‘ ARB
- Balneo and PRM Research Jous b"’

Asociatia Romana
de Balneologie

Research article

Risk Factors for COVID-19 Mortality in Patients with Rheumatoid Arthritis:
A National Registry-Based Cohort Study

Andreea-Iulia Vladulescu-Trandafir 12, Gelu Onose 121, Violeta-Claudia Bojinca 13*, Sorina-Maria Aurelian 14",
Andrada Mirea 56*, Constantin Munteanu 27, Andra-Rodica Balanescu 13, Andreea-Valentina Suciu 12,

Elena Icatoiu '3, Dumitru-Cristinel Badiu 8 and Cristina Popescu 12

Citation: Vladulescu-Trandafir AL, 1 Faculty of Medicine, University of Medicine and Pharmacy “Carol Davila”, 020022 Bucharest,
Onose G., Bojinca V.C., Aurelian Romania;
SSIZIII,AM;;,%S li;ul\/IAngte.aIT; 0Cm, Eilla;al: 2 Neuromuscular Rehabilit.ation Clinic Division, Teaching Emergency Hospital “Bagdasar-Arseni”,
diu D.C,, Popescu C. - Risk Factors 041915 Bucharest, Romania;
for COVID-19 Mortality in Patients 3 Department of Internal Medicine and Rheumatology, “Sfanta Maria” Hospital, 011172 Bucharest,
with Rheumatoid ~ Arthritis: A Romania;
National Registry-Based Cohort 4  Gerontology and Geriatrics Clinic Division, St. Luca Hospital for Chronic Illnesses, 041915
Study Bucharest, Romania;
Balneo and PRM Research Journal 5  Faculty of Midwifery and Nursing, University of Medicine and Pharmacy “Carol Davila”, 020022
2026, 17(1): 966 Bucharest, Romania;
Academic Editor(s): 6  National Clinical Centre of Neurorehabilitation for Children “Dr. N. Robanescu-Padure”, 041408
Constantin Munteanu Bucharest, Romania;

7 Faculty of Medical Bioengineering, University of Medicine and Pharmacy “Grigore T. Popa” Iasi,

. ) 700454 Iasi, Romania;

Reviewer Officer: 8 Department of Surgery, Teaching Emergency Hospital “Bagdasar-Arseni”, 041915 Bucharest,

Viorela Bembea

Production Officer:
Camil Filimon

Received: 13.02.2026
Published: 31.03.2026

Reviewers:
Alin Ciubotaru
Ruxandra Luciana Postoiu

Publisher’s Note: Balneo and PRM
Research Journal stays neutral with
regard to jurisdictional claims in
published maps and institutional
affiliations.

Romania

* Correspondence: andrada.mirea@gmail.com (A.M.), sorina.aurelian@umfcd.ro (S.-M.A.)
t+ These authors contributed equally to this work

Abstract: The Coronavirus Disease 2019 (COVID-19) pandemic has shown considerable
variability in mortality risk among different patient groups, and people with chronic
immune-mediated and inflammatory diseases, such as rheumatoid arthritis (RA), may have
an increased risk of this outcome. While many studies have examined various aspects of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, we still do not fully
understand what predicts mortality, especially among RA patients in Central and Eastern
Europe. As RA patients are frequently managed by Physical and Rehabilitation Medicine
(PRM) clinicians, it is important to recognize mortality-associated risk profiles to better tailor
rehabilitation care. This research was an observational, retrospective registry-based study
that included adult RA patients with SARS-CoV-2 infection between March 2020 and
December 2023. Data was compiled from the Romanian Registry of Rheumatic Diseases

(D) BY-NC-ND_| (RRBR). We analyzed demographics, comorbidities, RA and COVID-19 characteristics.
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independent predictors of death, and the final multivariable model was obtained through
backward stepwise selection, with multicollinearity assessed using variance inflation factors
(VIF). The study included 270 RA patients, of whom 6.66% died. Mortality was associated
with age =65.5 years (OR 11.1, 95% CI 3.16 - 55.6, p<0.001), lung involvement during
COVID-19 (OR 27.2, 95% CI 4.69 - 540, p=0.003), and smoking status (OR 0.10, 95% CI 0.02—
0.43, p=0.003). RA disease duration, extra-articular manifestations, comorbidities, and
antirheumatic treatment categories were not associated with mortality. In this national RA
cohort, COVID-19-related mortality was driven mainly by age, lung involvement, and
smoking, rather than by RA-specific disease characteristics. While statistically significant, the
wide confidence intervals reflect the limited number of events and suggest cautious
interpretation of the effect size. These factors are also linked to reduced functional reserve
and poorer recovery potential. From a PRM perspective, recognizing such risk profiles may
support appropriate clinical watchfulness and post-acute management in RA patients
following SARS-CoV-2 infection.
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1. Introduction

The heterogeneity of the clinical manifestations and outcomes associated with
COVID-19 varies from asymptomatic infection to severe respiratory failure and death.
Certain clinical outcomes of SARS-CoV-2 infection carry greater weight when as-
sessing disease impact in different patient groups. For instance, large-scale studies
and meta-analyses have found that advanced age, male gender, and pre-existing car-
diovascular, metabolic, and pulmonary conditions remain the major determinants for
mortality associated with SARS-CoV-2 infection, whereas excessive inflammatory re-
sponses contribute to the progression of the infection in severe cases [1-6]. Despite
substantial advances in understanding the pathophysiology of COVID-19, predicting
mortality at the individual patient level remains challenging, particularly in popula-
tions with baseline immune alterations [7-10].

In addition, other population studies reported an excess mortality and a decline
in life expectancy during the pandemic, reflecting both direct and indirect effects of
COVID-19. However, by 2023, age-standardized mortality rates and life expectancy
had largely returned to pre-pandemic levels. Nevertheless, considerable heterogene-
ity persisted across populations and age groups. Incomplete recovery persists in a
considerable proportion of countries, particularly among older adults and popula-
tions with comorbid conditions [11].

In parallel, the pandemic brought a lot of uncertainties to healthcare delivery,
leading to reduced medical attendance, delayed diagnoses, anxiety, and interrup-
tions in the management of chronic diseases. Indirect effects of the pandemic may
have increased the risk for adverse outcomes among populations or patient groups
with underlying inflammatory and comorbidities [12].

Rheumatoid arthritis (RA) represents a paradigmatic model of chronic systemic
inflammatory disease, characterized by persistent immune activation and a high bur-
den of cardiometabolic and pulmonary comorbidities. In addition, many patients are
exposed to immunomodulatory therapies, which initially raised concerns regarding
susceptibility to severe COVID-19 and fatal outcomes. However, evidence regarding
SARS-CoV-2-related mortality in RA has remained heterogeneous and, at times, con-
flicting. Although some large observational studies reported increased risk compared
to the general population, other studies suggested that increased mortality in RA pa-
tients could be mainly attributed to increased age and comorbidities, such as intersti-
tial lung disease (ILD), rather than RA-specific factors [12-16].

With respect to rehabilitation, patients with RA constitute a separate entity, in
which COVID-19-related outcomes should be interpreted in relation to pre-existing
levels of inflammation. Chronic systemic inflammation in RA individuals is strongly
related to muscle catabolism, decreased physical performance, and increased preva-
lence of sarcopenia and frailty, even in the absence of overt illness [12,17-19]. SARS-
CoV-2 infection is considered to be another inflammatory and catabolic stressor,
which may lead to deconditioning and functional decline in RA patients. These indi-
viduals often require continuous rehabilitation care, especially those with long-
standing disease. Thus, it is essential to identify clinical predictors of COVID-19 mor-
tality to avoid underestimating disease severity and to ensure appropriate risk strat-
ification, monitoring, and clinical decision-making within rehabilitation settings. In
this context, predictors of fatal outcomes may also signal an increased risk of adverse
functional trajectories among survivors [20-22].

