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assessing the impact of COVID-19
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Background: Tuberculosis (TB) and COVID-19 are major global health concerns,
and their interaction, particularly regarding socio-demographic factors, remains
insufficiently explored. This study assessed the impact of prior confirmed
COVID-19, alongside age, education, smoking, gender, and marital status, on
TB relapse risk and quality of life (QOL) among TB patients in South-Western
Romania.

Methods: A cross-sectional analysis was performed on 763 bacteriologically
confirmed TB patients enrolled between October 2022 and January 2025.
Participants provided socio-demographic and clinical information and
completed the WHOQOL-BREF questionnaire. Binary logistic regression was
used to identify predictors of TB relapse, while structural equation modeling
(SEM) assessed factors influencing QOL.

Results: Patients with a confirmed history of COVID-19 exhibited a twofold
increase in TB relapse risk (OR = 2.08, p = 0.003). Age was a strong predictor,
with individuals aged 36-60 years and those >60 years showing over fivefold
(OR =5.08, p<0.001) and nearly fourfold (OR = 3.96, p = 0.004) increases
in relapse risk, respectively. Smoking further increased relapse odds by 76%
(OR =1.77,p = 0.009). Conversely, secondary and tertiary education significantly
reduced relapse risk (OR = 0.48, p = 0.002; OR = 0.46, p = 0.006). SEM revealed
that COVID-19 history had a pronounced negative impact on QOL (p = —0.51,
p < 0.001), while marital status (B~ 0.09, p = 0.022) and education ( ~ 0.18,
p < 0.001) were positively associated with QOL.

Conclusion: COVID-19, advanced age, and smoking significantly elevate TB
relapse risk and detrimentally affect QOL, whereas higher education appears
protective. Integrated interventions addressing COVID-19 prevention, smoking
cessation, and socio-economic support are essential to improve TB outcomes
and patient quality of life.
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1 Introduction

Tuberculosis (TB) and COVID-19 pandemic are two major global
health concerns and have significantly impacted global health, with
each disease affecting the quality of life (QOL) of patients in unique
ways (1). Both are respiratory infections, and when they co-occur,
they can worsen health outcomes and complicate treatment and
management strategies (2).

The COVID-19 pandemic has had a profound impact on patients’
QOL, both during and after infection. Several factors, including
female sex, advanced age, pre-existing comorbidities, intensive care
unit (ICU) admission, and mechanical ventilation, have been
associated with lower post-recovery QOL (3). Long-term sequelae
following COVID-19, such as persistent fatigue, respiratory
symptoms, and decreased functional status, have been widely
reported and may complicate the management of chronic diseases,
including tuberculosis (4). The COVID-19 pandemic officially began
in late December 2019, with the first cases reported in Wuhan, China,
and was declared a global pandemic by the World Health
Organization (WHO) on March 11, 2020 (5). In Romania, the first
confirmed case was recorded on February 26, 2020, leading to
widespread public health measures, including national lockdowns
and healthcare system disruptions. While the acute phase of the
pandemic subsided with mass vaccination campaigns starting in late
2021, sporadic COVID-19 cases and long-term sequelae persisted
through 2022 and beyond, overlapping with tuberculosis management
and impacting the health status of vulnerable populations, including
TB patients (6, 7).

Smoking is widely recognized as a significant risk factor for TB
infection, recurrence, and poor treatment outcomes (8). Existing
literature consistently demonstrates that tobacco use adversely affects
immune function, increases susceptibility to Mycobacterium
tuberculosis infection, exacerbates disease progression, and reduces
treatment efficacy, substantially impairing patient QOL (9, 10).
Smokers with TB exhibit higher relapse rates, more severe pulmonary
impairment, and prolonged symptom resolution compared to
non-smokers or former smokers. A randomized trial (11) found that
quitting smoking during TB treatment significantly improved TB
outcomes, including higher rates of treatment completion or cure
(91% vs. 80%), lower relapse rates (6% vs. 14%), improved sputum
conversion rates at week 9 (91% vs. 87%), and slightly better quality-
of-life scores (EQ-5D-5L mean: 0.86 vs. 0.85). Similarly, an integrated
approach combining TB directly observed therapy short-course
(DOTS) with smoking cessation interventions demonstrated
significantly higher improvements in health-related QOL (EQ-5D
utility score: 0.98 vs. 0.91) compared to standard TB-DOTS alone
(12). Moreover, the pandemic has exacerbated the challenges faced by
TB patients, contributing to a significant decline in their health-
related QOL (13). Increased household size, greater distance to
healthcare facilities, and financial and nutritional hardships have been
identified as key factors influencing this decline (14). Additionally, the
disruption of healthcare services during the pandemic has resulted in
reduced medication adherence among TB patients, further
compromising their health-related QOL (1).

Frontiers in Medicine

Furthermore, beyond its immediate impact, the COVID-19
pandemic disrupted efforts to prevent and control various diseases,
including TB (14-16). Reports indicate that during the pandemic, the
global rate of TB detection declined, while deaths related to TB
increased (17).

In 2023, a total of 8.2 million people were newly diagnosed with
TB worldwide, up from 7.5 million in 2022 and 7.1 million in 2019,
and significantly higher than the 5.8 million and 6.4 million reported
in 2020 and 2021, respectively (18). The increase in cases during 2022
and 2023 likely reflects a backlog of individuals who contracted TB in
previous years but experienced delays in diagnosis and treatment due
to COVID-related disruptions (19).

In 2023, TB was responsible for an estimated 1.25 million deaths
(95% UI: 1.13-1.37 million), with 1.09 million occurring among
HIV-negative individuals and 161,000 among people with
HIV. Notably, the 1.09 million TB deaths among HIV-negative
individuals were nearly twice the number of deaths attributed to HIV/
AIDS (0.63 million), and TB mortality was considerably more affected
by the COVID-19 pandemic than HIV/AIDS (19).

Countries with a high TB burden, such as Romania, have a
substantial number of patients experiencing post-TB lung sequelae
and disease relapses. According to 2023 data, Romania reported a TB
incidence rate of 55 cases per 100,000 inhabitants, with an estimated
10,450 cases nationwide, marking an increase from 2020, when 8,170
cases were recorded (20).

Despite the significant burden of TB and the impact of COVID-
19, there is limited research on how prior SARS-CoV-2 infection
influences the QOL among TB patients, particularly in Romania (21,
22). This gap is especially evident in the South-Western region of the
country, where studies on this topic remain scarce (23). Addressing
this gap is essential for improving patient care and developing targeted
interventions for TB patients with a history of COVID-19. Therefore,
we hypothesize that the COVID-19 pandemic has had a significant
impact on the health-related QOL of individuals with pulmonary TB
in Romania.

2 Materials and methods
2.1 Study design and population

The objective of this study was to evaluate and compare the QOL
in TB patients with and without a history of COVID-19 using a
comparative cross-sectional study design.

Data collection included general demographic information and
utilized the WHOQOL-BREE, a widely applied questionnaire
developed by the World Health Organization (WHO) to assess quality
of life across various populations and health conditions (24).

Study participants were selected from the South-Western region
of Romania, with the research conducted at Victor Babes University
Hospital of Craiova. A total of 763 patients with bacteriologically
confirmed pulmonary TB were enrolled in the study between October
2022 and January 2025. Participants in the study were enrolled
following their voluntary informed consent, without any form of

frontiersin.org


https://doi.org/10.3389/fmed.2025.1582726
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Mitroi et al.

political, social, or religious discrimination, and in full accordance
with the data protection legislation.

This study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review
Board (or Ethics Committee) of Victor Babes University Hospital of
Craiova (approval no. 24616/17.06.2022) and by the Ethics Review
Board of the University Medicine and Pharmacy of Craiova (No.
408/20 November 2024).

2.2 Inclusion and exclusion criteria

The inclusion criteria were designed to enroll individuals aged
18 years or older who provided written informed consent and had a
bacteriologically confirmed diagnosis of pulmonary TB. Participants
provided information on their gender, age, education level, marital
status, place of residence, disease progression, and history of retreatment.

QOL was assessed cross-sectionally upon patient enrollment into
the study, conducted from October 2022 to January 2025. All
participants were bacteriologically confirmed TB patients actively
receiving standard anti-TB treatment as per the Romanian National
TB Program guidelines, and their QOL assessments were completed
within the first 2 weeks of treatment initiation, ensuring consistency
in baseline data collection across the study population. Relapse was
defined based on the clinical history and bacteriological confirmation
at the time of the current episode, according to national TB guidelines.
Participants were categorized based on their COVID-19 infection
history. Patients classified as having no prior COVID-19 infection had
no self-reported clinical symptoms suggestive of COVID-19, no
documented positive SARS-CoV-2 PCR or antigen tests, and no
clinical or epidemiological evidence of infection at the time of
enrollment. Conversely, patients categorized as having a confirmed
COVID-19 history had documented laboratory evidence of a positive
SARS-CoV-2 PCR or antigen test, clinical confirmation of COVID-19
infection, symptom resolution, and documented completion of
COVID-19-specific therapy. For these patients, the interval from
recovery from COVID-19 until the QOL assessment ranged from a
minimum of 3 months up to approximately 3 years, depending on the
date of documented recovery from COVID-19 and study enrollment.

Patients with coexisting pulmonary diseases, including lung
cancer, chronic obstructive pulmonary disease, and asthma, were
excluded from the study. Individuals with mental disabilities, as well as
those who were deaf or mute, were excluded from the study. The
rationale for excluding deaf or mute individuals was based on practical
WHOQOL-BREF
questionnaire, which primarily relies on verbal interaction to accurately

limitations related to administering the
capture respondents’ subjective perceptions of their QOL. The potential
communication barriers, even with assistance, could compromise the
precision and consistency of responses, thereby affecting the validity
and reliability of the collected data. Consequently, this exclusion
criterion was implemented to maintain methodological uniformity and

ensure the robustness of the data across all included participants.

