the pandemic, physical distancing measures were required to control the virus
spread, increasing loneliness and contributing to worse QoL [25,26]. Feelings of loneliness
are particularly prevalent among older patients hospitalized due to COVID-19 [27,28],
which is concerning given that loneliness is a well-established risk factor for increased
morbidity and mortality [29].

Due to the inflammatory process in COVID-19 infection, cognitive impairment has
been extensively reported in the literature, indicating a compromise in executive functions,
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attention, and memory [30], particularly in women [31]. Patients who required hospitaliza-
tion tend to exhibit more pronounced cognitive decline than those treated in outpatient
settings, presenting mild to severe cognitive impairment [32,33]. Additionally, cognitive
symptoms may significantly impact daily functioning, leading to emotional distress and
reduced QoL [34,35].

To advance understanding of the psychological and cognitive consequences of COVID-
19 hospitalization, this study examined the contribution of trauma-related variables, namely
PTSS and rumination, to QoL, considering potential pathways through cognitive perfor-
mance and impairment, psychological morbidity (depression and anxiety), loneliness, and
PTG. These interrelations remain insufficiently explored in the current literature, particu-
larly across diverse cohorts of COVID-19 patients. Furthermore, hypothesized moderators
such as sex, time since hospital discharge, and disease severity (e.g., ICU admission) war-
rant further investigation about their impact on QoL. Addressing these gaps is essential
for informing the development of more targeted and effective interventions to support the
long-term well-being of COVID-19 patients.

Based on the previous literature, we hypothesize that impaired cognitive functioning,
increased psychological morbidity, greater loneliness, and less PTG will mediate the nega-
tive relationship between PTSS/rumination and QoL (Hypothesis 1). We further expect
these associations to be more evident in more recently discharged female patients (six to 12
months after discharge) admitted to the ICU, compared to those discharged for longer (24
months) (Hypothesis 2).

Since one-third of severe COVID-19 patients may experience long-term complications
and a higher risk of premature death [36], the present study has direct clinical relevance
for hospitalized COVID-19 patients. These findings may help identify the impact of
psychological and cognitive factors on QoL among discharged patients dealing with trauma-
related stress. Finally, findings are expected to inform the development of long-term
health strategies directed to post-COVID-19 trauma, particularly by addressing cognitive
impairment and QoL.

2. Methods
2.1. Conceptual Model

This study is based on the Cognitive Aging Model [37], which postulates that stress-
related unconstructive repetitive thinking may act as a psychological mechanism that
extends physiological and emotional responses to chronic stress, negatively affecting
cognitive function. Focusing on patients’ QoL, the present study evaluated the mediator
effect of cognitive (cognitive performance and impairment) and emotional (psychological
morbidity, loneliness, and PTG) variables in the relationship between PTSS/rumination
and QoL (Figure 1).

2.2. Study Design and Participants

This study is a prospective cohort study of patients hospitalized with COVID-19
during typical spike months: October 2020 to March 2021 (cohort I), October 2021 to March
2022 (cohort II), and October 2022 to March 2023 (cohort III). Due to a significant reduction
in COVID-19 hospitalizations during cohorts II and III, these two periods were combined.
As a result, this study includes two cohorts: October 2020 to March 2021 (cohort I) and
October 2021 to March 2023 (cohort II). Data collection occurred in a central hospital in
northern Portugal between January 2023 and March 2024.
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Figure 1. Conceptual model.

Patients were informed by their physicians about the study’s purpose, and those who
volunteered to participate were introduced to the research team. Patients were eligible
for inclusion if they met the following criteria: (i) being between 18 and 75 years old,
(ii) having a diagnosis of COVID-19 infection as the primary or secondary reason for
hospitalization, (iii) being hospitalized during the cohort periods, and (iv) followed in the
outpatient infectious diseases clinic of the hospital. Patients were not eligible if they (i) had
psychiatric disorders, dementia, or brain injury (recorded in the patient’s medical records),
(ii) were under chemotherapy or radiotherapy treatment, or (iii) were long-term residents
at a skilled nursing facility. Participation was voluntary with no compensation.

