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Abstract

Background Long-term mental health outcomes of COVID-19 related exposures among healthcare workers remain
poorly characterized, particularly in Central Asia.

Methods We conducted a cross-sectional comparative study between June and August 2025 among 2715
healthcare workers. Participants completed validated measures of BAT-33, GAD-7, PHQ-9, and EQ-5D-5 L with EQ-VAS.
Main and interaction effects were examined by two-way ANCOVA and associations were decomposed into direct and
indirect components using path analysis with bootstrap confidence intervals.

Results COVID-19 infection was associated with higher burnout, while the COVID x Red Zone interaction was not
significant, indicating an additive pattern. In contrast, significant interactions were observed for anxiety, depression,
and quality of life, suggesting higher psychological symptoms among workers with dual exposure. Red Zone work
showed a statistically significant but small association with burnout. In mediation analyses, anxiety and depression
statistically accounted for 39.7% of the variance in burnout (R%), suggesting these affective states are strongly
associated associated with both pandemic-related exposures and burnout.

Conclusions Pandemic-related occupational and personal exposures remained statistically associated with mental
health outcomes among healthcare workers 3-5 years after COVID-19, with burnout showing an additive pattern and
anxiety and depression showing non-additive deviations. Within our sample, the dual-exposed subgroup showed
approximately 2-fold higher prevalence of clinically significant symptoms of anxiety and depression than unexposed
colleagues. These findings identify a subgroup that may warrant continued monitoring in future longitudinal research
with objective exposure verification, before specific clinical or policy recommendations can be advanced. This is
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among the first large-scale studies examining post-pandemic psychological outcomes among healthcare workers in

Central Asia.
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Background

The COVID-19 pandemic strained health systems world-
wide, with lasting psychological consequences for health-
care workers. Early estimates from the World Health
Organization suggest that up to 180,000 health and care
workers may have died from COVID - 19 in the first year
of the pandemic, and global surveys consistently docu-
ment high levels of stress, burnout, anxiety, and depres-
sion across the healthcare workforce [1]. The question is
not only whether psychological symptoms emerged dur-
ing the pandemic, but why they persist years later. One
likely contributor is post-acute COVID-19 sequelae,
fatigue, cognitive difficulties, and mood changes that
many patients continue to experience well after acute
infection [2]. Beyond biological effects, the occupational
context matters: repeated exposure to patient deaths,
moral distress from impossible resource decisions, and
sustained uncertainty about personal safety can exhaust
even robust coping systems. From a Conservation of
Resources perspective [3, 4], the problem is not sim-
ply that stressors were intense, but that the resources
depleted during the pandemic which are time to recover,
collegial support, sense of professional competence,
were never fully restored. When staffing shortages and
workload pressures continue post-pandemic, there is no
recovery window. Taken together, these factors suggest
that psychological consequences of the pandemic are
better understood as ongoing conditions than as delayed
reactions to a past event. Meta-analytic evidence indi-
cates that burnout, anxiety and depression affected more
than one-third of healthcare workers during the pan-
demic, raising concerns about workforce sustainability
and patient safety [5].

Burnout is closely linked to affective symptoms. Higher
burnout levels correlate strongly with heightened anxi-
ety and depression, and healthcare workers experiencing
burnout tend to score substantially higher on the GAD-7
and PHQ-9 compared with non-burnout peers [6]. These
patterns highlight the need for organizational responses
that reduce workload, strengthen institutional support,
and improve access to mental-health resources [7]. Effec-
tive responses require action at individual, organiza-
tional, and system levels [8].

Several theoretical perspectives help explain how
pandemic-related stressors may accumulate. The Job
Demands—Resources (JD-R) model proposes that burn-
out develops when job demands chronically exceed avail-
able resources [9, 10]. If Red Zone work and personal
COVID-19 infection contribute to a shared underlying

pathway (for example, cumulative resource depletion),
a non-additive pattern may be observed on the risk dif-
ference scale [11]. Conversely, if these exposures operate
through largely independent pathways, their combined
effect would approximate the sum of their separate
effects. Within a COR framework, dual exposure may
produce non-additive effects because each stressor fur-
ther depletes a resource base already compromised by
the other, amplifying strain beyond what either exposure
alone would generate [3, 4]. Given the novelty of exam-
ining this specific combination, interaction effects are
treated as an exploratory question rather than a confir-
matory test. Evidence from COVID-19 research suggests
that pandemic-related stressors may accumulate either
additively or interactively. For example, some studies
have found linear increases in emotional exhaustion with
a greater number of COVID-related stressors [12], con-
sistent with an additive pattern.

At the same time, stress-sensitisation models suggest
that prior or concurrent stress exposure can lower the
threshold for adverse affective responses to subsequent
stressors, so that simultaneous exposures may produce a
disproportionate, non-additive increase in psychological
symptoms [13, 14]. Respectively synergistic amplification
has been reported for occupational stressors during the
pandemic [15]. In this context, understanding whether
Red Zone work and personal COVID-19 infection exert
additive or non-additive effects is important for iden-
tifying vulnerable subgroups and planning prevention
strategies.

Red Zone work fits naturally within the JD-R frame-
work as an elevated job demand. Personal COVID-19
infection is less straightforward to situate in this model,
and we draw on Conservation of Resources theory [3]
to fill this gap. COR theory holds that psychological
strain arises not just from excessive demands, but from
the loss or threatened loss of valued resources. Con-
tracting COVID-19 represents a multi-layered resource
loss: physical health and energy are compromised dur-
ing illness; social connection is disrupted by quarantine;
professional confidence may falter if work capacity is
reduced; and uncertainty about long-term health may
sustain a state of chronic resource vigilance. Crucially,
COR theory predicts that resource losses compound
rather than simply accumulate, which means that early
losses reduce the individual’s capacity to protect remain-
ing resources, creating what Hobfoll termed a loss spi-
ral [4]. This suggests that workers exposed to both Red
Zone work and personal COVID-19 infection may face
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compounded strain exceeding what either exposure
alone would be expected to produce.

During the pandemic, healthcare workers were exposed
to multiple, often overlapping stressors. Occupational
exposures include direct patient care in COVID-19 units
(often designated as “Red Zones” requiring enhanced
personal protective equipment), heightened infection
risk, increased workloads, staff shortages, and moral
distress from witnessing patient suffering and death [16,
17]. Personal exposures encompass the experience of
contracting COVID-19 themselves, with attendant physi-
cal symptoms, recovery challenges, and psychological
aftermath.