2.3 WHOQOL-BREF questionnaire

The WHOQOL-BREF is a shorter version of the WHOQOL-100
and consists of 26 items, covering four key domains: physical health,
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psychological, social relationships, environment (24). The instrument
has been used to measure the QOL of patient populations with a
specific disease, including TB (25, 26).

It consists of 26 items, with the first two assessing overall QOL
perception and satisfaction with health, while the remaining 24 items
are categorized into four domains: physical, psychological, social, and
environmental. The WHO-recommended formula was applied to
calculate domain scores. Since the number of items varies across
domains, each domain score was computed by multiplying the average
item score by a factor of 4. The final domain scores were then
normalized using the formula: (Domain Score — 4) x (100/16). Each
item was rated on a 5-point Likert scale (1-5), resulting in raw domain
scores ranging from 4 to 20, which were then transformed to a 0-100
scale, with higher scores indicating better QOL (24).

2.4 Statistical analysis

The WHOQOL-BREF instrument was used to measure health-
related QOL, and domain scores were calculated following WHO
guidelines. Data handling, missing value imputation, and validation
procedures followed best practices to maintain the integrity and
reliability of the findings.

Data was analyzed using imported into STATA 17 statistical
software (StataCorp Ltd., College Station, TX, United States).
Descriptive statistics were used to summarize demographic and
clinical characteristics of the study participants. Continuous variables
were expressed as mean + standard deviation (SD). Categorical
variables were presented as frequencies and percentages. Comparisons
between groups (e.g., patients with normal and low vitamin C levels)
were performed using the independent t-test for continuous variables.
For categorical variables, the Fisher’s exact test was used. All statistical
tests were two-tailed.

All statistical analyses were conducted using Stata 17.0 (StataCorp,
College Station, TX, United States). Descriptive statistics were
calculated for demographic and clinical variables, including means,
standard deviations, frequencies, and proportions, where appropriate.

Binary logistic regression was performed to estimate the odds
ratios (ORs) and 95% confidence intervals (CIs) for TB relapse.
Independent variables included COVID-19 status, age, smoking
status, gender, education, and marital status. Statistical significance
was set at p < 0.05 for all analyses.

In addition to binary logistic regression, structural equation
modeling (SEM) was employed. SEM was selected due to its ability to
simultaneously estimate both direct and indirect relationships
between observed and latent variables while accounting for
measurement errors. The model included four latent factors
representing the WHOQOL-BREF domains Physical Health,
Psychological Health, Social Relationships, and Environment which
were used to define a higher-order latent QOL factor. Observed
predictors in the model included demographic characteristics (age,
gender, marital status, and education level), clinical variables
(smoking, COVID-19 history, and TB relapse), and their interactions.

The SEM was specified with standardized coeflicients and
estimated using maximum likelihood estimation (ML) with robust
standard errors to account for potential heteroskedasticity. The model
incorporated covariance structures between relevant predictor
variables, ensuring a more precise estimation of latent constructs.
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3 Results

A total of 763 TB patients were included in the analysis with 221
patients in the group without previous COVID-19 and 542 patients in
the group with confirmed previous COVID-19.

3.1 Demographic characteristics

Among new TB cases that were smokers, the gender distribution
between patients with and without previous COVID-19 infection was
not significantly different (p = 0.129). Specifically, among patients
with previous COVID-19, 29.07% were women and 70.93% were
men, compared to 21.55% women and 78.45% men among those
without prior COVID-19 infection. Notably, smokers with prior
COVID-19 infection were significantly younger (43.36 + 13.64 years)
compared to smokers without previous COVID-19
(49.23 + 14.19 years; p < 0.001). In the non-smoker group (n = 247),
gender distribution was comparable irrespective of previous
COVID-19 infection (p = 0.982). Specifically, women represented
approximately 32.75% of cases with prior COVID-19 infection and
32.89% without. The mean ages of non-smokers with and without
previous COVID-19 were (47.80 £ 13.92 years  vs.
44.25+7.87 years; p=0.982), suggesting no
significant difference.

similar
statistically

Regarding the patients with TB relapses, within smokers, gender
distribution did not differ significantly based on previous COVID-19
infection status (p = 0.961), with women constituting approximately
29.11% of cases with prior COVID-19 and 28.57% without. Similarly,
mean ages did not differ significantly between smokers with
(52.06 £ 11.11 years) and without (49.33 +4.78 years) previous
COVID-19 infection (p = 0.276). For non-smokers with TB relapse,
no significant differences were observed in gender distribution
(women: 35.29% with previous COVID-19 vs. 25.00% without;

TABLE 1 Characteristics of the patients.

10.3389/fmed.2025.1582726

p=0.578) or age (47.94+11.37 years vs. 42.37 +3.99 years;
p =0.1832), indicating comparability across these demographic
variables irrespective of COVID-19 history (Table 1).

The measurements of QOL scores presented in Table 2 highlight
substantial differences between TB patients stratified by previous
COVID-19 infection and smoking status. Among newly diagnosed TB
patients (n = 621), previous COVID-19 infection was significantly
associated with reduced QOL across all measured domains (physical
health, psychological health, social relationships, and environment)
for both smokers and non-smokers (all p-values < 0.001). The
magnitude of difference was notably higher among smokers,
particularly in social relationships (—50.11%) and environmental
factors (—54.45%).

For patients experiencing TB relapse (n=142), previous
COVID-19 infection demonstrated significant but varied impacts.
Among smokers, the differences were statistically significant only in
psychological health (—14.28%, p=0.018), social relationships
(—18.80%, p =0.017), and notably pronounced in environmental
factors (—=29.69%, p < 0.001), but not in physical health (p = 0.774).
Conversely, among non-smokers experiencing relapse, previous
COVID-19 infection was significantly associated with substantial
reductions across all QOL domains, with pronounced effects on social
relationships (—48.66%) and environmental quality (—50.09%, all
p-values < 0.001).

These findings underscore the compounding detrimental effects
of previous COVID-19 infection on quality of life, particularly
emphasizing greater vulnerability among smokers and the pronounced
deterioration in environmental and social relational domains. Such
insights could inform targeted interventions aiming to improve overall
patient outcomes in post-infectious care management.

Among newly diagnosed TB patients (Table 3), previous
COVID-19 infection was significantly associated with lower QOL
across all age groups, particularly for younger (18-35 years) and
middle-aged (36-60 years) participants, with pronounced reductions

New TB cases (n = 621)

Patient Previous COVID 19
demographics
Yes \[e}
Women (%) 75 (29.07%) 25 (21.55%)
0.129
Smoker (1 = 347) Men (%) 183 (70.93%) 91 (78.45%)
Age (years) 43.36 £ 13.64 49.23 £ 14.19 <0.001
Smoking status
‘Women (%) 56 (32.75%) 25 (32.89%)
0.982
Non-smokers (n = 247) Men (%) 115 (67.25%) 51 (67.11%)
Age (years) 47.80 £13.92 4425+ 7.87 0.982
TB relapses (n = 142)
Women (%) 23 (29.11%) 6 (28.57%)
0.961
Smoker (n = 100) Men (%) 56 (70.89%) 15 (71.43%)
Age (years) 52.06 £ 11.11 49.33 £4.78 0.276
Smoking status
Women (%) 12 (35.29%) 2 (25.00%)
0.578
Non-smokers (1 = 42) Men (%) 22 (64.71%) 6 (75.00%)
Age (years) 4794 £ 11.37 42.37 £3.99 0.1832

P <0.05: statistical significant result.
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TABLE 2 The quality of life scores in patients with tuberculosis, broken down by relapse and smoking status.

New TB cases (n = 621)

Quality of life Previous COVID 19 Difference (%)
domains Yes No
Physical health QOL 34.68 59.85 —42.06% <0.001
Psychological health 36.37 54.89 —33.74% <0.001
Smoker QOL
Social Relationships QOL 23.55 47.2 —50.11% <0.001
Environment QOL 27.57 60.53 —54.45% <0.001
Smoking status
Physical health QOL 47.08 63.35 —25.68% <0.001
Psychological health 46.66 68.26 —31.64% <0.001
Non-smokers QOL
Social Relationships QOL 34.55 67.32 —48.68% <0.001
Environment QOL 31.07 63.53 —51.09% <0.001
TB relapses (n = 142)
Physical health QOL 42.81 43.71 —2.06% 0.774
Psychological health 34.7 40.48 —14.28% 0.018
Smoker QOL
Social Relationships QOL 41.24 50.79 —18.80% 0.017
Environment QOL 36.83 52.38 —29.69% <0.001
Smoking status
Physical health QOL 42.12 54.91 —23.29% <0.001
Psychological health 40.2 59.37 —32.29% <0.001
Non-smokers QOL
Social Relationships QOL 29.41 57.29 —48.66% <0.001
Environment QOL 32.17 64.45 —50.09% <0.001

in environmental (59.09 and 53.28%, respectively; p < 0.001) and
social relationship domains (49.63 and 50.61%; p < 0.001). For patients
older than 60, significant declines were primarily noted in social
relationships (40.74%, p <0.001) and environmental domains
(45.20%, p < 0.001).

In TB relapse cases, younger patients (18-35 years) with previous
COVID-19 exhibited significantly lower QOL across all domains
compared to those without prior infection (all p < 0.001). Among
patients aged 36-60 years, significant reductions occurred in
psychological (—20.81%), social relationships (—24.49%), and
environmental (—34.34%) domains (all p <0.001). Older relapse
patients (>60 years) showed significant differences only in physical
health (19.30%, p = 0.032) and social relationships (19.33%, p = 0.021).