The study protocol was approved by the Ethics Committee of the central hospital
where data collection took place [Ref. 2022.069(054-DEFI/055-CE)]. All participants were
informed and signed a consent form. The study was conducted according to the Declaration
of Helsinki.

2.3. Measures

Sociodemographic and Clinical Questionnaire. This questionnaire was created for this
study to gather information on sociodemographic (e.g., sex, age, marital status, education
level, employment status) and clinical (e.g., hospitalization duration, time since discharge,
ICU admission) characteristics of patients.

Impact of Event Scale—Revised (IES-R) [38]. IES-R is a 22-item measure to assess PTSS
based on the Diagnostic and Statistical Manual of Mental Disorders criteria for PTSD. This
scale includes three subscales: Intrusion (8 items; e.g., “Pictures about it popped into my
mind”), Avoidance (8 items; e.g., “I tried not to think about it”), and Hyperarousal (6 items;
e.g., “I was jumpy and easily startled”). Participants were asked to rate each item on a
5-point scale (from 0 = “not at all” to 4 = “extremely”), considering the past week. This
study used the IES-R global score, with higher scores indicating more PTSS. Cronbach’s
alpha for the Portuguese IES-R version was 0.95, whereas in the present study it was 0.97.

Event-Related Rumination Inventory (ERRI) [39]. This scale comprises 20 items that
measure two styles of rumination related to PTG: Intrusive thoughts (10 items; e.g., “I
thought about the event when I did not mean to”) and Deliberate rumination (10 items;
e.g., “I forced myself to deal with my feelings about the event”). For each item, participants
rated the degree to which the thoughts occurred during the weeks immediately after the
traumatic event, using a 4-point Likert scale (from 0 = “not at all” to 3 = “often”). Higher
scores indicate a higher frequency of Intrusive and Deliberate ruminations. Cronbach’s
alpha for the Portuguese ERRI version was 0.94 for the total scale, 0.95 for Intrusion, and
0.90 for Deliberation. This study used the total scale with an alpha coefficient of 0.97.
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Trail-Making Test (TMT) [40]. TMT is a timed neuropsychological test with two
parts: part A (TMT-A) to measure attention, visual scanning, and speed of eye-hand
coordination and information processing; part B (TMT-B) to assess working memory and
executive functions. TMT-derived scores include difference score (B − A), ratio score (B/A),
proportion score (B − A/A), sum score (A + B), and multiplication score (A × B/100)],
all calculated based on participant’s sex, age, years of education, and time of completion.
Due to the high number of participants that could not complete part B (n = 85; 33%), this
study used TMT-A raw completion time (TMT-A time), with longer times suggesting worse
cognitive performance, specifically regarding attention and processing speed.

Montreal Cognitive Assessment Scale (MoCA) [41]. This instrument is a 10-min
neuropsychological test for the early detection of mild cognitive impairment. MoCA
evaluates eight cognitive domains: Visuospatial/Executive, Naming, Memory, Attention,
Language, Abstraction, Delayed recall, and Orientation. This instrument has a total score
of 30, with scores ≤ 26 indicating cognitive impairment. The score is increased by one if the
individual’s education years are less than twelve. This study used the scale’s total scores,
with lower scores suggesting greater cognitive impairment.

Hospital Anxiety and Depression Scale (HADS) [42]. This scale comprises 14 items
that assess psychological morbidity, including Depression (7 items; e.g., “I feel cheerful”)
and Anxiety (7 items; e.g., “Worrying thoughts go through my mind”). Items are rated
on a four-point scale, with higher scores indicating greater symptom severity. In addition
to subscales scores, a global HADS score has been validated as an index of psychological
morbidity or distress in several clinical populations [43,44]. Cronbach’s alphas for the
Portuguese version were 0.81 for Depression and 0.76 for Anxiety. This study used the
global score, presenting a Cronbach’s alpha of 0.87.