Despite extensive research documenting elevated men-
tal health problems among healthcare workers during
COVID-19, less is known about how different types of
exposures -occupational versus personal-independently
and jointly affect psychological outcomes. Most studies
have examined these exposures in isolation or have sim-
ply compared frontline versus non-frontline workers [12].
However, recent evidence suggests that both COVID-19
related occupational stressors and personal infection his-
tory are independently associated with adverse mental
health outcomes such as insomnia, with potential addi-
tive or non-additive effects [18]. The question of whether
dual exposure-experiencing both personal COVID-19
infection and occupational Red Zone work-produces
cumulative stress effects that exceed those of single expo-
sures has not been systematically tested.

This is especially relevant in Central Asian countries
like Kazakhstan, where healthcare system resources were
strained during the pandemic, yet systematic research
on healthcare worker mental health remains limited.
Kazakhstan experienced a significant COVID-19 burden,
leading to intensive mobilization of the healthcare work-
force and the rapid conversion of facilities. The scale of
the crisis in the country placed enormous pressure on
local health services, requiring external organizational
support and adaptation, particularly in managing co-
morbidities like tuberculosis [19]. A recent multi-country
study of healthcare workers in Kazakhstan, Kyrgyzstan,
and Uzbekistan found that Kazakhstani healthcare work-
ers reported depression (13.8%), anxiety (19.2%), and
stress (5.1%) during the pandemic [20], which points to
considerable mental health burden in this workforce.
However, the specific contributions of different exposure
types-and their potential interaction-have not been sys-
tematically examined in this population. Beyond examin-
ing direct effects of pandemic exposures on burnout, we
also explored whether anxiety and depression are statis-
tically associated with both pandemic-related exposures
and burnout. The JD-R health impairment process [21]
suggests that sustained demands produce psychological
strain that often co-occurs with anxiety and depressive
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symptoms as well as with burnout, though the tempo-
ral ordering of these constructs cannot be established
without longitudinal data. This view is consistent with
research showing strong associations between affective
symptoms and burnout in healthcare workers [22]. We
recognize that these constructs are interrelated and that
bidirectional influences are plausible, so we treat this part
of the analysis as exploratory. Given the cross-sectional
design, the mediation analysis is intended to describe
patterns of association rather than to demonstrate causal
sequences. Clarifying how occupational and personal
COVID-19 exposures influence mental health is impor-
tant for identifying vulnerable subgroups and tailoring
preventive support. The aim of this study was to exam-
ine whether personal COVID-19 infection and Red Zone
work independently or jointly influence long-term psy-
chological outcomes among healthcare workers, and to
determine whether their combined effects are additive or
demonstrate statistical interaction.

Methods

Study design and participants

This was a cross-sectional comparative study based on
exposure status. Participants were classified into four
groups according to two naturally occurring binary
exposure variables (COVID-19 infection: yes/no, Red
Zone work: yes/no), forming a 2x2 exposure structure.
No experimental manipulation or random allocation
was performed. A factorial analytical framework was
applied to examine the independent (main) and com-
bined (interaction) effects of these exposure variables on
mental health outcomes. Such an approach is appropri-
ate in observational research when categorical predictors
define mutually exclusive groups. The four groups (Con-
trol, Red Zone Only, COVID Only, Both) emerged from
self-reported exposure histories. The “Control” group
comprised participants who reported neither COVID-
19 infection nor Red Zone work. Data were collected
between June and August 2025 via an online survey dis-
tributed through hospital administrators and nursing
supervisors across Kazakhstan.

Recruitment and sampling

The survey link was distributed through multiple chan-
nels to maximize geographic coverage. Invitations were
sent through hospital administrators and nursing super-
visors of healthcare institutions across Kazakhstan. The
link was also circulated through professional messag-
ing groups (e.g., WhatsApp and Telegram) and profes-
sional social media networks used by healthcare workers.
Because the survey was distributed through open pro-
fessional networks, the exact number of individuals who
received the invitation could not be determined; there-
fore, a precise response rate could not be calculated.
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Participants represented healthcare workers from mul-
tiple regions of Kazakhstan and from different types of
healthcare facilities, including hospitals and outpatient
clinics. As participation was voluntary, the sample should
be considered a convenience sample and may be subject
to self-selection bias. To reduce potential bias, the survey
invitation was distributed broadly through multiple insti-
tutional channels rather than targeting specific depart-
ments or exposure groups. Participation rates varied
across regions, which likely reflects differences in insti-
tutional engagement and local dissemination of the sur-
vey link. According to the national statistical yearbook
of the Ministry of Health, Kazakhstan employed 81,285
physicians and 190,644 nursing staff across all health-
care agencies in 2023, giving a total eligible workforce of
approximately 272,000 [23]. A total of 3,162 healthcare
workers accessed the survey, representing approximately
1.2% of this workforce. All healthcare workers currently
employed in clinical roles were eligible. The sample
therefore represents a voluntary convenience sample
rather than a stratified or probability sample.

Of 3,162 healthcare workers who accessed the sur-
vey (91.9% nurses, 8.1% physicians), 447 (14.1%) were
excluded for incomplete exposure data, yielding a final
sample of 2,715 (mean age 40.3 + 12.6 years; mean work
experience 15.6 + 12.7 years). This distribution reflects
the actual composition of the healthcare workforce
in Kazakhstan, where nurses constitute the majority
of clinical staff. Accordingly, findings should be inter-
preted primarily in the context of nursing professionals,
and generalizability to physicians should be approached
with caution. Sample size exceeded requirements for
two-factor ANOVA with small effect (n°=0.02, a = 0.05,
power=0.80), providing > 99% power [24].

Inclusion criteria: (1) currently employed in healthcare,
(2) aged>18 years, (3) worked during COVID-19 pan-
demic (2020-2022), (4) able to provide informed consent.
Exclusion criteria were incomplete responses on expo-
sure variables or logically inconsistent responses. Par-
ticipants were classified into four groups: (1) Control (no
Red Zone work, no COVID-19 infection; n=1,237); (2)
Red Zone Only (n=515); (3) COVID-19 Only (n=428);
(4) Both Exposures (n=535). Survey completion time
was approximately 15-20 min.

Questionnaire and measures

The measures used in this study are presented below,
grouped by their analytical role: the primary outcome
(burnout), the mediators (anxiety and depression), a
secondary outcome (health-related quality of life), and
covariates. All instruments were administered in vali-
dated Russian-language versions commonly used in
Kazakhstani healthcare settings and have been widely
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applied in prior psychological and occupational health
studies in the region [25-30].