Educational level influenced QOL outcomes distinctly among
with  and COVID-19
(Supplementary Tables S1, S2), displaying complex interactions with

patients without previous
gender and marital status. In patients without prior COVID-19,
higher education generally improved QOL in married females,
especially at secondary education levels, but led to notable declines for
single females across psychological, social, and environmental
domains. Single males mostly benefited from secondary education
through better physical health and social relationships, whereas males
living as married typically experienced reduced QOL.

Conversely, among patients with previous COVID-19, tertiary
education notably worsened physical and environmental domains for

single females but improved their social relationships, while single
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males significantly enhanced their physical and psychological health
at this level. Married females with previous COVID-19 improved in
physical and psychological health at secondary education, but
experienced marked declines at tertiary levels, contrasting with
married males who demonstrated improved social and environmental
QOL but reduced psychological health at tertiary education. Divorced
and widowed patients also showed contrasting trends, with widowed
males gaining significantly across multiple domains post-COVID-19,
whereas divorced males faced considerable social relationship
declines. Thus, the presence or absence of previous COVID-19
substantially modified the relationship between educational
attainment and QOL across demographic groups.

3.2 Logistic regression analysis

In the logistic regression model (Table 4), participants with a
history of confirmed COVID-19 showed an estimated twofold
increase in the odds of relapse (OR =2.08, 95% CI = 1.29-3.37,
p =0.003). Age emerged as a strong predictor as well: individuals aged
36-60 years exhibited over a fivefold rise in relapse odds (OR = 5.08,
95% CI=2.32-11.13, p<0.001), and those older than 60 years
experienced nearly a fourfold increase (OR = 3.96, 95% CI = 1.56—
10.04, p=0.004). Smoking was another significant risk factor,
elevating relapse odds by about 76% (OR = 1.77, 95% CI = 1.15-2.70,
p=0.009). In contrast, completing secondary (OR =0.48, 95%
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TABLE 3 The quality of life scores in patients with tuberculosis, broken down by age group and smoking status.

New TB cases (n = 621)

Quality of life Previous COVID 19 Difference (%)
domains
Yes \[e}
Physical health QOL 38.65 73.29 —47.26% <0.001
Psychological health QOL 40.35 66.49 —39.31% <0.001
18-35 years

Social Relationships QOL 28.47 56.52 —49.63% <0.001

Environment QOL 29.18 71.33 —59.09% <0.001

Physical health QOL 40.79 62.96 —35.21% <0.001

Psychological health QOL 41.36 62.29 —33.60% <0.001
Age group 36-60 years

Social Relationships QOL 28.78 58.27 —50.61% <0.001

Environment QOL 29.25 62.61 —53.28% <0.001

Physical health QOL 35.96 43.35 —17.05% 0.080

Psychological health QOL 36.65 44.97 —18.50% 0.029

>60 years

Social Relationships QOL 23.16 39.08 —40.74% <0.001

Environment QOL 27.28 49.78 —45.20% <0.001
TB relapses (n = 142)

Physical health QOL 38.24 51.34 34.26% <0.001

Psychological health QOL 31.25 38.54 23.33% <0.001

18-35 years

Social Relationships QOL 37.58 43.75 16.42% <0.001

Environment QOL 29.19 35.16 20.45% <0.001

Physical health QOL 46.8 43.87 —6.26% 0.220

Psychological health QOL 45.69 36.18 —20.81% <0.001
Age group 36-60 years

Social Relationships QOL 52.59 39.71 —24.49% <0.001

Environment QOL 55.71 36.58 —34.34% <0.001

Physical health QOL 28.29 33.75 19.30% 0.032

Psychological health QOL 32.05 36.25 13.10% 0.127

>60 years
Social Relationships QOL 22.35 26.67 19.33% 0.021
Environment QOL 27.21 30.63 12.57% 0.103

CI=0.31-0.77, p = 0.002) or tertiary (OR = 0.46, 95% CI = 0.27-0.80,
p =0.006) education was associated with lower relapse likelihood.
Neither gender nor marital status demonstrated a significant effect on
relapse, and the constant term was very low (OR =0.035, 95%
CI =0.0123-0.1004, p < 0.001), indicating minimal baseline risk when
all variables were held at their reference levels.

The receiver operating characteristic (ROC) curve (Figure 1)
assessed the model performance and the discriminative ability of the
logistic regression model predicting TB relapse. The area under the
curve (AUC) is 0.6896, which suggests a moderate predictive
performance, a value around 0.7 is considered acceptable.

3.3 Structural equation modeling

In structural equation modeling analysis (Figure 2), QOL was
modeled as a higher-level latent factor measured by four domain-
specific latent factors: physical health, psychological health, social
relationships, and environment, as well as by a general QOL question
(ql). Each domain factor was itself measured by one observed domain
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score (for example, the physical health latent factor was measured by
the observed physical health score).

All four domain factors showed strong loadings onto the higher-
order QOL factor: physical health (0.995), psychological health
(0.964), social relationships (0.865) and environment (1.0) (the
reference). Additionally, the general QOL item (q1) loaded at about
0.82 on the QOL factor.

These high loadings suggest that each of the four WHOQOL-like
domains (physical, psychological, social, and environmental) plus the
general QOL question
construct of QOL.

On the structural paths predicting QOL, several variables emerged

strongly reflects an overarching

as significant. Marital status showed a small but positive association
with QOL (f ~ 0.09, p = 0.022), and education was also positively
linked to QOL ( ~ 0.18, p < 0.001). Relapse displayed a modest yet
significant positive relationship (5 ~ 0.11, p = 0.002), whereas COVID
status had a strong negative impact on QOL (p ~ —0.51, p < 0.001).
Age did not significantly affect QOL.

Regarding relapse, both smoking (p = 0.08, p=0.022) and
COVID (B = 0.09, p = 0.012) were significant risk factors. Meanwhile,
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TABLE 4 Marital status in without previous COVID-19

Gender

Quiality of life domains

Females (n = 224)

Education level

Females (n = 224)

Education level

Primary Primary Primary Primary Primary Primary
Jelglele]l Jelglele]l Jelglele]l Jelglele]l Jelglele]l elglele]l
(n =10) (n =10) (n =10) (n =10) (n =10) (n=10)
Marital status Physical health 80.36 6531 (-18.73%) | 60.71 (~24.45%) 55.00 7341 (33.47%)% | 63.39 (15.25%)*
. Psychological health 85.42 53.87 (-36.94%)%* | 68.06 (~20.32%)** 55.83 67.13(2024%) | 63.02 (12.88%)
Single Social Relationships QOL 83.33 31.55 (—62.14%)** = 69.44 (-16.67%)* 61.67 54.63 (-11.42%) 63.54 (3.03%)
Environment QOL Score 84.38 63.39 (-24.88%)* | 61.46 (-27.16%)* 52.5 67.01 (27.64%)* | 62.89 (19.79%)*
Physical health 52.38 58.57 (11.82%) 57.14 (9.09%) 61.54 60.12 (-231%) | 67.86 (10.27%)
' Psychological health 44.44 52.5 (18.14%) 58.33 (31.26%) 49.68 59.03 (18.82%)** | 63.89 (28.60%)**
Married Social Relationships QOL 55.56 53.33 (—4.01%) 41.67 (—25.00%) 62.18 62.22 (0.06%) 63.89 (2.75%)
Environment QOL Score 53.13 60 (12.93%) 56.25 (5.87%) 54.33 63.23 (16.38%)* | 68.75 (26.54%)**
Physical health 44.64 66.07 (48.01%)* 8571 (92.00%)* 73.81 61.19 (-17.10%) | 54.46 (-26.22%)
Livingas  Psychological health 43.75 56.25(28.57%) | 87.5 (100.00%)* 70.83 58.89 (~16.86%) = 60.42 (~14.70%)
married Social Relationships QOL 50 62.5 (25.00%) 100 (100.00%)* 77.78 64.44 (-17.15%) | 62.5 (~19.65%)
Environment QOL Score 54.69 68.75 (25.71%) 84.38 (54.29%) 76.04 66.04 (-13.15%) | 57.81 (-23.97%)
Physical health 53.57 52.98 (~1.10%) 52.67 (~1.01%) 75 75 (0.00%) 42.86 (~42.85%)
Psychological health 29.17 50 (71.41%) 70.45 (141.52%)** 70.83 7118 (0.49%) | 58.33 (~17.65%)
Separated Social Relationships QOL 25 51.39 (105.56%)* 50 (100.00%)* 50 58.33 (16.66%) | 58.33 (16.66%)
Environment QOL Score 40.63 52.08 (28.18%)  71.88 (76.91%)* 59.38 63.8 (7.44%) 75 (26.31%)
Physical health 64.29 57.14 (-11.12%) | 62.35 (~3.00%) 51.34 55 (7.13%) 60.71 (18.25%)
) Psychological health 70.83 45.83 (-35.30%)* 60.42 (-14.70%) 66.67 58.33 (-12.51%) @ 45.83 (-31.26%)
pivorced Social Relationships QOL 58.33 75 (28.58%) 66.67 (14.30%) 52.08 58.33 (12.00%) 50 (-3.99%)
Environment QOL Score 65.63 68.75 (4.75%) 71.33 (8.68%) 58.2 54.38 (-6.56%) | 65.63 (12.77%)
Physical health 42.86 64.29 (50.00%)*  17.86 (-58.33%) 51.43 69.05 (34.26%) | 21.75(-57.71%)*
_ Psychological health 66.67 70.83(6.24%) | 20.83 (—68.76%)* 60.83 62.5(2.75%) | 23.11(-62.01%)*
Widoved Social Relationships QOL 41.67 58.33(39.98%)  16.67 (-60.00%) 65 47.22 (-27.35%) | 19.7 (~69.69%)*
Environment QOL Score 56.25 65.63 (16.68%) 31.25 (—44.44%) 55 60.42 (9.85%) 34.38 (-37.49%)
#p < 0.05, *#p < 0.01: statistical significant result.
smoking itself was marginally associated with gender (p = 0.06,
=y p=0.095).
& These results suggest that, in this sample of TB patients, COVID
exerts one of the strongest negative influences on QOL, while marital
5 status and education contribute positively. Relapse shows an
- unexpected positive association with QOL in this model (possibly
%E i reflecting complex health-service or coping factors), and smoking
& emerges as a notable factor linked to relapse.
g
P
4 Discussion
040 028 1.sgf§ﬁc;.y 078 100 This study aimed to evaluate the impact of socio-demographic
fie Lode RC oo 20 58 factors and COVID-19 history on the quality of life of TB patients,
I with a focused analysis on gender, marital status, and education level.
The receiver operating characteristic (ROC) curve of the binary TB significantly impacts the QOL of patients, affecting physical,
logistic regression model for predicting tuberculosis relapse. mental, and social well-being. By examining the interplay between
socio-demographic characteristics and prior COVID-19 infection,
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FIGURE 2

0.022, P=(0.595)

Structural equation model (SEM) illustrating how domain-specific latent constructs measured by the corresponding scores in the WHOQOL-BREF
questionnaire (physical health, psychological health, social relationships, and environment) which contribute to Quality of Life (QOL) in tuberculosis
patients. Predictors include marital status, COVID-19 status, TB relapse, gender, age, education, marital and smoking.