Despite the increase in studies on the outcomes of patients with COVID-19 and
RA, there remain gaps in current knowledge. Most studies have been conducted to
assess the severity, the rate of hospitalization, and combined outcomes, with the risk
of death considered as a secondary endpoint or a proxy for the severity of the illness.
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Additionally, there is a lack of studies on outcomes in patients with RA, and the re-
sults have been difficult to generalize due to differences in healthcare systems, pan-
demic phases, and the variables analyzed. It is also worth emphasizing the lack of
studies from national rheumatology registries in Central and Eastern Europe, consid-
ering the different demographic characteristics, patterns of comorbidities, healthcare
access, treatment patterns, and pandemic responses compared to Western Europe or
the US, all of which can significantly influence the outcomes in patients with RA [14-
16,23-28].

The RRBR is a real-world model for collecting longitudinal outcomes in patients
with immune-mediated inflammatory rheumatic diseases (IMIRD) in Romania, in-
cluding experience with SARS-CoV-2 infection [29-32]. Even though the pandemic
has passed, the infection is still present and still causes deaths. Building on prior reg-
istry-based analyses that explored predictors of COVID-19 severity in other rheu-
matic disease subsets [33], the present study focuses specifically on RA and aims to
identify clinical predictors of mortality following SARS-CoV-2 infection in this pop-
ulation.

1. Material and Methods

1.1.  Ethical Considerations

This study was conducted following the principles of the Declaration of Helsinki,
national regulations and Good Clinical Practices (GCP) standards. Written informed
consent, including authorization under the General Data Protection Regulation
(GDPR), was obtained from all enrolled patients at the time of their initial registration
in the RRBR and at every medical visit. This consent explicitly encompassed permis-
sion to use electronic medical data for research purposes while ensuring patient an-
onymity through the systematic coding of personal identifiers. This study is part of
the Doctoral Research and has approval from the Scientific Research Ethics Commit-
tee of the “Sfanta Maria” Clinical Hospital (No. 6655/21.03.2022), with all procedures
conducted in accordance with established ethical guidelines for retrospective regis-
try-based research.

1.2.  Study Design

This observational, retrospective cohort study used anonymized data from the

RRBR and included patients who had both RA and SARS-CoV-2 infection between
March 1, 2020, and December 31, 2023.

1.3.  Data Source and Registry Infrastructure

Data were prospectively collected in the RRBR at the point of initiation of bio-
logical or targeted synthetic disease-modifying antirheumatic drug (b/tsDMARD)
therapy for each enrolled patient. Data is stored in a secure environment on a pro-
tected server. Voluntary contributions from participating rheumatologists ensured
the data's geographical representation. Information on adverse events and complica-
tions - including infectious episodes - is added to the patient's medical history during
the routine follow-up visit or when significant clinical events require documentation.
To maintain the integrity of the data and to reduce the potential bias, a deliberate
separation was made between the data analysis and the data collection; specifically,
the person who was in charge of the raw data extraction and anonymization was not
involved in the statistical analysis. Moreover, all the data were subjected to rigorous
harmonization, quality verification, and consolidation before the statistical analysis.

1.4.  Eligibility Criteria

To be included in the study, patients had to be 18 years of age or older with a
confirmed diagnosis of RA, based on clinical and paraclinical findings and supported
by established classification criteria [34], and to have been infected with SARS-CoV-
2 during the designated period. The diagnosis of COVID-19 was confirmed by the
results of the Rapid Antigen Detection and reverse transcription-polymerase chain
reaction tests. All included patients had received at least one course of biological ther-

apy.
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The patients were excluded from the study if they were part of the pediatric
population (<18 years old) or if the COVID-19 diagnosis remained uncertain or was
inadequately documented. Patients with incomplete registry data regarding essential
variables were also excluded to maintain rigor

1.5. Study Variables

The analytical framework incorporated multiple variable categories spanning
demographic, clinical, and treatment-related domains.

Demographic characteristics included: sex, age at COVID-19 diagnosis, smoking
history (yes/no), residence (urban/rural), and education level (elementary/second-
ary/university degree). Smoking status was included as a binary variable (Yes = ref-
erence category; No), such that odds ratios (OR) <1 indicate a lower mortality risk
among non-smokers compared with smokers.Clinical variables covered a thorough
assessment of co-existing diseases present before or during the infection. Detailed
characterization of RA-specific features included disease duration (calculated from
the initial RA diagnosis to COVID-19 onset), the presence and type of extra-articular
manifestations, and all immunosuppressive and immunomodulatory therapies that
were administered to patients at the time of SARS-CoV-2 infection.

Regarding the COVID-19 episode, we collected data on symptoms, duration of
infection, antibiotic use, disease progression, and mortality outcome.

1.6.  Study Objectives

The main goal of this study was to identify clinical factors that predict death in
RA patients with COVID-19. We focused on mortality because it is the most im-
portant and reliably recorded outcome in the registry framework. The secondary goal
was to comprehensively describe the study cohort, including their demographics,
clinical features, treatments, and infection-related information, to better understand
this patient population.

1.7.  Statistical Analysis

The data calculations were performed using R statistical software version 4.4.1
(R Foundation for Statistical Computing, Vienna, Austria) [35]. Descriptive analyses
for all the variables under investigation were computed. Continuous variables are
represented as the mean with standard deviations (SD) or the median with interquar-
tile range if the data is skewed. Categorical variables are expressed as frequencies
and percentages.

To establish the predictive relationship between the variables and the fatal out-
comes, univariate and multivariate binary logistic regression analyses were used. In
the regression analysis, the dependent variable was a binary outcome: death related
to or associated with COVID-19. The independent variables were the previously
mentioned variables.

The Receiver Operating Characteristic (ROC) curve was employed to identify
the optimal age cutoff for mortality prediction. The discriminative ability of the cutoff
was also determined using the area under the curve (AUC).

In the univariate regression analysis, the variables under investigation were an-
alyzed individually to identify connections meriting further investigation.

The associations of predictor variables with mortality were determined by cal-
culating ORs and their corresponding confidence intervals (Cls) at 95%. Statistical
significance was determined using a conventional alpha threshold of 0.05; p-values
below this level were considered significant.

The final multivariate model of prediction was designed using the backward
stepwise selection algorithm and included all candidate predictors identified through
univariate screening. To ensure validity, multicollinearity between the predictor var-
iables in the final model was also determined using VIFs. This approach confirms
that the final model includes variables that are independently associated with mor-
tality while considering confounding effects.

2. Results
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21. Demographics

Of the 9,300 patients in the registry diagnosed with RA, 270 (3%) had a con-
firmed COVID-19 diagnosis during the study period, and 18 individuals had died.
Thus, the overall case fatality rate was 6.66%.

The deceased patients had a mean age of 68.1 + 6.2 years, with a median of 69
years (range 53-79). ROC analysis indicated that an age 0f>65.5 years was a significant
threshold for distinguishing between survival and death, with an AUC of 0.740 (Fig-
ure 1). Using the univariate analysis, the results showed that patients aged 65.5 years
or older had a 7.39-fold higher mortality risk than younger patients (OR 7.39, 95% CI:
2.56-26.7, p < 0.001). Each additional year of age was associated with a 9% increase
in mortality risk (OR 1.09, 95% CI: 1.03-1.15, p = 0.003).

o |
o |
(=}
65.500 (0.679, 0.778)
o |
-1
£
5
a AUC: 0.740
A v
(=}
a
(=1
= |
f=]
T T T T T T
1.0 0.8 0.6 0.4 02 0.0
Specificity

Figure 1 — The results of the ROC analysis regarding mortality age.

AUC: area under the curve

The demographic composition of the study cohort was representative of that
commonly found in RA cases, with 229 female patients (84.8%) and 41 male patients
(15.2%). Among the patients who died during the study period, there were 14 female
patients and 4 male patients. The statistical analysis revealed no significant difference
in mortality rate between sexes (OR 1.66; 95% CI: 0.45-4.93; p=0.394).

Regarding residential distribution, 188 patients (69.6%) lived in urban areas,
with 10 deaths (5.3% case mortality rate), while 82 patients (30.4%) lived in rural areas,
with 8 deaths (9.8% case mortality rate). Although rural patients had a higher mor-
tality rate compared to their urban counterparts, the difference was not statistically
significant (OR 0.52; 95% CI: 0.20-1.41; p=0.185).

The analysis of the education level revealed that 205 patients (76%) had com-
pleted elementary or secondary education, with 16 deaths (7.8% case mortality rate),
while 65 patients (24%) had higher education, with only 2 deaths (3.1% case mortality
rate). Although higher education may have a protective effect against mortality rate,
the difference was not statistically significant (OR 0.38, 95% CI: 0.06-1.37, p = 0.199).

