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Introduction. Heart failure with preserved ejection fraction (HFpEF) accounts for nearly half of all heart failure cases 
and is frequently associated with cardiovascular and metabolic comorbidities. The phenotype of HFpEF patients is het-
erogeneous, and the impact of comorbidities on prognosis, exercise capacity, and functional status remains insufficiently 
elucidated.

Objective. The study aimed to characterize the clinical, functional, and comorbidity profiles of patients with HFpEF and to 
assess their influence on functional status, prognosis, and treatment response.

Materials and methods. This was an observational, cross-sectional study including 206 patients with HFpEF (LVEF 
≥50%) consecutively recruited from the General Cardiology Department of the Institute of Cardiology, aged ≥18 years, 
with an echocardiographically confirmed diagnosis. Demographic and anthropometric data, HFpEF etiology, hemodynam-
ic biomarkers (NT-proBNP), functional status (NYHA), cardiovascular and non-cardiovascular comorbidities, and history 
of revascularization procedures (PCI, coronary bypass) were collected. Statistical analysis included descriptive statistics 
for continuous variables (mean ± SD, median, IQR), categorical variables (frequencies and percentages), and parametric/
nonparametric tests for correlations and subgroup analyses, with statistical significance set at P < 0.05.

Results. The study population showed a typical overweight/obese profile, with arterial hypertension and chronic coro-
nary artery disease as predominant mechanisms. Cardiovascular and metabolic comorbidities influenced exercise capacity, 
functional status, and treatment response, identifying distinct phenotypic subgroups with differential prognostic impact. 
Elevated NT-proBNP levels reflected increased ventricular filling pressures and functional heterogeneity, underscoring the 
need for individualized management.

Conclusions. HFpEF is associated with a complex clinical profile dominated by hypertension, coronary artery disease, and 
metabolic comorbidities. Detailed assessment of comorbidities and biomarkers allows patient phenotyping and person-
alized therapeutic management. A multidisciplinary approach is essential for optimizing prognosis, exercise capacity, and 
quality of life in patients with HFpEF.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
Although comorbidities in patients with heart failure with pre-
served ejection fraction (HFpEF) are recognized as key factors in 
the development and progression of heart failure, the exact mech-
anisms through which these comorbidities influence disease phe-
notype, prognosis, and therapeutic response remain insufficiently 
elucidated. Existing data derive from heterogeneous populations 
and lack a standardized approach to patient phenotyping accord-
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Introduction
Heart failure (HF) is a complex clinical syndrome defined 

by the heart’s inability to maintain an adequate cardiac out-
put to meet the body’s metabolic demands, in the presence 
of elevated filling pressures [1]. The modern classifica-
tion of HF is based on the left ventricular ejection fraction 
(LVEF), an echocardiographic indicator of systolic function: 
heart failure with reduced ejection fraction (HFrEF, ≤40%), 
heart failure with mildly reduced ejection fraction (HFmrEF, 
41–49%), and heart failure with preserved ejection fraction 
(HFpEF, ≥50%) [1, 2]. HFpEF accounts for approximately 
half of all HF cases and represents a major diagnostic and 
therapeutic challenge. The condition predominantly affects 
women, especially after menopause, due to increased ven-
tricular stiffness, hormonal changes, endothelial dysfunc-
tion, and the accumulation of metabolic risk factors [3]. 
Although patients with HFpEF may have a normal ejection 
fraction, they typically exhibit elevated filling pressures, di-
astolic dysfunction, concentric hypertrophy, and reduced 
ventricular compliance, which limit exercise capacity and 
cause the characteristic symptoms [4].

A key aspect in the management of HFpEF is the pres-
ence of cardiovascular comorbidities, which contribute to 
the onset and progression of cardiac dysfunction through 
hemodynamic, inflammatory, and neurohormonal mech-
anisms. Among these, arterial hypertension, atrial fibrilla-
tion, and coronary artery disease are the most significant 
and frequently encountered [5-7].

Arterial hypertension (HTN) is the most prevalent co-
morbidity in HFpEF, being identified in over 80% of patients 
[5, 8]. Chronic exposure to pressure overload leads to con-
centric left ventricular hypertrophy, myocardial stiffness, 
impaired active relaxation, and increased diastolic filling 
pressures [8, 9]. Moreover, endothelial dysfunction and al-
tered vascular reactivity contribute to increased afterload, 
creating a vicious cycle between arterial and ventricular 
stiffness [9]. These changes explain why strict blood pres-
sure control plays a crucial role in preventing HFpEF pro-
gression and improving symptoms.

Atrial fibrillation (AF) is present in 30–40% of patients 
with HFpEF and has a bidirectional relationship with dia-
stolic dysfunction [7]. On one hand, the loss of atrial con-
traction and an inappropriate ventricular rate reduce dia-

stolic filling and cardiac output; on the other hand, elevated 
filling pressures and atrial remodeling secondary to diastol-
ic dysfunction promote the development and maintenance 
of AF [6, 10]. The presence of AF is associated with reduced 
exercise capacity, lower Kansas City Cardiomyopathy Ques-
tionnaire (KCCQ) scores, and higher mortality, particularly 
in elderly patients [10].

Coronary artery disease (CAD) is highly prevalent in HF-
pEF and manifests in two major forms: obstructive, charac-
terized by significant stenosis or occlusion of the epicardial 
coronary arteries, and non-obstructive, in which microvas-
cular mechanisms and endothelial dysfunction predominate 
[11, 12]. The obstructive form leads to chronic myocardial 
ischemia, ventricular remodeling, and interstitial fibrosis, 
contributing to increased stiffness and impaired diastolic 
relaxation [12]. Conversely, non-obstructive CAD, present in 
a substantial proportion of HFpEF patients (up to 50%), is 
associated with coronary microvascular dysfunction (CMD), 
characterized by reduced coronary flow reserve, endotheli-
al inflammation, and oxidative stress [13]. These microvas-
cular alterations impair myocardial perfusion during exer-
cise, increase diastolic stiffness, and limit functional capac-
ity [13, 14]. Microvascular endothelial dysfunction, through 
reduced nitric oxide (NO) bioavailability and activation of 
the renin–angiotensin system, promotes chronic inflam-
mation and interstitial remodeling characteristic of HFpEF 
[14]. Thus, CAD – regardless of its obstructive or non-ob-
structive nature – represents a central determinant of the 
ischemic phenotype in HFpEF, influencing both prognosis 
and treatment response.

Obesity, metabolic syndrome, sleep apnea, and type 2 
diabetes mellitus are key elements in the pathogenesis of 
HFpEF, forming the so-called “cardiometabolic phenotype” 
[9, 15, 16]. Epicardial adipose tissue (EAT) acts as an active 
endocrine organ, releasing proinflammatory cytokines (IL-
6, TNF-α) that induce local inflammation, oxidative stress, 
and myocardial fibrosis [9, 15, 17]. Diabetes further con-
tributes through endothelial dysfunction, vascular stiffen-
ing, myocardial protein glycosylation, and activation of sys-
temic inflammatory pathways [9]. These processes create a 
profibrotic and prooxidative milieu that amplifies diastolic 
dysfunction and reduces the energetic efficiency of cardio-
myocytes. Moreover, obesity alters thoracic mechanics, in-

ing to the complexity and clustering of comorbidities. Currently, there is no validated and practical clinical framework that 
integrates the comorbidity profile into the risk stratification and management of patients with HFpEF.
The research hypothesis 
The presence and combination of cardiac and non-cardiac comorbidities contribute to the heterogeneity of heart failure with 
preserved ejection fraction (HFpEF), leading to significant differences in exercise capacity, functional status, and long-term 
prognosis, suggesting the need for a personalized, phenotype-based approach in patient evaluation and treatment.
The novelty added by the manuscript to the already published scientific literature
This study offers an integrated evaluation of comorbidity burden and clustering in patients with HFpEF, identifying distinct 
patterns associated with clinical phenotype and outcomes. By moving beyond single-comorbidity analyses, our findings pro-
vide new insights into HFpEF heterogeneity and support a more personalized, comorbidity-oriented approach to risk stratifi-
cation and management.
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creases intrathoracic pressure, and exacerbates pulmonary 
congestion, leading to exercise intolerance [9, 15, 16].

Chronic kidney disease (CKD) is another major comor-
bidity, present in over one-third of HFpEF patients, and is 
associated with significantly increased mortality [5]. Re-
nal dysfunction activates neurohormonal systems – the 
Renin-Angiotensin-Aldosterone System (RAAS) and the 
sympathetic nervous system (SNS) – leading to sodium 
retention, vasoconstriction, and cardiac remodeling [5, 6]. 
Cardiorenal syndrome type 2 describes the progressive de-
terioration of renal function secondary to chronic cardiac 
dysfunction, perpetuating hemodynamic decompensation 
and systemic inflammation [5].

The heterogeneity of HFpEF patients arises from the 
complex interaction between cardiometabolic comorbid-
ities, systemic inflammation, and endothelial dysfunction. 
Recent studies using cluster or machine learning analyses 
have identified distinct phenotypic subgroups combining 
various patterns of HTN, CAD, AF, obesity, and CKD, each 
with different pathogenic mechanisms and risks for mortal-
ity and functional impairment [13-15].

Modern, holistic approaches provide an integrated per-
spective on these complex interactions, linking molecular, 
clinical, and functional dimensions of comorbidities in HF-
pEF [14, 16]. This holistic view enhances understanding of 
clinical variability and supports the development of person-
alized treatment strategies.

Therefore, detailed analysis of cardiovascular, metabolic, 
and renal comorbidities in patients with HFpEF is essential 
for identifying key prognostic determinants and defining 
targeted therapeutic strategies. The present study aims to 
characterize these complex interactions, evaluate the im-
pact of comorbidities on functional status and prognosis, 
and contribute to the development of an integrated man-
agement model for HFpEF.

Materials and methods
This study represents a cross-sectional observational 

analysis of patients with heart failure with preserved ejec-
tion fraction (HFpEF), defined by a left ventricular ejection 
fraction (LVEF) ≥50%, the presence of signs and symptoms 
of heart failure, and objective evidence of structural and/
or functional cardiac abnormalities consistent with left ven-
tricular diastolic dysfunction and/or elevated left ventricu-
lar filling pressures, including elevated natriuretic peptide 
levels [1]. The main objective was to characterize the clini-
cal, functional, and comorbidity phenotype of patients and 
to assess the impact of these factors on hemodynamic bio-
markers and functional status.

The study cohort included 206 consecutive patients di-
agnosed with HFpEF, recruited from the General Cardiology 
Department of the Institute of Cardiology. Inclusion criteria 
were: age ≥18 years, diagnosis of HFpEF according to the 
2021 ESC Guidelines for the diagnosis and treatment of 
acute and chronic heart failure [1], availability for complete 
clinical and paraclinical assessments, and written informed 
consent. Exclusion criteria included acute heart failure, 
significant loss of clinical data, presence of severe comor-

bidities that could interfere with functional evaluation, or 
inability to participate in standardized testing.

For each patient, demographic data (age, sex), anthro-
pometric data (weight, height, body mass index – BMI), and 
the medical history of cardiovascular and non-cardiovascu-
lar diseases were recorded. BMI was calculated as weight 
(kg)/height (m²). Sex distribution was coded according to 
the dataset as follows: 1 = male, 2 = female.

The etiology of HFpEF was classified as follows: docu-
mented coronary artery disease, undocumented coronary 
disease, arterial hypertension, significant valvular disease, 
tachycardia-induced, idiopathic dilated cardiomyopathy, 
hereditary/genetic, alcoholic, infectious, pulmonary hyper-
tension without left heart disease, and other rare causes.

Functional class was assessed using the New York Heart 
Association (NYHA) classification. The biomarker NT-proB-
NP was measured to evaluate hemodynamic stress and 
ventricular filling pressures, using standardized laboratory 
techniques.

Cardiovascular comorbidities included arterial hyper-
tension, atrial fibrillation, myocardial infarction, coronary 
artery disease, prior revascularization procedures, valvular 
disease, peripheral vascular disease, stroke/transient isch-
emic attack, and venous thromboembolism. Non-cardiac co-
morbidities included diabetes mellitus, chronic obstructive 
pulmonary disease (COPD), thyroid dysfunction, hepatic 
dysfunction, sleep apnea, depression, cognitive impairment, 
active malignancy, and rheumatoid arthritis.

All patients underwent standardized clinical, paraclin-
ical, and functional evaluations, including anthropometric 
measurements, functional testing (NYHA), NT-proBNP as-
sessment, and detailed medical history collection. No ex-
perimental therapeutic interventions were applied, as the 
study was purely observational.

