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Abstract

This two-part longitudinal study examined impacts of initial and recurrent COVID-19 diagnosis on negative
affect and attention control in 296 undergraduate students during pandemic lockdowns. Study 1 found first-time
diagnosis was associated with significantly higher depression, anxiety, and stress but did not affect attention
control. Study 2 showed recurrent diagnosis further worsened mental health outcomes yet was linked to enhanced
attentional abilities, contrasting typical condition declines. Within-subjects analysis demonstrated worsening affect
but improvements in attention control from first to second timepoints among repeatedly diagnosed participants.
Opverall, both initial and recurrent diagnosis severely impact psychological wellbeing with cumulative mental health
tolls, underscoring needs to prioritize supporting mental health. However, attentional resilience emerges, potentially
reflecting an adaptive coping response. Continued research tracking patients across multiple infections can clarify
relationships between worsening emotions and improved attention, informing interventions to address multifaceted

health impacts of COVID-19 reinfection.
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Introduction

Introduction

The COVID-19 pandemic has intensely impacted mental
health around the world. Numerous studies have empir-
ically studied different aspects of COVID-19 on mental
health, including stress and emotion [1], mental health
functioning [2], psychiatric conditions [3], cognitive and
sleep problems [4], and neuropsychiatric [5] across the
globe. Most published studies estimate that most of the
population has experienced pandemic-related psycho-
logical distress, including clinically significant anxiety
and depression [6], Social isolation [7], economic hard-
ship [8], health anxiety, uncertainty [9], and other pan-
demic stressors have been strongly linked to worsening
stress, psychiatric symptoms, and quality of life [10].

A meta-analysis by [11] showed that 27% of patients
with COVID-19 had attention disorders, 16% had mem-
ory loss, 13% had anxiety, 12% had depression, and 2%
had mood disorders, which indicates that the impact
of COVID-19 on mental health is severe. A study by
[12] showed that neuropsychological deficits related to
COVID-19 were seen in attention, memory, and executive
function domains.

Critically understudied is the impact of COVID-19

on cognitive functions such as attention. Attention
refers to processes allowing selective focus on specific
information while filtering irrelevant inputs [13]. Core
components of attention include sustained, selective,
divided attention, and attentional control. Attention
underlies most aspects of life, enabling effective learning,
work, socializing, and routine tasks. Prior research has
demonstrated that attention, like other psychological
components that can be influenced by other factors [14],
can be influenced by additional psychological factors.
Specifically, attention has been shown to be altered in the
context of psychological disorders, including stress [15],
anxiety [16], and others that impact cognitive processes.
The interrelationship between attention and various af-
fective states underscores the malleability of attentional
mechanisms in response to broader psychological wor-
ries.

Disruptions can substantially impair function [15].
Emerging data demonstrate attentional impairments
in those recovering from COVID-19, including reduced
psychomotor speed and deficits in sustained visual atten-
tion [17]. However, small portion of studies investigated
the impact of recurring COVID-19 infections, although
many have had multiple diagnosed illnesses as new vari-
ants emerge. While COVID-19 has been associated with



attentional deficits, limited number of research has yet
investigated how pandemic-related psychological dis-
tress may interact with COVID-19 illness to exacerbate
attention difficulties. Psychological stress is strongly
hypothesized to degrade prefrontal cortical functions,
including attentional control [18]. The profound psy-
chosocial stressors of the COVID-19 pandemic could
plausibly worsen any direct effects of COVID-19 infec-
tion on attention. To address these critical gaps, we
conducted a longitudinal study assessing attention in
individuals with multiple diagnosed COVID-19 infec-
tions.

We tested the following hypotheses:

Hypothesis 1: Individuals diagnosed with COVID-
19 will exhibit higher levels of negative affect, including
increased stress, anxiety, and depression, than nondiag-
nosed individuals.

Hypothesis 2: Increases in negative affect are associ-
ated with detrimental changes in attentional focus.

Hypothesis 3: Recurrent COVID-19 diagnosis will
be related to a more significant exacerbation of negative
affect and attentional focus disruptions than first-time
diagnosis.

1. Power Analysis

A power analysis was conducted using G*Power 3.1.9.4
to determine the required sample size to adequately
detect effects in the current repeated measures design.
Based on the parameters of 2 groups (COVID-19 diag-
nosis vs. no diagnosis), 2 time points (T1 and T2), a
medium effect size f of 0.25, an alpha of 0.05, and power
of 0.80, the recommended total sample size was 98 par-
ticipants. This sample size target was determined to
provide sufficient power to detect medium-sized differ-
ences between COVID-19 diagnosed and non-diagnosed
groups across the two timepoints on the key outcome
variables of negative affect and attention control. The ob-
tained sample of 151 participants exceeds this minimum
recommendation.