Smoking status was documented for all patients, with 32 individuals (11.9%)
identified as current smokers and 238 (88.1%) as non-smokers. Five deaths occurred
among smokers (15.6% case fatality) compared to 13 among non-smokers (5.5% case
fatality). Univariate analysis indicated that non-smokers had a significantly reduced
mortality risk (OR 0.31, 95% CI: 0.11-1.03, p = 0.039).

Detailed information is provided in Table 1.
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Predictor N Deaths N OR (95% CI) p-value
Age (years + SD) 270 18 1.09 (1.03 to 1.15) 0.003
Age category (years)

<65.5 175 4 —

>=65.5 95 14 7.39 (2.56 t0 26.7) <0.001
Sex

F 229 14 —

M 41 4 1.66 (0.45 to 4.93) 0.394
Smokers

Yes 32 5 —

No 238 13 0.31 (0.11 to 1.03) 0.039

Education level (n, %)

Elementary + High

School 20 1o B

Higher Education 65 2 0.38 (0.06 to 1.37) 0.199
Residence (n, %)

Rural 82 8 —

Urban 188 10 0.52 (0.20 to 1.41) 0.185

Table 1 - The results of the univariate regression analysis for demographic varia-
bles

2.2. RA-Specific Disease Characteristics

a) Disease duration

The mean disease duration among deceased patients was 20 + 11 years, com-
pared to 16 + 10 years in the surviving cohort. Each additional year of RA was asso-
ciated with a 4% increase in mortality risk, though this association was marginal non-
significant (OR 1.04, 95% CI: 0.99 to 1.08, p = 0.085).

b)  Extra-musculoskeletal manifestations

Rheumatoid nodules were documented in 32 patients, with no deaths recorded
in this subgroup (p = 0.122). Sicca syndrome affected 29 patients, among whom 2
deaths occurred, yielding no significant association with mortality (p = 0.958). Vascu-
litis was documented in 6 patients without any fatalities (p = 0.987), and Raynaud's
syndrome was present in 4 patients, also without deaths (p = 0.801). Pulmonary fi-
brosis was identified in 34 patients, with 4 deaths occurring in this group; however,
the association with mortality did not reach statistical significance (OR 0.47, 95% CI:
0.16-1.75, p = 0.212). Ocular involvement was reported in 6 patients, with a single
death (p = 0.342).

C) DMARDs

All 18 deceased patients were receiving treatment in monotherapy with biolog-
ical or targeted synthetic (b/ts)DMARDs at the time of SARS-CoV-2 infection. The
distribution among fatal cases included 3 patients treated with TNF-a inhibitors, 3
with IL-6 receptor inhibitors, 7 with rituximab, and 5 with tsDMARDs.
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Among individuals who received an association with a conventional synthetic
(cs)DMARD, the distribution was as follows: 8 patients received Methotrexate, 7 Sul-
fasalazine, 7 Leflunomide, 2 Hydroxychloroquine, and 1 Azathioprine. No deaths oc-
curred among these 25 patients compared with the biologics group (p = 0.218).

2.3. Comorbidity Burden

The cardiovascular comorbidities formed the largest group of comorbidities,
with hypertension being identified in 132 (48.9%) patients from the study population.
Among this group, there were 13 fatalities. In contrast, those without hypertension
had a significantly lower risk of death (OR 0.34, 95% CI: 0.11-0.94, p = 0.049). Ischemic
heart disease was present in 54 patients, of whom 4 died. There were no differences
in mortality risk between this group and the patients without ischemic heart disease
(OR0.86, 95% CI: 0.32-2.74, p = 0.807). Additionally, there were 15 cases of congestive
heart failure (CHF), with 3 fatalities; patients without CHF exhibited a four-fold re-
duction in mortality risk (OR 0.25, 95% CI: 0.07-1.18, p = 0.047). Peripheral vascular
disease was identified in 33 patients, with 2 deaths, showing no significant associa-
tion (p = 0.882).

In the pulmonary comorbidity category, a history of tuberculosis was noted
among 24 patients. This is of particular interest with regard to the administration of
immunosuppressive therapy. There were 3 fatalities among these patients, although
the association with mortality was not significant (p = 0.241).

The metabolic and endocrine category included diabetes mellitus, from which
35 patients suffered, with 3 fatalities, as well as thyroid disease among 45 patients
with 2 fatalities, neither of which demonstrated significant mortality associations (p
= 0.630 and p = 0.517, respectively). Osteoporosis was the second most frequent
comorbidity, as expected, and recorded among 72 patients with 5 fatalities (p =0.912),
while osteoarthritis was recorded in 33 patients, yielding 2 deaths (p = 0.882). A his-
tory of stroke was identified among 10 patients, with 2 fatalities (p = 0.108). Malig-
nancy was recorded among 10 patients, with no deaths reported (p = 0.731). These
results are also summarized and illustrated in Table 2.

Predictor N Deaths N OR (95% CI)! p-value
RA disease duration 270 18 1.04 (0.99 to 1.08) 0.085
Rheumatoid nodules

Yes 32 0 —

No 238 18 5.41 (0.71 to 699.24) 0.122

Sicca syndrome

Yes 29 2 —

No 241 16 0.96 (0.25 to 6.28) 0.958
Vasculitis

Yes 6 0 —

No 264 18 0.97 (0.10 to 129.02) 0.987
Raynaud’s syndrome

Yes 4 0 —

No 266 18 0.67 (0.06 to 90.00) 0.801
Pulmonary fibrosis

Yes 34 4 —

No 236 14 0.47 (0.16 to 1.75) 0.212
Ocular involvement

Yes 6 1 —

No 264 17 0.34 (0.05 to 6.79) 0.342
Treatment

b/tsDMARDs 245 18 —




Balneo and PRM Research Journal 2026, 17, 1 8of 17

Predictor N Deaths N OR (95% CI)! p-value

csDMARDs 25 0 0.24 (0.01 to 1.85) 0.218
Pulmonary tuberculo-
sis

Yes 24 3 —

No 246 15 0.45 (0.14 to0 2.07) 0.241
Arterial hypertension

Yes 132 13 —

No 138 5 0.34 (0.11 to 0.94) 0.049
Ischemic heart disease

Yes 54 4 —

No 216 14 0.86 (0.32 to 2.74) 0.807
CHF

Yes 15 3 —

No 255 15 0.25 (0.07 to 1.18) 0.047
Diabetes mellitus

Yes 35 3 —

No 235 15 0.73 (0.22 to 3.26) 0.630
Thyroid diseases

Yes 45 2 —

No 225 16 1.65 (0.45 to 10.7) 0.517
Osteoarthritis

Yes 33 2 —

No 237 16 1.12 (0.30 to 7.31) 0.882
Osteoporosis

Yes 72 5 —

No 198 13 0.94 (0.34 to 3.03) 0.912
Stroke

Yes 10 2 —

No 260 16 0.26 (0.06 to 1.83) 0.108
Malignancies

Yes 10 0 —

No 260 18 1.59 (0.19 to 208.51) 0.731

Table 2 —The results of the univariate regression analysis for RA-specific variables

2.4. COVID-19 Clinical Manifestations

Respiratory symptom classification revealed distinct mortality trends. Upper
airway involvement (UAI) alone accounted for 136 (50.4%) cases, of which only 1
patient died. In contrast, pulmonary (lung) involvement accounted for 134 (49.6%)
cases, of which 17 deaths were recorded. Differences between groups were statisti-
cally significant; patients with pulmonary involvement had a much higher risk of
mortality than those with UAI (OR 19.6, 95% CI: 3.94-356, p = 0.004).