Burnout Assessment Tool (BAT-33)

Occupational burnout was assessed using the 33-item
BAT [31, 32], available freely for research (www.burn-
outassessmenttool.be). The BAT-33 measures four
dimensions (exhaustion, mental distance, emotional
impairment, cognitive impairment) on 5-point scales (1
= never to 5 = always). For analysis, a mean total burn-
out score was calculated by averaging all 33 items (range
1-5), with higher values indicating greater burnout
severity. Internal consistency was excellent (Cronbach’s «
=0.97).

Generalized Anxiety Disorder scale (GAD-7) and Patient
Health Questionnaire (PHQ-9)

Anxiety and depression were measured using validated
versions of the GAD-7 [33] and PHQ-9 [34]. The GAD-7
comprises 7 items (range 0-21; cut-off > 10 for clinical
anxiety). The PHQ-9 comprises 9 items reflecting DSM-
IV criteria (range 0-27; cut-off > 10 for clinical depres-
sion), with higher scores indicating greater depression
severity. Internal consistency: GAD-7 o = 0.95, PHQ-9 «
=0.95.

Health-related quality of life (EQ-5D-5 L)

Health-related quality of life was assessed as a secondary
outcome using the EQ-5D-5 L. The EQ-5D-5 L was used
under a non-commercial license granted by the EuroQol
Research Foundation (User Agreement ID: 51AA2445-
3DEF-4A13-8AE4-4EBOA7CAFE7B) [35]. The instru-
ment comprises five levels (mobility, self-care, usual
activities, pain/discomfort, anxiety/depression), generat-
ing a Level Sum Score (LSS) and a Visual Analogue Scale
(EQ-VAS; 0-100). Previous studies have demonstrated
adequate psychometric performance of the EQ-5D-5 L
in healthcare professionals and in general population
samples [36—40]. Because no validated EQ-5D-5 L value
set currently exists for Kazakhstan, we calculated a LSS
by summing the five dimension levels (range 5-25; lower
scores indicating better health status). The LSS approach
preserves ordinal severity information without applying
preference weights derived from external populations.
Both EQ-LSS and EQ-VAS were analyzed as complemen-
tary indicators of health-related quality of life.

To evaluate applicability within our sample, we exam-
ined response distributions across dimensions and cal-
culated internal consistency of the five dimensions.
Cronbach’s o was 0.84 (95% CI: 0.83-0.85), and the
average inter-item correlation was 0.51. Response dis-
tributions demonstrated variability across severity levels
without evidence of extreme clustering. Detailed results
are provided in Supplementary Table S3.
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Statistical analysis

The analytical strategy followed a structured sequence
aligned with the study aims. First, two-way ANCOVA
was used to examine the independent and combined
effects of COVID-19 infection and Red Zone work on
continuous outcomes (burnout, anxiety, depression,
and quality of life), including tests of interaction effects.
Second, post-hoc pairwise comparisons (Tukey HSD)
were conducted to clarify differences between exposure
groups. Third, logistic regression models were used to
estimate the odds of clinically significant anxiety and
depression (GAD-7>10, PHQ-9210), providing a clini-
cally interpretable complement to the continuous analy-
ses. Finally, path analysis was used to examine whether
anxiety and depression statistically accounted for the
association between pandemic-related exposures and
burnout. All models were adjusted for age, sex, work
experience, education level, and profession.

Descriptive statistics were presented as mean+t SD
for continuous variables and n (%) for categorical vari-
ables. Group differences were examined using one-way
ANOVA (continuous outcomes) and x* tests (categori-
cal variables). Normality was assessed via histograms and
Q-Q plots; given the large sample size, parametric tests
were considered robust to moderate deviations from
normality. Post-hoc pairwise comparisons for one-way
ANOVA were performed using Tukey’s HSD correction.

To examine whether the combined effects of COVID-
19 infection and Red Zone work deviated from an
additive pattern, we conducted two-way analyses of
covariance (ANCOVA) models with interaction terms.
The interaction term tests whether the joint effect of
both exposures differs from the sum of their indepen-
dent effects. A statistically significant interaction indi-
cates deviation from additivity, whereas a non-significant
interaction is consistent with an additive pattern. To
facilitate interpretation of interaction effects, we calcu-
lated the expected additive mean for the dual-exposure
group as:

Madditive :Mcontrol + (MCOVID - Mcontrol)
+ (MRZ - Mcontrol) .

This calculation serves a descriptive and illustrative pur-
pose only and does not constitute a separate statistical
test; the formal test of non-additivity is provided by the
interaction term in the ANCOVA model.

The deviation from additivity was defined as the differ-
ence between the observed dual-exposure mean and the
additive prediction. Because the outcome variables were
continuous symptom scores rather than binary risk indi-
cators, epidemiological measures of additive interaction
(e.g., Synergy Index or Attributable Proportion) are not
typically applied to continuous symptom scales. Models
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were adjusted for age (mean-centered), sex, work experi-
ence (mean-centered), education level, profession (doctor
vs. nurse), and region of residence. These variables were
included as covariates to control for potential confound-
ing effects. Type III sums of squares with orthogonal con-
trasts were used to estimate main and interaction effects.
A significant COVID-19 x Red Zone interaction term
was interpreted as evidence of non-additive effects. Effect
sizes were expressed as partial eta-squared (np®), with
thresholds of 0.01 (small), 0.06 (medium), and 0.14 (large)
according to conventional guidelines [41]. Adjusted
ANCOVA models were estimated using complete-case
data. Three analytic samples were used depending on
data availability. Post-hoc pairwise comparisons (Table
4) used the full sample (N = 2,715). Adjusted ANCOVA
models (Table 3) excluded 71 participants (2.6%) with
missing covariate values, resulting in N = 2,644, adjusted
for age, sex, work experience, education level, profession,
and region of residence - the same covariate set as the
Logistic regression models (Table 5).

Binary logistic regression models were used to iden-
tify predictors of clinically significant anxiety (GAD-7
> 10) and depression (PHQ-9 > 10). Model coefficients
were estimated on the log-odds scale and exponentiated
to yield odds ratios (OR = exp(p)), which are reported
with 95% CI. Binary outcomes were defined using estab-
lished clinical cut-offs (GAD-7 > 10; PHQ-9 > 10) vali-
dated for identifying clinically significant anxiety and
depression symptoms [33, 34]. This categorical approach
complements analyses of continuous scores by enabling
estimation of the odds of clinically relevant anxiety and
depression. Burnout (BAT-33) and health-related quality
of life (EQ-5D-5 L) were not subjected to logistic regres-
sion because no universally accepted clinical cut-off
exists for the BAT-33 total score in this population, and
the EQ-5D-5 L LSS is an ordinal composite measure for
which binary categorisation would result in loss of infor-
mation without a clinically validated threshold.