UCLA Loneliness Scale-16 (UCLA) [45]. UCLA was used to assess feelings of lone-
liness. This scale includes 16 items, divided into two factors: Social isolation (e.g., “I
feel abandoned”) and Affinity (e.g., “I feel a lack of company”). Items are scored on a
Likert scale of 1 (“never”) to 4 (“often”), with higher scores indicating greater loneliness.
Cronbach’s alphas for the Portuguese UCLA were 0.93 for the overall scale, 0.92 for Social
isolation, and 0.82 for Affinities. This study used the total scale, with a Cronbach’s alpha
of 0.94.

Posttraumatic Growth Inventory (PTGI) [46]. PTGI contains 10 items to evaluate
personal growth after adversity. Items are divided into five dimensions: Relating to others
(2 items; e.g., “I have a greater sense of closeness with others”), New possibilities (2 items;
“I established a new path for my life”), Personal strength (2 items; e.g., “I know better that I
can handle difficulties”), Spiritual change (2 items; e.g., “I have a stronger religious faith”),
and Appreciation of life (2 items; “I changed my priorities about what is important in life”).
The response scale is a 6-point Likert scale that was adapted for this study, ranging from 0
(“I did not experience this change as a result of the pandemic”) to 5 (“I experienced this
change to a very great degree as a result of the pandemic”). This study used the global
score, with higher scores reflecting greater PTG. Internal consistency for the total score was
0.88 in the Portuguese version, and 0.93 in this study.

Short-Form Health Survey (SF-12) [47]. SF-12 assessed health-related QoL through
eight health dimensions: Physical function, Physical performance, Bodily pain, General
health perceptions, Vitality, Social function, Emotional performance, and Mental health.
SF-12 also provides physical (PSM) and mental (MSM) summary measures, with higher
scores indicating better health-related QoL. Items are answered using a Likert scale with
three or five options. Internal consistency for the Portuguese version was good (PSM:
α = 0.86; MSM: α = 0.87). In this study, Cronbach’s alphas for PSM and MSM were 0.82 and
0.87, respectively.
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2.4. Data Analysis

Continuous variables were analyzed using means and standard deviations, while cate-
gorical variables were analyzed using frequencies and percentages. Independent samples
t tests were conducted to assess differences in all variables included in the mode based
on the hospitalization diagnosis, i.e., COVID-19 as primary versus secondary diagnosis.
The proposed model was tested using a path analysis with bootstrapping. Goodness-of-fit
indexes were calculated to evaluate the adequacy of the model, with chi-square statistic
(χ2/df) below 2, comparative fit index (CFI) and Tucker–Lewis index (TLI) over 0.95, root
mean square error approximation (RMSEA) below 0.07, and standardized root mean square
residual (SRMR) below 0.08, reflecting a good fit [48]. The indirect paths were tested with
5000 bootstrap samples and a 95% confidence interval. Furthermore, multigroup analyses
were conducted to test the moderating effect of sex (male versus female), time since dis-
charge (last six and 12 months versus 24 months), and admission to the ICU (yes versus no)
as dichotomous variables. All results report unstandardized regression coefficients. Finally,
a p-value of less than 0.05 indicated statistical significance.

All statistical analyses were performed using SPSS Software (version 28.0) and SPSS
AMOS (version 28.0).

2.5. Sample Size

A power analysis was performed with power set at 0.80, significance at 5%, a medium
effect size, and seven independent variables (PTSS, rumination, psychological morbidity,
loneliness, PTG, cognitive performance, and cognitive impairment), requiring a sample
size of 103 participants [49].

3. Results
3.1. Sample Characteristics

Table 1 describes participants’ sociodemographic, clinical, and psychological variables.
Patients (N = 258) were mainly men (65.9%), on average 61 years old, and professionally
inactive (62.8%). Most patients were hospitalized during the first cohort (24 months before
assessment) (46.6%) due to a COVID-19 diagnosis (75.2%).

Table 1. Sample characteristics (N = 258).