When evaluating the effect of antibiotics, it was found that 46 patients received
antibiotics during the course of COVID-19, and 9 deaths were recorded. Of the 224
patients who did not receive antibiotics, 9 died. There was a significant reduction in
mortality in the group that did not receive antibiotics (OR 0.17, 95% CI: 0.06-0.47, p
< 0.001). This association likely reflects the well-known “confounding by indication”
phenomenon, as antibiotic therapy was preferentially administered to patients with
more severe presentations or suspected bacterial superinfection, rather than repre-
senting a causal relationship. Detailed information is presented in the table below.
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Predictor N Deaths N OR (95% CI)1 p-value
Respiratory symptoms

UAI 136 1 —

Pulmonary 134 17 19.6 (3.94 to 356) 0.004
Antibiotic

Yes 46 9 —

No 224 9 0.17 (0.06 to 0.47) <0.001

Table 3 - The results of the univariate regression analysis for COVID-19 specific

variables

2.5. Multivariate Analysis and Final Predictive Model

To refine the documentation of mortality predictors as completely and accu-
rately as possible, variables with univariate p-values < 0.10 were included in multiple
univariate binomial logistic regressions, with the initial model shown in Table 4. The
cutoff of 0.10 was selected to ensure that potentially important marginal associations
were not prematurely excluded. VIF analysis revealed acceptable levels of multicol-
linearity, with values ranging from 1.1 to 2.9. Although antibiotic use was signifi-
cantly associated with mortality in univariate analysis, it was not retained in the final
multivariate model, as it was considered a proxy marker of disease severity and sub-
ject to confounding by indication.

Predictor N Deaths (N) | OR (95% CI) p-value | VIF
Age (years + SD) 270 18 1.01 (0.91 to 1.13) 0.85 2.9
Age category (years) 2.9
<65.5 175 4 —
>=65.5 95 14 8.65 (1.15 to 86.9) 0.047
RA disease duration 270 18 1.04 (0.99 to 1.10) 0.11 1.1
Respiratory symptoms 1.2
UAI 136 1 —
Pulmonary 134 17 36.4 (5.65 to 781) 0.002
Smokers (n) 1.6
Yes 32 5 —
No 238 13 0.06 (0.01 to 0.31) <0.001
Arterial hypertension 1.2
Yes 132 13 —
No 138 5 0.64 (0.15 to 2.40) 0.52
CHF 1.1
Yes 15 3 —
No 255 15 0.28 (0.06 to 1.66) 0.13

Table 4 — The results of the multiple univariate binomial logistic regressions for
variables of interest

Using the reverse selection method based on p-values and VIFs of the predictors,
a final model was developed, with three independent predictors included (Table 5).
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Patients aged at least 65.5 years were found to have an increased mortality risk
by 11.1-fold (OR 11.1; CI: 3.16-55.6; p<0.001; VIF: 1.3). Lung involvement increased
the mortality risk by 27.2-fold (OR 27.2; CI: 4.69-540; p = 0.003; VIF: 1.1). Non-smoking
(with smoking as the reference category) was independently associated with lower
mortality (OR 0.10; CI: 0.02-0.43; p = 0.003; VIF: 1.4). The final model indicated mini-
mal multicollinearity with all VIF values below 1.5.

However, although arterial hypertension and CHF were found to be predictors
in the univariate analysis, they did not have an independent effect in the multivariate
analysis after controlling for age and pulmonary involvement.

Predictor N Deaths N OR (95% CI) p-value VIF
Age category (years) 1.3
<65.5 175 4 —
>=65.5 95 14 11.1 (3.16 to 55.6) <0.001
Respiratory ~ symp- 11
toms
UAI 136 1 —
Pulmonary 134 17 27.2 (4.69 to 540) 0.003
Smokers 1.4
Yes 32 5 —
No 238 13 0.10 (0.02 to 0.43) 0.003

Table 5 - The results of the final multivariate logistic regression

4. Discussions

To the best of our knowledge, this study is the first to examine COVID-19-asso-
ciated mortality among patients with the most common IMIRD, namely RA, enrolled
in the RRBR. The 6.66% death rate in this cohort is noteworthy, especially when com-
pared to the 1.9% mortality rate documented by the World Health Organization for
the general population [36], and is a clear indication of the patient’s vulnerability and
cannot be regarded as a mere statistical difference. This variation is particularly rele-
vant for clinical practice, including for PRM clinicians, demanding enhanced vigi-
lance, individualized risk stratification, and customized therapeutic strategies in line
with the principles of the P4-Medicine paradigm: Preventive, Predictive, Participa-
tory, and Personalized [37,38].

The multivariate analysis crystallized three independent mortality predictors,
each warranting careful consideration. Pulmonary involvement emerged as the par-
amount determinant, conferring a 27-fold elevation in mortality risk. This finding
resonates powerfully with established pathophysiological understanding of SARS-
CoV-2 infection. It is well documented that the virus targets the pulmonary epithe-
lium, utilizing the abundant number of angiotensin-converting enzyme 2 receptors
(ACE2), which are maximally concentrated on the alveolar surface. The large surface
area, coupled with an imbalance in cytokine release, makes it conducive to acute res-
piratory distress syndrome, which is a major cause of mortality [39-43]. In RA, this is
particularly a cause for concern because the underlying pulmonary reserve is com-
promised by underlying ILD, chronic obstructive pulmonary disease, or medication-
related pulmonary toxicity that further erodes physiologic reserve, narrowing the
margin between clinical stability and decompensation [44—48].

Older age was the second independent predictor, with a mortality risk eleven-
fold higher for patients 65.5 years and older. This likely reflects the convergence of
multiple age-related factors. Immunosenescence in RA is characterized by the expan-
sion of late-differentiated, senescent T cells and a reduction in early-differentiated
subsets, leading to impaired adaptive immunity and persistent low-grade inflamma-
tion [49,50]. In addition, older patients accumulate multiple comorbidities—includ-
ing cardiovascular, neurological, metabolic, psychiatric, and renal conditions—
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which further increase vulnerability [15,51-57]. Sarcopenia and frailty, both associ-
ated with disease activity and reduced physiological reserve, may further compro-
mise resilience during acute infection [17,19,58].

From a rehabilitation perspective, older RA patients with COVID-19 are at a
higher risk for deconditioning, muscle wasting, and functional decline [17,19,58].
Even those who survive may need long recovery periods, including physical therapy,
better nutrition, and gradual exercise to regain their previous abilities [22,59]. Given
the rapid expansion of wearable and mobile health technologies, continuous evalua-
tion and long-term monitoring of these developments are essential to ensure their
safe and clinically meaningful integration into patient care [60].

Smoking emerged as the third independent predictor of mortality, amplifying
death risk by about ten times. The mechanisms involved in the association of smok-
ing and mortality risk are complex. Tobacco exposure affects the pulmonary homeo-
stasis through several pathways. It impairs mucociliary clearance, prolonging path-
ogen retention in the airways, and increases ACE2 receptor expression in the respir-
atory epithelium, potentially facilitating viral entry [61-63]. Smoking also amplifies
inflammatory mediator cascades, including tumor necrosis factor-alpha, transform-
ing growth factor-beta, and several interleukins, while inducing oxidative stress, ep-
ithelial injury, endothelial dysfunction, and prothrombotic states [13,61-66]. For RA
patients—already managing chronic inflammation and immune dysregulation—su-
perimposed smoking-related pathology creates a convergence of risk-enhancing
mechanisms of vulnerabilities when confronted with respiratory viral challenge [67—-
73].

Regarding the other potential predictors evaluated, our analysis showed that
although some, such as arterial hypertension or CHF, were associated with mortality
in the univariate analysis, they were not subsequently validated as independent pre-
dictors in the multivariate model. This observation is not in line with the data from
the literature, which, by using different methods of assessment and varying degrees
of precision, found that cardiovascular diseases and COVID-19 mortality are corre-
lated [74-77]. However, cardiovascular comorbidity, despite being non-significant as
an independent predictor, is probably an important contributor to the risk burden as
itis a major cause of mortality and disability by itself. Prudent clinical practice entails
comprehensive cardiovascular assessment and optimization in patients with RA,
particularly those facing infectious challenges [74,78-80].

This study has some important limitations. First, the retrospective nature and
reliance on data from a Rheumatology Registry may introduce the risk of incomplete
information, including underreporting of COVID-19 cases. Another limitation was
the lack of data on RA severity, as measured by disease activity indices, as well as on
specific treatments for SARS-CoV-2 infection. The limited number of deaths may also
have affected model stability and contributed to the wide confidence intervals ob-
served for some predictors. While the direction of associations was consistent, con-
firmation in larger samples is warranted. An important constraint of this registry-
based study must be stated. Because of strict data protection regulations, as described
in the Informed Consent forms, it has not been possible to obtain specific laboratory
results or clinical details that would require direct patient interaction, such as symp-
tom diaries, home monitoring data, and infection sequelae. Although these limita-
tions make it more difficult to draw definite conclusions, they reflect the necessary
balance between complete data acquisition and rigorous protection of patient privacy.