Mediation analysis was conducted using path analysis
in lavaan (v0.6-20). Indirect effects were computed as
the product of constituent path coefficients and evalu-
ated using bias-corrected bootstrap confidence intervals
(2,000 resamples). We report unstandardized indirect
effects with percentile bootstrap 95% Cls, together with
standardized estimates (std.all) to facilitate interpreta-
tion. Path analysis coefficients in the results section refer
to standardized values unless specified otherwise. Model
estimation used maximum likelihood with robust stan-
dard errors where appropriate.

Anxiety and depression were modeled as parallel
mediators because both represent partially overlapping
but distinct affective constructs. Given the cross-sec-
tional design, no temporal precedence between anxiety
and depression could be established. Specifying a serial
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Table 1 Demographic characteristics of the study sample by exposure group

Group Control RZ Only COVID Only Both Total p - value

n 1237 515 428 535 2715

Age (Mean+SD) 364+129 428+11.1 438+123 442+10.8 403£126 <0.001

Years in healthcare (Mean +SD) 1174122 180+119 18.7+133 19.7+11.7 156+12.7 <0.001

Female, n (%) 1175 (95.0%) 486 (94.4%) 401 (93.7%) 486 (91.0%) 2548 (93.9%) 0.015

Married, n (%) 658 (53.2%) 312 (60.6%) 262 (61.2%) 320 (59.8%) 1552 (57.2%) 0.002

Higher education (Bachelor+, n (%)) 209 (16.9%) 104 (20.2%) 131 (30.6%) 182 (34.0%) 626 (23.1%) <0.001

Region

South, n (%) 1190 (96.2%) 480 (93.2%) 397 (92.8%) 471 (88.0%) 2538 (93.5%) <0.001

North/East, n (%) 28 (2.3%) 20 (3.9%) 30 (7.0%) 42 (7.9%) 120 (4.4%) <0.001

West, n (%) 19 (1.5%) 15 (2.9%) 1(0.2%) 22 (4.1%) 57 (2.1%) 0.008

Profession <0.001

Nurse, n (%) 1183 (95.6%) 493 (95.7%) 358 (83.6%) 457 (85.4%) 2491 (91.7%)

Doctor, n (%) 54 (4.4%) 22 (4.3%) 70 (16.4%) 78 (14.6%) 224 (8.3%)

Table 2 Burnout, Depression, Anxiety, and Quality of Life by Exposure Status (N=2,715)

Outcome Control (n=1,237) RZOnly (n=515) COVID Only Both (n=535) F P np>
M+SD M+SD (n=428)M+SD M+SD

BAT-33 Burnout 1.67+£0.68 1.72£0.69 1.85+0.74 1.96+091 21.29 <0.001 0.023

GAD-7 Anxiety 291+£4.30 2.86+4.13 4.14+497 5.08+5.87 32.01 <0.001 0.034

PHQ-9 Depression 3.72+533 3.37+4.93 498=+557 6.05+£6.76 28.60 <0.001 0.031

EQ-5D-5L LSS 6.70£3.01 6.39£2.39 7.15+2.80 7951419 26.58 <0.001 0.035

EQ-VAS QoL 76.14+23.18 78.98+23.09 73.19+22.60 71.50+£22.85 11.00 <0.001 0.014

mediation model would therefore imply causal ordering
not supported by the data.

We note that cross-sectional mediation cannot estab-
lish temporal ordering or test causal pathways [42]. The
analysis therefore serves to decompose observed asso-
ciations into direct and indirect components, providing
descriptive information that may guide future longitudi-
nal research.

All analyses were conducted in R (version 4.4) using the
dplyr, rstatix, lavaan, and gt packages. Two-tailed p <.05
was considered statistically significant.

Results

Table 1 summarizes the main characteristics of the
2,715 participants. The sample consisted of 2,491 nurses
(91.7%) and 224 physicians (8.3%), with physicians more
frequently represented in the COVID-infected groups
(e.g., 16.4% in COVID Only vs. 4.4% in Control; p <
.001). The Control group was the youngest (36.4+12.9
years), while the RZ Only, COVID Only, and Both groups
were older (42.8+11.1; 43.8+12.3; and 44.2 +10.8 years,
respectively). Women comprised the majority across all
categories (91.0-95.0%). Work experience followed the
same pattern: 11.7+12.2 years in the Control group ver-
sus 18.0—19.7 years in the exposure groups. Married par-
ticipants were less common in the Control group (53.2%)
compared with the exposure groups (59.8-61.2%).
Higher education was also more frequent among exposed
workers, rising from 16.9% in the Control group to 34.0%

among those with both exposures. Most respondents
were from the South (88.0-96.2%), but the proportion
from the North/East and West was higher in the Both
group (7.9% and 4.1%).

Table 2 shows clear differences in mental health indica-
tors across the four exposure groups. Burnout (BAT-33)
was lowest in the Control group (1.67 +0.68) and gradu-
ally higher in the COVID Only (1.85+0.74) and Both
groups (1.96+0.91), with a smaller change in the RZ
Only group (1.72+0.69; F=21.29, p < .001). Anxiety and
depression showed a comparable gradient. Participants
with both exposures reported the highest levels (GAD-
7: 5.08+5.87; PHQ-9: 6.05+6.76), approximately 1.5-2
times higher than in the Control group. Health-related
quality of life showed a parallel trend. On the EQ-5D-5 L
LSS, the both group reported more problems (7.95 + 4.19)
compared with the Control group (6.70+3.01; F=26.58,
p < .001). Internal consistency of the EQ-5D-5 L dimen-
sions was good (Cronbach’s a=0.84; 95% CI: 0.83-0.85)
(Table S4). Response distributions demonstrated variabil-
ity across severity levels, without extreme clustering at
higher severity categories. EQ-VAS scores were lowest in
the dual-exposure group (71.50+22.85) compared with
the control group (76.14 +23.18), with significant differ-
ences across groups (F=11.00, p < .001).

Post-hoc tests showed the Both groups differed most
consistently from the other groups. Its burnout scores
were significantly higher than those of the Control and
RZ Only groups (both p < .001) and moderately higher
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than the COVID Only group (p = .019). The RZ Only and
Control groups did not differ (p = .246). Full pairwise
comparisons, including CI and effect sizes, are available
in Supplementary Table S1.