Sociodemographic Variables Patients

n (%)/M ± SD

Sex Women 88 (34.10)
Men 170 (65.90)

Age 61.41 ± 10.86
≤49 32 (12.40)
50–59 59 (22.90)
60–69 98 (38.00)
70–75 69 (26.70)

Marital status Married/non-marital partnership 162 (62.80)
Single/divorced/widowed 96 (37.20)

Education ≤Primary education 101 (39.20)
≤Secondary education 121 (46.90)
≤University degree 36 (13.90)

Professional situation Employed 96 (37.20)
Unemployed 24 (9.30)
Retired 138 (53.50)
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Table 1. Cont.

Clinical Variables

Hospitalization main diagnosis COVID-19 194 (75.20)
Other 64 (24.80)

Intensive care unit admission Yes 60 (23.30)
No 198 (76.70)

Cohort I 120 (46.50)
II 138 (53.50)

Discharge duration (days) 629.27 (259.33)

Psychological Variables Min.–Max. M ± SD
Posttraumatic stress (IES-R) 0.00–82.00 13.90 (17.07)
Rumination (ERRI) 0.00–60.00 16.54 (15.35)
Cognitive performance (TMT-A time) 26.00–375.00 83.81 (48.25)
Cognitive impairment (MoCA) 8.00–29.00 20.24 (4.43)
Psychological morbidity (HADS) 0.00–34.00 9.38 (7.10)
Loneliness (UCLA) 16.00–63.00 24.89 (9.83)
Posttraumatic growth (PTGI) 0.00–50.00 17.95 (13.79)
Physical QoL (SF-12) 0.00–100.00 58.01 (26.20)
Mental QoL (SF-12) 6.25–100.00 68.62 (21.85)

Regarding patients’ hospitalization diagnosis (COVID-19 as primary versus secondary
diagnosis), there were no differences in PTSS (t (256) = −0.758, p = 0.449), rumination (t
(256) = −0.800, p = 0.425), cognitive performance (t (256) = 0.355, p = 0.723), cognitive
impairment (t (256) = 0.532, p = 0.595), psychological morbidity (t (256) = 1.484, p = 0.139),
loneliness (t (256) = 1.920, p = 0.056), PTG (t (256) = 0.334, p = 0.739), physical QoL (t
(256) = −0.587, p = 0.558), and mental QoL (t (256) = 0.406, p = 0.685).

3.2. Path Analysis Model

The estimated values of the fit indices indicated that the global model fit was not ade-
quate: χ2/df = 8.724, CFI = 0.852, TLI = 0.719, RMSEA = 0.173 [0.150, 0.198]; SRMR = 0.107.
Subsequently, several pathways were reevaluated according to the modification indices,
the significance of the path coefficients, and the final model adjustment. Specifically,
non-significant paths (p > 0.05) were removed from the model. After their removal, two
modification indices remained and were incorporated, as both suggestions were theo-
retically supported and improved the overall fit of the model, resulting in the addition
of two pathways (loneliness → psychological morbidity; physical QoL → mental QoL)
(Figure 2). The adjusted model revealed a good fit to the data: χ2/df = 1.584, CFI = 0.987,
TLI = 0.979, RMSEA = 0.048 [0.010, 0.076]; SRMR = 0.053 (Figure 2).

All direct paths were significant at p < 0.05 (Table 2). From the results, the standardized
effect of rumination on PTG was more than twice that of rumination on cognitive perfor-
mance (TMT-A time), psychological morbidity, or loneliness. The negative association
between psychological morbidity and physical and mental QoL was also more than twice
that of cognitive impairment (MoCA)/PTG on physical QoL, and loneliness on mental QoL.
Indirect effects in the model were all statistically significant, mainly with small or medium
effect sizes (Table 3). Significant indirect effects were found for rumination on mental QoL
(β = −0.253, 95% CI [−0.359, −0.144], p < 0.001) and loneliness on physical (β = −0.251,
95% CI [−0.319, −0.187], p < 0.001) and mental QoL (β = −0.315, 95% CI [−0.391, −0.245],
p < 0.001).
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Figure 2. Final adjusted model.

Table 2. Standardized direct effects in the final adjusted model.