5. Conclusions
In this RRBR-derived national cohort, COVID-19-related mortality in individuals
with RA was associated with older age, lung involvement during acute infection, as
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well as smoking. On the contrary, RA-specific characteristics, such as extra-musculo-
skeletal manifestations or b/tsDMARDSs, did not influence the risk of death associated
with SARS-CoV-2 infection. These findings should be interpreted in the context of
the limited number of fatal events, which may influence the precision of effect esti-
mates.

Patients with RA are commonly treated within rehabilitation services, often pre-
senting with reduced exercise tolerance, chronic pain, and comorbid conditions. In
those with advanced age or documented pulmonary involvement during COVID-19,
rehabilitation planning should include careful respiratory evaluation, gradual pro-
gression of aerobic workload, monitoring of oxygen saturation during exertion, and
closer medical supervision in the early post-infectious phase. Recognition of these
risk profiles is essential to avoid underestimating infection-related vulnerability and
to ensure safe and individualized rehabilitation programs.

Abbreviations

The following abbreviations are used in this manuscript:

ACE 2 - Angiotensin-converting enzyme 2

AUC - Area Under the Curve

bDMARD:s - Biologic Disease-Modifying Antirheumatic Drugs
CHEF - Congestive Heart Failure

CI - Confidence interval

COVID-19 - Coronavirus Disease 2019

csDMARD:s - Conventional Synthetic Disease-Modifying Antirheumatic Drugs
F — Female

GCP Good Clinical Practice

GDPR - General Data Protection Regulation

ILD - Interstitial lung disease

IMIRD - Immune-mediated inflammatory rheumatic disease

M — Male

N — Number

OR - Odds Ratio

RA - Rheumatoid Arthritis

ROC - Receiver Operating Characteristic

RRBR - Romanian Registry of Rheumatic Diseases

SARS-CoV-2 - Severe Acute Respiratory Syndrome Coronavirus 2
SD - Standard Deviation

tsDMARDs — Targeted Synthetic Disease-Modifying Antirheumatic Drugs
VIF — Variance Inflation Factors

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Figure S1: title; Table S1: title; Video SI. title.

Author Contributions: Conceptualization, A.-L.V.-T,, V.-C.B.,C.P,, G.O,,S.-M.A, AM,, A.-RB;
methodology, G.O., A-LV.-T., V.-C.B., C.M,; software, A.-L.V.-T., CM., A.-V.S,; validation, C.P.,
G.0O., V.-C.B,; formal analysis, A.-I.V.-T.,, CM., D.-C.B., A-R.B.; investigation, C.P., S.-M.A,,
AM.,, A.-V.S., EJ.; resources, D.-C.B., C.M., A.-R.B.; data curation, A.-L.V.-T., CM., A.-VS.,E.J,;
writing—original draft preparation, A.-L.V.-T,, D.-CB., A.-V.S, EJ,, A.-R.B.; writing—re-
view and editing, C.P,, G.O., V.-CB., S.-M.A,, AM., CM,; visualization, D.-C.B,, G.O., V.-
C.B.; supervision, C.P., G.O., S.-M.A,, A M., V.-CB., A.-R.B,; project administration, A.-L.V.-T,,
C.P,G.0O, S5-M.A, AM., V.-CB. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding

Institutional Review Board Statement: The study was conducted in accordance with the Dec-
laration of Helsinki, and approved by the Ethics Committee of “Sfanta Maria” Clinical Hospi-
tal (No. 6655/21.03.2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study. Written informed consent has been obtained from the patient(s) to publish this pa-

per.



Balneo and PRM Research Journal 2026, 17, 1 13 of 17

10.

11.

12.

13.

14.

15.

16.

Data Availability Statement: The data presented in this study are available on request from
the corresponding author due to legal and ethical reasons.

Acknowledgments: We wish to express our sincere appreciation and heartfelt gratitude to the
board of the RRBR, especially Prof. Dr. Cétédlin Codreanu and Assoc. Prof. Dr. Corina Mogosan,
for collecting valuable data for our study.

Conflicts of Interest: The authors declare no conflict of interest.

References

Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al. Factors associated with COVID-19-related
death using OpenSAFELY. Nature 2020 584:7821. 2020 Jul 8;584(7821):430-6. doi:10.1038/s41586-020-2521-4 PubMed
PMID: 32640463.

ZhouF, YuT, DuR, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-
19 in Wuhan, China: a retrospective cohort study. The Lancet. 2020 Mar 28;395(10229):1054-62. doi:10.1016/S0140-
6736(20)30566-3 PubMed PMID: 32171076.

Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Norman L, et al. Features of 20 133 UK patients in hospital
with covid-19 using the ISARIC WHO Clinical Characterisation Protocol: prospective observational cohort study. BMJ.
2020 May 22;369. doi:10.1136/BM].M1985 PubMed PMID: 32444460.

Thompson M, Buttery AK, Oh SX, Chan M, Lee BH, Iino T, et al. Risk factors for severe COVID-19 outcomes in the Asia-
Pacific region: a literature review. Front Public Health. 2025 Jun 9;13:1562179. doi:10.3389/FPUBH.2025.1562179/BIBTEX
PubMed PMID: 40612551.

Li Q, Wang Y, Sun Q, Knopf J, Herrmann M, Lin L, et al. Inmune response in COVID-19: what is next? Cell Death &
Differentiation 2022 29:6. 2022 May 17;29(6):1107-22. doi:10.1038/s41418-022-01015-x PubMed PMID: 35581387.

Haineala B, Zgura A, Badiu DC, Iliescu L, Anghel RM, Bacinschi XE. Lung Cancer, Covid-19 Infections and Chemotherapy.
In Vivo (Brooklyn). 2021 May 1;35(3):1877-80. d0i:10.21873/INVIVO.12450 PubMed PMID: 33910875.

Carmichael H, Coquet ], Sun R, Sang S, Groat D, Asch SM, et al. Learning from past respiratory failure patients to triage
COVID-19 patient ventilator needs: A multi-institutional study. ] Biomed Inform. 2021 Jul 1;119:103802.
doi:10.1016/].JB1.2021.103802 PubMed PMID: 33965640.

Kim DK. Prediction Models for COVID-19 Mortality Using Artificial Intelligence. Journal of Personalized Medicine 2022,
Vol 12,. 2022 Sep 16;12(9). doi:10.3390/JPM12091522

Wynants L, Van Calster B, Collins GS, Riley RD, Heinze G, Schuit E, et al. Prediction models for diagnosis and prognosis
of covid-19: systematic review and critical appraisal. BMJ. 2020 Apr 7;369:29. doi:10.1136/BM].M1328 PubMed PMID:
32265220.

Georgescu MI, Ionescu RT, Miron Al Diversity-Promoting Ensemble for Medical Image Segmentation. Proceedings of the
ACM Symposium on Applied Computing. 2023 Mar 27;599-606. doi:10.1145/3555776.3577682;CSUBTYPE:STRING:CON-
FERENCE

Schumacher AE, Zheng P, Barber RM, Bhoomadevi A, Aalipour MA, Aalruz H, et al. Global age-sex-specific all-cause
mortality and life expectancy estimates for 204 countries and territories and 660 subnational locations, 1950-2023: a demo-
graphic analysis for the Global Burden of Disease Study 2023. The Lancet. 2025 Oct 18;406(10513):1731-810.
doi:10.1016/50140-6736(25)01330-3 PubMed PMID: 41092927.

Vlddulescu-Trandafir AI, Bojinca VC, Munteanu C, Anghelescu A, Popescu CN, Stoica SI, et al. Rheumatoid Arthritis and
COVID-19 at the Intersection of Immunology and Infectious Diseases: A Related PRISMA Systematic Literature Review.
Int J Mol Sci. 2024;25(20). doi:10.3390/ijms252011149

Strangfeld A, Schifer M, Gianfrancesco MA, Lawson-Tovey S, Liew JW, Ljung L, et al. Factors associated with COVID-19-
related death in people with rheumatic diseases: results from the COVID-19 Global Rheumatology Alliance physician-
reported registry. Ann Rheum Dis. 2021 Jul 1;80(7):930-42. doi:10.1136/ ANNRHEUMDIS-2020-219498 PubMed PMID:
33504483.