2. Study 1

2.1 Methods

2.1.1 Participants

This two-part study recruited undergraduate students
during COVID-19 lockdowns in Iran and Russia. In the
first phase (T1), 296 students (130 Female, mean age
24.88 years, SD 3.62) were recruited via word-of-mouth
and social media from March 1 to April 20, 2020, in Iran
and April 1 to May 15, 2020, in Russia. Participants
were assigned links to the study shared via QR codes,
email, and messaging platforms. Participants received a
random registration code.

2.2 Procedure

The study was conceived during early COVID-19 lock-
downs through meetings between the authors. Links to
the online study were disseminated via social media. In
T1, recruited participants completed demographic ques-
tions, DASS-21, and ATTC. Participants could withdraw
consent at any time.

2.2.1 Questionnaires and survey data

The demographic data collected in this research included
the initials of participants’ first and last names (e.g., JD
for John Doe), their age, gender (M/F), and whether
they had been diagnosed with COVID-19 at the time
of completing the questionnaire or before that date,
confirmed verbally that they were diagnosed via either
hospital test or PCR tests. The survey also captured
whether participants were willing to participate in a
follow-up study. If so, they were asked to provide contact
details such as an email address, phone number, or other
preferred method of communication for receiving the
follow-up forms.

Depression, Anxiety, and Stress Scale - DASS-21
The Depression, Anxiety, and Stress Scale-21 (DASS-21)
[19, 20] is a shortened version of the original 42-item
DASS developed by Lovibond and Lovibond (1995).
The DASS-21 contains three 7-item subscales measuring
symptoms of depression, anxiety, and stress. Brown et
al. (1997) suggested that the DASS-21 subscales align
with the tripartite model of anxiety and depression,
measuring low positive affect (DASS-Depression), phys-
iological hyperarousal (DASS-Anxiety), and negative
affect (DASS-Stress). The tripartite model proposes that
depression is characterized by low positive affect, anxi-
ety is characterized by physiological hyperarousal, and
negative affect is common to depressive and anxious
symptoms.

Attentional Control Scale - ATTC The Attentional
Control Scale (ATTC) [16] is a self-report questionnaire
designed to measure individual differences in the ability
to control attentional processes voluntarily. It consists
of 20 items assessing three aspects of attentional control,
including focusing, shifting attention between tasks, and
controlling thought flexibly. The items are scored on a
4-point scale from "almost never” to "always." Higher
scores indicate greater perceived attentional control.
The scale was found to have good internal consistency
and was negatively correlated with trait anxiety and
negative emotionality measures. It was also validated
against a task measuring the ability to inhibit dominant
response tendencies. This suggests that the Attentional
Control scale captures meaningful individual differences
relevant to emotion regulation and coping.

3. Study 2



3.1 Methods

3.1.1 Participants

To achieve the stated aims of investigating the effects of
COVID-19 diagnosis on attention and negative affect, lon-
gitudinal follow-up data were collected between April 1
to April 20, 2021, in Iran and October 28-November 15,
2021, in Russia. Invitations to complete the second sur-
vey were sent to 296 original study participants (T1) who
had indicated willingness for follow-up. Of these, 151
participants completed the second survey. Invitations
were distributed based on the preferred contact methods
provided initially. To confirm respondent identities, the
survey platform prompted participants to verify basic
information, including their initials (e.g., JD), age, and
previous COVID-19 diagnosis status (Y/N) from the first
study. After completing this identity confirmation step,
participants were directed to the complete follow-up sur-
vey. Figure 1 shows the Data checking form to continue
to the next step of study.

3.1.2 Procedure

The procedure of the following study was the same as
in study 1, but since our participants had already con-
firmed their demographics, they were asked to answer
whether they were diagnosed with COVID-19 again;
then, following this query, they were redirected to the
questionnaire pages.

3.1.3 Questionnaires and survey data
This section remained the same as the first study and we
did not imply any change to these sections.

4. Statistical Analysis

We used R code to calculate the total score, attentional
shift, and attentional focus based on the questionnaire
detail provided [16]. Since the main package lmsupport
had technical problems calculating varScore, we adopted
the varScore code from the main package and rerun it to
calculate the Attentional focus, shift and total attention
score See Appendix R code. Rest of data analysis were
done in Python using different packages.