Quality oflfe question_ +{(ec)
2.68 2.330

-0.031 (P=0.395)

0.092, P=(0.022)

Marital status
1.14)

0.384 (P=0.000)

-0.012 (P=0.732)

this research provides critical insights into how these factors influence
TB patients’ health and highlights the need for targeted interventions
to improve their overall QOL.

Our study did not directly evaluate QOL scores in the general
population. However, available literature from Romania demonstrates
that patients with TB consistently report significantly lower QOL
compared to the general population. General Romanian population
studies, utilizing validated QOL instruments such as the WHOQOL-
BREE, EQ-5D-3L, and EQ-5D-5L, report pain/discomfort and
mobility as major factors negatively influencing health utility, with
certain health states rated worse than death by some respondents (27).
Education, employment status, urban residency, and social support
have been consistently identified as crucial determinants of higher
QOL in the Romanian general population (28, 29). In particular,
vulnerable groups such as pregnant women report improved physical
and psychological well-being when possessing higher education levels,
stable employment, partner support, and when delivering in private
healthcare settings (29). The elderly with sarcopenia also report
significantly compromised QOL, particularly affecting physical
domains, as measured by the disease-specific SarQOL instrument (30,
31). External stressors, such as proximity to armed conflicts like the
war in Ukraine, additionally exacerbate psychological distress and
lower overall QOL among affected Romanians (32). Physical activity
levels, frequently insufficient among Romanian youth, further
influence perceived QOL (33). When comparing these data to TB
patients, Margineanu et al. (22) documented notably lower scores
across all QOL dimensions for both drug-susceptible and drug-
resistant TB patients compared to national norms, highlighting severe
impairment especially regarding pain, psychological distress, and
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social functioning. Similarly, another study identified significantly
lower QOL scores among drug-resistant patients at baseline across
physical, social, emotional, and occupational domains compared to
their drug-sensitive counterparts, emphasizing the extensive impact
of TB beyond clinical manifestations (21). These combined findings
underscore the critical importance of incorporating comprehensive
psychosocial and rehabilitative support into TB management
programs to mitigate the substantial burden on patients’ lives.

QOL is a crucial indicator of overall health outcomes among
patients with chronic diseases in Romania. Recent studies evaluating
diverse patient groups including those with chronic kidney disease,
diabetes, cancer, alcohol use disorder (AUD), and HIV highlight
significant QOL impairments across multiple domains. For instance,
patients undergoing hemodialysis frequently report lower physical
and mental QOL compared to the general population, with work
capability being notably impacted, particularly among older, female,
or socioeconomically disadvantaged patients (34). Type 2 diabetic
patients describe their condition as restrictive, notably in dietary
freedom and leisure activities, and frequently report diminished QOL
associated with older age, increased BMI, and barriers to adequate oral
healthcare (35-38). Patients with laryngeal cancer, particularly those
undergoing total laryngectomy, face considerable challenges in
emotional, social, and functional domains, compounded by insomnia
and financial stressors; despite the recognized benefits of psycho-
oncologic interventions, their inconsistent implementation remains a
challenge in Romania (39, 40). Individuals hospitalized for AUD
consistently exhibit reduced QOL across physical, psychological,
social, and environmental domains, with comorbidities such as
hypertension further exacerbating these issues (41). Although people
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living with HIV generally report good QOL, high prevalence of
anxiety and depression significantly impacts their overall well-being,
especially among those with poor self-rated health, mental health
issues, or unemployment (42). Recent validation of QOL measurement
tools, such as SF-36, EQ-5D-3L/5L, and WHOQOL-BREE, along with
development of Romanian-specific value sets, underscores efforts
toward accurately assessing and addressing these QOL deficits,
informing patient-centered care, and supporting effective health
policy decisions (27).

TB prevalence is consistently higher in men than in women.
Globally, case notifications reveal a male-to-female ratio of
approximately 1.7 (43, 44). However, in low- and middle-income
countries, the ratio is even more pronounced around 2.21 for
bacteriologically positive TB cases (45). Our findings are consistent
with this literature, revealing a persistent male predominance across
all study groups.

Multiple studies have documented a significantly higher smoking
prevalence among male TB patients with rates in some studies
showing up to 61.7% of male TB patients being smokers compared to
less than 10% among females a trend that aligns with our overall
finding of male predominance (46-48). In the context of our study,
which identified smoking as a significant predictor of TB relapse
(OR=1.77, p=10.009), these data underscore the importance of
nuanced, demographic-specific interventions. For instance, tailored
smoking cessation programs could target married females who appear
to have disproportionately higher smoking levels and single males,
ensuring more effective mitigation of TB relapse risk. Furthermore,
these results complement our broader observation that socio-
demographic factors (including marital status and education) jointly
shape both TB relapse risk and QOL outcomes in TB patients. Such
insights can guide more integrated public health strategies that address
smoking cessation, psychosocial support, and TB care concurrently.

This study examined demographic characteristics among TB
patients based on previous COVID-19 infection and smoking status.
Among new TB cases, smokers with prior COVID-19 infection were
significantly younger than those without (43.36+13.64 vs.
49.23 + 14.19 years, p < 0.001). However, gender distribution did not
differ significantly in relation to COVID-19 history for either smokers
or non-smokers.

For TB relapse cases, neither age nor gender showed significant
differences according to previous COVID-19 status among smokers
or non-smokers. These findings suggest age-specific vulnerabilities,
particularly among younger smokers newly diagnosed with TB, while
demographic factors appear less influential in relapse cases. Such
results underscore the need for targeted interventions addressing
specific age groups and smoking behavior to improve patient outcomes.

The results of this study clearly demonstrate significant reductions
in QOL scores among TB patients with prior COVID-19 infection
compared to those without, across both newly diagnosed cases and
relapse cases. Notably, among newly diagnosed TB patients, previous
COVID-19 infection correlated with profound reductions in all
measured QOL domains (physical health, psychological health, social
relationships, and environmental quality), regardless of smoking
status. This finding highlights the extensive impact COVID-19 can
have, potentially exacerbating vulnerabilities already associated
with TB.

Among smokers, the impairment was particularly pronounced in
social relationships and environmental domains, suggesting that the
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combination of smoking and previous COVID-19 infection may
create compounded psychosocial and environmental stressors. This
aligns with existing literature that links smoking and chronic
respiratory conditions to deteriorations in social interaction and
environmental adaptability (8, 49, 50). In TB patients without previous
COVID-19, smokers experienced lower psychological and social
QOL, which supports studies showing that smoking cessation
improves TB outcomes, including cure and relapse rates (11, 12).
Similarly, an integrated TB-tobacco intervention in Malaysia led to
notable QOL improvements (51).

Interestingly, among TB relapse patients, previous COVID-19
infection exhibited a differential impact dependent on smoking
status. For smokers, the most significant effects were observed in
psychological and social relationships, as well as environmental
QOL, but not physical health. Non-smokers, however, showed
consistently significant reductions across all QOL domains,
underscoring the pervasive and lasting detrimental impact of
COVID-19 on this subgroup. These nuanced differences may reflect
distinct biological and behavioral responses, as smoking could
potentially mask or alter symptom perception or reporting in
physical health domains.

The consistent and significant reduction in environmental and
social relationship QOL domains across both groups underscores the
broader societal and psychosocial disruptions associated with
COVID-19, possibly exacerbated in populations already vulnerable
due to TB (13, 52-54). This finding suggests the necessity of integrated
psychosocial support and environmental interventions within TB
management programs, particularly tailored to individuals with a
history of COVID-19 infection.

Our findings indicate a marked reduction in QOL among TB
patients who previously had COVID-19, with important variations by
age. For newly diagnosed TB patients, the adverse impact of prior
COVID-19 infection was significant across all QOL domains,
especially pronounced in younger (18-35 years) and middle-aged
(36-60 years) individuals. The largest deficits were observed in
environmental and social relationship domains, suggesting that
younger and middle-aged patients experience greater disruption in
social functioning and perceived quality of their living conditions
following COVID-19 infection.

Older patients (>60 years) with new TB diagnoses showed
significant impairment predominantly in the social and environmental
domains, with less pronounced differences in physical and
psychological domains. This could imply resilience or adaptive
mechanisms regarding physical and psychological health in older
patients, while social isolation and environmental restrictions post-
COVID-19 remain impactful across all age groups.