Figueroa-Parra G, Gilbert EL, Valenzuela-Almada MO, Vallejo S, Neville MR, Patel NJ, et al. Risk of severe COVID-19
outcomes associated with rheumatoid arthritis and phenotypic subgroups: a retrospective, comparative, multicentre co-
hort study. Lancet Rheumatol. 2022 Nov 1;4(11):e765-74. d0i:10.1016/52665-9913(22)00227-2

Vlddulescu-Trandafir Al, Onose G, Munteanu C, Iancu I, Bdlanescu AR, Opris-Belinski D, et al. Unraveling the Impact of
COVID-19 on Rheumatoid Arthritis: Insights from Two Romanian Hospitals—Preliminary Results. Biomedicines. 2024
Sep 1;12(9):2145. doi:10.3390/BIOMEDICINES12092145/S1

Tsai JJ, Liu LT, Chen CH, Chen L], Wang SI, Wei JCC. COVID-19 outcomes in patients with rheumatoid arthritis with
biologic or targeted synthetic DMARDs. RMD Open. 2023 Jul 21;9(3):3038. doi:10.1136/RMDOPEN-2023-003038 PubMed
PMID: 10.1136/rmdopen-2023-003038.



Balneo and PRM Research Journal 2026, 17, 1 14 of 17

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

Dao T, Kirk B, Phu S, Vogrin S, Duque G. Prevalence of Sarcopenia and its Association with Antirheumatic Drugs in
Middle-Aged and Older Adults with Rheumatoid Arthritis: A Systematic Review and Meta-analysis. Calcified Tissue In-
ternational 2021 109:5. 2021 Jun 16;109(5):475-89. d0i:10.1007/S00223-021-00873-W PubMed PMID: 34132852.

Brubeck HF, Riggles KE, Bass RS, Wahl ER, Mount G, Shoback DM, et al. Evaluating the Longitudinal Association of
Rheumatoid Arthritis Disease Activity with Phenotypic Frailty: Evidence for Secondary Frailty? Arthritis Care Res (Ho-
boken). 2025. doi:10.1002/ACR.25615;PAGE:STRING:ARTICLE/CHAPTER PubMed PMID: 40702741.

Bennett JL, Pratt AG, Dodds R, Sayer AA, Isaacs JD. Rheumatoid sarcopenia: loss of skeletal muscle strength and mass in
rheumatoid arthritis. Nature Reviews Rheumatology 2023 19:4. 2023 Feb 17;19(4):239-51. doi:10.1038/s41584-023-00921-9
PubMed PMID: 36801919.

Bilberg A, Mannerkorpi K, Borjesson M, Svedlund S, Sivertsson J, Klingberg E, et al. High-intensity interval training im-
proves cardiovascular and physical health in patients with rheumatoid arthritis: a multicentre randomised controlled trial.
Br J Sports Med. 2024 Dec 1;58(23):1409-18. d0i:10.1136/BJSPORTS-2024-108369 PubMed PMID: 39179363.

Wen Z, Chai Y. Effectiveness of resistance exercises in the treatment of rheumatoid arthritis: A meta-Analysis. Medicine
(United States). 2021 Apr 2;100(13):E25019. doi:10.1097/MD.0000000000025019 PubMed PMID: 33787585.

England BR, Smith BJ, Baker NA, Barton JL, Oatis CA, Guyatt G, et al. 2022 American College of Rheumatology Guideline
for Exercise, Rehabilitation, Diet, and Additional Integrative Interventions for Rheumatoid Arthritis. Arthritis Care Res
(Hoboken). 2023 Aug 1;75(8):1603-15. doi:10.1002/ACR.25117;JOURNAL:JOURNAL:15290131A;ISSUE:ISSUE:DOI Pub-
Med PMID: 37227116.

Oku K, Kimoto Y, Horiuchi T, Yamamoto M, Kondo Y, Okamoto M, et al. Risk factors for hospitalization or mortality for
COVID-19 in patients with rheumatic diseases: Results of a nationwide JCR COVID-19 registry in Japan. Mod Rheumatol.
2023 Jul 4;33(4):768-76. d0i:10.1093/MR/ROAC104 PubMed PMID: 36066189.

Ekin A, Coskun BN, Dalkilic E, Pehlivan Y. The effects of COVID-19 infection on the mortality of patients receiving ritux-
imab therapy. Ir ] Med Sci. 2023 Aug 1;192(4):1959-73. doi:10.1007/S11845-022-03193-6/TABLES/3 PubMed PMID:
36258064.

Nufio L, Novella Navarro M, Bonilla G, Franco-Gémez K, Aguado P, Peiteado D, et al. Clinical course, severity and mor-
tality in a cohort of patients with COVID-19 with rheumatic diseases. Ann Rheum Dis. 2020 Dec 1;79(12):1659-61.
doi:10.1136/ANNRHEUMDIS-2020-218054/ATTACHMENT/2BD9A98C-1ECA-4C8E-8C7C-091CA88CD29F/MMC1.PDF
PubMed PMID: 32606046.

JinL, Gan ], Li X, Lu Y, Wang Y, Wong VKW. Rheumatoid arthritis and COVID-19 outcomes: a systematic review and
Meta-analysis. BMC Rheumatology 2024 8:1. 2024 Nov 12;8(1):61-. doi:10.1186/541927-024-00431-5

Ye Y, Yue X, Krueger WS, Wegrzyn LR, Maniccia AW, Winthrop KL, et al. Factors Associated with Severe COVID-19
Among Patients with Rheumatoid Arthritis: A Large, Nationwide Electronic Health Record Cohort Study in the United
States. Adv Ther. 2023 Sep 1;40(9):3723-38. d0i:10.1007/S12325-023-02533-X/TABLES/4 PubMed PMID: 37338653.

Santos CS, Chen JP, Nikiphorou E, Tseng CW, Gutiérrez CET, Tan AL, et al. Breakthrough SARS-CoV-2 infection and
disease flares in patients with rheumatoid arthritis: result from COVAD e-survey study. Rheumatology International 2024
44:5. 2024 Mar 12;44(5):805-17. doi:10.1007/500296-024-05542-3 PubMed PMID: 38470502.

Minca D, Minca A, Ionescu CE, Dinache OG, Popescu C, Agache M, et al. POS1205 COVID-19 IN PATIENTS WITH IN-
FLAMMATORY RHEUMATIC DISEASES - DATA FROM THE ROMANIAN REGISTRY OF RHEUMATIC DISEASES.
Ann Rheum Dis. 2022 Jun 1;81(Suppl 1):931-931. doi:10.1136/ANNRHEUMDIS-2022-EULAR.961

Muntean L, Ionescu R, Mogosan C, Tamas MM, Popescu CC, Rezus E, et al. Treatment of axial spondyloarthritis patients
with biologic disease-modifying anti-rheumatic drugs in 2022- data from the romanian registry of rheumatic diseases.
Romanian Journal of Rheumatology. 2023;32(4):176-83. d0i:10.37897/RJR.2023.4.4

Rezus E, Popescu CC, Mogosan C, Avram C, Ionitescu RC, Felea |, et al. Treatment of rheumatoid arthritis with biologic
and targeted synthetic disease-modifying anti-rheumatic drugs in 2022-real-world data from the Romanian Registry of
Rheumatic Diseases CLINICAL STUDIES. Romanian Journal of Rheumatology. 2023;32(3). doi:10.37897/RJR.2023.3.7
Mogosan C, Popescu CC, Popoviciu H V., Rezus E, Grigore V, Bojinca VC, et al. A report on the adverse events of special
interest from the Romanian Registry of Rheumatic Diseases in patients treated with biologic and targeted synthetic dis-
ease-modifying anti-rheumatic drugs during 2022. Romanian Journal of Rheumatology. 2023;32(4):164-75.
doi:10.37897/RJR.2023.4.3

Vlddulescu-Trandafir Al, Bojinca VC, Popescu C, Munteanu C, Balanescu AR, Anghelescu A, et al. Predictive Factors for
COVID-19 Severity in Patients with Axial Spondyloarthritis: Real-World Data from the Romanian Registry of Rheumatic
Diseases. Medicina 2025, Vol 61, Page 411. 2025 Feb 26;61(3):411. doi:10.3390/MEDICINA61030411

Kay J, Upchurch KS. ACR/EULAR 2010 rheumatoid arthritis classification criteria. Rheumatology. 2012 Dec
1,51(suppl_6):vi5-9. doi:10.1093/RHEUMATOLOGY/KES279 PubMed PMID: 23221588.