Path b (SE) Z Value p β

Posttraumatic stress (IES-R) → Psych. morbidity (HADS) 0.074 (0.030) 2.490 0.013 0.178
Rumination (ERRI) → Cognitive performance (TMT-A) −0.535 (0.193) −2.767 0.006 −0.170
Rumination (ERRI) → Psych. morbidity (HADS) 0.122 (0.033) 3.651 <0.001 0.263
Rumination (ERRI) → Loneliness (UCLA) 0.135 (0.039) 3.464 <0.001 0.211
Rumination (ERRI) → Posttraumatic growth (PTGI) 0.528 (0.045) 11.658 <0.001 0.588
Loneliness (UCLA) → Psych. morbidity (HADS) 0.318 (0.035) 9.180 <0.001 0.438
Cognitive performance (TMT-A) → Cognitive impairment (MoCA) −0.050 (0.005) −10.397 <0.001 −0.544
Cognitive impairment (MoCA) → Physical QoL (SF-12) 0.737 (0.305) 2.416 0.016 0.125
Psych. morbidity (HADS) → Physical QoL (SF-12) −2.095 (0.198) 10.580 <0.001 −0.572
Psych. morbidity (HADS) → Mental QoL (SF-12) −1.596 (0.140) −11.418 <0.001 −0.519
Loneliness (UCLA) → Mental QoL (SF-12) −0.300 (0.089) −3.353 <0.001 −0.135
Posttraumatic growth (PTGI) → Physical QoL (SF-12) 0.248 (0.102) 2.430 0.015 0.131
Physical QoL (SF-12) → Mental QoL (SF-12) 0.293 (0.034) 8.635 <0.001 0.348

Note. b = unstandardized path coefficient; SE = standard error; β = standardized path coefficient.

Table 3. Standardized indirect effects in the final adjusted model.

Predictor Indirect Effect Outcome β CI95%

Posttraumatic stress
(PTSS) Psych. morbidity (HADS) Physical QoL (SF-12) −0.102 * [−0.216, −0.003]

Posttraumatic stress
(PTSS) Psych. morbidity (HADS) Mental QoL (SF-12) −0.128 * [−0.273, −0.002]

Rumination (ERRI) Loneliness (UCLA) Psych. morbidity
(HADS) 0.093 *** [0.040, 0.159]

Rumination (ERRI) Cognitive performance
(TMT-A time)

Cognitive impairment
(MoCA) 0.093 *** [0.046, 0.144]

Rumination (ERRI)

Cognitive performance (TMT-A time)
→ Cognitive impairment (MoCA)
[Loneliness (UCLA)→] Psych.
morbidity (HADS)

Physical QoL (SF-12) −0.115 * [−0.225, −0.012]
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Table 3. Cont.

Predictor Indirect Effect Outcome β CI95%

Rumination (ERRI)

Cognitive performance (TMT-A time)
→ Cognitive impairment (MoCA) →
Physical QoL (SF-12)
[Loneliness (UCLA) →] Psych.
morbidity → Physical QoL (SF-12)

Mental QoL (SF-12) −0.253 *** [−0.359, −0.144]

Loneliness (UCLA) Psych. morbidity (HADS) Physical QoL (SF-12) −0.251 *** [−0.319, −0.187]

Loneliness (UCLA) Psych. morbidity (HADS) Mental QoL (SF-12) −0.315 *** [−0.391, −0.245]

Psych. morbidity
(HADS) Physical QoL (SF-12) Mental QoL (SF-12) −0.199 *** [−0.262, −0.147]

Cognitive performance
(TMT-A time) Cognitive impairment (MoCA) Physical QoL (SF-12) −0.068 * [−0.128, −0.010]

Cognitive performance
(TMT-A time) Cognitive impairment (MoCA) Mental QoL (SF-12) −0.024 * [−0.045, −0.004]

Cognitive impairment
(MoCA) Physical QoL (SF-12) Mental QoL (SF-12) 0.044 * [0.007, 0.081]

Posttraumatic growth
(PTGI) Physical QoL (SF-12) Mental QoL (SF-12) 0.046 * [0.008, 0.087]

Note. * p < 0.05; *** p < 0.001; β = standardized path coefficient; CI95% = bootstrap bias-corrected confidence
interval at 95% (5000 samples), lower and upper.