Data were centralized and validated for consistency and 
completeness. Continuous variables were described as mean 
± standard deviation (SD), median, and interquartile range 
(IQR). Categorical variables were expressed as frequencies 
and percentages. The distribution of variables was tested for 
normality using the Shapiro–Wilk test. Group comparisons 
were performed using parametric tests (independent t-test) 
or nonparametric tests (Mann–Whitney U), as appropriate. 
Relationships between comorbidities, biomarkers, and func-
tional status were analyzed using linear and logistic regres-
sion models, with statistical significance set at P < 0.05.

All patients provided written informed consent, and 
the study protocol was approved by the institutional ethics 
committee (Approval No. 25/1, May 13, 2025). The study 
was conducted in accordance with the principles of the Dec-
laration of Helsinki on biomedical research involving hu-
man subjects.

Results
The study cohort included 206 patients with HFpEF. The 

mean age was 65.5 years (SD 9.6), with a median of 66.0 and 
an interquartile range (IQR) of 59.0–71.0; the age range was 
39–94 years, reflecting a typical age profile for heart failure 
with preserved ejection fraction. Body mass index (BMI) 
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confirmed a phenotype marked by overweight/obesity: 
mean BMI 29.7 kg/m² (SD 5.1), median 29.22, IQR 26.23–
32.74, with extremes ranging from 19.44–54.53 kg/m². 
Sex distribution, according to dataset coding, was approxi-
mately 44.2% male (91/206) and 55.8% female (115/206), 
showing a slightly female-predominant structure consistent 
with HFpEF epidemiology.

The etiologic profile was dominated by chronic coronary 
artery disease and pressure overload (Figure 1). “Undocu-
mented coronary disease (no coronary angiography)” ac-
counted for 32.0% (66/206), followed by “documented cor-
onary disease” 29.1% (60/206), and “arterial hypertension 
(etiology)” 19.4% (40/206). “Significant valvular disease” 
occurred in 10.7% (22/206), while other causes (tachycar-
dia-induced, hereditary/genetic, alcoholic, infectious, pul-
monary hypertension without left heart disease, idiopathic 
dilated cardiomyopathy, other rare causes) individually ac-
counted for ≤2.4%.

This distribution reinforces a phenotype in which “pres-
sure–overload” mechanisms and chronic coronary disease 

are central, while acute myocardial necrosis is less frequent 
than in reduced ejection fraction phenotypes.

The hemodynamic stress biomarker showed an expect-
ed HFpEF profile. NT-proBNP had a mean of 1,388 pg/mL 
(SD 2,111), median 863.5 pg/mL, and IQR 562.5–1,454.5 
pg/mL (n analyzed = 190, range 50–18,802 pg/mL), indi-
cating elevated filling pressures and significant heteroge-
neity of load. Functionally, the NYHA distribution (Table 1) 
was centered on class III, with 88.8% (183/206) in class III 
and 11.2% (23/206) in class II, reflecting moderate func-
tional limitation in the majority of HFpEF patients.

Table 1. Functional class (NYHA) distribution in HFpEF patients
NYHA class N %
II 23 11.2%
III 183 88.8%
Note: Data are presented as absolute numbers (N) and percentages (%). 
NYHA = New York Heart Association; HFpEF = heart failure with preserved 
ejection fraction. This table presents descriptive statistics only; no inferen-
tial statistical tests were applied.

Fig. 1 Distribution of HFpEF etiologies.
Note: The figure illustrates the prevalence (%) of etiologi-
cal conditions identified in patients with heart failure with 
preserved ejection fraction (HFpEF). Data are presented 
as percentages of the overall study population. The figure 
presents descriptive data only; no inferential statistical 
tests were applied.

Fig. 2 Prevalence of cardiovascular comorbidities 
in patients with HFpEF

Note: Bars indicate the percentage (%) of patients pre-
senting each comorbidity or with a history of cardiovascu-
lar procedures. HTN = hypertension; HFpEF = heart failure 
with preserved ejection fraction; PCI = percutaneous cor-
onary intervention. Data are presented as percentages of 
the study population. Descriptive statistics are shown; no 
inferential statistical tests were applied.
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Cardiovascular comorbidities reflected the pathophys-
iology of the phenotype (Figure 2). Arterial hypertension 
was quasi-ubiquitous at 87.9% (181/206), confirming the 
role of pressure overload in maintaining symptoms and 
decompensation. Chronic coronary artery disease was fre-
quent (62.1%, stable angina 128/206), whereas myocardial 
infarction was less common (18.4%, 38/206), distinguish-
ing HFpEF from the reduced ejection fraction phenotype. 
The burden of atrial fibrillation remained substantial at 
47.6% (98/206), with direct implications for thrombo-
embolic protection and rate/rhythm control. A history of 
revascularization was present in a relevant subgroup: PCI 
12.6% (26/206) and bypass 11.7% (24/206), with treated 
valvular disease contributing additionally (surgery 10.7%, 
22/206; percutaneous intervention 1.0%, 2/206). The 
extent of extra-coronary atherosclerosis was moderate, 
with peripheral vascular disease 5.8% (12/206), stroke/
TIA 8.7% (18/206), and venous thromboembolism 1.5% 
(3/206); these values support the need for multi-territorial 
secondary prevention without altering the dominant pres-
sure–overload profile.

Non-cardiovascular comorbidities completed a moder-
ately metabolic–endocrine profile, with less systemic con-
gestion than in HFrEF (Figure 3). Diabetes (current/history) 
was present in 26.2% (54/206), representing a transversal 
risk factor complicating vascular stiffness and diastolic 
function, justifying preferential use of cardiometabolic ther-
apies with event-related benefits. COPD occurred in 9.2% 
(19/206), affecting dyspnea and exercise tolerance, requir-
ing careful differentiation from congestion. Thyroid dys-
function (current/history) was reported in 9.2% (19/206), 
consistent with higher prevalence in patients with LVEF 
≥40% and potentially affecting heart rate, arrhythmias, and 
symptom perception. Hepatic dysfunction was relatively 
rare at 3.9% (8/206), suggesting less systemic congestion 
than in reduced EF. Other comorbidities were infrequent: 
sleep apnea 2.4% (5/206), depression 1.9% (4/206), cog-
nitive dysfunction 1.0% (2/206), active malignancy 0.5% 

(1/206), rheumatoid arthritis 0.5% (1/206), but remain 
relevant for adherence, quality of life, and care planning.

Overall, our typical HFpEF patient is middle-aged to 
elderly, slightly more often female, with a BMI ≈30 kg/m², 
predominantly hypertensive, chronic coronary disease in 
over half, atrial fibrillation in nearly half, diabetes in about a 
quarter, and NT-proBNP values indicative of elevated filling 
pressures. This profile calls for aggressive blood pressure 
control, systematic AF management (anticoagulation, rate/
rhythm control), ischemic secondary prevention where in-
dicated, cardiometabolic optimization (including weight 
loss and cardiovascular-beneficial therapies), screening for 
thyroid dysfunction and sleep apnea, and consistent life-
style and adherence interventions.

Study limitations include the relatively small sample size 
and observational design, which precludes establishing cau-
sality. Additionally, biological variability of NT-proBNP and 
the absence of advanced imaging or functional assessments 
(e.g., strain echocardiography, invasive filling pressure mea-
surements) may influence the interpretation of correlations 
between comorbidities and cardiac function.

Discussion
This study provides a detailed phenotypic character-

ization of HFpEF patients, emphasizing the central role of 
comorbidities in shaping functional status and clinical out-
comes. The predominance of older women with elevated 
BMI highlights the typical demographic and metabolic pro-
file associated with HFpEF, consistent with prior reports. 
Our findings reinforce the concept that chronic coronary 
disease and hypertension are key drivers of disease patho-
physiology, contributing to diastolic dysfunction, elevated 
filling pressures, and exercise limitation.

The observed heterogeneity in NT-proBNP levels and 
functional NYHA classes underscores the complexity of HF-
pEF, where biomarker variability and multiple comorbidi-
ties influence symptom burden and prognosis.

Cardiovascular comorbidities such as atrial fibrilla-
tion, coronary artery disease, and hypertension, alongside 

Fig. 3 Prevalence of non-cardiovascular 
comorbidities in patients with HFpEF

Note: Data are presented as percentages of the total study 
population. Abbreviations: HFpEF = heart failure with pre-
served ejection fraction; COPD = chronic obstructive pul-
monary disease. The figure presents descriptive statistics 
only; no inferential statistical tests were applied.



8

Mold J Health Sci. 2026;13(2):3-9Cabac-Pogorevici I. et al. 

non-cardiovascular conditions including diabetes, COPD, 
and thyroid dysfunction, further modulate the clinical phe-
notype. These results align with recent cluster and pheno-
typing studies, emphasizing the importance of individual-
ized evaluation and management.

Our study highlights practical implications for HFpEF 
management. Multidisciplinary approaches targeting blood 
pressure control, atrial fibrillation management, cardiomet-
abolic optimization, and secondary prevention of ischemic 
events are critical. Screening for thyroid dysfunction, sleep 
apnea, and implementing lifestyle interventions can further 
improve functional capacity and quality of life. The identifi-
cation of comorbidity clusters may guide precision therapy 
and optimize response to interventions, including aerobic 
exercise and pharmacologic strategies.

Study limitations include the relatively small sample size 
and the observational design, which preclude establishing 
causality. Furthermore, biological variability of NT-proBNP 
and the absence of advanced imaging or functional assess-
ments (e.g., strain echocardiography, invasive measure-
ments of ventricular filling pressures) may have influenced 
the interpretation of correlations between comorbidities 
and cardiac function. Selection bias is also possible, as pa-
tients were recruited from a single tertiary center.

Conclusions
This study shows that HFpEF is a complex and diverse 

condition influenced by many comorbidities. It highlights 
the need for a comprehensive, phenotype-based approach 
to care that combines comorbidity assessment, clinical 
evaluation, and biomarker analysis to personalize treat-
ment. Identifying groups of comorbidities helps clinicians 
choose more targeted interventions and improve outcomes 
through a multidisciplinary approach, including cardiomet-
abolic management, lifestyle changes, and screening for 
non-cardiac diseases. The findings support the move to-
ward precision medicine in HFpEF, promoting individual-
ized strategies to improve treatment response. Although 
causality cannot be confirmed, the study offers a useful 
framework for future research on phenotype-guided ther-
apies and emphasizes the importance of personalized and 
integrated care to improve prognosis.

Competing interests
None declared.
Authors’ contributions
The study was conceived and designed by C-PI. Data 

collection and analysis were performed by C-PI, SA, and RV. 
Drafting of the manuscript was done by C-PI and SA. All au-
thors critically reviewed and approved the final version of 
the manuscript.

Ethics approval
The study protocol was approved by the institutional 

ethics committee (Approval No. 25/1, May 13, 2025). The 
study was conducted in accordance with the principles of 
the Declaration of Helsinki on biomedical research involv-
ing human subjects. 

Informed consent
Obtained.
Provenance and peer review
Not commissioned, externally peer-reviewed.
References
1.	 McDonagh TA, Metra M, Adamo M, et al. 2021 

ESC Guidelines for the diagnosis and treatment 
of acute and chronic heart failure. Eur Heart J. 
2021;42(36):3599-3726. doi: 10.1093/eurheartj/
ehab368.

2.	 Li L, Li Z, Xu P, Huang L, Peng X, Yue J, Ge N. Comor-
bidities and incidence of heart failure with preserved 
ejection fraction: a systematic review and meta-analy-
sis of cohort studies. BMJ Open. 2025;15(7):e093306. 
doi: 10.1136/bmjopen-2024-093306.

3.	 Ambardekar AV, Thielen SC. Comorbidities in heart 
failure: expect and embrace the complexity. J Am 
Coll Cardiol Heart Fail. 2023;11(11):1504-1506. doi: 
10.1016/j.jchf.2023.06.025.

4.	 Wong B, Dodd JD, Gallagher J, Dyer B, Ryan C, McDon-
ald K, Ledwidge M. Sex-related pathophysiological 
mechanisms may be present before symptoms of HF-
pEF develop. ESC Heart Fail. 2025;12(3):2387-2390. 
doi: 10.1002/ehf2.15228.

5.	 Morgen CS, Haase CL, Oral TK, Schnecke V, Varbo 
A, Borlaug BA. Obesity, cardiorenal comorbidities, 
and risk of hospitalization in patients with heart 
failure with preserved ejection fraction. Mayo Clin 
Proc. 2023 Oct;98(10):1458-1468. doi: 10.1016/j.
mayocp.2023.07.008.

6.	 Szlagor M, Dybiec J, Młynarska E, Rysz J, Franczyk 
B. Chronic kidney disease as a comorbidity in heart 
failure. Int J Mol Sci. 2023;24(3):2988. doi: 10.3390/
ijms24032988.