5. Results

5.1 Study 1

In this stage, 296 participants completed the survey (130
females, 43.91% of the sample), with a mean age of
24.88(SD 3.62). Of these participants, 154 (52.03% of
the sample) reported being diagnosed with COVID-19,
while 142 (47.97%) reported no COVID-19 diagnosis.

5.1.1 DASS-21 and COVID Analysis

The data obtained for all participants, irrespective of
COVID-19 diagnosis, revealed a mean score of 11.97(SD
3.27) for DASS-D, 13.83(SD 4.65) on the DASS-A, and
9.25(SD 4.19) for DASS-S. Respected to the results based

on COVID-19 diagnosis showed differences across some
subscales, as presented in Table 1.

DASS-D DASS-S DASS-A
COVID Yes No Yes No Yes No
Mean 1256 11.34 1097 737 174 997
SD 363 269 433 309 1.69 3.62

Table 1. statistical descriptive analysis of DASS-21
Questionnaire

The data in Table 1 demonstrate that individuals
diagnosed with COVID-19 reported significantly higher
scores on all three subscales of the DASS-21 question-
naire compared to individuals not diagnosed with COVID-
19. Specifically, the COVID-19 group showed higher
mean levels of depressive symptoms (Mean=12.56, SD
3.63) than the non-COVID group (Mean=11.34, SD 2.69),
greater mean anxiety symptoms (COVID Mean=17.4,
SD 1.69; No COVID Mean=9.97, SD 3.62), and higher
mean stress levels (COVID Mean=10.97, SD 4.33; No
COVID Mean=7.37, SD 3.09). The difference between
groups was most pronounced for anxiety. Overall, these
results indicate that diagnosis of COVID-19 is associated
with greater severity of negative emotional symptoms,
especially anxiety, compared to those not diagnosed.

Pearson correlation analyses as shown in Table 2 re-
vealed significant positive associations between COVID-
19 diagnosis and scores on all three DASS-21 subscales,
including strong correlations with anxiety (r = 0.860,
p < 0.001) and moderate correlations with stress (r =
0.500, p < 0.001) and depression (r = 0.172, p < 0.01).
These results indicate that diagnosis with COVID-19 is
related to clinically significant increases in symptoms of
anxiety, stress, and depression, with the strongest corre-
lation emerging for anxiety. Additionally, the DASS-21
subscales were significantly intercorrelated, suggesting
comorbidity between negative emotional states. In par-
ticular, anxiety showed moderate correlations with both
depression (r = 0.164, p < 0.001) and stress (r = 0.421, p <
0.001). Taken together, these correlations provide robust
evidence that contracting COVID-19 may profoundly
impact mental health and underscore the need for psy-
chological services to address the anxiety, stress, and
depressive symptoms associated with this diagnosis.

COVID DASS-A DASS-D DASS-S
COVID 1
DASS-A 0.860*** 1
DASS-D  0.172*  0.164** 1
DASS-S  0.5007* 0.421**  0.56 1

*p <0.05, ** p <0.01, *** p <0.001

Table 2. Correlational table of COVID-19 and DASS
questionnaire



https://github.com/jjcurtin/arc_measures/raw/main/ATTC/ATTC.R
https://osf.io/zyw9a/?view_only=b9f274335fd243798168815ede56662c

VCSODRED

Data Check Form

Rogistration Humbses :
NCSCDRED

Rl Mo ;
]

Participamis Namse :

Figure 1. Demo of confirming data from participants were accessed with a link or access code; Diagnosed Subject:
Subject 1 means participants were already diagnosed with COVID; Data entered in this figure are sample data.

Also, to have a better understanding, we have per-
formed an ANOVA to have more detailistics. One-
way ANOVAs revealed significant effects of COVID-19
diagnosis on depression, anxiety, and stress as mea-
sured by the DASS. On the depression subscale, the
COVID-19 group had significantly higher scores than
the non-COVID group (F(1,294) = 8.98,p = 0.003,7* =
0.03). For anxiety, the COVID-19 group scored signifi-
cantly higher than the non-COVID group (F(1,294) =
834.30,p < 0.001,7* = 0.74). Similarly, the COVID-
19 group had significantly higher stress scores com-
pared to the non-COVID group (F'(1,294) = 98.00,p <
0.001,n? = 0.25). Overall, having a COVID-19 diagnosis
was associated with greater depression, anxiety, and
stress. Effect sizes were medium for depression and
stress and large for anxiety.