3.3. The Moderating Role of Sex, Time Since Discharge, and ICU Admission

The moderating analysis regarding sex showed a significant difference between
the unconstrained (adjusted) model and the fully constrained model (∆χ2(32) = 64.412,
p = 0.001), suggesting that sex significantly moderated the hypothesized model. Specifically,
among male patients, rumination was significantly associated with psychological morbid-
ity (β = 0.13, p = 0.02), and loneliness was negatively related to mental QoL (β = −0.41,
p < 0.001). In contrast, significant relationships emerged only for female patients between
rumination and cognitive performance (TMT-A time) (β = −0.83, p = 0.014), rumination and
loneliness (β = 0.19, p = 0.004), and PTSS and psychological morbidity (β = 0.13, p = 0.007).

Regarding time since discharge (24 months versus 6 to 12 months), there was also a
significant difference between the unconstrained (adjusted) model and the fully constrained
model (∆χ2(32) = 78.416, p < 0.001), suggesting that time since discharge significantly mod-
erated the hypothesized model. In particular, only patients discharged for a more extended
period (24 months) showed significant relationships between PTSS and psychological mor-
bidity (β = 0.08, p = 0.033), cognitive impairment and physical QoL (β = 0.99, p = 0.012),
and PTG and physical QoL (β = 0.29, p < 0.041). On the contrary, the relationships between
rumination and loneliness (β = 0.21, p < 0.001), and loneliness and mental QoL (β = −0.54,
p < 0.001) were significant only in more recently discharged patients (6 months).

ICU admission did not moderate the hypothesized model, as there were no significant
differences between the unconstrained (adjusted) model and the fully constrained model
(∆χ2(32) = 30.650, p = 0.535).

4. Discussion
The present study examined the contribution of PTSS and rumination to QoL in

patients hospitalized with COVID-19, using mediation pathways related to cognitive and
emotional functioning, loneliness, and PTG. Grounded in the Cognitive Aging Model, our
results substantiate the critical role of cognitive and emotional processes for recovery and
adaptability following COVID-19.
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Interestingly, over one-quarter of the sample (33%) failed to complete the TMT-B,
suggesting that working memory and executive control may be significantly compromised
in hospitalized patients with COVID-19. Given that TMT-B requires enhanced cognitive
flexibility and task-switching abilities, this finding highlights its potential as a marker of
post-COVID-19 executive dysfunction. Previous studies have reported that hospitalized
COVID-19 patients often experience impairments in executive functions, particularly in
set-shifting and split attention, akin to those assessed by TMT-B [32,50,51]. These results
underscore the need to integrate cognitive assessment and specialized neurorehabilitation,
aimed explicitly at executive function, into long-term post-COVID-19 care initiatives.

As expected (Hypothesis 1), PTSS and rumination correlated with poorer physical
and mental QoL, chiefly due to psychological morbidity (depression and anxiety), lone-
liness, cognitive deterioration, and PTG. Global rumination emerged as a key predictor,
contributing to QoL through several mediators. The correlation of rumination with PTG
was significantly stronger than with cognitive or emotional symptoms, suggesting that
rumination may concurrently represent maladaptive processes (e.g., distress, negative
affect) and constructive trauma processing (e.g., growth, meaning-making), depending on
its nature and intensity [52]. Considering that the effect of rumination on PTG may range
between distress and growth [52], future studies should further investigate the individual
contributions of intrusive and deliberate rumination on PTG.

Among the mediators, psychological morbidity, specifically symptoms of depres-
sion and anxiety, emerged as the most significant contributor to QoL outcomes. This
finding aligns with previous research revealing the widespread effects of anxiety and
depression in COVID-19 survivors [16,53]. For example, Silva et al. [53] found that one
year after discharge, almost 20% of critical COVID-19 survivors continued to experience
depression symptoms, with repercussions in several health-related QoL areas. Similarly,
Egger et al. [16] showed that anxiety, despair, and exhaustion persistently impacted QoL
in patients one-year post-discharge, exhibiting minimal signs of recovery. In our model,
psychological symptoms were more strongly associated with both physical and mental QoL
than cognitive impairment, loneliness, or PTG, underscoring the necessity for prolonged
mental health assessment and intervention in this population.