Among patients experiencing TB relapse, younger individuals
demonstrated universally lower QOL scores in all domains after prior
COVID-19 infection, highlighting heightened vulnerability and
significant psychosocial disruption within this subgroup. Middle-aged
relapse patients experienced substantial impairments in psychological,
social, and environmental aspects, suggesting persistent psychosocial
stressors associated with COVID-19 sequelae, despite relatively stable
physical health scores. Older relapse patients exhibited fewer
significant QOL differences, primarily in physical health and social
relationships, indicating a potentially smaller impact or better coping
strategies in psychological and environmental domains among
elderly patients.
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Marital status and education markedly affect QOL among TB
patients. For single individuals, females with secondary and tertiary
education experienced significant declines in psychological (—36.94%)
and social (—62.14%) QOL, while single males with secondary
education showed improved physical health (+33.47%). Among
married patients, females with secondary education had significant
gains in physical, psychological, and environmental domains,
although tertiary education was linked to a notable decline in social
relationships, whereas married males benefited from tertiary
education with significant physical and psychological improvements.
This contrasts with literature suggesting that higher education
generally enhances social relationships and emotional well-being
through improved communication skills and social networks (55-57).
Overall, our results largely align with previous studies showing that
marriage and education provide emotional and social support to
improve QOL (57-59), yet they also suggest that the benefits of
education may vary by gender and marital status, emphasizing the
need for tailored interventions.

TB patients with confirmed previous COVID-19 reveal complex
interactions between marital status, education, and gender on
QOL. Single females with tertiary education experienced significant
declines in physical and environmental QOL, while single males with
tertiary education showed improvements in physical and psychological
domains. In married patients, females with secondary education had
significant gains in physical and psychological health, whereas married
males benefited from tertiary education. These nuanced outcomes
contrast with a Greek study reporting higher QOL in females, married,
highly educated, and non-smokers (60) and with data from Guinea
showing overall lower QOL due to financial and nutritional stressors
(61). Furthermore, the 13% mortality rate observed in TB/COVID-19
co-infection in India and China (62) underscores the importance of
addressing socio-demographic factors in treatment strategies. Overall,
our results highlight the need for tailored interventions that consider
marital status and education to improve QOL in TB patients, particularly
those with a history of COVID-19.

Our logistic regression findings emphasize that a confirmed history
of COVID-19 doubles the odds of TB relapse (OR = 2.08, p = 0.003),
which aligns with prior reports indicating that TB incidence increases in
COVID-19 survivors due to the immunosuppressive effects of the virus
and its treatment (16).

The vulnerability of TB patients is further heightened by the presence
of coinfections, particularly viral infections like SARS-CoV-2, which
complicate clinical presentation, delay diagnosis, and worsen treatment
outcomes. This is particularly relevant in low- and middle-income
countries (LMICs), where healthcare access barriers, socioeconomic
challenges, and a high burden of infectious diseases collectively amplify
the negative impact on TB management (63). Evidence emphasizes the
urgent need for integrated diagnostic strategies and optimized treatment
approaches to address coinfections and improve overall health outcomes
in TB patients. Our findings further underscore a clinically relevant
interaction between previous COVID-19 infection and increased TB
relapse risk. Prior SARS-CoV-2 infection likely exacerbates the
vulnerability of TB patients to relapse through mechanisms such as
residual pulmonary damage, persistent immunosuppressive effects, and
potential delays in TB diagnosis or treatment initiation during the
pandemic period. These observations highlight the necessity for
enhanced post-COVID-19 monitoring and tailored interventions in TB
care pathways. This clinically intuitive link aligns with recent literature
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indicating that patients recovering from COVID-19 may exhibit
prolonged impairment of pulmonary and immune function, significantly
increasing the risk for reactivation or recurrence of TB (54, 64). These
insights highlight the need for enhanced surveillance and targeted
clinical interventions in TB patients with a history of COVID-19, aiming
to minimize relapse rates and improve patient outcomes.

Age also emerged as a strong predictor in our model, with
individuals aged 36-60 having over a fivefold increase (OR = 5.08,
p<0.001) and those >60 nearly fourfold (OR=3.96, p=0.004),
compared with 18-35 years age group. The higher relapse risk in older
ages is consistent with studies showing that older age is a key factor in TB
relapse, as observed in hospital-based case-control studies (65).
Additionally, our observation that smoking elevates relapse odds by 76%
(OR =1.77, p = 0.009) is in agreement with epidemiological analyses
from cohort studies which have reported that heavy smoking
significantly increases TB recurrence risk, sometimes by more than
twofold (66, 67). Our findings indicate that higher education serves as a
protective factor against TB relapse, with secondary and tertiary
education significantly reducing relapse odds (OR = 0.48, p = 0.002 and
OR =0.46, p = 0.006, respectively). This aligns with previous studies
reporting that TB patients with lower education levels exhibit a higher
relapse rate (12.2%) compared to those with higher education (7.1%),
which can be related to lower adherence to TB treatment in people with
lower education (that includes lower health education) (68).

Consistent with our findings, previous population-based studies
reinforce the significant association between smoking and increased risk
of TB recurrence after successful treatment. For instance, a study found
that individuals who smoked more than 10 cigarettes per day had double
the recurrence risk compared to non-smokers (adjusted HR = 2.0).

Research consistently shows a strong association between smoking
and reduced QOL across all age groups, although the extent of its
impact varies with age. In young and middle-aged adults, smoking
especially heavy smoking is clearly linked to significantly lower QOL
scores, with increased numbers of physically and mentally unhealthy
days compared to non-smokers (69, 70). In older adults, the relationship
becomes more complex; while some studies report slightly higher QOL
scores among moderate older smokers, potentially due to survivor bias,
heavy smoking remains strongly associated with worse outcomes,
particularly affecting social participation and psychological well-being
(69, 71, 72).

This increased risk highlights the necessity of integrating smoking
cessation interventions into TB treatment programs as a strategy to
prevent relapse (67). Furthermore, a TB control study involving 16,345
patients reported a clear gradient in relapse risk from never-smokers to
ex-smokers and current smokers, with hazard ratios of 1.00, 1.33, and
1.63, respectively. Approximately 19.4% of TB relapses in this population
were directly attributable to smoking. These findings strongly support
the inclusion of targeted smoking cessation measures in comprehensive
TB control strategies (8).

Gender and marital status did not significantly affect relapse risk in
our regression analysis, which may indicate that when controlling for
clinical and socioeconomic variables, these factors exert less influence,
compared with univariate analysis. Overall, our results corroborate and
expand on previous findings, emphasizing the compounded risks of
COVID-19, older age, and smoking on TB relapse while highlighting
the protective role of education (16, 65-67, 73).

Complementing these findings, our structural equation model
demonstrated that the four WHOQOL-BREF domains, physical,
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psychological, social, and environmental along with a general QOL
question, strongly contribute to an overarching QOL construct, with
high factor loadings (0.865-1.0). On the structural paths, marital status
(f ~0.09, p =0.022) and education (f ~ 0.18, p < 0.001) were positively
associated with QOL, while COVID status had a strong negative effect
(B~ —0.51, p < 0.001).

Our finding that married and higher-educated individuals report
better QoL aligns with broader patterns observed in general populations,
as marriage and education typically enhance psychosocial support
networks, socioeconomic stability, and access to healthcare resources.
Previous studies have repeatedly shown that being married and having
higher educational attainment are associated with improved physical
and psychological well-being, especially among men, likely due to
increased social support and health literacy (55, 57). However, within
the specific context of TB these socio-demographic factors may have an
even more pronounced impact on patient outcomes due to their
potential influence on treatment adherence, health behaviors, and
coping strategies when facing a chronic, socially stigmatizing disease.

In terms of relapse risk, both smoking (=~ 0.08, p = 0.022) and
COVID (B = 0.09, p = 0.012) emerged as significant contributors, and
smoking was marginally linked to gender. Overall, these results suggest
that, among TB patients, COVID-19 is a major detractor from QOL,
while supportive factors such as marital status and education can
mitigate some negative impacts.

Our findings underscore the multifaceted impact of TB on
patients’ QOL, revealing significant impairment across physical,
psychological, social, and occupational domains. The exacerbation of
these impairments by factors such as prior COVID-19 infection,
advanced age, smoking, lower education, and socioeconomic
the
multidisciplinary approaches in TB care. Enhancing patient outcomes

vulnerability ~ emphasizes need for comprehensive,
requires targeted strategies that integrate medical interventions with
psychosocial support, smoking cessation programs, and educational
initiatives tailored to patients’ specific demographic and clinical
profiles. Management strategies for TB patients should incorporate
systematic screening and management of comorbid conditions, such
as diabetes mellitus, along with the use of early predictive biomarkers
to identify high-risk individuals, both of which have been shown to
significantly influence treatment outcomes and overall quality of life
(38, 74). Future research should expand on these findings through
longitudinal studies to better understand evolving patient needs and
inform effective, context-specific public health policies. Ultimately, a
holistic approach addressing both clinical treatment and quality-of-
life improvements will be pivotal in advancing TB care, reducing

relapse risks, and alleviating the broader societal burden of this disease.

4.1 Future directions

Future research should employ longitudinal study designs to better
elucidate causal relationships between COVID-19 history, socio-
demographic factors, and QOL among TB patients. Expanding the
sample size and including multi-center studies across different regions
and healthcare settings will enhance the generalizability of the findings.
Additionally, integrating more detailed assessments of socio-economic
status such as income levels, nutritional status, and access to healthcare
services could further clarify the complex interactions influencing
patient outcomes. Investigating the long-term effects of COVID-19 on
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TB patients’ QOL, including potential changes over time and the impact
of ongoing public health interventions, is also warranted. Finally,
exploring targeted interventions, such as smoking cessation programs
and tailored socio-economic support, may provide practical insights into
improving both clinical outcomes and QOL in this high-risk population.