5.1.2 ATTC and COVID Analysis

Descriptive statistics were calculated for the Attentional
Control Questionnaire (ATTC) subscales, including At-
tentional focus (ATTC-F), Attentional shift (ATTC-SHI),
and Total Attentional Control (ATTC-Total) scores. The
analysis was conducted on data from 296 participants.
The mean ATTC-F score was 12.05 (SD 3.12), the mean
ATTC-SHI score was 13.70 (SD = 3.84), and the mean
ATTC-Total score was 25.75 (SD 5.02). It should be noted
that the Total score represents the cumulative total of
the AF and AS subscale scores. Table 3 provides these
descriptive results provide baseline ATTC scores on this
sample before examining differences based on COVID-19
diagnosis.

ATTC-F ATTC-SHI ATTC-Total

COVID  Yes No Yes No Yes No
Mean 11.81 1229 13.66 13.68 2546 25.96

SD 310 3.01 390 376 5.6 4.50

AF = ATTC Focus; AS = ATTC Shift; total = ATTC Total

Table 3. statistical descriptive analysis of the ATTC
Questionnaire

Table 3 displays the mean and standard deviation
for the Focus, Shift, and Total scores on the Attention
Control Scale (ATTC) for COVID-19 diagnosed and non-
diagnosed groups. The COVID-19 group showed slightly
lower mean Focus and Total ATTC scores compared to
the non-COVID group, indicating worse attention con-
trol. The Shift subscale means were nearly identical
between groups. Standard deviations were fairly similar
between groups across all ATTC subscales, suggest-
ing comparable variance. Overall, minimal differences
emerged between COVID-19 and non-COVID groups on
the attention control measure.

COVID ATTC-F ATTC-SHI Total
COVID 1
ATTC-F -0.10 1
ATTC-SHI  0.01 0.03 1
ATTC-Total -0.05 0.64%*  (0.78%* 1

*p <0.05, ** p <0.01, *** p <0.001

Table 4. Correlational table of COVID-19 and ATTC
questionnaire




Table 4 displays Pearson correlations between COVID-
19 diagnosis and scores on the Attention Control Scale
(ATTC) subscales and total score. No significant correla-
tions were found between COVID-19 status and any of
the ATTC scores. The ATTC Focus subscale showed a
strong positive correlation with the Total score (r = 0.64,
p < 0.001) as did the Shift subscale (r = 0.78, p < 0.001).
The Focus and Shift subscales were not significantly cor-
related. Overall, these results indicate no relationship
between COVID-19 diagnosis and performance on the
attention control measure. The significant intercorrela-
tions between the ATTC subscales provide evidence for
the validity of the scale.

One-way ANOVA showed no significant effect of
COVID-19 diagnosis on ATTC Focus scores, F'(1,294) =
2.75,p = 0.098. Similarly, no significant differences
between COVID-19 and non-COVID groups emerged
for either the Shift subscale, F'(1,294) = 0.04, p = 0.842,
or the Total ATTC score, F(1,294) = 0.78,p = 0.377.

Mean Focus scores were slightly lower in the COVID-
19 group (M = 11.81, SD = 3.10) compared to the non-
COVID group (M =12.29, SD = 3.01), with a small effect
size (n? = 0.01). Shift and Total score means and standard
deviations were highly similar between groups.

Overall, these results indicate that a diagnosis of
COVID-19 is not associated with significant differences
in performance on the Attention Control Scale or its sub-
scales. This suggests attention control is not substantially
impacted by COVID-19 status in this sample.

5.1.3 Discussion

The current study aimed to examine the impacts of
COVID-19 diagnosis on negative affect and attention
control. In line with Hypothesis 1, results revealed
that individuals diagnosed with COVID-19 reported
significantly higher levels of stress, anxiety, and depres-
sive symptoms compared to nondiagnosed individuals.
These findings align with previous research indicating
that contracting COVID-19 can profoundly impact men-
tal health due to factors like isolation, uncertainty, and
health concerns [6, 21].

Notably, the difference between diagnosed and non-
diagnosed groups was most pronounced for anxiety,
with a large effect size. This highlights that anxiety may
be particularly exacerbated by COVID-19, likely due
to fears over health and contamination [22, 23]. Given
the magnitude of these mental health impacts, provid-
ing psychosocial support and services to those facing
COVID-19 diagnosis appears critical.