7.	 Kallistratos E, Konstantinidis D, Triantafillidi H, Gras-
sos Ch, Maragkoudakis S, Bostanitis I, et al. Epidemi-
ology and clinical characteristics of heart failure with 
preserved ejection fraction in hypertensive patients 
over 60 years old (HFpEF-Hypertension). J Hyper-
tens. 2025 May;43(Suppl 1):e157. doi: 10.1097/01.
hjh.0001116764.68064.09.

8.	 Hobbach AJ, Brix TJ, Weyer-Elberich V, Varghese 
J, Reinecke H, Linke WA. Obesity and comorbidi-
ties in HFpEF: a retrospective cohort analysis in a 
University Hospital Setting. J Clin Med. 2025 May 
12;14(10):3348. doi: 10.3390/jcm14103348. 

9.	 Savic L, Mrdovic I, Asanin M, Stankovic S, Lasica R, 
Matic D, Simic D, Krljanac G. Prognostic impact of 
non-cardiac comorbidities on long-term progno-
sis in patients with reduced and preserved ejec-
tion fraction following acute myocardial infarc-
tion. J Pers Med. 2023;13(7):1110. doi: 10.3390/
jpm13071110.

10.	Martens P, Augusto SN Jr, Finet JE, Tang WHW. Dis-
tinct impact of noncardiac comorbidities on exercise 
capacity and functional status in chronic heart fail-



9

Mold J Health Sci. 2026;13(2):3-9Comorbidities in heart failure with preserved ejection fraction

ure. JACC Heart Fail. 2023;11(10):1365-1376. doi: 
10.1016/j.jchf.2023.05.018.

11.	Ono R, Falcão LM. Primary heart failure with pre-
served ejection fraction: the intertwined pathophys-
iology and treatment of some of the most relevant 
phenotypes. Rev Port Cardiol. 2025 Jul;44(7):445-
456. doi: 10.1016/j.repc.2025.02.007. 

12.	Savarese G,  Settergren C, Schrage B, Thorvaldsen 
T, Löfman I, Sartipy U,  et al. Comorbidities, quality 
of life and cause-specific outcomes in heart failure 
across the ejection fraction spectrum: a blueprint for 
clinical trial design. Int J Cardiol. 2020;313:76-82. 
doi: 10.1016/j.ijcard.2020.04.068. 

13.	Menghoum N, Badii MC, Leroy M, Parra M, Roy C, 
Lejeune S, et al. Exploring the impact of metabolic 
comorbidities on epicardial adipose tissue in heart 
failure with preserved ejection fraction. Cardiovasc 
Diabetol. 2025;24(1):134. doi: 10.1186/s12933-
025-02688-7. 

14.	Zatsarinnyy A, Miyerbekov Y, Uvaliyeva S, Sugurbayev 
M, Musrepov N, Rakisheva A. Pathophysiology and 

phenotypes of heart failure: current concepts and fu-
ture directions. Heart Fail J India. 2025;3(2):124. doi: 
10.4103/HFJI.HFJI_19_25. 

15.	Lanzer JD, Valdeolivas A, Pepin M, Hund H, Backs J, 
Frey N, et al. A network medicine approach to study 
comorbidities in heart failure with preserved ejec-
tion fraction. BMC Med. 2023 Jul 24;21(1):267. doi: 
10.1186/s12916-023-02922-7. 

16.	Cabac-Pogorevici I, Revenco V. Heart failure and cen-
tral sleep apnea in the era of implantable recorders. 
Anatol J Cardiol. 2021;25(4):216-224. doi: 10.5152/
AnatolJCardiol.2021.63668.

17.	Jitari I, Savca D, Ochișor V, Revenco V, Cabac-Pogor-
evici I. Abordarea individualizată în insuficiența 
cardiacă cu fracția de ejecție păstrată – de la prac-
tica clinică la inteligență artificială [The individ-
ualized approach in heart failure with preserved 
ejection fraction. From clinical practice to Arti-
ficial Intelligence]. Bull Acad Sci Mold. Med Sci 
(Chisinau). 2024;78(1):205-211. Romanian. doi: 
10.52692/1857-0011.2024.1-78.22.



10

Mold J Health Sci. 2026;13(2):10-14Ranga D. et. al.

R E S E A R C H  A R T I C L E 

Correlation between inflammatory hematological indices with 
severity of pulmonary thromboembolism

Doina Ranga1*, Cornelia Talmaci1, Sergiu Matcovschi1, Natalia Caproș1, Livi Grib2, Andrei Cealan3 
1Clinical Synthesis Discipline, Department of Internal Medicine, Nicolae Testemițanu State University of Medicine and Pharmacy, Chișinău, Republic of Moldova
2Discipline of Cardiology, Department of Internal Medicine, Nicolae Testemițanu State University of Medicine and Pharmacy, Chișinău, Republic of Moldova
3Department of Radiology and Imaging, Nicolae Testemițanu State University of Medicine and Pharmacy, Chișinău, Republic of Moldova

A B S T R A C T

UDC: 616.131‑005.6/.7‑07

https://doi.org/10.52645/MJHS.2026.2.02

Cite this article: Ranga D, Talmaci C, Matcovschi S, Caproș N, Grib L, Cealan A. Correlation between inflammatory hematological indices with severity of pul-
monary thromboembolism. Mold J Health Sci. 2026;13(2):10-14. https://doi.org/10.52645/MJHS.2026.2.02

Introduction. Pulmonary thromboembolism (PTE) is a major cardiovascular emergency associated with significant mor-
tality. Systemic inflammation contributes to the pathogenesis of thrombosis and to disease severity, and hematological 
indices derived from the complete blood count, such as the neutrophil-to-lymphocyte ratio (NLR) and the platelet-to-lym-
phocyte ratio (PLR), have been proposed as prognostic predictors. 

Materials and methods. A prospective observational study was conducted on a cohort of 182 consecutively investigated 
patients at Holy Trinity Municipal Clinical Hospital and the Institute of Cardiology. The diagnosis of PTE was confirmed by 
CT pulmonary angiography. Clinical data, inflammatory hematological indices, echocardiographic parameters, and severity 
scores were analyzed during the course of inpatient care. The prognostic value of NLR and PLR was assessed using ROC 
curve analysis.

Results. Pulmonary thromboembolism was confirmed in 153 patients (84.1%, 95% CI [78.7, 89.4]). Elevated NLR was 
identified in 82 patients (45.1%; 95% CI [37.8, 52.3]), and elevated PLR in 89 patients (48.9%; 95% CI [41.6, 56.2]). Over-
all mortality was 17.0% (95% CI [11.6, 22.5]) (31 patients). Elevated NLR was present in 26 (14.3; 95% CI [9.2, 19.4]) of 
deceased patients (p<0.00001), while elevated PLR was present in 22 (12.1%; 95% CI [7.4, 16.8]) of deceased patients (p 
= 0.012). ROC analysis demonstrated that NLR has a very good predictive ability for mortality (AUC = 0.799), whereas PLR 
has good predictive ability (AUC = 0.715). Additionally, NLR was significantly correlated with severity according to the PESI 
score (AUC = 0.614; p = 0.0048). Echocardiography revealed right ventricular dysfunction in 80.2% (95% CI [74.4, 86.0]) 
of patients and reduced TAPSE in 57.7% (95% CI [50.5, 64.9]) of patients.

Conclusions. The neutrophil-to-lymphocyte ratio is an important prognostic marker of severity and mortality in pulmo-
nary thromboembolism, with a predictive value superior to that of the platelet-to-lymphocyte ratio. Integrating inflamma-
tory hematological indices with clinical scores and imaging assessment may improve risk stratification and the manage-
ment of patients with pulmonary thromboembolism.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
Interest in easily accessible inflammatory hematological indices, 
such as the neutrophil-to-lymphocyte ratio (NLR) and the plate-
let-to-lymphocyte ratio (PLR), has increased considerably in the 
evaluation of pulmonary thromboembolism. However, the correla-
tion between these hematological indices and disease severity, as 
well as their clinical relevance, remains insufficiently clarified, par-
ticularly in the population of the Republic of Moldova.
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The research hypothesis
Inflammatory hematological indices derived from the complete blood 
count, namely NLR and PLR, are associated with disease severity and 
mortality in patients with pulmonary thromboembolism and may 
serve as prognostic predictors.
The novelty added by the manuscript to the already published sci-
entific literature
This study provides original data on the prognostic value of the he-
matological indices NLR and PLR in pulmonary thromboembolism and 
demonstrates their association with disease severity and mortality, 
which remain insufficiently investigated in the population of the Re-
public of Moldova.
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Introduction
Pulmonary thromboembolism (PTE) is a major cardio-

vascular condition associated with high mortality, particu-
larly in patients with hemodynamic instability [1]. Systemic 
inflammation plays a key role in the pathogenesis of throm-
bosis and disease progression, and inflammatory hema-
tological indices derived from the complete blood count, 
such as the neutrophil-to-lymphocyte ratio (NLR) and the 
platelet-to-lymphocyte ratio (PLR), have been identified as 
predictors of disease severity and mortality [2], although 
evidence for PLR remains limited, with some studies fail-
ing to demonstrate an independent prognostic role [3]. The 
purpose of the study was to evaluate the correlation of NLR 
and PLR with CT pulmonary angiography findings, echo-
cardiographic parameters, Pulmonary Embolism Severity 
Index (PESI) severity score, and mortality in patients with 
pulmonary thromboembolism.

Materials and methods
This prospective observational study was conducted on 

a cohort of 182 consecutive patients admitted with clinical 
suspicion of PTE to two hospital institutions between 2021 
and 2025: Holy Trinity Municipal Clinical Hospital and the 
Institute of Cardiology.

Participant Selection. The study included adult patients 
(≥18 years) with clinical suspicion of acute PTE. The diag-
nosis was confirmed by CT pulmonary angiography (CTPA), 
which is considered the standard of care for this condition 
and allows exclusion of relevant differential diagnoses [1, 4]. 

For each patient, demographic data (age, sex), clinical 
presentation at admission, comorbidities, laboratory pa-
rameters, and imaging findings were collected. Laborato-
ry analyses included a complete blood count, from which 
the NLR and PLR were calculated, as well as D-dimer and 
NT-proBNP levels, Wells score, revised Geneva score. All pa-
tients underwent echocardiographic evaluation, including 
assessment of right ventricular function parameters such as 
right ventricular diameter and tricuspid annular plane sys-
tolic excursion (TAPSE), and TAPSE/PSAP index. Disease se-
verity was assessed using the Pulmonary Embolism Severi-
ty Index (PESI) score. Patients were followed up for clinical 
outcomes and mortality during the course of inpatient care. 

Exclusion criteria were: patients with symptoms attribut-
able to other acute conditions, such as acute or chronic cor-
onary syndrome, dissecting aortic aneurysm, acute abdo-
men, or acute heart or respiratory failure, as well as patients 
who used drugs that may affect laboratory parameters (ste-
roids, antibiotics, cytotoxic agents, immunosuppressants, 
antiplatelet drugs, anticoagulants, epinephrine).

Statistical analysis. Categorical variables were summa-
rized as frequencies and percentages. The predictive value 
of NLR and PLR for mortality was assessed using Receiver 
Operating Characteristic (ROC) curve analysis, calculating 
the area under the curve (AUC), sensitivity, and specificity. 
A p-value <0.05 was considered statistically significant.

Results
The prospective study included a total of 182 patients 

with clinical suspicion of PTE, of whom 99 were men 
(54.4%; 95% CI [47.2, 61.6]) and 83 were women (45.6%; 
95% CI [38.4, 52.8]). Age distribution showed a predom-
inance of elderly patients, with the most frequent age 
group being 60–69 years, comprising 64 cases (35.2%; 
95% CI [28.2, 42.1]), followed by the 70–79 years group 
with 48 patients (26.4%; 95% CI [20.0, 32.8]), 50–59 years 
with 27 patients (14.8%; 95% CI [9.7, 20.0]), patients over 
80 years with 16 cases (8.8%; 95% CI [4.7, 12.9]), 40–49 
years with 18 cases (9.9%; 95% CI [5.6, 14.2]), and pa-
tients under 40 years, who accounted for 9 cases (4.9%; 
95% CI [1.8, 8.1]).

Clinically, dyspnea was the main symptom present in 
181 patients (99.5%; 95% CI [98.4, 100]). Other manifes-
tations included cough in 68 patients (37.4%; 95% CI [30.3, 
44.4]), fever in 37 patients (20.3%; 95% CI [14.5, 26.2]), 
syncope or presyncope in 10 patients (5.5%; 95% CI [2.2, 
8.8]) and hemoptysis in 4 patients (2.2%; 95% CI [0.1, 4.3]).