4.2 Limitations

This study has several limitations. The reliance on self-reported
socio-demographic and lifestyle data, such as smoking, may
introduce recall and reporting biases. The study was conducted in a
specific geographic region (South-Western Romania), which may
limit the generalizability of the results to other regions or populations
with different socio-economic and healthcare contexts. The subgroup
analyses comparing patients with and without previous COVID-19
infection occasionally involved small sample sizes, limiting the
statistical power and generalizability of the findings. Although
we adjusted for several confounders, including age, education, and
smoking status, residual confounding by unmeasured factors such as
nutritional status or TB treatment adherence cannot be ruled out.
Moreover, the severity of prior COVID-19 infections was not
consistently documented, which could affect the associations
observed with TB relapse and QOL.

QOL assessment was cross-sectional, and the duration between
recovery from COVID-19 and QOL evaluation varied among
participants; thus, long-term follow-up data were not available. While all
participants analyzed for relapse had documented completion of anti-TB
treatment, precise adherence levels and potential residual effects of
treatment were not individually assessed, potentially influencing relapse
and QOL outcomes. Although rigorous exclusion criteria were applied,
undetected past COVID-19 infections without laboratory confirmation
remain a possibility; potentially impacting group classifications and study
results. Despite these limitations, our findings provide important insights
into the interplay between COVID-19, socio-demographic factors, and
TB outcomes, highlighting the need for integrated interventions
targeting these high-risk groups.

5 Conclusion

TB patients with a history of COVID-19, especially smokers,
experience a marked decline in QOL. COVID-19, advanced age, and
smoking significantly increase the risk of TB relapse, while higher
education appears to have a protective effect. These results
underscore the need to incorporate COVID-19 prevention, focused
smoking cessation efforts, and socio-economic interventions into TB
management programs not only to reduce relapse rates but also to
enhance overall QOL in high-risk patient groups. Further research
is essential to clarify the underlying mechanisms and to develop
tailored strategies that address both clinical outcomes and
QOL improvements.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1582726
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Mitroi et al.

Ethics statement

The studies involving humans were approved by Ethics Review
Board of the University Medicine and Pharmacy of Craiova, Romania
and the Ethics Committee of Victor Babes University Hospital of
Craiova, Romania. The studies were conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

DM: Methodology, Project administration, Writing - original
draft. MB: Methodology, Validation, Writing - original draft. OZ:
Conceptualization, Formal analysis, Software, Writing - original draft.
CT: Data curation, Investigation, Supervision, Writing - review &
editing. OC: Writing - original draft. AM: Project administration,
Writing - review & editing. GC: Visualization, Writing - review &
editing. VB: Resources, Supervision, Writing — review & editing. RC:
Conceptualization, Investigation, Validation, Visualization, Writing —
original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. The Article Processing
Charges were funded by the University of Medicine and Pharmacy of
Craiova, Romania.

References

1. Orooj M, Orooj M, Sharma B, Rabra S, Awasthi S. Impact of COVID-19 pandemic
on quality of life and medication adherence among pulmonary TB patients. Int ] Cur Res
Rev. (2021) 13:119. doi: 10.31782/IJCRR.2021.SP186

2. Poudel AN, Zhu S, Cooper N, Roderick P, Alwan N, Tarrant C, et al. Impact of
Covid-19 on health-related quality of life of patients: a structured review. PLoS One.
(2021) 16:0259164. doi: 10.1371/JOURNAL.PONE.0259164

3. Nandasena HMRKG, Pathirathna ML, Atapattu AMMP, Prasanga PTS. Quality of
life of COVID 19 patients after discharge: systematic review. PLoS One. (2022) 17:941.
doi: 10.1371/JOURNAL.PONE.0263941

4. Cioboata R, Nicolosu D, Streba CT, Vasile CM, Olteanu M, Nemes A, et al. Post-
COVID-19 syndrome based on disease form and associated comorbidities. Diagnostics.
(2022) 12:502. doi: 10.3390/diagnostics12102502

5. World Health Organization (WHO). Coronavirus disease (COVID-19) pandemic.
Atlanta, GA, USA: WHO (2020).

6. European Centre for Disease Prevention and Control (ECDC). Timeline of
COVID-19 developments in 2020. Available online at: https://www.ecdc.europa.eu/en/
covid-19/timeline-ecdc-response (2020) (Accessed May 20, 2025).

7. European Medicines Agency (EMA). COVID-19 vaccines: authorized vaccines.
Available online at: https://www.ema.europa.eu/en/human-regulatory/overview/public-
health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19
(2023) (Accessed May 26, 2025).

8. Leung CC, Yew WW, Chan CK, Chang KC, Law WS, Lee SN, et al. Smoking
adversely affects treatment response, outcome and relapse in tuberculosis. Eur Respir J.
(2014) 45:738-45. doi: 10.1183/09031936.00114214

9. Lin HH, Ezzati M, Murray M. Tobacco smoke, indoor air pollution and
tuberculosis: a systematic review and meta-analysis. PLoS Med. (2007) 4:0173-89. doi:
10.1371/JOURNAL.PMED.0040020

10. Wang EY, Arrazola RA, Mathema B, Ahluwalia IB, Mase SR. The impact of
smoking on tuberculosis treatment outcomes: a meta-analysis. Int ] Tuberc Lung Dis.
(2020) 24:170-5. doi: 10.5588/IJTLD.19.0002

11. Siddiqi K, Keding A, Marshall AM, Dogar O, Li ], Huque R, et al. Effect of quitting
smoking on health outcomes during treatment for tuberculosis: secondary analysis of
the TB & tobacco trial. Thorax. (2021) 77:74-8. doi: 10.1136/THORAX]JNL-2020-215926

Frontiers in Medicine

12

10.3389/fmed.2025.1582726

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1582726/
full#supplementary-material

12. Awaisu A, Haniki Nik Mohamed M, Noordin N, Muttalif A, Aziz N, Syed Sulaiman S,
et al. Impact of connecting tuberculosis directly observed therapy short-course with smoking
cessation on health-related quality of life. Tob Induc Dis. (2012) 10:2. doi: 10.1186/1617-9625-10-2

13. Cioboata R, Biciusca V, Olteanu M, Vasile CM. COVID-19 and tuberculosis:
unveiling the dual threat and shared solutions perspective. J Clin Med. (2023) 12:784.
doi: 10.3390/jcm12144784

14. Alene KA, Wangdi K, Clements ACA. Impact of the COVID-19 pandemic on
tuberculosis control: an overview. Trop Med Infect Dis. (2020) 5:123. doi:
10.3390/TROPICALMED5030123

15. Global Fund Organization. The impact of COVID-19 on HIV, TB and malaria
services and systems for health—Updates—The Global Fund to Fight AIDS, Tuberculosis
and  Malaria.  (2025).  Available at:  https://www.theglobalfund.org/en/
updates/2021/2021-04-13-the-impact-of-covid-19-on-hiv-tb-and-malaria-services-
and-systems-for-health/ (Accessed February 2, 2025).

16. Alemu A, Bitew ZW, Seid G, Diriba G, Gashu E, Berhe N, et al. Tuberculosis in

individuals who recovered from COVID-19: a systematic review of case reports. PLoS
One. (2022) 17:807. doi: 10.1371/JOURNAL.PONE.0277807

17. World Health Organization Global Tuberculosis Report 2022. (2022).

18. World Health Organization Global tuberculosis report 2023. (2023).

19. World Health Organization Global tuberculosis report 2024. (2024).

20. World Bank. Incidence of tuberculosis (per 100,000 people)—Romania. Available

online at: https://data.worldbank.org/indicator/SH.TBS.INCD?locations=RO. (2024)
(Accessed June 14, 2025).

21. Butnaru T, Constantin A. Quality of Life of Romanian Patients with Sensitive and
Drug-Resistant Tuberculosis During and After Treatment. Farmacia. (2024) 72:3. doi:
10.31925/farmacia.2024.3.22

22. Margineanu I, Butnaru T, Lam M, Baiceanu D, Dragomir R, Arbore AS, et al.
Tuberculosis impacts multiple aspects in quality of life in a Romanian cohort of drug-
susceptible and drug resistant patients: a patient-reported outcome measures study. Trop
Med Int Health. (2024) 29:584-93. doi: 10.1111/TMI.13996

23.Munteanu I, Cioran N, Van Hest R, Abubakar I, Story A, Chiotan D, et al.
Tuberculosis surveillance in Romania among vulnerable risk groups between 2015 and
2017. Ther Clin Risk Manag. (2022) 18:439. doi: 10.2147/TCRM.S347748

frontiersin.org


https://doi.org/10.3389/fmed.2025.1582726
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1582726/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1582726/full#supplementary-material
https://doi.org/10.31782/IJCRR.2021.SP186
https://doi.org/10.1371/JOURNAL.PONE.0259164
https://doi.org/10.1371/JOURNAL.PONE.0263941
https://doi.org/10.3390/diagnostics12102502
https://www.ecdc.europa.eu/en/covid-19/timeline-ecdc-response
https://www.ecdc.europa.eu/en/covid-19/timeline-ecdc-response
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19
https://doi.org/10.1183/09031936.00114214
https://doi.org/10.1371/JOURNAL.PMED.0040020
https://doi.org/10.5588/IJTLD.19.0002
https://doi.org/10.1136/THORAXJNL-2020-215926
https://doi.org/10.1186/1617-9625-10-2
https://doi.org/10.3390/jcm12144784
https://doi.org/10.3390/TROPICALMED5030123
https://www.theglobalfund.org/en/updates/2021/2021-04-13-the-impact-of-covid-19-on-hiv-tb-and-malaria-services-and-systems-for-health/
https://www.theglobalfund.org/en/updates/2021/2021-04-13-the-impact-of-covid-19-on-hiv-tb-and-malaria-services-and-systems-for-health/
https://www.theglobalfund.org/en/updates/2021/2021-04-13-the-impact-of-covid-19-on-hiv-tb-and-malaria-services-and-systems-for-health/
https://doi.org/10.1371/JOURNAL.PONE.0277807
https://data.worldbank.org/indicator/SH.TBS.INCD?locations=RO
https://doi.org/10.31925/farmacia.2024.3.22
https://doi.org/10.1111/TMI.13996
https://doi.org/10.2147/TCRM.S347748

Mitroi et al.