In contrast to Hypothesis 2, COVID-19 diagnosis
did not correlate with significant disruptions in atten-
tional control based on the Attention Control Scale. The
groups showed minimal differences on focus, shifting,
and total attention control. This diverges from some
studies finding decrements in cognitive functioning like
attention in COVID-19 patients [24, 25]. However, others

have also found limited cognitive impact of COVID-19
[26], particularly for individuals with less severe illness
not requiring hospitalization[27]. Most participants in
the current study likely had relatively mild COVID-19,
which may explain the lack of attention control differ-
ences. Further research should examine links between
COVID-19 severity and attention abilities.

5.2 Study 2

In this study, 151 participants completed the survey (80
females, 52.98% of the sample), with a mean age of 24.88
years (SD 3.62). Of these participants, 64 (42.38% of the
sample) reported having been diagnosed with COVID-
19 again (recurrent COVID-19), while 87 (57.61% of the
sample) reported no new COVID-19 diagnosis.

5.2.1 DASS-21 and Re-COVID

descriptive statistics were conducted on DASS-21 sub-
scale scores for the entire sample, irrespective of COVID-
19 diagnosis. Results revealed a mean depression score
of 15.59 (SD 6.96), a mean anxiety score of 13.73 (SD 4.19),
and a mean stress score of 16.94 (SD 8.84). These provide
baseline DASS scores for the sample. As shown in Table
5, group differences emerged across the subscales. The
COVID-19 diagnosed group showed markedly higher
mean depression (M = 20.64, SD 4.21), anxiety (M =
16.84, SD = 2.16), and stress (M = 23.36, SD 5.67) scores
compared to the non-diagnosed group (depression: M =
8.72, SD 2.83; anxiety: M = 9.50, SD 1.97; stress: M =8.22,
SD 3.09).

DASS-D DASS-S DASS-A
COVID Yes No Yes No Yes No
Mean 20.64 872 2336 822 16.84 9.50
SD 421 283 5.67 3.09 216 1.97

Table 5. statistical descriptive analysis of DASS-21
Questionnaire

A Pearson correlation analysis was conducted to
assess the relationships between COVID-19 diagnosis
and scores on the DASS-21 subscales (Table 6). Results
revealed strong significant positive correlations between
COVID-19 diagnosis and depression (r = 0.849, p < 0.001),
anxiety (r = 0.869, p < 0.001), and stress (r = 0.849, p <
0.001). This indicates that a diagnosis of COVID-19 is
associated with considerably higher levels of negative
emotional symptoms across all three domains assessed
by the DASS-21.

Additionally, the DASS-21 subscales were intercorre-
lated, with the strongest correlations occurring between
anxiety and depression (r = 0.713, p < 0.001) and anxiety
and stress (r = 0.779, p < 0.001). These interrelationships
suggest a comorbidity between negative affective states,
which aligns with prior research on associations between
depression, anxiety, and stress. Overall, these robust



correlations provide further evidence that contracting
COVID-19 has profound detrimental impacts on mental
health, particularly anxiety.

COVID DASS-A  DASS-D  DASS-S

COVID  1.000

DASS-A 0.869***  1.000

DASS-D  0.849*** 0.713**  1.000
DASS-S  0.849** 0.779** 0.718***  1.000

*p <0.05 *p <0.01, ** p < 0.001

Table 6. Correlational table of COVID-19 and DASS
questionnaire

One-way ANOVA revealed a significant effect of
COVID-19 diagnosis on depression (DASS-D) scores,
F(1,149) = 385.09,p < 0.001,n%> = 0.72. Post-hoc
Tukey tests showed the COVID-19 group had signif-
icantly higher DASS-D scores than the non-COVID
group (p < 0.001). A significant effect of COVID-19
diagnosis was also found for anxiety (DASS-A) scores,
F(1,149) = 459.70,p < 0.001,n%> = 0.76. Post-hoc
tests indicated higher DASS-A scores in the COVID-
19 versus non-COVID group (p < 0.001). Similarly,
the COVID-19 group had significantly elevated stress
(DASS-S) scores compared to the non-COVID group,
F(1,149) = 385.38,p < 0.001,7? = 0.72. Post-hoc tests
confirmed this difference (p < 0.001).

5.2.2 ATTC and ReCOVID Analysis

Like the first study, we ran a descriptive statistics for At-
tentional Control Scale (ATTC) subscales. The mean for
whole population irrespective to COVID diagnosis for
ATTC-F was 11.76(SD 3.17), for ATTC-SHI was 17.93(SD
5.59), and for ATTC-Total was 29.70(SD 7.47). Table 7
shows Mean and SD for this study based on diagnosis.