Table 3 presents the adjusted main effects of COVID-
19 infection and Red Zone work after controlling for age,
sex, work experience, education level, profession, and
region. Personal COVID-19 infection showed consis-
tent associations across outcomes, with significant main
effects for burnout, anxiety, depression, EQ-5D-5 L LSS,
and EQ-VAS (all p < .001). Effect sizes were small but
consistent. The independent effect of Red Zone work was
limited. After adjustment, it remained statistically sig-
nificant for burnout (p = .016) and EQ-5D-5 L LSS (p =
.045), but effect sizes were small (np* ~ 0.002). Red Zone
work was not significantly associated with depression or
EQ-VAS.

Three of five outcomes showed significant COVID
x RZ interactions after adjustment (LSS: F=16.74, p <
.001, np? = 0.006; PHQ-9: F=6.71, p = .010, np® = 0.003;
GAD-7: F=4.32, p = .038, np” = 0.002), indicating that
dual exposure was associated with worse outcomes than
expected under an additive pattern for several mea-
sures. The interaction for EQ-VAS was not statistically
significant after adjustment (F=3.02, p = .082). Burnout
remained the sole outcome without a significant interac-
tion (F=0.39, p = .532), consistent with an additive pat-
tern for that domain.

Table 4 presents pairwise comparisons across all out-
comes. A consistent pattern emerged: the RZ Only group
did not differ significantly from the Control group on any
outcome (all p > .086, all |d| < 0.12), whereas the Both
and COVID Only groups showed significantly elevated
symptom levels compared with Control on burnout,
anxiety, and depression (all p < .001). The Both group dif-
fered significantly from the COVID Only group on anxi-
ety (p = .012), depression (p = .018), and EQ-5D-5 L LSS
(p < .001), indicating that dual exposure was associated
with worse outcomes than COVID-19 infection alone.

Figure 1 illustrates the pattern of additive and non-
additive effects across outcomes, complementing the
formal interaction tests reported in Table 3. For burnout
(BAT-33), mean scores increased with each exposure;
however, the COVID x Red Zone interaction was not sta-
tistically significant. The observed dual-exposure mean
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(M =1.96) was close to the additive prediction (M =1.90),
indicating an additive pattern. For anxiety and depres-
sion, positive deviations from additivity were observed.
For GAD-7, the dual-exposure group (M =5.08) exceeded
the additive prediction (M =4.10) by nearly one point
(+0.98), consistent with a significant interaction. A simi-
lar pattern emerged for PHQ-9, where the observed
mean (M =6.05) was higher than the predicted additive
value (M=4.63), yielding a deviation of +1.42-points
from the additive prediction. For quality of life (EQ-
5D-5 L LSS), the dual-exposure group also exceeded the
additive prediction (M =7.95 vs. 6.84), with a deviation
of 1.11 points, corresponding to a significant interaction
(F=16.74, p<.001).

Table 5 presents logistic regression models predicting
clinically significant anxiety (GAD-7>10) and depres-
sion (PHQ-9>10). Prior COVID-19 infection was the
strongest independent predictor for both outcomes
(Anxiety: OR=2.33, 95% CI: 1.74-3.11, p < .001; Depres-
sion: OR=1.89, 95% CI: 1.44-2.49, p < .001). Profession
showed a strong independent association, with nurses
demonstrating significantly lower odds of both anxi-
ety (OR=0.33, 95% CI: 0.20-0.54, p < .001) and depres-
sion (OR=0.48, 95% CI: 0.30-0.77, p = .002) compared
with physicians. Older age showed a modest protective
association with both outcomes (OR=0.97, p = .001 for
anxiety; OR=0.96, p < .001 for depression). Female sex,
work experience, and higher education were not signifi-
cantly associated with either outcome after full adjust-
ment. Red Zone work was not significantly associated
with either outcome (p = .142 for anxiety; p = .508 for
depression). Region of residence was significantly associ-
ated with depression but not with anxiety. Model perfor-
mance was acceptable (Nagelkerke R* = 0.149 for anxiety;
R? = 0.127 for depression), consistent with expectations
for population-based epidemiological models predicting
clinical thresholds from exposure and sociodemographic
variables. Overall, 253 participants (9.7%) met criteria
for clinically significant anxiety (GAD-72>10) and 291
(11.1%) for clinically significant depression (PHQ-9 >10).

Figure 2 presents the mediation model with stan-
dardised path coefficients. Table 6 summarises indi-
rect and total effects with unstandardised estimates and
bootstrap confidence intervals. Direct path coefficients
are provided in Supplementary Table S2. After including

Table 3 Two-way ANCOVA: Adjusted Main and Interaction Effects of Red Zone Work and COVID-19 Infection (N=2,644) (Adjusted for
age (mean-centered), sex, work experience (mean-centered), education level, profession, and region)

Outcome Main Effect: COVID-19 Infection

Main Effect: Red Zone Work Interaction: COVID x Red Zone

BAT-33 Burnout
GAD-7 Anxiety
PHQ-9 Depression
EQ-5D-5L LSS
EQ-VAS Quality of Life

F=29.26,p <.001,np*=0011
F=55.79,p < .001,np>=0.021
F=51.25p<.001,np*=0.019
F=4379,p < .001,np>=0016
F=3432,p<.001,np’=0013

F=577,p=.016,np*=0.002
F=6.00,p =014, np* = 0.002
F=2.90,p=.088, np*=0.001
F=401,p =045, np* = 0.002
F=021,p =649, np’ < 0.001

F=039,p=.532,np*< 0.001
F=432,p=.038 np>=0.002
F=6.71,p=.010,np* = 0.003
F=16.74,p < .001, np? = 0.006
F=3.02,p=.082,np’=0.001
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Table 4 Post-hoc pairwise comparisons (Tukey HSD) across all outcomes

EQ-VAS

-4.64 [7.70,-158]
d=-020 p<.001

EQ-5D LSS

PHQ-9 (Depression)
2.33[1.58,3.07]1 d

GAD-7 (Anxiety)

2.17[154,279] d

BAT-33 (Burnout)

Comparison

037 p < .001

0.25[0.17,033] d

040 p < 001

045 p < 001

036 p <.001

0.29[0.21,037] d

Both vs. Control

748[-11.13,-3.83]
d=-033 p<.001
169 [-5.52, 2.15]