24. WHOQOL-BREE. Introduction, administration, scoring and generic version
of the assessment: field trial version, December 1996. (2025). Available online at:
https://www.who.int/publications/i/item/WHOQOL-BREF (Accessed February
2,2025).

25. Hammouda EA, Gobran WE, Tawfeek RM, Esmail O, Ashmawy R, Youssef N, et al.
Survey to measure the quality of life of patients with tuberculosis in Alexandria, Egypt: a
cross-sectional study. BMC Health Serv Res. (2023) 23:1-10. doi: 10.1186/s12913-023-09381-z

26. Wang H, Gu ], Zhang L, Song Y. Assessing the quality of life in patients with drug-
resistant tuberculosis: a cross-sectional study. BMC Pulm Med. (2024) 24:1-11. doi:
10.1186/512890-024-03119-1

27. Olariu E, Mohammed W, Oluboyede Y, Caplescu R, Niculescu-Aron IG, Paveliu
MS, et al. EQ-5D-5L: a value set for Romania. Eur ] Health Econ. (2023) 24:399-412. doi:
10.1007/S10198-022-01481-7

28. Coman MA, Forray A, Van den Broucke S, Chereches RM. Measuring health
literacy in Romania: validation of the HLS-EU-Q16 survey questionnaire. Int J Public
Health. (2022) 67:4272. doi: 10.3389/ijph.2022.1604272

29. Radu MC, Armean SM, Chivu LI, Aurelian J, Medar C, Manolescu LSC. Assessing
the quality of life of pregnant women in Romania: socioeconomic, health, and obstetric
factors and the validation of the WHOQOL-BREF instrument. Nurs Rep. (2025) 15:78.
doi: 10.3390/NURSREP15030078

30. Ildiko GA, Gabriela M, Charlotte B, Olivier B, Raluca-Monica P, Jean-Yves R, et al.
Psychometric performance of the Romanian version of the SarQoL®, a health-related
quality of life questionnaire for sarcopenia. Arch Osteoporos. (2017) 12:1. doi:
10.1007/S11657-017-0397-1

31.Ildiko GA, Gabriela M, Maria PI. Romanian translation and cross-cultural
adaptation of the SarQol questionnaire. Acta Med Marisiensis. (2016) 62:384-5. doi:
10.1515/AMMA-2016-0036

32. Marciu FC, Peptan C, Gorun HT, Baleanu VD, Gheorman V. Analysis of the
impact of the armed conflict in Ukraine on the population of Romania. Front Public
Health. (2022) 10:576. doi: 10.3389/fpubh.2022.964576

33. Leuciuc FV, Ghervan P, Popovici IM, Benedek E, Lazar AG, Pricop G. Social and
educational sustainability of the physical education of Romanian students and the
impact on their physical activity level. Sustain For. (2020) 12:1-10. doi:
10.3390/SU12219231

34. Seica A, Segall L, Verzan C, Vaduva N, Madincea M, Rusoiu S, et al. Factors
affecting the quality of life of haemodialysis patients from Romania: a multicentric study.
Nephrol Dials Transplant. (2009) 24:626-9. doi: 10.1093/NDT/GFN506

35. Grigorescu ED, Lacatusu CM, Cretu I, Floria M, Onofriescu A, Ceasovschih A,
et al. Self-reported satisfaction to treatment, quality of life and general health of type 2
diabetes patients with inadequate glycemic control from north-eastern Romania. Int J
Environ Res Public Health. (2021) 18:1-17. doi: 10.3390/]JERPH18063249

36. Dumitrescu R, Bolchis V, Popescu S, Ivanescu A, Bolos A, Jumanca D, et al. Oral
health and quality of life in type 2 diabetic patients: key findings from a Romanian study.
J Clin Med. (2025) 14:400. doi: 10.3390/JCM 14020400

37.Meca A-D, Stefanescu S, Bogdan M, Turcu-stiolica A, Nitu F, Matei M, et al.
Crosstalk between vitamin D axis, inflammation and host immunity mechanisms: a
prospective study. Exp Ther Med. (2021) 21:608. doi: 10.3892/etm.2021.10040

38. Consortium T, Huangfu P, Laurence YV, Alisjahbana B, Ugarte-Gil C, Riza AL,
et al. Point of care HbA, level for diabetes mellitus management and its accuracy among
tuberculosis patients: a study in four countries. Int ] Tubercul Lung Dis. (2019) 23:283.
doi: 10.5588/ijtld.18.0359

39. Dinescu FV, Tiple C, Chirila M, Muresan R, Drugan T, Cosgarea M. Evaluation of
health-related quality of life with EORTC QLQ-C30 and QLQ-H&N?35 in Romanian
laryngeal cancer patients. Eur Arch Otorrinolaringol. (2016) 273:2735-40. doi:
10.1007/S00405-015-3809-0

40. Licu M, ITonescu CG, Paun S. Quality of life in Cancer patients: the modern
psycho-oncologic approach for Romania—a review. Curr Oncol. (2023) 30:6964-75. doi:
10.3390/CURRONCOL30070504

41. Bratu ML, Sandesc D, Anghel T, Dehelean L, Bondrescu M, Bratosin F, et al.
Quality of life assessment using the WHOQOL-BREF survey in hospitalized patients
with alcohol use disorder from Romania. Diseases. (2024) 12:158. doi:
10.3390/DISEASES12070158

42.Kall M, Fresdn U, Guy D, Brown G, Burgui C, Castilla J, et al. Quality of life in
people living with HIV in Romania and Spain. BMC Infect Dis. (2021) 21:567. doi:
10.1186/512879-021-06567-W

43. Hertz D, Schneider B. Sex differences in tuberculosis. Semin Immunopathol. (2018)
41:225-37. doi: 10.1007/S00281-018-0725-6

44. Mahler B, De Vries G, Van Hest R, Gainaru D, Menezes D, Popescu G, et al. Use of
targeted mobile X-ray screening and computer-aided detection software to identify
tuberculosis among high-risk groups in Romania: descriptive results of the E-DETECT TB
active case-finding project. BMJ Open. (2021) 11:45289. doi: 10.1136/bmjopen-2020-045289

45. Horton KC, MacPherson P, Houben RMG]J, White RG, Corbett EL. Sex differences
in tuberculosis burden and notifications in low- and middle-income countries: a
systematic review and Meta-analysis. PLoS Med. (2016) 13:119. doi: 10.1371/JOURNAL.
PMED.1002119

Frontiers in Medicine

10.3389/fmed.2025.1582726

46. Feng JY, Huang SE Ting WY, Chen YC, Lin YY, Huang RM, et al. Gender
differences in treatment outcomes of tuberculosis patients in Taiwan: a prospective
observational study. Clin Microbiol Infect. (2012) 18:931. doi: 10.1111/].1469-0691.
2012.03931.X

47.Khan AH, Israr M, Khan A, Aftab RA, Khan TM. Smoking on treatment outcomes
among tuberculosis patients. Am ] Med Sci. (2015) 349:505-9. doi: 10.1097/
MAJ.0000000000000473

48. Abedi S, Moosazadeh M, Tabrizi R, Afshari M, Nezammahalleh A, Akbari M. The
impact of diabetics and smoking on gender differences of smear positive pulmonary
tuberculosis incidence. Indian ] Tubercul. (2017) 66:353-7. doi: 10.1016/].1JTB.2017.
01.004

49. Thomas BE, Thiruvengadam K, Rani S, Kadam D, Ovung S, Sivakumar S, et al.
Smoking, alcohol use disorder and tuberculosis treatment outcomes: a dual co-
morbidity burden that cannot be ignored. PLoS One. (2019) 14:507. doi:
10.1371/JOURNAL.PONE.0220507

50. Amere GA, Nayak P, Salindri AD, Narayan KMV, Magee MJ. Contribution of
smoking to tuberculosis incidence and mortality in high-tuberculosis-burden countries.
Am ] Epidemiol. (2018) 187:1846-55. doi: 10.1093/AJE/KWY081

51.Khan AH, Sulaiman SAS, Hassali MA, Khan KU, Ming LC, Mateen O, et al.
Effect of smoking on treatment outcome among tuberculosis patients in Malaysia;
a multicenter study. BMC Public Health. (2019) 20:6. doi: 10.1186/S12889-
020-08856-6

52. Shepelkova GS, Evstifeev VV, Berezovskiy YS, Tarasov RV, Bagirov MA, Yeremeev
VV. Lung inflammation signature in post-COVID-19 TB patients. Int ] Mol Sci. (2023)
24:315. doi: 10.3390/1JMS242216315

53. Kashyap VK, Dhasmana A, Massey A, Kotnala S, Zafar N, Jaggi M, et al. Smoking
and COVID-19: adding fuel to the flame. Int | Mol Sci. (2020) 21:1-22. doi:
10.3390/1JMS21186581

54. Migliori GB, Casco N, Jorge AL, Palmero DJ, Alffenaar JW, Denholm J, et al.
Tuberculosis and COVID-19 co-infection: description of the global cohort. Eur Respir
J. (2021) 59:2021. doi: 10.1183/13993003.02538-2021

55. Dires A, Hagos T, Yitayal M, Amare G, Aschalew AY. Quality of life and associated
factors among patients with tuberculosis at the University of Gondar comprehensive
specialized hospital, Ethiopia. Qual Life Res. (2020) 30:1173-81. doi: 10.1007/S11136-
020-02717-W