R: The R Project for Statistical Computing [Internet]. [cited 2024 Dec 18]. Available from: https://www.r-project.org/
COVID-19 cases | WHO COVID-19 dashboard [Internet]. [cited 2025 Mar 4]. Available from: https://data.who.int/dash-
boards/covid19/cases

Flores M, Glusman G, Brogaard K, Price ND, Hood L. P4 medicine: How systems medicine will transform the healthcare
sector and society. Per Med. 2013 Aug;10(6):565-76. d0i:10.2217/PME.13.57,SUBPAGE:STRING:ACCESS



Balneo and PRM Research Journal 2026, 17, 1 15 of 17

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Mandu M, Onose G, Liliana Andrei C, Elena Lacraru A, Andone I, Spinu A, et al. The preparation and inception of a
National Electronic Register for Cardiovascular Rehabilitation (NERCVR) with initial results, as part of a National Elec-
tronic Register for Cardiovascular Diseases (NERCVD). JOURNAL of MEDICINE and LIFE 656 JOURNAL of MEDICINE
and LIFE. 2025;18(7). doi:10.25122/jm1-2025-0112

Oudit GY, Wang K, Viveiros A, Kellner MJ, Penninger JM. Angiotensin-converting enzyme 2 —at the heart of the COVID-
19 pandemic. Cell. 2023 Mar 2;186(5):906-22. doi:10.1016/].CELL.2023.01.039 PubMed PMID: 36787743.

Elrobaa IH, New K]J. COVID-19: Pulmonary and Extra Pulmonary Manifestations. Front Public Health. 2021 Sep
28;9:711616. doi:10.3389/FPUBH.2021.711616/PDF PubMed PMID: 34650947.

ZhaoY, ZhaoZ, Wang Y, Zhou Y, Ma Y, Zuo W. Single-cell RNA expression profiling of ACE2, the receptor of SARS-CoV-
2. bioRxiv. 2020 Apr 9;2020.01.26.919985. d0i:10.1101/2020.01.26.919985

Zhang X, Cai H, Hu J, Lian ], Gu ], Zhang S, et al. Epidemiological, clinical characteristics of cases of SARS-CoV-2 infection
with abnormal imaging findings. International Journal of Infectious Diseases. 2020 May 1;94:81-7.
doi:10.1016/].1JID.2020.03.040 PubMed PMID: 32205284.

Del Valle DM, Kim-Schulze S, Huang HH, Beckmann ND, Nirenberg S, Wang B, et al. An inflammatory cytokine signature
predicts COVID-19 severity and survival. Nature Medicine 2020 26:10. 2020 Aug 24;26(10):1636—43. d0i:10.1038/s41591-
020-1051-9 PubMed PMID: 32839624.

Joy GM, Arbiv OA, Wong CK, Lok SD, Adderley NA, Dobosz KM, et al. Prevalence, imaging patterns and risk factors of
interstitial lung disease in connective tissue disease: a systematic review and meta-analysis. European Respiratory Review.
2023 Mar 8;32(167). d0i:10.1183/16000617.0210-2022 PubMed PMID: 36889782.

Huang H, Zhang M, Chen C, Zhang H, Wei Y, Tian ], et al. Clinical characteristics of COVID-19 in patients with preexisting
ILD: A retrospective study in a single center in Wuhan, China. ] Med Virol. 2020 Nov 1;92(11):2742-50.
doi:10.1002/JMV.26174 PubMed PMID: 32533777.

Drake TM, Docherty AB, Harrison EM, Quint JK, Adamali H, Agnew S, et al. Outcome of hospitalization for COVID-19 in
patients with interstitial Iung disease an international multicenter study. Am ] Respir Crit Care Med. 2020 Dec
15;202(12):1656-65. d0i:10.1164/RCCM.202007-27940C/SUPPL_FILE/DISCLOSURES.PDF PubMed PMID: 33007173.

Lee H, Choi H, Yang B, Lee SK, Park TS, Park DW, et al. Interstitial lung disease increases susceptibility to and severity of
COVID-19. European Respiratory Journal. 2021 Dec 2;58(6). doi:10.1183/13993003.04125-2020 PubMed PMID: 33888524.
Zhao J, Metra B, George G, Roman ], Mallon J, Sundaram B, et al. Mortality among Patients with COVID-19 and Different
Interstitial Lung Disease Subtypes: A Multicenter Cohort Study. Ann Am Thorac Soc. 2022 Aug 1;19(8):1435-7.
doi:10.1513/ANNALSATS.202202-137RL/SUPPL_FILE/DISCLOSURES.PDF PubMed PMID: 35499867.

Weyand CM, Goronzy JJ. Inmune Aging in Rheumatoid Arthritis. Arthritis and Rheumatology. 2025 Jul 1,77(7):792-804.
doi:10.1002/ART.43105;SUBPAGE:STRING:ABSTRACT,WEBSITE:WEBSITE: ACRJOURNALS;JOURNAL:JOUR-
NAL:15290131;WGROUP:STRING:PUBLICATION PubMed PMID: 39800938.

Cezar CD, Scholl JN, Rabelo CF, Madruga MP, da Silva PL, Grun LK, et al. Accelerated T-cell senescence and persistent
inflammation in older adults with rheumatoid arthritis. Int Immunopharmacol. 2025 Nov 14;165:115518. doi:10.1016/].IN-
TIMP.2025.115518 PubMed PMID: 40925204.

Radu AF, Bungau SG. Management of Rheumatoid Arthritis: An Overview. Cells. 2021 Oct 23;10(11):2857.
do0i:10.3390/cells10112857

Figus FA, Piga M, Azzolin I, McConnell R, Iagnocco A. Rheumatoid arthritis: Extra-articular manifestations and comor-
bidities. Autoimmun Rev. 2021 Apr 1;20(4):102776. d0i:10.1016/]. AUTREV.2021.102776 PubMed PMID: 33609792.

Atzeni F, Muto P, Rodriguez-Carrio ], Masala IF. Frequency of Renal Function Parameter Abnormalities in Patients with
Psoriatic Arthritis and Rheumatoid Arthritis: Real-World Evidence from Clinical Practice. ] Clin Med. 2022 Feb
1;11(4):1029. d0i:10.3390/JCM11041029/S1

Ionescu CE, Popescu CC, Agache M, Dinache G, Codreanu C. Depression in Rheumatoid Arthritis: Prevalence and Effects
on Disease Activity. Journal of Clinical Medicine 2024, Vol 13, Page 2058. 2024 Apr 2;13(7):2058. doi:10.3390/JCM13072058
Aurelian J, Zamfirescu A, Nedelescu M, Stoleru S, Monica Gidei S, Daniela Gita C, et al. VITAMIN D IMPACT ON STRESS
AND COGNITIVE DECLINE IN OLDER ROMANIAN ADULTS. Farmacia. 2024;72:6. doi:10.31925/farmacia.2024.6.7
Ranjbar M, Rahimlou M, Fallah M, Djafarian K, Mohammadi H. Effects of vitamin D supplementation in patients with
rheumatoid arthritis: A systematic review and meta-analysis. Heliyon. 2025 Feb 15;11(3):e42463. doi:10.1016/].HELI-
YON.2025.E42463

Anghelescu A, Onose G, Popescu C, Bdila M, Stoica SI, Postoiu R, et al. Parkinson’s Disease and SARS-CoV2 Infection:
Particularities of Molecular and Cellular Mechanisms Regarding Pathogenesis and Treatment. Biomedicines. 2022 May
1,10(5):1000. d0i:10.3390/BIOMEDICINES10051000/S1

Hanlon P, Morrison H, Morton F, Jani BD, Siebert S, Lewsey J, et al. Frailty in people with rheumatoid arthritis: a systematic
review of observational studies. Wellcome Open Res. 2022;6:244. doi:10.12688/wellcomeopenres.17208.2 PubMed PMID:
37746318.