Concomitant pathologies were common, the most fre-
quent being angina pectoris in 149 patients (81.9%; 95% CI 
[76.3, 87.5]), arterial hypertension in 141 patients (77.5%; 
95% CI [71.4, 83.5]), pneumonia in 65 patients (35.7%; 95% 
CI [28.8, 42.7]), arrhythmias in 60 patients (33.0%; 95% CI 
[26.1, 39.8]), diabetes mellitus in 34 patients (18.7%; 95% 
CI [13.0, 24.3]), and chronic obstructive pulmonary disease 
in 32 patients (17.6%; 95% CI [12.1, 23.1]).
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Laboratory parameters revealed elevated D-dimer levels 
in 181 patients (99.5%), increased NT-proBNP in 33.0% of 
cases (95% CI [26.1, 39.8]), and elevated C-reactive protein 
in 149 patients (81.9%; 95% CI [76.3, 87.5]). The neutro-
phil-to-lymphocyte ratio (NLR) was elevated in 82 patients 
(45.1%; 95% CI [37.8, 52.3]), and the platelet-to-lympho-
cyte ratio (PLR) was elevated in 89 patients (48.9%; 95% 
CI [41.6, 56.2]). The overall mortality was 17.0% (95% CI 
[11.6, 22.5]), corresponding to 31 patients. Among these, 26 
patients (14.3%; 95% CI [9.2, 19.4]) had elevated NLR, and 
22 patients (12.1%; 95% CI [7.4, 16.8]) had elevated PLR, 
demonstrating a significant association between inflamma-
tory hematological indices and mortality.

According to the Wells score, intermediate clinical proba-
bility was present in 129 patients (70.9%; 95% CI [64.3, 77.5]), 
and high probability in 52 patients (28.6%; 95% CI [22.0, 
35.1]). The revised Geneva score indicated intermediate prob-

ability in 118 patients (64.8%; 95% CI [57.9, 71.8]) and high 
probability in 52 patients (28.6%; 95% CI [22.0, 35.1]). 

Echocardiographic evaluation revealed significant right 
ventricular alterations. Right ventricular dysfunction was 
present in 146 patients (80.2%; 95% CI [74.4, 86.0]), and 
TAPSE was reduced in 105 patients (57.7%; 95% CI [50.5, 
64.9]). Assessment of right ventriculo-arterial coupling, ex-
pressed as the TAPSE/PASP ratio, showed normal values in 
41 patients (22.5%; 95% CI [16.5, 28.6]), mildly reduced 
values in 44 patients (24.2%; 95% CI [18.0, 30.4]), and re-
duced values in 97 patients (53.3%; 95% CI [46.0, 60.5]), 
indicating severe right ventricular dysfunction in more than 
half of the patients. 

The diagnosis of PTE was confirmed by CTPA in 153 
patients (84.1%; 95% CI [78.7, 89.4]) while in 29 patients 
(15.9%; 95% CI [10.6, 21.3]) the diagnosis was not con-
firmed. 

Fig. 1 Chest and medias-
tinal CT pulmonary angi-

ography.
Note: After intravenous con-
trast administration, filling 
defects are observed in the 
right middle and lower lobe 
pulmonary arteries, associat-
ed with areas of pulmonary 
consolidation containing air 
bronchograms, suggestive of 
pulmonary infarction with 
abscess formation on the 
right. A right-sided pleural 
effusion with air-fluid levels is 
also present, consistent with 
pleural empyema. Pulmonary 
hypertension is indicated by a 
pulmonary trunk diameter of 
3.2 cm.

Among patients with confirmed PTE (Figure 1), bilateral 
filling defects were identified in 123 patients (67.6%; 95% 
CI [60.8, 74.4]), central-peripheral location in 114 patients 
(62.6%; 95% CI [55.6, 69.7]), peripheral location in 38 pa-
tients (20.9%; 95% CI [15.0, 26.8]), involvement of the right 
pulmonary artery in 22 patients (12.1%; 95% CI [7.4, 16.8]), 
and the left pulmonary artery in 8 patients (4.4%; 95% CI 
[1.4, 7.4]). Signs of right ventricular dilatation on CTPA were 
present in 77 patients (42.3%; 95% CI [35.1, 49.5]).

Fig. 2. ROC curve for NLR predicting mortality.
Note: Receiver operating characteristic (ROC) curve demonstrating the 
predictive performance of the neutrophil-to-lymphocyte ratio (NLR) for 

mortality in patients with pulmonary embolism. The area under the curve 
(AUC) was 0.799. The dashed line represents the line of no discrimination.



13

Mold J Health Sci. 2026;13(2):10-14Correlation between inflammatory hematological indices with severity of pulmonary thromboembolism

ROC curve analysis demonstrated that the neutro-
phil-to-lymphocyte ratio (NLR) had the highest predictive 
value for mortality, with an AUC of 0.799, indicating very 
good prognostic performance (Figure 2).

The platelet-to-lymphocyte ratio (PLR) showed good 
predictive value, with an AUC of 0.715 (Figure 3), and NLR 

Conclusions
The neutrophil-to-lymphocyte ratio is an important 

prognostic marker of severity and mortality in pulmonary 
thromboembolism, with a predictive value superior to that 
of the platelet-to-lymphocyte ratio. Integrating inflamma-
tory hematological indices with clinical scores and imaging 
assessment may improve risk stratification and the man-
agement of patients with pulmonary thromboembolism.
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Fig. 3 ROC curve for PLR predicting mortality.
Note: Receiver operating characteristic (ROC) curve demonstrating the pre-
dictive performance of the platelet-to-lymphocyte ratio (PLR) for mortality 
in patients with pulmonary embolism. The area under the curve (AUC) was 
0.715. The dashed line represents the reference line.

Fig. 4 ROC curve for NLR predicting severe PESI.
Note: Receiver operating characteristic (ROC) curve showing the predictive 
value of the neutrophil-to-lymphocyte ratio (NLR) for severe pulmonary em-
bolism assessed by the Pulmonary Embolism Severity Index (PESI). The area 
under the curve (AUC) was 0.614. The dashed line represents the reference 
line (line of no discrimination).

correlated with disease severity assessed by the PESI score, 
with an AUC of 0.614 (Figure 4). 

Assessment of disease severity using the PESI score 
showed a predominance of patients with intermediate and 
high risk, comprising 104 patients (57.1%; 95% CI [50.0, 
64.3]).

Discussion
In our study, the diagnosis of pulmonary thromboembo-

lism was confirmed by CT pulmonary angiography, which 
remains the gold standard for identifying arterial filling de-
fects and assessing disease severity, with high sensitivity 
and specificity, as previously reported, including in studies 
conducted at our institution [1].

The results of our study demonstrated that the NLR is an 
important predictor of mortality in patients with pulmonary 
thromboembolism, with an AUC of 0.799. These findings are 
consistent with those reported by Tang et al., who found sim-
ilar predictive value for NLR, confirming the role of systemic 
inflammation in disease progression [3]. Elevated NLR re-
flects activation of the inflammatory response and has been 
associated with right ventricular dysfunction and poor prog-
nosis, data consistent with the findings of Kowsika R. et al [2].

Elevated NLR in acute PE was associated with a worse 
short-term and long-term prognosis and with a longer du-
ration of hospitalization in a study by Efros O. et al [5]. In a 
meta-analysis by Wang Q, was revealed that NLR and PLR 
are promising biomarkers in predicting prognosis in acute 
PE patients and recommended NLR and PLR be used rou-
tinely in the PE prognostic assessment [6].

Severity assessed by the PESI score correlated with ele-
vated NLR values, confirming the results reported by Teodo-
ru M. et al., who showed that inflammatory hematological 
indices can improve risk stratification in patients with pul-
monary thromboembolism [7].
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Introduction. Pulmonary tuberculosis remains a major cause of morbidity and mortality worldwide. According to data 
published by the World Health Organization in 2024, a total of 8.2 million people were newly diagnosed with TB in 2023, 
compared with 7.5 million in 2022, 7.1 million in 2019, and markedly higher than the 5.8 million and 6.4 million in 2020 
and 2021, respectively.

Materials and methods. The prospective study involved 59 participants before and after treatment: 11 women (18.6%) 
and 48 men (81.4%). The participants were divided into 2 groups: group L1 – patients with tuberculosis before treatment, 
and group L2 – patients with tuberculosis after treatment. Serum levels of nitric oxide, malondialdehyde, glutathione re-
ductase, and total antioxidant activity were measured using a spectrophotometric method.

Results. In the study, we demonstrated that nitric oxide and malondialdehyde serum concentrations were non-significant-
ly higher in the L2 group compared with the L1 group. Glutathione reductase activity showed a significant decrease in anti-
oxidant activity in the L2 group, indicating reduced antioxidant capacity. Total antioxidant activity showed a non-significant 
decrease in the L1 group compared with the L2 group.

Conclusions. The results of the research demonstrated that the administered anti-tuberculosis treatment increased nitric 
oxide and malondialdehyde levels, and reduced glutathione reductase and total antioxidant activity. This phenomenon 
indicates the persistence of oxidative stress even after treatment. The levels of nitric oxide, malondialdehyde, glutathione 
reductase, and total antioxidant activity in patients with pulmonary tuberculosis may serve as biomarkers for monitoring 
disease progression.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript 
The study demonstrated the involvement of pro- and antioxidant 
systems in the pathogenesis of pulmonary tuberculosis before 
and after hospital treatment, although this role is still not fully 
elucidated.
The research hypothesis
Pulmonary tuberculosis is associated with the amplification of oxi-
dative stress and the reduction of antioxidant activity.
The novelty added by the manuscript to the already published 
scientific literature
For the first time, data will be obtained on laboratory manifesta-
tions of pro- and antioxidant activity in patients with pulmonary 
tuberculosis before and after hospital treatment. The study ad-
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Introduction
Tuberculosis (TB) remains a major public health prob-

lem, with approximately 10 million new cases and 1.8 mil-
lion deaths recorded each year worldwide.

According to data provided by the World Health Organ-
ization (WHO), the Republic of Moldova is among the 18 
countries in the European region where tuberculosis con-
trol is a priority, as well as one of the 27 countries globally 
with a high incidence of multidrug-resistant tuberculosis 
(MDR-TB). According to WHO Pulmonary Tuberculosis Re-
port 2024, 8.2 million people were newly diagnosed with 
TB in 2023, up from 7.5 million in 2022 and 7.1 million in 
2019, and well above the 5.8 million and 6.4 million cases 
reported in 2020 and 2021, respectively [1]. These data 
indicate that TB prevention and control efforts worldwide 
remain insufficiently effective.

Mycobacterium tuberculosis can induce the production 
of reactive oxygen species (ROS) by activating both mono-
nuclear and polymorphonuclear phagocytes, which possess 
antimicrobial activity. The increased level of free radical 
production, although intended to combat the pathogen, also 
has the potential to damage lung tissue. Normally, such tis-
sue damage is limited by the host’s enhanced antioxidant 
defense systems [1, 2]. However, weak antioxidant defenses 
have also been reported, which may expose the lung tissue 
of patients with pulmonary tuberculosis to oxidative dam-
age [3, 4].

The oxidant-antioxidant balance is essential for main-
taining lung function. Both an increase and a decrease in an-
tioxidants can disrupt the physiological oxidant-antioxidant 
balance in favor of oxidants, leading to lung injury. Recent 
research suggests that oxygen and its related species (oxi-
dants) may contribute to the pathogenesis of a considerable 
number of lung diseases. Increased production of reactive 
oxygen species (ROS) and reactive nitrogen species (RNS) 
occurs in pulmonary tuberculosis and causes the phagocyte 
respiratory burst. Research results confirm that increased 
levels of circulating free radical activity are found in the 
pathogenesis of active pulmonary tuberculosis and, there-
fore, play an important role in the resulting fibrosis [5].

Mycobacterium tuberculosis is an intracellular pathogen 
that grows and replicates in host macrophages. It is well 
known that macrophages undergo a respiratory burst upon 
contact with this microorganism. These cells can generate 
huge amounts of reactive oxygen species (ROS), and ROS 
induce lipid peroxidation (LP), a chain reaction that affects 
unsaturated fatty acids located mainly in cell membranes, 
generating the end product malondialdehyde (MDA), which 
is responsible for some of the damaging effects of free radi-
cals on DNA and cell membranes [6].