=045 p < 001
d

0.311[0.21,041] d

045 p < .001

268(1.79,357]1 d

043 p < .001

2.21[146,296] d

030 p <.001

0.2410.15,033] d

Both vs. RZ Only

022 p < .001

0.16 [0.06,0.26] d

017 p=.018

=012 1.06[0.13,2.00] d=

017 p

0.93[0.15,1.72] d

013 p=.019

0.11[0.01,021] d

Both vs. COVID Only

=.670

-0.07 p

(2026) 26:3177

-2.95[-6.27,0.37]
d=-013p

0.15 p= 051

0.09[0.00,0.18] d

023 p <001

1.26 [0.45,2.07] d

028 p <001

1.23[0.55,1911 d

026 p <001

0.18[0.10,0.26] d

COVID Only vs. Control

101

-5.79 [-9.66, -1.92]
d=-025 p<.00]1

029 p=.001

0.15[0.05,0.26] d

031 p < .001

1.62 [0.68,2.56] d

=.001 1.28[0.48,2.07] d=0.28 p <.001

0.19 p

COVID Only vs.RZ Only  0.13[0.04,0.22] d

2.84[-0.26,5.94]

d

-0.06 [-0.15,0.02] d=-0.11 p=.255

622

-0.36[-1.11,040] d =-007 p

998

-0.05 [-0.68,0.59] d=-0.01 p

007 p=.246

0.05[-0.02,0.12] d

RZ Only vs. Control

0.12 p=.086

Mean differences (MD) with 95% Cl, Cohen’s d, and adjusted p-values are reported. Values reflect corrected post-hoc contrasts following one-way ANOVA
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both mediators, neither COVID-19 infection nor Red
Zone work showed a significant direct association with
burnout (COVID-19: std.p=0.020, p=.233; Red Zone
work: std.p=0.027, p=.094). These results indicate that
the associations between pandemic-related exposures
and burnout are accounted for by anxiety and depression
rather than by direct effects.

We identified significant indirect pathways through
both mediators (Table 6). For COVID-19 infection,
path a indicated higher anxiety (std. B=0.185, p < .001)
and depression (std.f=0.176, p < .001). Path b showed
that both anxiety (std.p=0.406, p < .001) and depres-
sion (std.p=0.237, p < .001) were strong predictors of
burnout. These paths yielded a significant indirect effect
of COVID-19 infection on burnout (B=0.184, 95% CI
0.143-0.228; std.p=0.117), with anxiety contributing
more strongly than depression. For Red Zone work, the
indirect effect was smaller but statistically significant
(B=0.041, 95% CI 0.007-0.078; std.}=0.027), driven
primarily by anxiety (std.p=0.019), while the pathway
through depression was not significant (std.p=0.007,
p = .133). These findings indicate that both exposures
are indirectly associated with burnout through elevated
psychological symptoms, although personal COVID-19
infection shows a substantially stronger indirect asso-
ciation than Red Zone work. The mediation model was
specified as a fully observed path model without latent
constructs. Because all structural paths and the covari-
ance between mediators were freely estimated, the model
was just-identified (df=0). Consequently, global fit indi-
ces were perfect by definition (CFI=1.00, TLI=1.00,
RMSEA =0.00, SRMR =0.00) and are not informative in
this context. Model evaluation therefore focused on path
coefficients and bootstrap confidence intervals.

Taken together, these findings suggest that anxiety and
depression are strongly associated with both pandemic-
related exposures and burnout. Because of the cross-
sectional design, these mediation findings should be
interpreted as statistical decomposition of associations
rather than evidence of temporal causality.

Discussion

This study examined how personal COVID-19 infec-
tion and Red Zone work were associated with burnout,
anxiety, and depression among healthcare workers in
Kazakhstan 3-5 years after the onset of the pandemic.
We found that both exposures were associated with ele-
vated psychological symptoms, consistent with the health
impairment process described in the JD—R model. The
combined effects on burnout followed an additive pat-
tern. In contrast, anxiety and depression demonstrated
significant positive deviations from additivity. Workers
exposed to both factors reported higher symptom levels
than expected from independent effects. In mediation
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Panel B. Anxiety (GAD-7)
Interaction: F =4.32, p = 0.038 -
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Fig. 1 Comparison of observed and expected values for selected outcomes under an additive model of COVID-19 infection and Red Zone work. Ex-
pected values represent the sum of independent effects of each exposure under an additive assumption. Deviations of observed values from expected
values indicate non-additive (interaction) effects. This figure complements, but does not replace, the formal interaction tests reported in Table 3. Synergy
estimates are based on observed group means and are presented for illustrative purposes. All four outcomes are shown to allow comparison of additive

and non-additive patterns across domains

Table 5 Predictors of Clinical Anxiety (GAD-7 > 10) and Depression (PHQ-9> 10): Logistic Regression (N=2,644)

Predictor Anxiety OR [95% Cl] p Depression OR [95% Cl] p
Female (1=vyes) 0.99 [0.60, 1.65] 0.984 0.75[047,1.18] 0217
Age (years) 0.97[0.94,0.99] 0.001 0.96 [0.94, 0.98] <0.001
Work experience 1.01[0.99, 1.03] 0.347 1.02 [1.00, 1.04] 0.131
Higher education 1.161[0.79,1.71] 0438 1.31[0.93,1.85] 0.127
Profession 0.33[0.20,0.54] <0.001 0.481[0.30,0.77] 0.002
Had COVID-19 (1 =vyes) 2.33[1.74,3.11] <0.001 1.89 [1.44, 2.49] <0.001
Worked in red zone (1 =yes) 1.24[0.93, 1.64] 0.142 1.09[0.84, 1.43] 0.508
Region 0.70[0.48,1.02] 0.064 0.69[0.48,0.99] 0.041
Model Fit Nagelkerke R? = 0.149; AIC=1568.8 Nagelkerke R> = 0.127; AIC=1754.6

Outcome prevalence Anxiety 253 (9.7%)

Depression 291 (11.1%)

analyses, anxiety and depression accounted for 39.7% of
the variance in burnout.