ATTC-F ATTC-SHI ATTC-Total

COVID  Yes No Yes No Yes No
Mean 13.14 9.89 2155 13.02 34.69 2291
SD 293 244 339 402 471 4.63

AF = ATTC Focus; AS = ATTC Shift; total = ATTC Total

Table 7. statistical descriptive analysis of the ATTC
Questionnaire

Table 7 displays means and standard deviations for
the Focus, Shift, and Total subscale scores on the Atten-
tion Control Scale (ATTC) based on COVID-19 diagnosis
status. The COVID-19 diagnosed group showed higher
mean Focus M = 13.14, SD = 2.93), Shift (M = 21.55, SD
= 3.39), and Total (M = 34.69, SD = 4.71) ATTC scores
compared to the non-diagnosed group (Focus: M =9.89,
SD = 2.44; Shift: M = 13.02, SD = 4.02; Total: M =22.91,
SD = 4.63). This pattern suggests that individuals diag-
nosed with COVID-19 report better attentional control
abilities than non-diagnosed individuals in this sample.
Standard deviations were fairly similar between groups.

COVID ATTC-F ATTC-SHI Total
COVID 1.000
ATTC-F 0.508***  1.000
ATTC-SHI ~ 0.756***  0.409***  1.000
ATTC-Total 0.782***  0.730***  (0.922*** 1.000

*p < 0.05, " p < 0.01, **p < 0.001

Table 8. Correlational table of COVID-19 and ATTC
questionnaire

Pearson correlations were conducted between COVID-
19 diagnosis and scores on the ATTC subscales and total
(Table 8). Results showed significant moderate to strong
positive correlations between COVID-19 diagnosis and
Focus (r = 0.508, p < 0.001), Shift (r = 0.756, p < 0.001),
and Total (r = 0.782, p < 0.001) scores. This indicates that
COVID-19 diagnosis is associated with better attentional
control abilities as measured by the ATTC. Addition-
ally, the ATTC subscales were intercorrelated, with Shift
showing the strongest correlation with Total scores (r =
0.922, p < 0.001) and a moderate correlation with Focus
(r=0.409, p < 0.001). Focus and Total scores were also
strongly correlated (r = 0.730, p < 0.001). These interrela-
tionships provide evidence for the validity of the ATTC
in assessing attentional control.

One-way ANOVA showed a significant effect of
COVID-19 diagnosis on ATTC Focus scores, F'(1,149) =
51.89,p < 0.001,7*> = 0.26. The COVID-19 group
had significantly higher Focus scores than the non-
COVID group based on post-hoc tests (p < 0.001). A
significant difference between the COVID-19 and non-
COVID groups was also found for the Shift subscale,
F(1,149) = 199.32,p < 0.001,n? = 0.57. Post-hoc com-
parisons confirmed the COVID-19 group scored higher
(p < 0.001). Similarly, the COVID-19 group had signifi-
cantly elevated ATTC Total scores compared to the non-
COVID group, F(1,149) = 234.15,p < 0.001,72 = 0.61.
Post-hoc tests showed this difference was significant
(p < 0.001).

5.2.3 Discussion
The second study aimed to examine the impacts of
recurrent COVID-19 diagnosis on negative affect and
attention control. Aligning with Hypothesis 3, results
revealed that individuals diagnosed with COVID-19
again showed markedly higher depression, anxiety, and
stress compared to those without new diagnosis. This
builds on Study 1 by suggesting that recurrent COVID-
19 profoundly exacerbates negative emotions, rather
than mental health improvements occurring between
diagnoses. The cumulative toll of repeated isolation and
health uncertainties appears to worsen psychological
outcomes [20, 28].

Interestingly, recurrent diagnosis was associated with
enhanced attentional control, diverging from typical
medical condition cognitive declines. The COVID-19



group showed significant improvements across Focus,
Shift, and Total ATTC scores compared to the non-
diagnosed group. This contrasts Study 1 which found
no attentional impact of first COVID-19 diagnosis.

One potential explanation is that greater life disrup-
tions with recurrent diagnosis increased motivation and
effort for attentional control as an adaptive coping mech-
anism, studies such as [29] mentioned that exposure to
early caregiving instability can lead to both decrements
and enhancements in cognitive control, with potential
for adaptation. Also [30] showed that trait anxiety is asso-
ciated with increased attentional distraction, suggesting
a general enhancement of bottom-up processes involved
in motivational significance detection; [31] mentioned
that Recurrent stress may also have a beneficial effect on
cognitive performance in some individuals, potentially
inducing resilience.