Lipid peroxidation products diffuse from the site of in-
flammation into the circulation and can be measured in 
blood samples. MDA is a three-carbon marker of oxidative 
stress–a low-molecular-weight aldehyde that can be pro-
duced from free radical attack on polyunsaturated fatty 
acids in biological membranes. The determination of MDA 
is used to monitor lipid peroxidation in biological sam-
ples. Although the concentrations of plasma antioxidant 
components can be measured individually, this process is 
time-consuming and involves additional costs. A more com-
prehensive assessment of the body’s redox status can be 
achieved by measuring total antioxidant activity (TAA). 

Recent studies further indicate that circulating markers 
of oxidative stress, such as nitric oxide (NO), are elevated 
in patients with pulmonary tuberculosis, whereas antioxi-
dant parameters such as glutathione reductase (GR) activity 
are decreased. This imbalance between oxidants and anti-
oxidants may contribute to the development of pulmonary 
function abnormalities and disease progression [7].

Materials and methods
The prospective observational study was conducted be-

tween 2019 and 2024 at the Chiril Draganiuc Institute of 
Pneumology in Chișinău and was approved by decision No. 
31 of 18.05.2019, issued by the Research Ethics Committee 
of the Nicolae Testemițanu State University of Medicine and 
Pharmacy.

A total of 59 patients with newly diagnosed pulmonary 
tuberculosis were enrolled. The study population includ-
ed 11 women (18.6%) and 48 men (81.4%). The partici-
pants were divided into 2 groups: group L1 – patients with 
TB before treatment, and group L2 – patients with TB after 
inpatient treatment, according to individualized plans and 
assessed after one month of hospitalization. The levels of 
MDA, NO, TAA, and GR were measured in blood serum us-
ing a spectrophotometric method adapted for use with a 
Synergy H1 Hybrid Reader (BioTek Instruments, USA) and 
multimodal plates.

Nitric oxide dosage was performed according to the 
method described by Metelskaya V. and Gumanova N. [8]. 
The principle of the method involves deproteinization of 
the biological material, reduction of nitrates to nitrites, 
treatment of the supernatant with Griess reagent, and sub-
sequent measurement of the optical density of the reaction 
product.

Determination of malondialdehyde, the final product of 
lipid peroxidation, was carried out according to the proce-
dure described by Galaktionova L. and co-authors [9]. The 
method is based on the spectrophotometric identification 
of the colored trimethine complex formed by the interaction 
of thiobarbituric acid with MDA. The MDA concentration in 

dressed an important issue, as applied research on the role of antioxidant status and oxidative stress markers in the course 
of tuberculosis, both before and after treatment, may prove useful in assessing disease progression and predicting future 
prognosis.
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the analyzed sample is directly proportional to the color in-
tensity, and the final result was expressed in μM/L in the 
studied biological serum.

Total antioxidant activity was assessed using the meth-
odology described by Zhang M., adapted to the Synergy H1 
Hybrid Reader multimodal plate assay (BioTek Instruments, 
USA) [10].

The activity of glutathione reductase (EC 1.6.4.2) was de-
termined by the method described by Vlasova S. and co-au-
thors [11], based on the Warburg optical test. The principle 
of the method is the measurement of NADPH consumption, 
used by GR to reduce GSSG, observed by the decrease in ab-
sorbance at 340 nm.

R Studio and Python programs were used for data analy-
sis. For each parameter, the mean, standard deviation (SD), 
and the confidence interval (CI) were calculated. To com-
pare the two groups, the non-parametric Mann-Whitney U 
test was applied, and the statistical significance of the dif-
ferences was assessed using the p-value (considered signif-
icant at p < 0.05).

Sample and data collection procedure. All eligible 
study participants completed a questionnaire designed to 
obtain demographic information such as age and gender. A 
volume of 10 ml of venous blood was collected from the an-
tecubital vein of the arm of each consenting participant. The 
test tubes for sample collection were labeled with a unique 
identification code for each participant. After 15 minutes–
the time required for blood coagulation–the serum was im-
mediately separated by centrifugation at 3000 rpm for 10 
minutes. Subsequently, the obtained serum was transferred 
into sterile Eppendorf tubes. The serum samples were then 
preserved by freezing at a temperature of minus 40°C until 
the time of analysis. 

Results
Based on demographic characteristics, a similar gender 

distribution in pulmonary tuberculosis before and after 
treatment was found in both groups, with a predominance 
of males – 48 participants (81.4%) compared to 11 females 
(18.6%), p = 0.094. This comparable distribution between 
the groups allowed for a relevant comparison.

The age difference between the two groups was found to 
be statistically significant (Wilcoxon rank-sum test = 2452.5, 
p < 0.001). In order to evaluate the practical significance of 
this finding, the rank biserial correlation coefficient was 
calculated, indicating a moderate effect size with a value 
of 0.41 (95% CI: 0.22–0.57). Therefore, the age difference, 
with higher values in the L1 group, is not only statistically 
significant but also clinically relevant, potentially impacting 
the values of the analyzed indicators.

Serum malondialdehyde (MDA) concentrations were 
higher in the L2 group (24.0 ± 8.3 μM/L) compared with the 
L1 group, where values were 18.6 ± 5.2 μM/L, but the differ-
ence was not statistically significant (p = 0.40). Serum nitric 
oxide (NO) levels were significantly higher in the L2 group, 
with a mean of 107.4 ± 99.7 µM/L versus 92.6 ± 43.5 µM/L 
(p = 0.010) in the L1 group (Table 1).

Table 1. Pro-oxidant system indicators
Group L1n = 59 95% CI L2n = 59 95% CI p
MDA (malondialde-
hyde), µM/L 18.6 ± 5.2 17–20 24.0 ± 8.3 22–26 = 0.40

NO (nitric oxide), 
µM/L 92.6 ± 43.5 81–104 107.4 ± 99.7 81–133 = 0.010*

Note: The data presented include mean (standard deviation), 95% 
confidence interval, and statistically significant difference with the control 
group; L1 – patients with TB before treatment; L2 – patients with TB after 
inpatient treatment; CI – confidence interval; * – p<0.05; ** – p<0.01; *** – 
p<0.001; MDA – malondialdehyde; NO – nitric oxide.

Serum total antioxidant activity (TAA) showed a slight, 
non-significant decrease in the L2 group (3.6 ± 0.5 u/c) 
compared with the L1 group (4.0 ± 1.0 u/c, p > 0.90). Con-
versely, serum glutathione reductase (GR) activity was sig-
nificantly reduced in the L2 group (298.2 ± 169.2 nM/s·L) 
compared with the L1 group (704.6 ± 1,529.7 nM/s·L, p < 
0.001) (Table 2).

Table 2. Antioxidant system indicators

Group L1n = 59 95% CI L2n = 59 95% CI p
TAA (total 
antioxidant 
activity), u/c

4.0 ± 1.0 3.7–4.3 3.6 ± 0.5 3.7–4.0 >0.9

GR (glutathi-
one reduc-
tase) nM/s·L

704.6 ± 1,529.7 306–1,103 298.2 ± 169.2 254–342 <0.001*

Note: The data presented include mean (standard deviation), 95% 
confidence interval, and statistically significant difference with the control 
group; L1 – patients with TB before treatment; L2 – patients with TB after 
inpatient treatment; CI - confidence interval; * – p<0.05; ** – p<0.01; *** – 
p<0.001; TAA – total antioxidant activity; GR – glutathione reductase.

Discussion
The study analyzed oxidative and antioxidative param-

eters in patients diagnosed with pulmonary tuberculosis 
before and after hospital treatment. Oxidative stress occurs 
as a result of increased production of reactive oxygen spe-
cies during the respiratory burst, concomitantly with a de-
crease in the effects of antioxidants [12, 13]. This imbalance 
disrupts normal lung function and host immune responses, 
contributing to the development of the disease through the 
body’s inability to effectively eliminate oxidative stress and 
causing pulmonary dysfunction [13, 14]. Elevated MDA and 
NO values in the serum of patients after anti-tuberculosis 
treatment indicate a high level of lipid peroxidation and 
an imbalance of redox homeostasis [15]. According to data 
from the specialized literature, the high levels of MDA and 
NO persist even after the end of treatment. Circulating anti-
oxidants, such as total TAA and GR mentioned in this study, 
appear to be insufficient to counterbalance oxidative stress 
in pulmonary tuberculosis, and the accumulation of free 
radicals in lung tissue leads to the attack of cell membrane 
lipids and lipid peroxidation [13, 16]. Thus, the existence of 
a deficiency in the antioxidant system at the alveolar level 
in pulmonary tuberculosis is confirmed. A defining feature 
of the evolution of this condition is the association between 
hypoxia, oxidative stress, and inflammation.
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Regarding the distribution of patients by gender and age, 
there was a predominance of men compared with women. 
In both studied groups, the predominance of patients aged 
between 18 and 55 created optimal conditions for compara-
bility of the results obtained.

The results of the study highlight the important role of 
glutathione reductase in both innate and cellular immuni-
ty against tuberculosis infection. Oxidative stress related 
to inflammation has been implicated in the pathogenesis 
of fibrosis and lung dysfunction in patients with pulmo-
nary tuberculosis [17,18]. The specialized literature re-
ports that several circulating markers of free radical activ-
ity are elevated in patients with pulmonary tuberculosis, 
and some of these markers remain elevated even after the 
completion of anti-tuberculosis therapy, indicating ongo-
ing oxidative stress that may contribute to the decrease in 
GR levels [19].

Finally, nutritional status directly influences the health 
and proper functioning of all body systems, including the 
immune system, which plays an essential role in protecting 
against infectious diseases, such as pulmonary tuberculo-
sis. Considering that cellular immunity is the body’s main 
line of defense against tuberculosis, malnutrition becomes 
a significant risk factor for the onset and progression of this 
disease.

Conclusions
As a result of the analysis of oxidative system biomark-

ers, such as NO and MDA, it was found that after the admin-
istration of anti-tuberculosis treatment, the levels of NO and 
MDA increased, while the values of TAA and GR decreased, 
indicating the persistence of oxidative stress even after 
treatment. These biomarkers provide important informa-
tion both before and after the initiation of standard therapy. 
They are necessary for evaluating treatment efficacy, as well 
as for the development of new therapeutic strategies that 
include antioxidants, and can also be used to monitor the 
evolution of the disease and lung lesions.

The presence of elevated oxidative biomarkers and de-
creased antioxidant parameters after anti-tuberculosis 
treatment indicates that oxidative stress remains active in 
the body, which may negatively influence pulmonary re-
covery. Monitoring these markers may be essential for op-
timizing therapy and may pave the way for the integration 
of antioxidants into tuberculosis treatment strategies in the 
future.
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Introduction. Chronic kidney disease and COVID-19 are both associated with significant morbidity. Patients with chronic 
kidney disease are at risk for severe COVID-19, and SARS-CoV-2 infection may accelerate CKD progression. This study aimed 
to compare renal outcomes in CKD patients with and without prior COVID-19 and to identify predictors of progression.

Materials and methods. We conducted a prospective cohort study of 280 pre-dialysis CKD patients (stages G2–G5), fol-
lowed for 12 months. Of these, 140 had a history of COVID-19 (post-COVID group), and 140 had no such history (control 
group). Baseline assessments included renal function (eGFR, creatinine, urea), inflammatory markers (CRP, ferritin, LDH), 
hematologic indices (hemoglobin, leukocytes, platelets), and SF-36 quality of life scores. CKD progression was defined as 
a ≥30% eGFR decline or the initiation of dialysis. Analyses included group comparisons, correlations, logistic regression, 
and ROC curves.

Results. Baseline characteristics and mean eGFR (~60 mL/min/1.73 m²) were similar across groups. CRP and ferritin 
levels were elevated in both groups without significant differences. Post-COVID patients reported lower vitality and higher 
social functioning on SF-36 (both p < 0.001). After 12 months, the post-COVID group showed greater eGFR decline (–3.1 vs 
–1.2 mL/min) and a higher progression rate (28% vs 15%, p < 0.01). Multivariable analysis identified prior COVID-19 (ad-
justed OR ≈2.3, 95% CI: 1.3–4.0) and low baseline hemoglobin as independent predictors of progression; CRP and ferritin 
were not predictive. LDH showed a modest association. Hemoglobin alone predicted progression with an AUC of 0.78; the 
combined model (COVID status + hemoglobin) yielded an AUC of 0.85.