Cognitive impairment, assessed through MoCA, contributed to physical QoL but not
mental QoL. This result may indicate that the broad cognitive domains assessed by MoCA,
such as memory, attention, and orientation, may be more closely related to physical auton-
omy than emotional well-being. A study by Ariza et al. [34], involving 492 participants,
including 398 post-COVID-19 individuals, found that cognitive impairment was signif-
icantly associated with reduced physical QoL and overall functioning, while emotional
factors, such as anxiety and depression, strongly predicted mental QoL.

The analysis of mediators revealed that the association between loneliness and mental
QoL was more significant than that of PTG and cognitive impairment, indicating that social
isolation may exert a more immediate and emotionally stressful effect on daily functioning.
This outcome aligns with increasing evidence showing that the social repercussions of
the COVID-19 pandemic, such as physical distancing, quarantine, and decreased social
support, are both pervasive and psychologically detrimental [25,26]. Moreover, loneliness
has been demonstrated to endure even post-recovery from COVID-19, especially in older
or hospitalized individuals [28]. These findings underscore the importance of address-
ing social and relational aspects of post-COVID-19 treatment in addition to medical and
cognitive rehabilitation.

Interestingly, although PTG was positively correlated with QoL, the effect size was
comparatively smaller than that of other mediators, including psychological morbidity
(depression and anxiety) and loneliness. Nevertheless, PTG emerged as a significant
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protective factor, particularly among patients discharged for extended periods (24 months),
suggesting that the psychological benefits of personal growth may require time to manifest
after trauma [23]. The temporal aspect of PTG aligns with the existing literature, indicating
that such growth is more evident during longer recovery phases, as individuals are given
the time and space to process their experiences and redefine the meaning of their lives. In a
comprehensive review and meta-analysis, Wu et al. [24] found that moderate-to-high levels
of PTG were more commonly observed in long-term follow-ups compared to acute periods.
These findings underscore PTG’s role not as an immediate protective factor, but as a delayed,
adaptive response to adversity. The capacity for growth may be particularly relevant in
designing long-term psychosocial interventions aimed at helping survivors reinterpret
their COVID-19 experiences to foster renewed purpose, strengthened connections, and a
deeper appreciation of life.

Hypothesis 2 was partially confirmed since only sex and time since discharge played a
moderating role. Only in female patients, rumination showed a significant correlation with
cognitive performance (attention and processing speed) and loneliness, as well as between
PTSS and psychological distress (depression and anxiety). These findings corroborate prior
studies indicating that women may be more susceptible to the psychosocial and cognitive
consequences associated with COVID-19 [9,11,12,31,54,55]. For instance, a global survey
across 59 countries revealed that women reported higher levels of trauma-related distress,
depression, anxiety, and stress compared to men during the pandemic [54]. Previous stud-
ies have also shown women reporting higher rates of cognitive symptoms, such as brain
fog, fatigue, and memory difficulties, following COVID-19 [55]. Conversely, only male
patients showed significant associations between rumination and psychological morbidity
(depression and anxiety), as well as between loneliness and mental QoL. Although direct
evidence regarding the specific associations in male COVID-19 patients is limited, the
present findings may reflect well-documented sex disparities in emotional expressiveness
and the propensity to seek assistance [56,57]. Men are typically less likely to pursue psy-
chological support and more inclined to suppress emotional turmoil, which may increase
their vulnerability to psychological strain and perceived loneliness [57]. These patterns
underscore the need for sex-sensitive mental health interventions that consider differential
coping mechanisms and social expectations following hospitalization for COVID-19.