To situate our findings against international evidence,
we compared symptom levels with published reports
from a Dutch longitudinal cohort of healthcare workers
(Lavell et al., 2025), which assessed mental health using
the same instruments (PHQ-9, GAD-7) and reported
subgroup-specific scores by SARS-CoV-2 exposure sta-
tus. In the Dutch cohort, mean PHQ-9 scores ranged
from 4.45 (95% CI: 4.07-4.84) in SARS-CoV-2-naive
workers to 5.54 (95% CI: 4.69-6.39) in those working in
COVID-19 wards at the December 2021 pandemic peak,
while mean GAD-7 scores ranged from 3.62 (95% CI:
3.28-3.97) in naive workers to 4.52 (95% CI: 3.78-5.25)
in ward workers. The overall mean scores in our sam-
ple (PHQ-9 = 4.36; GAD-7 = 3.55) closely matched the

Dutch values for SARS-CoV-2-naive workers and base-
line pre-peak levels. However, the mean scores in our
dual-exposed subgroup (PHQ-9 = 6.05; GAD-7 = 5.08)
exceeded the peak pandemic values observed in Dutch
COVID-19 ward workers, despite being measured 3-5
years after the acute phase. With respect to burnout,
the mean BAT total score in our overall sample (M =
1.76 per item, BAT-33) was lower than values reported
in representative healthy European working populations
using the BAT-23 (pooled Netherlands, Belgium, and
Finland: M = 2.10, SD = 0.67; Schaufeli et al., [43]) and
in a multi-country sample from Australia, the Nether-
lands, South Africa, and the United States (M = 2.52, SD
= 0.62; Redelinghuys & Morgan, [44]). The mean score in
our dual-exposed subgroup (M = 1.96) was comparable
to that observed in Italian healthcare workers during the
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Fig. 2 Parallel mediation model (path analysis) showing the pathways through which COVID-19 infection and Red Zone work influence burnout via anxi-
ety (GAD-7) and depression (PHQ-9). Values on the paths are standardized coefficients. The model includes the covariance between the two mediators
(GAD-7 « PHQ-9). Significance levels: ***p <.001, **p <.01, *p<.05. Solid arrows indicate statistically significant paths (p <.05), whereas dashed arrows
represent non-significant paths. Arrow direction represents the hypothesized relationships specified in the mediation model

Table 6 Indirect and total effects of COVID-19 infection and Red Zone work on burnout (BAT-33). Unstandardized estimates,
standardized coefficients (3), and percentile bootstrap 95% confidence intervals (2,000 resamples) are reported

Predictor Effect type Estimate (unstd) Std. B 95% Cl (unstd) p-value

COVID-19 infection Indirect (total) 0.184 0.117 0.143-0.228 <0.001
Via Anxiety 0.118 0.075 0.087-0.155 <0.001
Via Depression 0.066 0.042 0.044-0.092 <0.001
Direct 0.031 0.020 -0.019-0.085 0.233
Total effect 0.215 0.137 0.153-0.283 <0.001

Red Zone work Indirect (total) 0.041 0.027 0.007-0.078 0.023
Via Anxiety 0.030 0019 0.007-0.054 0013
Via Depression 0.011 0.007 -0.002-0.027 0.133
Direct 0.041 0.027 -0.006-0.091 0.094
Total effect 0.083 0.053 0.023-0.144 0.007

pandemic using the BAT-12 (adjusted M = 1.98; [45]).
Direct numerical comparison across these studies should
be interpreted cautiously, as the BAT-23 and BAT-12
differ from the BAT-33 used here in item composition.
Prevalence comparisons with other healthcare-worker
cohorts further situate our findings within the interna-
tional context.

Our findings sit between the lower symptom preva-
lence reported in European HCW cohorts and the higher
levels documented in Sub-Saharan African settings (e.g.,
Otai et al.,, reported anxiety prevalence of 27.3% and
depression prevalence of 57.6% among Ugandan health-
care workers during the pandemic) [46]. This intermedi-
ate position likely reflects the broader healthcare system
context of Kazakhstan, while the differential pattern

between our exposure subgroups remains the central
empirical contribution of this study.

One aspect of our results is that burnout followed an
additive pattern, while anxiety and depression showed
positive deviations from additivity. We propose that dif-
ferences in measurement windows may contribute to
this divergence, although alternative explanations involv-
ing distinct underlying mechanisms cannot be excluded.
Burnout, as captured by the BAT-33, is understood as a
chronic syndrome that develops gradually through the
cumulative accumulation of occupational stressors over
months and years [31]. By its construction, this mea-
sure already integrates the temporal averaging of expo-
sures, which may explain why the contributions of two
stressors operating through partially distinct mecha-
nisms (Red Zone work as an occupational demand,
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and personal COVID-19 infection as a personal health
stressor) summed approximately additively. In contrast,
the GAD-7 and PHQ-9 assess affective symptoms over
the preceding two weeks [33, 34, 47] and are therefore
more sensitive to the current state of an individual’s cop-
ing resources at the time of measurement. When coping
reserves are already partially depleted by one stressor, the
addition of a second stressor may produce a dispropor-
tionate increase in acute affective symptoms, in accor-
dance with stress-sensitisation models proposing that
prior stress exposure lowers the threshold for adverse
affective responses to subsequent stressors [13, 14].
Under this interpretation, the divergent statistical pat-
terns are not theoretically contradictory but reflect that
burnout integrates stressors over a long temporal win-
dow, whereas current affective symptoms reflect more
immediate resource availability. We emphasise that this
account is a post-hoc theoretical interpretation rather
than a confirmatory test, and that the cross-sectional
design does not allow direct examination of temporal
dynamics.

In adjusted models, Red Zone work showed limited
independent associations with outcomes. We did not col-
lect data on the duration, frequency, or intensity of Red
Zone assignments, which precludes interpretation of the
underlying mechanism.

The statistical decomposition indicated that anxi-
ety and depression were strongly associated with both
pandemic-related exposures and burnout, and that a
substantial portion of the exposure—burnout associa-
tion co-occurred with these affective symptoms. This is
consistent with prior research showing strong associa-
tions between affective symptoms and burnout among
healthcare workers [37, 48]. Because of the cross-sec-
tional design, these constructs are best characterised as
interrelated psychological states rather than as tempo-
rally ordered components. Several interpretations of this
pattern remain plausible: anxiety and depression may co-
occur with burnout, burnout may contribute to anxiety
and depression rather than resulting from them, or these
constructs may influence each other bidirectionally over
time. In our mediation model, anxiety and depression
statistically accounted for 39.7% of the variance in burn-
out (R?). Longitudinal research is needed to clarify the
temporal direction of these associations.