Conclusions. CKD patients with prior COVID-19 experienced a faster renal function decline over one year than those with-
out COVID-19. Persistent anemia and elevated LDH were also associated with increased progression risk. These findings 
emphasize the importance of post-COVID renal monitoring and early intervention in CKD patients to prevent deterioration.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
It remains unclear whether COVID-19 independently accelerates 
renal decline in patients with pre-existing CKD, beyond the effects 
of baseline kidney function and comorbidities. Existing studies are 
mostly retrospective and lack prospective comparative data. Ad-
ditionally, the prognostic value of post-COVID biomarkers such as 
hemoglobin, LDH, CRP, and ferritin has not been well established.
The research hypothesis
We hypothesized that CKD patients with prior COVID-19 experi-
ence a significantly faster decline in renal function compared to 
CKD patients without COVID-19. We further hypothesized that 
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markers of anemia and tissue injury – rather than classical inflammatory markers – would predict CKD progression in the 
post-COVID population.
The novelty added by manuscript to the already published scientific literature
This study provides prospective evidence that prior COVID-19 is an independent accelerator of CKD progression, nearly dou-
bling the risk of significant renal decline within one year. The manuscript identifies hemoglobin and LDH as key predictors of 
progression, while CRP and ferritin show no prognostic value – highlighting a shift toward chronic rather than acute inflam-
matory mechanisms. It is also one of the first studies from Eastern Europe to quantify post-COVID renal vulnerability in a well-
matched CKD cohort.

Introduction
Chronic kidney disease (CKD) is a prevalent global health 

problem, affecting an estimated 13.4% of the global popula-
tion (over 800 million people worldwide) and contributing 
significantly to mortality [1]. CKD is often termed a “silent 
epidemic” due to its insidious progression, high cardiovas-
cular mortality, and substantial public health burden [1, 2]. 
COVID-19, caused by SARS-CoV-2, has emerged as a multi-
system disease; although initially recognized as a respirato-
ry illness, it is now known to cause widespread organ dam-
age, including acute kidney injury (AKI). The kidney’s high 
expression of ACE2 (the SARS-CoV-2 entry receptor) makes 
it particularly vulnerable to COVID-19-associated injury. 
Clinical reports indicate a high frequency of AKI in severe 
COVID-19, along with direct viral effects on renal tubular 
and glomerular cells leading to structural damage.

There is a bidirectional, syndemic interaction between 
CKD and COVID-19. CKD patients, especially those with ad-
vanced stages, are at a markedly increased risk for severe 
COVID-19 outcomes due to chronic uremic immunosup-
pression, systemic inflammation, and comorbidities. In-
deed, CKD has been identified as an independent risk factor 
for COVID-19 severity and mortality. Conversely, surviving 
a COVID-19 infection may adversely affect kidney health. 
SARS-CoV-2 infection can trigger AKI and may accelerate 
the trajectory of chronic kidney damage, even in individuals 
without prior renal disease. An episode of COVID-19-relat-
ed AKI can become a “reset point”, leading to faster-than-ex-
pected CKD progression or transition to end-stage renal dis-
ease (ESRD) than expected from the prior course. In prac-
tical terms, a CKD patient who contracts COVID-19 might 
reach advanced CKD stages or dialysis faster than a similar 
patient who never had COVID.

Emerging evidence suggests that COVID-19 survivors 
can experience persistent subclinical renal impairment. 
One cohort study found that at 6 months post-COVID, 35% 
of patients had a reduced estimated glomerular filtration 
rate (eGFR <90 mL/min/1.73 m²) despite normal kidney 
function during the acute infection. Notably, 13% of pa-
tients with no AKI in the hospital still showed a significant 
decline in eGFR by 6 months. These findings imply that even 
relatively mild COVID-19 can have lasting renal sequelae. 
Longer-term studies indicate a substantial proportion of 
COVID-19 survivors have persistent abnormalities such as 
reduced eGFR, proteinuria, or hematuria at 6–12 months. 

COVID-19 has thus been recognized as an emergent risk 
factor for kidney disease, adding to traditional factors like 
diabetes and hypertension.

Despite these concerns, data on the impact of COV-
ID-19 on the progression of pre-existing CKD are limited, 
particularly in Eastern European populations with a high 
CKD burden. Most studies have been retrospective and 
have focused on AKI incidence or short-term outcomes. 
There is a need for a prospective analysis of how COVID-19 
may influence the CKD trajectory and which patients are 
most vulnerable to renal function decline after infection. 
We hypothesized that CKD patients who recovered from 
COVID-19 would experience a faster decline in renal func-
tion compared to CKD patients with no COVID history, and 
that markers of inflammation or tissue injury might pre-
dict this decline.

This study aimed to evaluate the long-term impact of 
COVID-19 on CKD progression and to identify clinical and 
biological predictors of adverse renal outcomes. Specifically, 
we compared a cohort of CKD patients with prior COVID-19 
to a matched cohort of CKD patients without COVID-19, in 
terms of renal function decline, the incidence of CKD stage 
progression or dialysis, and other health outcomes. We 
also explored associations between baseline inflammatory 
markers (CRP, ferritin, LDH), hematologic parameters, and 
progression risk. By providing prospective data in a previ-
ously under-studied population, our study seeks to inform 
post-COVID care strategies for CKD patients and guide early 
interventions to improve their prognosis.

Materials and methods
This prospective observational cohort study enrolled 

280 adult patients with chronic kidney disease not on dial-
ysis. Patients were recruited from nephrology clinics and 
inpatient services at Timofei Moșneaga Republican Clini-
cal Hospital (Chișinău, Moldova) between 2023 and 2024. 
Inclusion criteria were: age 18–70 years, confirmed CKD 
(pre-dialysis, defined by evidence of chronic renal dis-
ease and/or eGFR <60 mL/min/1.73 m² for ≥3 months), 
and written informed consent. The study was conducted 
in accordance with the Declaration of Helsinki and was 
approved by the institutional ethics committee (favora-
ble opinion of the Research Ethics Committee of Nicolae 
Testemitanu State University of Medicine and Pharmacy, 
no. 6 of 18.05.2023). All participants provided informed 
consent.
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We excluded individuals receiving renal replacement 
therapy (dialysis) or with a history of kidney transplant, as 
well as those with active malignancy or tuberculosis, or who 
declined participation. After applying criteria, the study 
population consisted of 280 eligible CKD patients. These 
were divided into two equal groups based on COVID-19 ex-
posure:

•	 Post-COVID group (exposed cohort): 140 CKD patients 
who had recovered from a documented COVID-19 in-
fection prior to or during the study period. COVID-19 
was confirmed by clinical diagnosis and/or positive 
laboratory tests (e.g., PCR). Only patients evaluated 
after clinical recovery from acute COVID-19 were in-
cluded, with a median of ~3 months from infection 
to enrollment. We recorded the date and severity 
of the COVID-19 episode for each (mild, moderate, 
or severe; whether hospitalization or ICU care was 
needed).

•	 CKD control group (unexposed cohort): 140 CKD pa-
tients with no history of COVID-19 (by patient report 
and available testing). These patients served as the 
comparison group to isolate the effect of COVID-19 
on CKD evolution.

The two groups were frequency-matched on key charac-
teristics. They were similar in age and sex distribution and 
had comparable distributions of CKD etiology (diabetic ne-
phropathy, hypertensive nephrosclerosis, glomerulonephri-
tis, etc.). Both groups predominantly comprised patients in 
middle to advanced CKD stages (G2–G5 ND), with no signifi-
cant differences in baseline CKD stage distribution (median 
stage 3 in each). Comorbid conditions such as diabetes mel-
litus (overall ~26%) and hypertension (~82%) were com-
mon and similarly distributed, aside from a non-significant 
trend toward higher diabetes prevalence in the post-COV-
ID group (31% vs 21%, p ≈ 0.06). All patients continued to 
receive standard CKD care (e.g., blood pressure control, re-
nin–angiotensin system blockers, anemia management) as 
per clinical guidelines.

At baseline (study entry), all patients underwent a com-
prehensive evaluation including clinical history, physical 
examination, laboratory tests, and questionnaire adminis-
tration. Baseline evaluations for the post-COVID group were 
performed after recovery from acute infection (no patient 
had active COVID-19 at time of assessment).

Baseline characteristics: mean age 58.7 ± 12.4 years 
(post-COVID) and 56.9 ± 13.1 (control); males 55.0% vs 
50.7%; diabetes prevalence 31% vs 21% (p ≈ 0.06); hyper-
tension ~82% in both groups. Median CKD stage was 3 in 
both cohorts. All patients received standard nephrology 
care.

Baseline evaluations included clinical history, physical 
exam, SF-36 questionnaire, and laboratory tests.

•	 Renal function: Serum creatinine, urea, eGFR (CKD-
EPI 2021), urinalysis, proteinuria.

•	 Hematology: Hemoglobin, leukocyte and platelet 
counts.

•	 Inflammation/tissue injury: C-reactive protein (CRP), 
ferritin, lactate dehydrogenase (LDH).

•	 Metabolic labs: Electrolytes, uric acid, liver enzymes, 
D-dimer, total protein, and albumin.

•	 Quality of life: SF-36 assessed 8 domains (scored 
0-100), including vitality and physical function.

Patients were followed for 12 months. Outcomes in-
cluded CKD progression (≥30% eGFR decline or dialysis), 
changes in eGFR, dialysis initiation, and mortality.

Statistical analysis. We used SPSS v25 and R v4.1. Contin-
uous variables were compared using t-tests or Mann-Whit-
ney U; categorical variables via χ2 tests. Correlations (Pear-
son or Spearman) evaluated associations between bio-
markers and eGFR change. Multivariable logistic regression 
identified independent predictors of CKD progression. ROC 
curves assessed predictive value (AUC). Statistical signifi-
cance was set at p < 0.05.

Results
A total of 280 CKD patients were analyzed (140 

post-COVID and 140 controls). Baseline demographic 
and clinical characteristics are shown in Table 1. The two 
groups were comparable in age (58.7 vs. 56.9 years), sex 
distribution (55.0% vs. 50.7% male), and comorbidity bur-
den, including hypertension (>80%) and diabetes (~26%, 
with a non-significant trend toward higher prevalence in 
the post-COVID group). Baseline BMI and blood pressure 
were similar.

Renal function at study entry did not differ significantly: 
mean serum creatinine (2.23 vs. 2.38 mg/dL) and eGFR (57 
vs. 65 mL/min/1.73 m², p = 0.19) were comparable. CKD 
stages were evenly distributed, with a median stage of 3 in 
both cohorts. Rates of proteinuria, microscopic hematuria, 
and leukocyturia were also similar.

Inflammatory markers showed wide interindividual 
variation, characteristic of CKD. Although mean CRP was 
numerically higher in the post-COVID group, median val-
ues were nearly identical (1.8 vs. 1.7 mg/L), and the differ-
ence was not statistically significant. Ferritin levels, ESR, 
and other inflammatory parameters likewise showed no 
meaningful group differences. Hemoglobin values averaged 
11.4–11.5 g/dL across groups, consistent with CKD-related 
anemia.

LDH levels were mildly elevated in both groups, with a 
non-significant trend toward higher levels in controls (195 
vs. 183 U/L). Albumin was modestly reduced (~3.5 g/dL) in 
both cohorts.

SF-36 results indicated similar physical functioning be-
tween the groups, while post-COVID patients reported sig-
nificantly lower vitality (greater fatigue) and higher social 
functioning scores.

Overall, baseline clinical and laboratory characteristics 
were well balanced between groups, ensuring comparable 
starting conditions for assessing subsequent renal out-
comes.
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Table 1. Baseline characteristics of CKD patients with and without prior COVID-19
Characteristic Post-COVID CKD (n = 140) CKD Control (n = 140) p-value
Age, years 58.7 ± 12.4 56.9 ± 13.1 0.32
Male sex, % 55.0% 50.7% 0.48
Body mass index, kg/m2 28.3 ± 5.7 27.8 ± 5.4 0.45
Diabetes mellitus, % 31.4% 21.4% 0.06
Hypertension, % 84.3% 80.0% 0.34
Coronary artery disease, % 18.6% 16.4% 0.62
Renal function
Serum creatinine, mg/dL 2.23 ± 1.84 2.38 ± 1.73 0.53
eGFR, mL/min/1.73 m2 56.9 ± 33.4 64.7 ± 62.8 0.19
CKD stage (median) 3 (G3b predominant) 3 (G3a-G4 predominant) 0.59
Proteinuria ≥0.3 g/day, % 58.6% 51.4% 0.21
Hematuria (micro) % 20.0% 22.9% 0.58
Inflammation & labs
C-reactive protein, mg/L 13.96 ± 42.5 (median 1.8) 4.25 ± 8.25 (median 1.7) 0.51¹
Ferritin, µg/L 116 ± 141 139 ± 180 0.23
Lactate dehydrogenase, U/L 183 ± 51 195 ± 66 0.10
Hemoglobin, g/dL 11.4 ± 1.8 11.5 ± 1.9 0.74
White blood cells, ×109/L 7.9 ± 2.5 7.6 ± 2.2 0.30
Platelet count, ×109/L 262 ± 78 254 ± 69 0.55
Albumin, g/dL 3.50 ± 0.42 3.55 ± 0.45 0.68
SF-36 Physical Function1 47.4 ± 25.0 40.4 ± 38.0 0.07
SF-36 Vitality (Energy)1 44.1 ± 16.9 56.5 ± 19.0 <0.001
SF-36 Social Function1 59.0 ± 22.0 43.8 ± 25.6 <0.001
Note: 1CRP values were highly skewed; medians are given in parentheses. SF-36 domain scores are scaled 0–100 (higher = better function). Abbreviations: eGFR 
= estimated glomerular filtration rate (CKD-EPI formula); CKD stage per KDIGO G categories; SF-36 = 36-item Short Form health survey. Values expressed as 
mean ± SD, median [IQR], or %

Quality of life (SF-36) results. All patients completed 
the SF-36 at baseline. Overall quality of life was reduced in 
both groups, as expected in CKD. As shown in Table 1, Physi-
cal Functioning was slightly higher in the post-COVID group 
(47.4 vs. 40.4), though the difference was not statistically 
significant. Most physical and emotional role limitations 
were similar between the groups.