These findings collectively support the idea that
greater life disruptions and recurrent diagnosis can in-
crease motivation and effort for attentional control as an
adaptive coping mechanism. Alternatively, attentional
enhancements may stem from COVID-19 neuroimmuno-
logical changes. Further research should explore these
possibilities.

6. Analysis of COVID-ReCOVID participants

To examine within-subjects changes across the two time
points, participants diagnosed with COVID-19 at both
T1 and T2 (n=87) were matched via their unique codes.
Descriptive statistics were calculated for this subset on
the DASS and ATTC measures at each time point.

As shown in Table 9, all DASS subscales evidenced
increases in mean scores from T1 to T2, reflecting wors-
ening negative affect over time. Specifically, depression
(DASS-D) increased from T1 (M=12.57, SD=3.84) to T2
(M=20.64, SD=4.21). Anxiety (DASS-A) changed min-
imally from T1 (M=17.57, SD=1.72) to T2 (M=16.84,
SD=2.16). Stress (DASS-S) showed the largest increase,
rising from T1 (M=11.05, SD=4.15) to T2 (M=23.36,
SD=5.67).

DASS-D DASS-S DASS-A

T1 T2 T1 T2 T1 T2
Mean 12,57 20.64 11.05 23.36 17.57 16.84
SD 3.84 421 415 5.67 1.72 2.16

Table 9. Descriptive Statistics for DASS Factors

In contrast, as shown in Table 10, ATTC means in-
creased from T1 to T2, indicating improvements in at-
tentional control over time. ATTC-F rose slightly from
T1 (M=12.02, SD=3.09) to T2 (M=13.14, SD=2.93). Larger
increases occurred for ATTC-SHI, from T1 (M=13.59,
SD=3.98) to T2 (M=21.55, SD=3.39), and ATTC-Total,
from T1 (M=25.61, SD=5.26) to T2 (M=34.69, SD=4.71).

ATTC-F ATTC-SHI Total

T1 T2 T1 T2 T1 T2
Mean 12.02 13.14 13.59 21.55 25.61 34.69
SD 3.09 293 398 339 526 4.71

Table 10. Descriptive Statistics for ATTC Factors

Taken together, these results demonstrate a pattern of
worsening mental health but enhanced attention control
across the two time points for individuals diagnosed
with COVID-19 at both T1 and T2.

Also, One-way repeated measures ANOVAs were
conducted on each DASS and ATTC variable to examine
changes from time 1 (T1) to time 2 (T2).

For ATTC-F, there was a significant effect of time,
F(1,86) = 5.96,p = 0.016,7%> = 0.03. The ATTC-SHI
subscale also showed a significant time effect, F'(1,86) =
201.96,p < 0.001,7% = 0.54, as did ATTC-Total scores,
F(1,86) = 143.83,p < 0.001,7% = 0.46.

Significant time effects were found for all DASS sub-
scales - Depression: F(1,86) = 174.28,p < 0.001,7* =
0.50; Anxiety: F(1,86) = 6.18, p = 0.014, 5% = 0.03; and
Stress: F'(1,86) = 266.68,p < 0.001,72 = 0.61.

Post-hoc Tukey tests indicated statistically significant
increases from T1 to T2 for ATTC-SHI, ATTC-Total, DASS-
D, and DASS-S. The differences between time points for
ATTC-F and DASS-A were not significant in the post-hoc
comparisons.

Overall, these results demonstrate significant worsen-
ing of depression, stress, and anxiety symptoms coupled
with improvements in attentional control abilities over
time for repeatedly COVID-19 diagnosed individuals.

6.1 Discussion

The within-subjects analysis examining participants di-
agnosed with COVID-19 at both time points provides
further insight into the impacts of recurrent diagno-
sis. Aligning with Hypothesis 3, the results demon-
strate a clear worsening of negative affect over time in
this subgroup. As shown in Table 9, all three DASS
measures increased from T1 to T2, although the in-
crease was less pronounced for anxiety. Repeated
ANOVA results revealed significant time effects for de-
pression (F(1,86) = 174.28,p < 0.001, 7% = 0.50), stress
(F(1,86) = 266.68,p < 0.001,7> = 0.61) and anxiety
(F(1,86) = 6.18,p = 0.014,7* = 0.03).