Differences based on time since discharge revealed that, at 24 months post-discharge,
patients showed significant associations between PTSS and psychological morbidity (de-
pression and anxiety), and between cognitive impairment (MoCA)/PTG and physical QoL.
Although we expected key pathways, such as the association between PTSS and psycholog-
ical morbidity, to be stronger in more recently discharged patients, previous studies have
also found higher levels of PTSS, depression, and anxiety in COVID-19 survivors two years
after discharge [58,59]. This result is probably due to hospitalizations during the early phase
of the pandemic that occurred under particularly stressful conditions, including higher
mortality rates, limited healthcare resources, and the absence of vaccines [3]. According to
previous research, cognitive problems may also last long after the acute infection phase
(e.g., [59,60]). For instance, a recent longitudinal study by Taquet et al. [60] found that
discharged COVID-19 patients continued to exhibit significant cognitive abnormalities and
psychiatric symptoms two years after discharge, with symptoms worsening over time. Con-
sistent with previous findings showing higher levels of rumination, increased loneliness,
and reduced well-being in recently discharged COVID-19 patients (e.g., [61]), the current
study found that only patients within the 6–12 months post-discharge window showed
significant associations between rumination, loneliness, and reduced mental QoL. These re-
sults underscore the early post-discharge period as a critical window for early psychological
and social interventions aimed at improving long-term mental health outcomes.
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ICU admission did not moderate any relationships in the model, contrary to expecta-
tions, as ICU survivors are generally at increased risk for psychological symptoms [13,14]
and cognitive impairment [62]. However, previous studies have shown that both ICU
and non-ICU COVID-19 patients may experience similarly significant psychological and
cognitive difficulties [63], possibly due to the pandemic-related hospital measures such as
prolonged isolation, uncertainty, and limited access to support. Further research is needed
to confirm these findings.

Limitations and Future Studies

While the findings of this study shed light on the psychological and cognitive path-
ways associated with post-COVID-19 QoL, some limitations should be acknowledged. The
sample was recruited from a single hospital in Portugal, which may limit the generaliz-
ability of the findings, despite the hospital’s central role in the region’s healthcare system.
Although the study employed a prospective design, all assessments (except cognitive
tests) were self-reported, which may have introduced response bias or reflected subjective
interpretation rather than objective symptoms. While rumination and PTSS were assessed
on QoL outcomes, causal inferences are constrained due to the correlational nature of the
mediation model since directional or causal relationships between variables may not be
established. The non-inclusion of TMT-B performance scores did not allow us to assess
set-shifting, a key cognitive domain often affected in post-COVID-19 conditions. While
the 6- to 24-month timeframe provides insight into the healing phases, more extended
follow-up periods are required to understand the long-term trajectories of cognitive decline,
psychological distress, loneliness, and PTG following COVID-19. Finally, to decrease type I
error, the path model was based on a theoretical model, and bootstrapping was used to
provide more accurate confidence intervals and p-values for indirect effects. Nonetheless,
findings should be interpreted with caution.

Future studies should employ longitudinal designs with larger, multi-site samples,
and include biomarkers or neuroimaging, to validate cognitive and affective findings, and
investigate intervention-based techniques to reduce the impact of PTSS and rumination.
Individual variables, such as patients’ socioeconomic level, clinical and cultural characteris-
tics, and pre-existing mental health disorders, should also be considered when assessing
post-COVID-19 recovery.

5. Conclusions and Implications
This study showed that PTSS and rumination negatively contributed to the QoL of

hospitalized patients with COVID-19 through impaired cognitive functioning, psycho-
logical distress (depression and anxiety), loneliness, and PTG, with sex and time since
discharge showing moderating effects. These findings underscore the need to incorporate
mental health screening, cognitive rehabilitation, and psychological support into follow-up
care, particularly for high-risk groups, as well as the importance of tailored post-COVID-19
interventions according to sex and time since discharge. For those survivors with high
social isolation conditions, occupational therapy interventions addressing loneliness should
be made accessible to help reduce any impacts on QoL. Including occupational therapy
in multidisciplinary rehabilitation teams, even with teleoccupational therapy, showed
promising results on cognitive function and QoL [64].
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