Two domains showed significant differences. Vitality 
scores were lower in the post-COVID group (44.1 vs. 56.5, 
p < 0.001), indicating more pronounced fatigue, which like-

ly reflected persistent post-COVID symptoms. In contrast, 
Social Functioning was higher among post-COVID patients 
(59.0 vs. 43.8, p < 0.001), suggesting better perceived social 
engagement. A possible explanation is that recovery from 
COVID-19 may have reinforced social connectedness or cop-
ing behaviors.

Mental Health scores (~59), Bodily Pain (~38), and Gen-
eral Health perception (~40) were comparable. Both groups 
rated their overall health as relatively poor, consistent with 
the CKD burden.

Fig. 1 CKD progression rates at 12 months in 
post-COVID vs control groups.

Note: Bar heights represent the percentage of patients 
who progressed (≥30% eGFR decline or dialysis start). 
A significantly higher proportion of the post-COVID 
CKD group progressed (28.0%) compared to the CKD 
control group (15.0%, p = 0.002).
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In summary, post-COVID CKD patients reported greater 
fatigue but better social functioning compared to controls, 
highlighting the complex and multidimensional impact of 
COVID-19 on patient-reported outcomes.

Follow-up and renal outcomes. All patients were fol-
lowed for a median of 12 months (minimum 12, maximum 
15 months). During this period, no patients were lost to fol-
low-up. We monitored for changes in renal function and the 
occurrence of our defined outcome of CKD progression. The 
results are presented in Table 2 and illustrated in Figure 1.

By the end of follow-up, the post-COVID cohort experi-
enced a faster decline in kidney function compared to con-
trols. The mean change in eGFR from baseline was –3.1 ± 6.5 
mL/min/1.73 m² in the post-COVID group versus –1.2 ± 5.8 
mL/min/1.73 m² in controls (a more than twofold greater 
decline; p = 0.01). Specifically, 62% of post-COVID patients 
had some drop in eGFR (any decline >0), compared to 45% 
of controls (where many control patients remained stable 
or even had slight improvements due to interventions or 
variability). Figure 1 illustrates the proportion of patients 
meeting our progression criteria in each group: 28% of the 
post-COVID group vs 15% of controls reached the compos-
ite endpoint of ≥30% eGFR decline or need for dialysis with-
in one year (Figure 1, p = 0.002).

In absolute terms, 39 out of 140 post-COVID patients vs. 
18 out of 140 controls had a ≥30% decline in eGFR over 12 
months (p = 0.001). Moreover, renal failure requiring dialy-
sis occurred more frequently in the post-COVID group: 10 
patients (7.1%) initiated chronic dialysis during follow-up 
compared to 2 patients (1.4%) in the control group (p = 
0.03). The dialysis cases in the post-COVID group predom-

inantly had severe baseline CKD (eGFR <20 mL/min/1.73 
m2) and subsequently experienced COVID-19-associated 
AKI that never fully recovered, whereas the two control 
cases were due to the natural progression of CKD. Addition-
ally, three post-COVID patients (2.1%) versus one control 
(0.7%) experienced rapid progression to an eGFR <15 mL/
min/1.73 m2 without initiating dialysis by 12 months (being 
managed conservatively or awaiting access creation). When 
combining dialysis initiation with these late-stage cases, the 
difference remained significant. No patient in either cohort 
received a transplant during the study.

We also tracked other outcomes. All-cause mortality 
during follow-up was low, reflecting the relatively short 
observation period: 4 deaths occurred in the post-COVID 
group (2.9%) versus 3 in controls (2.1%, p = 0.70). Causes 
of death were cardiovascular in most cases (myocardial in-
farction or stroke), with one COVID-group patient dying of 
sepsis and one control of unknown sudden death. Although 
mortality was slightly higher in the post-COVID group, the 
difference was not statistically significant. Notably, two 
of the post-COVID deaths occurred in patients who had 
progressed to dialysis; this aligns with literature showing 
worse outcomes in CKD patients post-COVID, but our study 
size was not powered for mortality analysis.

Regarding quality of life over time, we did not perform 
a second SF-36 assessment at 12 months for all patients, 
therefore longitudinal QoL changes are not reported quan-
titatively. However, during clinical visits many post-COVID 
patients subjectively reported improvement in fatigue over 
time. By contrast, objective renal outcomes clearly diverged 
between the groups as described.

Table 2. Renal function outcomes at 12-month follow-up
Outcome (12 months) Post-COVID CKD (n = 140) CKD Control (n = 140) p-value
eGFR change from baseline (mL/min/1.73 m²) –3.1 ± 6.5 –1.2 ± 5.8 0.010 **
≥30% decline in eGFR, n (%) 39 (27.9%) 18 (12.9%) 0.001 **
Initiation of dialysis, n (%) 10 (7.1%) 2 (1.4%) 0.017 *
Composite progression (either of above) 42 (30.0%) 20 (14.3%) 0.001 **
All-cause mortality, n (%) 4 (2.9%) 3 (2.1%) 0.70
Δ Serum creatinine, mg/dL (baseline→12 m) +0.43 ± 1.10 +0.15 ± 0.96 0.07
Δ CKD stage (median) +0.5 ±0 –
Note: statistical significance: p < 0.05 *, p < 0.01 **. Δ indicates change; a positive Δ creatinine means an increase (worsening). “Composite progression” denotes 
meeting the primary endpoint (≥30% eGFR drop or dialysis start). Median CKD stage change: post-COVID group median progressed by half a stage (e.g. many 
G3a→G3b), whereas median control remained the same stage.

As seen in Table 2, CKD progression was significantly 
more common among those with prior COVID-19. The unad-
justed odds ratio (OR) for CKD progression in the post-COV-
ID group was approximately 2.5 (95% CI ~1.4–4.4) relative 
to controls. This finding supports our hypothesis that COV-
ID-19 has a measurable adverse effect on the CKD trajec-
tory. It is consistent with recently published retrospective 
data, which reported that CKD patients with COVID-19 had 
about 3.7-fold higher odds of rapid eGFR decline compared 
to those without COVID. Our prospective design strengthens 
the causal inference that COVID-19 may accelerate underly-
ing kidney disease.

Factors associated with CKD progression. We next 
evaluated baseline predictors of CKD progression. In uni-
variate analysis, progressors were more frequently from 
the post-COVID group (67%, p < 0.01) and had lower base-
line eGFR (35 vs. 62 mL/min, p < 0.001), lower hemoglobin 
(10.8 vs. 11.7 g/dL, p = 0.004), and higher LDH (210 vs. 182 
U/L, p = 0.01). CRP, ferritin, and other inflammatory mark-
ers did not differ between progressors and non-progres-
sors, suggesting that post-recovery inflammation was not a 
major determinant of decline.

Correlation analysis showed that hemoglobin correlated 
inversely with eGFR decline (r = –0.25, p < 0.001), and LDH 



25

Mold J Health Sci. 2026;13(2):20-27COVID-19 and CKD progression

showed a weaker association (r = –0.14, p = 0.02). CRP and 
ferritin showed no meaningful correlations. ESR correlated 
moderately with decline (r≈–0.20, p < 0.01) and strongly 
with anemia, reflecting chronic inflammatory burden.

Multivariable logistic regression identified three inde-
pendent predictors of CKD progression: prior COVID-19, 
lower hemoglobin, and higher LDH (Table 3). COVID-19 his-
tory remained a significant risk factor (aOR 2.28, p = 0.008). 
Each 1 g/dL decrease in hemoglobin increased progression 
risk by ~40% (aOR 1.38, p = 0.005), while LDH also predict-
ed progression (aOR 1.20 per +50 U/L, p = 0.027). CRP, ferri-
tin, diabetes, age, and baseline eGFR were not independent 
predictors.

These findings indicate that CKD patients with prior 
COVID-19, anemia, and elevated LDH are at a substantial-
ly higher risk for accelerated renal decline. Traditional risk 
factors such as diabetes showed no independent effect, like-
ly because the impact of COVID-19 and anemia dominated 
short-term outcomes.

Table 3. Multivariate logistic regression for predictors of CKD 
progression (N = 280)
Predictor Adjusted OR (95% CI) p-value
Prior COVID-19 (yes vs no) 2.28 (1.24–4.21) 0.008 **
Hemoglobin (per –1 g/dL) 1.38 (1.10–1.73) 0.005 **
LDH (per +50 U/L) 1.20 (1.02–1.42) 0.027 *
Baseline eGFR (per +5 mL/min) 0.96 (0.89–1.04) 0.30
Diabetes (yes vs no) 1.32 (0.70–2.50) 0.39
CRP (per +10 mg/L) 1.05 (0.92–1.21) 0.47
Ferritin (per +50 µg/L) 0.98 (0.88–1.08) 0.65
Age (per +10 years) 1.11 (0.85–1.45) 0.45
Sex (male vs female) 0.89 (0.50–1.58) 0.69
Note: Model χ² = 29.5, p < 0.001. OR = odds ratio; CI = confidence interval. 
OR >1 indicates higher odds of progression. Bold indicates p < 0.05. 
(Baseline eGFR and diabetes were not significant here, possibly due to 
collinearity and cohort matching).

To illustrate the predictive value of the model, we plot-
ted ROC curves. The baseline hemoglobin level alone yield-
ed an AUC of 0.78 for predicting progression, suggesting 
fair discrimination. Adding COVID-19 status improved the 
AUC to ~0.81. A full model with COVID status + hemoglobin 
+ LDH achieved an AUC of 0.85. In contrast, baseline CRP 
had minimal predictive power (AUC = 0.58, Figure 2), per-
forming little better than chance. This reinforces that acute 
inflammatory markers measured after recovery are not use-
ful prognostic indicators in this setting, whereas markers of 
chronic disease severity (anemia) and the exposure to COV-
ID-19 are more critical.

Notably, the finding that anemia is a strong predictor 
aligns with the idea that low hemoglobin signifies ad-
vanced CKD and systemic inflammation/malnutrition, 
which contribute to faster decline. Anemia can also worsen 
renal hypoxia, accelerating nephron loss. The importance 
of prior COVID-19 as an independent predictor, even when 
controlling for baseline CKD severity, suggests a direct ef-
fect of the infection on kidney disease progression. This 
could be mediated by residual damage (e.g., from AKI) 

Fig. 2 ROC curve for baseline CRP level predicting CKD 
progression.

Note: The curve (orange line) shows the trade-off between sensitivity and 
specificity for various CRP cut-offs. The area under the ROC curve (AUC) 
was 0.58, indicating poor discriminative ability of CRP alone for predicting 
progression in this cohort (no better than chance). The diagonal dashed line 
represents the line of no discrimination (AUC = 0.50).

and/or persistent inflammatory or immune dysregulation 
after the infection.

Post-hoc analysis: COVID-19 severity and renal out-
comes. Within the post-COVID group, we conducted explor-
atory analyses to see if the severity of the acute COVID-19 
episode was associated with the degree of CKD progression. 
Patients were stratified by their COVID-19 severity: 28 had 
mild (outpatient) cases, 82 had moderate cases (hospital-
ized with pneumonia but no ICU), and 30 had severe cases 
(required ICU or high-flow oxygen). We found a significant 
gradient: 50% of those with severe COVID progressed, com-
pared to 30% with moderate and 14% with mild disease 
(χ² trend p = 0.002). Those with severe COVID had a mean 
eGFR decline of -5.8 mL/min, vs. -2.7 for moderate and 
–0.5 for mild (ANOVA p = 0.01). This aligns with external 
data from large cohorts: for example, a US Veterans study 
showed that patients who required ICU for COVID had an 
additional 5-7 mL/min/year loss of eGFR beyond normal 
decline, while even non-hospitalized COVID patients had an 
extra ~3 mL/min/year decline. In our cohort, severe COVID 
often coincided with AKI; among post-COVID patients who 
had COVID-related AKI (n = 22), the progression rate was 
55% versus 24% in those without AKI (p = 0.003). These 
observations, although from a subgroup, suggest that the 
acute insult severity correlates with long-term CKD impact 
– a finding echoed by other studies.