These findings indicate the cumulative toll of recur-
rent COVID-19 diagnosis, with multiple experiences
of isolation, health uncertainty, and other pandemic
impacts exacerbating mental health declines. This con-
trasts typical recovery patterns and underscores needs
for psychological support.

However, as shown in Table 10, attentional con-
trol improved over time in this subgroup, with sig-
nificant ANOVA time effects for the ATTC-SHI subscale



(F(1,86) = 201.96,p < 0.001,n? = 0.54) and Total score
(F(1,86) = 143.83,p < 0.001,n? = 0.46). Focus also
increased, though not significantly. This diverges as we
already discussed in Section 5.2.3 from typical medical
condition cognitive declines, suggesting attentional en-
hancements may act as an adaptive coping mechanism
against the distress of repeated COVID-19 diagnosis.
Alternatively, neuroimmunological changes could play
a role. Further research should clarify these mecha-
nisms and relationships between the worsening affective
symptoms and improvements in attention.

These within-subjects results provide robust evi-
dence that recurrent COVID-19 magnifies detrimen-
tal mental health outcomes but may simultaneously
sharpen attentional control capacities, though poor emo-
tional wellbeing could undermine any cognitive benefits.
Longitudinal data tracking patients across multiple di-
agnoses is needed to expand on these findings.

7. General Discussion

This research aimed to investigate the impacts of COVID-
19 diagnosis on negative affect and attention control, both
initially and with recurrence. Aligning with Hypothesis
1, Study 1 found that first-time COVID-19 diagnosis was
associated with significant exacerbations in depression,
anxiety, and stress compared to nondiagnosed individ-
uals, which this is align with studies like [6, 32, 33]
However, attention control was unaffected, diverging
from Hypothesis 2.

Study 2 provided initial evidence that recurrent
COVID-19 diagnosis further magnifies detrimental men-
tal health outcomes (Hypothesis 3), with participants
diagnosed again showing markedly worse depression,
anxiety, and especially high stress compared to those
without new diagnosis, this evidence is also aligned
with [34, 35]. Interestingly, recurrent diagnosis was
linked to enhanced attentional abilities, contrasting typ-
ical medical condition cognitive declines, though this
is not aligned with studies mainly, but also [36] have
shown the same results.

The within-subjects analysis offered additional in-
sights, demonstrating worsening of negative affect cou-
pled with improvements in attentional control from T1
to T2 for repeatedly diagnosed individuals. This pattern
indicates the cumulative toll of repeated COVID-19 diag-
nosis on mental health, while also suggesting attentional
enhancements may act as an adaptive coping response.

Overall, these findings highlight that both initial and
recurrent COVID-19 diagnosis profoundly impact psy-
chological wellbeing, with anxiety particularly affected.
Supporting mental health and providing psychosocial
services should be priorities amid this pandemic. How-
ever, the resilience of attention control abilities pro-
vides some reassurance regarding cognitive functioning.
Continued research tracking patients across multiple

diagnoses and clarifying mechanisms is warranted. Elu-
cidating relationships between worsening affect and
improved attention will inform interventions to sup-
port the full range of health impacts for those facing
COVID-19 reinfection.

8. Data Availability

Fully processed data cannot be shared sue to privacy
concerns but it is available due to reasonable request to
correspond author. Codes which are used for this work
are available, R code is available here, also Full python
codes is available here are available.

9. Limits of this study

While this study provides valuable initial evidence for
the psychological impacts of recurrent COVID-19 infec-
tion, the conclusions are restricted by limitations in the
samples and methods. The participants were exclusively
undergraduate students within narrow age ranges and
two specific countries. The generalizability of findings
to broader populations is therefore limited. Addition-
ally, the study relied solely on self-report measures and
lacked comparison groups to control for potential influ-
ences of pandemic-related stressors. The causes of the
observed changes also cannot be definitively attributed
to COVID-19 recurrence alone. Finally, the longitudinal
timeframe may have been insufficient to fully charac-
terize longer-term effects. Future research with more
diverse samples, objective measures, control groups,
and extended follow-up periods is needed to confirm
and expand on these preliminary results. Despite these
limitations, this study offers important first evidence
to motivate further investigation of cumulative impacts
with repeated COVID-19 infection.

10. Ethical Approvals and Consents

This study was conducted in accordance with the Decla-
ration of Helsinki, Online informed consent was obtained
from individuals who participated in this study
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