56. Juliasih NN, Mertaniasih NM, Hadi C, Soedarsono SRM, Alfian IN. Factors
affecting tuberculosis patients’ quality of life in Surabaya, Indonesia. ] Multidiscip
Healthc. (2020) 13:1475-80. doi: 10.2147/JMDH.S274386

57. Hailu T, Yitayal M, Yazachew L. Health-related quality of life and associated factors
among adult HIV mono-infected and TB/HIV co-infected patients in public health
facilities in Northeast Ethiopia: a comparative cross-sectional study. Patient Prefer
Adherence. (2020) 14:1873-87. doi: 10.2147/PPA.S269577

58. Kim SH, Lee H, Kim Y. Health-related quality of life after pulmonary tuberculosis
in South Korea: analysis from the Korea National Health and nutrition examination
survey between 2010 and 2018. Health Qual Life Outcomes. (2021) 19:6. doi:
10.1186/512955-021-01833-6

59. Samuel R. Quality of life and associating factors in pulmonary tuberculosis
patients. Open Forum Infect. Dis. (2022) 9:0fac492.1273 doi: 10.1093/ofid/
ofac492.1273

60. Gamvroula A, Antonopoulos S, Stratou E, Toutouni C, Aggelaina S, Lampou G,
et al. The impact of COVID-19 pandemic on quality of life among general population
at Argolida regional unit. Eur Psychiatry. (2022) 65:5377-7. doi: 10.1192/]. EURPSY.
2022.957

61. Touré AA, Magassouba AS, Camara G, Doumbouya A, Cissé D, Barry I, et al.
Health-related quality of life of tuberculosis patients during the COVID-19 pandemic
in Conakry, Guinea: a mixed methods study. Trop Med Infect Dis. (2022) 7:224. doi:
10.3390/TROPICALMED7090224

62. Koupaei M, Naimi A, Moafi N, Mohammadi P, Tabatabaei FS, Ghazizadeh S, et al.
Clinical characteristics, diagnosis, treatment, and mortality rate of TB/COVID-19
Coinfectetd patients: a systematic review. Front Med (Lausanne). (2021) 8:593. doi:
10.3389/FMED.2021.740593

63. Cioboata R, Balteanu MA, Osman A, Vlasceanu SG, Zlatian OM, Mitroi DM, et al.
Coinfections in tuberculosis in low- and middle-income countries: epidemiology,
clinical implications, diagnostic challenges, and management strategies—a narrative
review. J Clin Med. (2025) 14:154. doi: 10.3390/JCM14072154

64. Alemu A, Bitew ZW, Worku T. Intestinal parasites co-infection among tuberculosis
patients in Ethiopia: a systematic review and meta-analysis. BMC Infect Dis. (2020) 20:7.
doi: 10.1186/512879-020-05237-7

65.Daboussi S, Naaroura A, Mhamdi S, Marzouki S, Snoussi H, Aichaouia C,
et al. Predictors of pulmonary tuberculosis relapse. Eur Respir J. 62:PA2043.
(n.d.). doi: 10.1183/13993003.congress-2023.PA2043

66. D'arc Lyra Batista ], Militio DFP, Albuquerque M, Alencar Ximenes RA, Rodrigues
LC. Smoking increases the risk of relapse after successful tuberculosis treatment. Int J
Epidemiol. (2008) 37:841-51. doi: 10.1093/IJE/DYN113

frontiersin.org


https://doi.org/10.3389/fmed.2025.1582726
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.who.int/publications/i/item/WHOQOL-BREF
https://doi.org/10.1186/s12913-023-09381-z
https://doi.org/10.1186/s12890-024-03119-1
https://doi.org/10.1007/S10198-022-01481-7
https://doi.org/10.3389/ijph.2022.1604272
https://doi.org/10.3390/NURSREP15030078
https://doi.org/10.1007/S11657-017-0397-1
https://doi.org/10.1515/AMMA-2016-0036
https://doi.org/10.3389/fpubh.2022.964576
https://doi.org/10.3390/SU12219231
https://doi.org/10.1093/NDT/GFN506
https://doi.org/10.3390/IJERPH18063249
https://doi.org/10.3390/JCM14020400
https://doi.org/10.3892/etm.2021.10040
https://doi.org/10.5588/ijtld.18.0359
https://doi.org/10.1007/S00405-015-3809-0
https://doi.org/10.3390/CURRONCOL30070504
https://doi.org/10.3390/DISEASES12070158
https://doi.org/10.1186/S12879-021-06567-W
https://doi.org/10.1007/S00281-018-0725-6
https://doi.org/10.1136/bmjopen-2020-045289
https://doi.org/10.1371/JOURNAL.PMED.1002119
https://doi.org/10.1371/JOURNAL.PMED.1002119
https://doi.org/10.1111/J.1469-0691.2012.03931.X
https://doi.org/10.1111/J.1469-0691.2012.03931.X
https://doi.org/10.1097/MAJ.0000000000000473
https://doi.org/10.1097/MAJ.0000000000000473
https://doi.org/10.1016/J.IJTB.2017.01.004
https://doi.org/10.1016/J.IJTB.2017.01.004
https://doi.org/10.1371/JOURNAL.PONE.0220507
https://doi.org/10.1093/AJE/KWY081
https://doi.org/10.1186/S12889-020-08856-6
https://doi.org/10.1186/S12889-020-08856-6
https://doi.org/10.3390/IJMS242216315
https://doi.org/10.3390/IJMS21186581
https://doi.org/10.1183/13993003.02538-2021
https://doi.org/10.1007/S11136-020-02717-W
https://doi.org/10.1007/S11136-020-02717-W
https://doi.org/10.2147/JMDH.S274386
https://doi.org/10.2147/PPA.S269577
https://doi.org/10.1186/S12955-021-01833-6
https://doi.org/10.1192/J.EURPSY.2022.957
https://doi.org/10.1192/J.EURPSY.2022.957
https://doi.org/10.3390/TROPICALMED7090224
https://doi.org/10.3389/FMED.2021.740593
https://doi.org/10.3390/JCM14072154
https://doi.org/10.1186/S12879-020-05237-7
https://doi.org/10.1183/13993003.congress-2023.PA2043
https://doi.org/10.1093/IJE/DYN113

Mitroi et al.

67.Yen YE Yen MY, Lin YS, Lin YP, Shih HC, Li LH, et al. Smoking increases risk of
recurrence after successful anti-tuberculosis treatment: a population-based study. Int J
Tuberc Lung Dis. (2014) 18:492-8. doi: 10.5588/1JTLD.13.0694

68.Jo KW, Yoo JW, Hong Y, Lee JS, Lee S, Kim WS, et al. Risk factors for 1-year relapse
of pulmonary tuberculosis treated with a 6-month daily regimen. Respir. Med. (2014)
108, 654-659. doi: 10.1016/].RMED.2014.01.010

69. Dube SR, Liu J, Fan AZ, Meltzer MI, Thompson WW. Assessment of age-related
differences in smoking status and health-related quality of life (HRQoL): findings from
the 2016 behavioral risk factor surveillance system. J Community Psychol. (2018)
47:93-103. doi: 10.1002/JCOP.22101

70.Zhong G, Shu Y, Li H, Zhou Y, Wei Q, Yang B, et al. Association between
smoking status and health-related quality of life: a study on differences among
age groups. Front. Public Health. (2024) 12:236. doi: 10.3389/FPUBH.2024.
1508236

Frontiers in Medicine

14

10.3389/fmed.2025.1582726

71. Viana DA, Andrade FCD, Martins LC, Rodrigues LR, Dos Santos Tavares DM. Differences
in quality of life among older adults in Brazil according to smoking status and nicotine
dependence. Health Qual Life Outcomes. (2019) 17:1072. doi: 10.1186/512955-018-
1072-Y

72. Strandberg AY, Strandberg TE, Pitkald K, Salomaa V'V, Tilvis RS, Miettinen TA. The
effect of smoking in midlife on health-related quality of life in old age: a 26-year prospective
study. Arch Intern Med. (2008) 168:1968-74. doi: 10.1001/ARCHINTE.168.18.1968

73. Yakupogullar1 Y, Tanriverdi ES, Ermis H, Otlu B. Emerging tuberculosis among
patients with previous COVID-19. Flora J Infect Dis Clin Microbiol. (2022) 27:659-63.
doi: 10.5578/FLORA.20229616

74. Cioboata R, Vasile CM, Balteanu MA, Georgescu DE, Toma C, Dracea AS, et al.
Evaluating serum calcium and magnesium levels as predictive biomarkers for
tuberculosis and COVID-19 severity: a Romanian prospective study. Int ] Mol Sci. (2024)
25:418. doi: 10.3390/ijms25010418

frontiersin.org


https://doi.org/10.3389/fmed.2025.1582726
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.5588/IJTLD.13.0694
https://doi.org/10.1002/JCOP.22101
https://doi.org/10.3389/FPUBH.2024.1508236
https://doi.org/10.3389/FPUBH.2024.1508236
https://doi.org/10.1186/S12955-018-1072-Y
https://doi.org/10.1186/S12955-018-1072-Y
https://doi.org/10.1001/ARCHINTE.168.18.1968
https://doi.org/10.5578/FLORA.20229616
https://doi.org/10.3390/ijms25010418

	From pandemic to endemic: assessing the impact of COVID-19 history and socio-demographic factors on quality of life in tuberculosis patients
	1 Introduction
	2 Materials and methods
	2.1 Study design and population
	2.2 Inclusion and exclusion criteria
	2.3 WHOQOL-BREF questionnaire
	2.4 Statistical analysis

	3 Results
	3.1 Demographic characteristics
	3.2 Logistic regression analysis
	3.3 Structural equation modeling

	4 Discussion
	4.1 Future directions
	4.2 Limitations

	5 Conclusion

	References