Azzolino D, Passarelli PC, D’Addona A, Cesari M. Nutritional strategies for the rehabilitation of COVID-19 patients. Eu-
ropean Journal of Clinical Nutrition 2020 75:4. 2020 Nov 9;75(4):728-30. doi:10.1038/s41430-020-00795-0 PubMed PMID:
33168957.



Balneo and PRM Research Journal 2026, 17, 1 16 of 17

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Morenci M, Tirla S, Carina Iovanovici D, Meche VA, Jurca T, Carolina Jurcau M, et al. From Rehabilitation to Prevention:
Theoretical Perspectives on the Use of Mobile and Wearable Technologies in Health Monitoring and Lifestyle Change.
Balneo and PRM Research Journal. 2025;16:4. doi:10.12680/balneo.2025.905

Kuo CW, Su PL, Huang TH, Lin CC, Chen CW, Tsai JS, et al. Cigarette smoke increases susceptibility of alveolar macro-
phages to SARS-CoV-2 infection through inducing reactive oxygen species-upregulated angiotensin-converting enzyme 2
expression. Scientific Reports 2023 13:1. 2023 May 16;13(1):7894-. d0i:10.1038/s41598-023-34785-6 PubMed PMID: 37193781.
Kashyap VK, Dhasmana A, Massey A, Kotnala S, Zafar N, Jaggi M, et al. Smoking and COVID-19: Adding Fuel to the
Flame. International Journal of Molecular Sciences 2020, Vol 21,. 2020 Sep 9;21(18):1-22. doi:10.3390/ijms21186581 PubMed
PMID: 32916821.

Smith JC, Sausville EL, Girish V, Yuan M Lou, Vasudevan A, John KM, et al. Cigarette Smoke Exposure and Inflammatory
Signaling Increase the Expression of the SARS-CoV-2 Receptor ACE2 in the Respiratory Tract. Dev Cell. 2020 Jun
8;53(5):514-529.e3. doi:10.1016/j.devcel.2020.05.012 PubMed PMID: 32425701.

Fenercioglu AK, Uzun H, Unal DO. The Convergent Immunopathogenesis of Cigarette Smoke Exposure: From Oxidative
Stress to Epigenetic Reprogramming in Chronic Disease. International Journal of Molecular Sciences 2026, Vol 27,. 2025
Dec 24;27(1). doi:10.3390/ijms27010187 PubMed PMID: 41516068.

Lee AC, Chakladar J, Li WT, Chen C, Chang EY, Wang-Rodriguez J, et al. Tobacco, but Not Nicotine and Flavor-Less
Electronic Cigarettes, Induces ACE2 and Immune Dysregulation. International Journal of Molecular Sciences 2020, Vol 21,.
2020 Jul 31;21(15):1-16. doi:10.3390/ijms21155513 PubMed PMID: 32752138.

Bowsher R, Marczylo TH, Gooch K, Bailey A, Wright MD, Marczylo EL, et al. Smoking and vaping alter genes related to
mechanisms of SARS-CoV-2 susceptibility and severity: a systematic review and meta-analysis. European Respiratory
Journal. 2024 Jul 25;64(1). doi:10.1183/13993003.00133-2024 PubMed PMID: 38991709.

Zhang H, Wu'Y, He Y, Liu X, Liu M, Tang Y, et al. Age-Related Risk Factors and Complications of Patients With COVID-
19: A Population-Based  Retrospective  Study. Front Med (Lausanne). 2022 Jan  11;8:757459.
doi:10.3389/FMED.2021.757459/BIBTEX

Liu W, Zhao Y, Fan ], Shen ], Tang H, Tang W, et al. Smoke and Spike: Benzo[a]pyrene Enhances SARS-CoV-2 Infection
by Boosting NR4A2-Induced ACE2 and TMPRSS2 Expression. Advanced Science. 2023 Sep 15;10(26):2300834.
doi:10.1002/advs.202300834 PubMed PMID: 37428471.

Ishikawa Y, Terao C. The Impact of Cigarette Smoking on Risk of Rheumatoid Arthritis: A Narrative Review. Cells. 2020
Feb 1,9(2). d0i:10.3390/CELLS9020475 PubMed PMID: 32092988.

Clift AK, von Ende A, Tan PS, Sallis HM, Lindson N, Coupland CAC, et al. Smoking and COVID-19 outcomes: an obser-
vational and Mendelian randomisation study using the UK Biobank cohort. Thorax. 2022 Jan 1;77(1):65-73.
doi:10.1136/THORAXJNL-2021-217080 PubMed PMID: 34580193.

Erinoso O, Osibogun O, Balakrishnan S, Yang W. Long COVID among US adults from a population-based study: Associ-
ation with vaccination, cigarette smoking, and the modifying effect of chronic obstructive pulmonary disease (COPD).
Prev Med (Baltim). 2024 Jul 1;184:108004. doi:10.1016/].YPMED.2024.108004 PubMed PMID: 38754738.

Chenchula S, Vidyasagar K, Pathan S, Sharma S, Chavan MR, Bhagavathula AS, et al. Global prevalence and effect of
comorbidities and smoking status on severity and mortality of COVID-19 in association with age and gender: a systematic
review, meta-analysis and meta-regression. Scientific Reports 2023 13:1. 2023 Apr 19;13(1):6415-. doi:10.1038/s41598-023-
33314-9 PubMed PMID: 37076543.

Marshall CL, Hemshekhar M, Mookherjee N, O’Neil L]. Where there’s smoke, there’s fire: insights from murine models
on the effect of cigarette smoke in rheumatoid arthritis development. Front Immunol. 2025 May 20;16:1588419.
doi:10.3389/fimmu.2025.1588419 PubMed PMID: 40463383.

Nishiga M, Wang DW, Han Y, Lewis DB, Wu JC. COVID-19 and cardiovascular disease: from basic mechanisms to clinical
perspectives. Nature Reviews Cardiology 2020 17:9. 2020 Jul 20;17(9):543-58. doi:10.1038/s41569-020-0413-9 PubMed
PMID: 32690910.

Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et al. Association of Cardiac Injury With Mortality in Hospitalized Patients
With COVID-19 in Wuhan, China. JAMA Cardiol. 2020 Jul 1;5(7):802-10. doi:10.1001/JAMACARDIO.2020.0950 PubMed
PMID: 32211816.

Long B, Brady W], Koyfman A, Gottlieb M. Cardiovascular complications in COVID-19. Am ] Emerg Med. 2020 Jul
1;38(7):1504-7. d0i:10.1016/].AJEM.2020.04.048 PubMed PMID: 32317203.

Capisizu A, Mihalache R, Capisizu A, Roman M, Aurelian SM. Cardiovascular outcomes of COVID-19 disease at the el-
derly. Atherosclerosis. 2022 Aug;355:258. doi:10.1016/]. ATHEROSCLEROSIS.2022.06.979

Aurelian SM, Pislaru Al Albisteanu SM, Dragoescu S, Gidei SM, Ilie AC, et al. Cardiovascular Pharmacotherapy and Falls
in Old People: Risks and Prevention — An Observational Case—Control Study. Journal of Clinical Medicine 2025, Vol 14,.
2025 Jun 27;14(13). doi:10.3390/JCM14134570

Corrao S, Calvo L, Giardina A, Cangemi I, Falcone F, Argano C. Rheumatoid arthritis, cardiometabolic comorbidities, and
related  conditions: need to take action. Front Med (Lausanne). 2024 Jul 24;11:1421328.
doi:10.3389/FMED.2024.1421328/TEXT



Balneo and PRM Research Journal 2026, 17, 1 17 of 17

80. Rus M, Ardelean Al, Judea Pusta C, Crisan S, Marian P, Pobirci LO, et al. Prevalence of Cardiovascular Comorbidities in
Patients with Rheumatoid Arthritis. Medicina 2024, Vol 60,. 2023 Dec 25;60(1). d0i:10.3390/MEDICIN A60010038 PubMed
PMID: 38256299..



	1. Introduction
	References