The regional literature from Kazakhstan and Central
Asia provides important context for interpreting the mag-
nitude of psychological burden observed in our sample.
Although healthcare worker mental health has received
increasing research attention globally, few studies have
focused on this region. Seisembekov et al. reported that
37.4% of healthcare workers experienced additional
workload during the pandemic, while approximately one
quarter indicated overtime work and insufficient staffing
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[20]. Additionally, Bolatov et al. (2025) documented sub-
stantial occupational burnout among healthcare workers
across Central Asian healthcare systems, linking burn-
out to high workload, unfavorable work environments,
and pandemic-related stressors such as social stigma
and lack of appreciation [7]. Evidence from Kazakhstan
shows heightened levels of anxiety and depression dur-
ing the pandemic [49], and WHO reports describe sig-
nificant emotional strain among the country’s healthcare
workforce [50]. For example, research among emergency
medical personnel in eastern Kazakhstan identified ele-
vated levels of anxiety, depression, and insomnia among
medical staff [51]. Additional research conducted among
hospital nurses in Kazakhstan reported that nearly two-
thirds of respondents (61.9%) exhibited signs of burnout,
highlighting the substantial psychological burden experi-
enced by nursing staff in clinical settings [52]. Similarly,
studies conducted among frontline healthcare workers
during the COVID-19 pandemic found that insufficient
financial support was associated with higher levels of
burnout, depression, and anxiety, highlighting the role of
structural and organizational factors in shaping health-
care workers’ well-being [53]. Notably, our adjusted mod-
els showed that participants from southern regions had
lower odds of depression but not of anxiety. These asso-
ciations should be interpreted cautiously: the sample was
heavily concentrated in the southern region (93.5%), and
the observed regional effects may largely reflect underly-
ing sample composition rather than true geographic dif-
ferences in mental health. As shown in the international
comparisons above, our overall symptom prevalence is
broadly consistent with post-pandemic estimates among
healthcare workers in other settings. Within our sample,
however, the dual-exposed subgroup showed approxi-
mately 2-fold higher prevalence of clinically signifi-
cant anxiety and depression compared with the Control
group. This differential pattern between exposure sub-
groups represents the principal empirical contribution of
our study, identifying a subgroup of healthcare workers
who report substantially elevated psychological symp-
toms relative to colleagues without these exposures.

That psychological symptoms appear elevated in spe-
cific exposure subgroups 3-5 years after the pandemic
onset suggests that short-term, acute-phase interven-
tions alone may be insufficient for these workers. Our
findings indicate that workers reporting both personal
COVID-19 history and Red Zone deployment represent
a subgroup that warrants continued monitoring and
further longitudinal investigation, rather than serving
as a basis for immediate reallocation of limited mental
health resources. Because anxiety, depression, and burn-
out were strongly interrelated in our sample, interven-
tions addressing affective symptoms may also be relevant
to burnout. Future longitudinal studies using objective
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exposure verification are needed before specific prioriti-
zation recommendations can be substantiated.

This study has several limitations. First, the cross-sec-
tional design does not allow determination of tempo-
ral relationships between exposures and outcomes. In
particular, it cannot be established whether anxiety and
depressive symptoms preceded burnout or emerged as
consequences of occupational strain. Second, although
analyses adjusted for several demographic and occupa-
tional variables, residual confounding cannot be fully
excluded. Factors such as workplace support, institu-
tional policies, or pre-existing mental health conditions
were not directly measured and may have influenced
the observed associations. Hospital type and shift char-
acteristics were not collected and could not be included
as covariates, which represents an additional source of
residual confounding. Third, the use of convenience sam-
pling through open professional networks introduces
potential selection bias. Because participation was vol-
untary and the response rate could not be calculated,
healthcare workers who self-selected into the study may
differ systematically from non-respondents on character-
istics related to mental health, which may have influenced
the observed associations. Fourth, the sample consisted
predominantly of nurses (91.7%), which reflects work-
force composition in many healthcare settings but limits
the generalizability of findings to physicians and other
healthcare professions. The differential patterns observed
between nurses and physicians in supplementary analy-
ses (Table S1) suggest that occupational role may mod-
erate the relationship between pandemic exposures and
psychological outcomes. Future research should ensure
adequate representation of diverse healthcare profes-
sions to enable more robust comparative analyses. Fifth,
the retrospective assessment of COVID-19 infection
and Red Zone work (exposures occurring 3-5 years
before data collection) introduces a substantial risk of
differential recall bias. Participants currently experienc-
ing higher levels of burnout, anxiety, or depression may
engage in “effort after meaning,” whereby current psycho-
logical distress influences the vividness and accessibility
of memories of past stressors, leading to systematically
amplified recall of pandemic-era exposures compared
to participants with lower symptom levels. Because this
bias is linked to the outcomes themselves, it operates
non-randomly and systematically inflates the observed
associations between pandemic exposures and current
psychological outcomes. Consequently, the odds ratios,
path coefficients, and interaction estimates reported in
this study should be interpreted as likely upper-bound
estimates rather than unbiased effect sizes. Our study
did not employ objective verification of exposures
through administrative infection records, official duty
rosters, or hospital staffing logs, nor did it use structured
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recall-enhancing techniques. We therefore cannot rule
out, and explicitly acknowledge, that the reported effect
estimates are likely upwardly biased. Future research
should incorporate objective exposure verification (e.g.,
serological records, employment registries) to provide
unbiased estimates of these associations. Sixth, Red
Zone work was measured as a binary exposure variable
(yes/no), without information on duration, frequency, or
intensity of deployment. This precludes examination of
dose-response relationships and may have contributed
to attenuation of observed effects through within-group
heterogeneity. Seventh, while our path analysis provides
statistical evidence consistent with anxiety and depres-
sion as interrelated symptoms, the cross-sectional design
precludes definitive conclusions about temporal ordering
or causality. Longitudinal research is needed to estab-
lish whether anxiety and depression clarify the temporal
sequence or whether these relationships are bidirectional.

Conclusions

This cross-sectional study observed that self-reported
COVID-19 infection and Red Zone work remained statisti-
cally associated with the mental health of healthcare work-
ers 3-5 years after the pandemic. While burnout followed
an additive pattern, anxiety and depression showed positive
deviations from additivity, with the dual-exposed subgroup
showing approximately 2-fold higher prevalence of clinically
significant symptoms compared with unexposed colleagues.
Anxiety and depression were strongly associated with burn-
out in this sample, although the cross-sectional and retro-
spective design does not permit conclusions about temporal
sequence or causal direction. Healthcare workers reporting
both COVID-19 infection and Red Zone experience may
represent a subgroup that warrants continued monitoring
in future longitudinal research with objective exposure veri-
fication, before specific clinical or policy recommendations
can be advanced.
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