It is important to note that even some patients with 
mild COVID (no initial AKI) experienced CKD progression, 
consistent with reports that even mild COVID-19 can leave 
residual renal sequelae in susceptible individuals. We did 
not find a significant correlation between time since COVID 
infection and progression in this one-year window (most in-
fections were within 6-18 months prior to baseline), though 
longer follow-up is needed to see if these effects attenuate 
or persist.
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Discussion
This prospective study demonstrates that CKD patients 

with prior COVID-19 experienced a significantly faster renal 
decline than CKD patients without COVID-19, with nearly 
one-third meeting the criteria for progression within one 
year. Prior COVID-19 remained an independent predictor of 
progression even after adjustment for baseline renal func-
tion, supporting the hypothesis that SARS-CoV-2 may accel-
erate CKD deterioration [2]. These results align with ear-
lier research indicating higher risks of rapid eGFR decline 
among CKD patients who contract COVID-19 [2, 3] and with 
long-term cohort data showing increased adverse renal out-
comes in COVID-19 survivors [3].

A likely mechanism is COVID-19-related AKI, which can 
lead to irreversible nephron loss or maladaptive fibrosis. In 
our cohort, patients with previous AKI – especially severe 
cases requiring ICU care – had the highest progression rates 
[4], consistent with evidence that COVID-19-associated AKI 
increases the risk of sustained CKD worsening. SARS-CoV-2 
may injure renal tubular and endothelial cells directly, and 
autopsy studies have confirmed viral particles and inflam-
matory injury in kidney tissue [4, 5]. Systemic inflammation, 
coagulopathy, and hemodynamic instability during the acute 
infection may further accelerate CKD progression [5, 6].

Inflammation is a known driver of CKD decline [5, 6], 
yet traditional inflammatory markers (CRP, ferritin) did not 
predict outcomes in our cohort, likely because acute inflam-
mation had resolved by baseline [6, 7]. ESR, however, corre-
lated with decline, suggesting that the chronic inflammato-
ry burden remains a relevant pathway [6, 7]. LDH, another 
marker linked to acute and long-COVID states, independent-
ly predicted progression, possibly indicating persistent sub-
clinical organ injury [6, 7].

Anemia emerged as one of the strongest predictors of 
progression, consistent with prior studies [8]. Low hemoglo-
bin both reflects the disease severity and contributes to renal 
hypoxia, creating a cycle of worsening kidney injury. These 
findings underscore the importance of optimal anemia man-
agement, particularly in post-COVID CKD patients [8, 9].

Quality-of-life data showed greater fatigue among 
post-COVID patients, consistent with post-COVID syndrome 
[10, 11], which may indirectly influence disease trajectory 
by limiting functional capacity. Higher social functioning 
scores may reflect behavioral or psychological changes fol-
lowing recovery from severe illness [11].

Clinically, CKD patients with a history of COVID-19 – espe-
cially severe disease – should receive intensified renal mon-
itoring. More frequent assessment of eGFR and proteinuria 
may allow earlier detection of decline and timely interven-
tions [12, 13]. Kidney-protective strategies and optimization 
of comorbidity management may be particularly important 
in this group [12, 13]. SGLT2 inhibitors could be beneficial 
post-COVID, a hypothesis requiring further study [14]. Pre-
ventive measures, including vaccination, remain essential.

From a pathophysiological standpoint, our findings sup-
port the concept that COVID-19 acts as a “second hit,” accel-
erating CKD progression through persistent metabolic and 

inflammatory effects [15]. Reports of post-COVID glomer-
ulopathies, although rare, reinforce the need for vigilance 
[16, 17].

The study’s limitations include its one-year follow-up, 
single-center design, and limited sample size for subgroup 
analyses. Despite these, strengths include complete fol-
low-up, rigorous matching of cohorts, and detailed pheno-
typing [17, 18]. These results generate important hypoth-
eses for future research, particularly regarding anemia cor-
rection and LDH-based risk stratification [19].

In conclusion, COVID-19 exposure should be recognized 
as a significant prognostic factor in CKD. Incorporating COV-
ID-19 history into risk stratification and follow-up pathways 
may help prevent premature progression to ESRD [19, 20]. The 
interaction between COVID-19 and CKD illustrates how acute 
infectious diseases can substantially alter the course of chronic 
conditions, contributing to a broader syndemic burden.

Conclusions
This study demonstrates that prior COVID-19 infection is 

a significant accelerator of chronic kidney disease progres-
sion. CKD patients who recovered from COVID-19 showed 
nearly a twofold risk of major renal function decline within 
one year compared to those without COVID-19, even after 
adjusting for baseline renal status.

COVID-19 history, low hemoglobin, and elevated LDH 
were the strongest independent predictors of progression, 
highlighting the roles of persistent tissue injury and anemia 
in post-COVID renal vulnerability. Classical inflammatory 
markers such as CRP and ferritin were not predictive, sug-
gesting that chronic – not acute – inflammation is more rel-
evant for long-term renal decline.

Clinically, CKD patients with prior COVID-19 – especially 
those with a history of severe disease or COVID-related AKI 
– require closer monitoring, more frequent assessment of 
eGFR and proteinuria, and early optimization of renopro-
tective therapy. Attention to anemia correction may be par-
ticularly important in this population.

Overall, COVID-19 should be considered a key prognos-
tic factor in CKD management. Integrating COVID-19 histo-
ry into risk stratification algorithms may help prevent pre-
mature progression to end-stage renal disease.
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Introduction. Traumatic brain injury remains a leading global health concern with significant social and economic impact. 
The main causes include traffic accidents, falls, and violence, especially affecting young adults. In the Republic of Moldova, 
TBI incidence is rising, particularly during the prehospital phase. TBI involves both primary and secondary brain inju-
ries, the latter often resulting from hypoxia, hypotension, or hyperglycemia. These secondary insults critically influence 
outcomes and are associated with high mortality. Effective prehospital management – focused on stabilizing oxygenation 
and hemodynamics – is essential in reducing neurological deterioration. Emergency teams play a key role in preventing 
secondary injury and improving survival.

Material and methods. This study, conducted from 2020 to 2024, analyzed 486 patients with acute traumatic brain injury 
(TBI) assessed in both prehospital and emergency department settings. It aimed to evaluate injury severity and prognosis 
using clinical tools and structured observation forms, developed specifically for this research.

Results. Significant correlations were found between increased age, low systolic blood pressure, prehospital hypoxia, and 
both TBI severity and mortality (p < 0.0001). While hyperglycemia was not significantly associated with injury severity, it 
showed a moderate negative correlation with mortality (p < 0.01). Findings emphasize the importance of early monitoring 
and stabilization of vital signs in the prehospital phase to improve TBI outcomes.

Conclusions. This study emphasizes the importance of systematic prehospital monitoring and management of physiologi-
cal parameters to mitigate secondary brain injury and improve patient prognosis. Early intervention targeting hypoxia and 
hypotension remains vital in the acute management of TBI.
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K e y  m e s s a g e s

What is not yet known about the issue addressed in the sub-
mitted manuscript
This study highlights key risk factors in TBI outcomes; it remains 
unclear how specific prehospital interventions directly impact 
long-term neurological recovery and whether standardized early 
protocols could further reduce mortality across diverse settings.
The research hypothesis 
Early identification and management of physiological risk factors 
– such as hypoxia, hypotension, and hyperglycemia – during the 
prehospital and emergency stages can significantly reduce the se-
verity and mortality from traumatic brain injury.
The novelty added by the manuscript to the already published 
scientific literature
This study provides new evidence from the Republic of Moldova 
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on the impact of prehospital physiological parameters on TBI outcomes, using structured clinical tools tailored for both pre-
hospital and emergency settings. It emphasizes the predictive value of early hypoxia and hypotension in a regional context 
where such data were previously limited.

Introduction
Traumatic brain injury (TBI) remains a major global pub-

lic health concern in the 21st century, with substantial social 
and economic ramifications. Epidemiological data reveal a 
variable incidence across different regions, ranging from 2.18 
to 8.65 cases per 1,000 inhabitants, with a markedly higher 
prevalence among males. In countries such as the United 
States, the United Kingdom, China, Finland, and Sweden, the 
hospitalization rate due to TBI is approximately 2‰ [1].

The leading causes of TBI are road traffic accidents, falls, 
and interpersonal violence, accounting for 80–90% of all 
cases [2]. Central nervous system injuries represent 30–
40% of all trauma cases and are the primary contributors to 
post-traumatic disability (25–30%) [3]. Among individuals 
in the active age group (18–35 years), TBI is the foremost 
cause of trauma-related mortality [1, 3].

In the Republic of Moldova, recent trends indicate a rise 
in the number of TBI cases managed during the prehospital 
phase, increasing from 16,443 cases in 2021 to 17,493 in 
2022. Within the national trauma profile, TBI ranks second, 
following musculoskeletal injuries.

Pathophysiologically, TBI involves both primary brain 
injuries – classified as focal or diffuse – and secondary in-
juries that develop subsequent to the initial insult. These 
secondary lesions are triggered by systemic factors such as 
hypoxia, hyperglycemia, and hypotension, as well as intrac-
ranial factors, including cerebral edema, elevated intracra-
nial pressure, and ischemia. Among these, cerebral ischemia 
is considered the most critical secondary insult, observed in 
approximately 90% of TBI-related deaths [4].

Secondary brain injuries exacerbate neurological dete-
rioration through complex molecular and cellular mech-
anisms, potentially leading to irreversible damage. For in-
stance, hypoxia contributes to neuronal death and cognitive 
impairment, while even transient episodes of hypotension 
may significantly impair cerebral perfusion and worsen 
neurological outcomes [5]. Within this context, effective 
prehospital management of TBI is paramount, aiming to 
mitigate secondary brain injury by maintaining adequate 
cerebral perfusion. Prompt correction of hypoxia and he-
modynamic stabilization are essential interventions that 
directly influence clinical outcomes [6].

Emergency medical teams operating in the prehospital 
environment play a vital role in the initial stabilization of 
TBI patients. Continuous monitoring of vital signs and time-
ly, targeted interventions are critical in preventing further 
neurological deterioration and improving prognosis [7].

Material and methods
This prospective, observational study was conducted 

between January 2, 2020, and January 2, 2024, within the 

Department of Emergency Medicine at Nicolae Testemițanu 
State University of Medicine and Pharmacy, in collaboration 
with the Institute of Emergency Medicine and the National 
Center for Prehospital Emergency Medical Assistance.

A total of 486 patients diagnosed with acute traumat-
ic brain injury were enrolled, based on predefined inclu-
sion criteria: age ≥ 18 years, confirmed TBI diagnosis, and 
availability of complete clinical data from both the pre-
hospital and emergency department stages. Patients with 
incomplete documentation or pre-existing neurological 
disorders were excluded. The study focused on the acute 
phase of TBI, assessing each patient both in the prehos-
pital setting and upon arrival at the Emergency Medicine 
Department.

Standardized clinical and paraclinical assessments were 
carried out using structured observation forms specifical-
ly developed for this research. Key parameters included 
Glasgow Coma Scale (GCS) scores, systolic blood pressure, 
oxygen saturation, blood glucose levels, and computed to-
mography (CT) findings. Data on interventions and clinical 
outcomes were also collected.

Statistical analyses were performed using SPSS version 
[2019]. Descriptive statistics were used to summarize de-
mographic and clinical characteristics. Inferential statistics 
– including Pearson’s correlation and logistic regression – 
were applied to assess the associations between physiologi-
cal variables and both injury severity and patient outcomes. 
Statistical significance was defined as p < 0.05.

The study received ethical approval from the Research 
Ethics Committee of Nicolae Testemițanu State University of 
Medicine and Pharmacy (minutes no. 38, dated 02.04.2013). 
Written informed consent was obtained from all partici-
pants or their legal representatives.

Results and discussions
Statistical analysis of the patient cohort included in the 

study revealed a mean age of 51.29 ± 18.34 years, with age 
limits ranging from 18 to 84 years. Regarding sex distribu-
tion, a predominance was observed among male patients, 
who accounted for 62.9% of all cases, while female patients 
represented 37.1%. The predominance of traumatic brain 
injuries among male patients in the study cohort yielded a 
male-to-female ratio of 1.7:1, a finding consistent with exist-
ing literature. This significant gender difference is frequent-
ly attributed to increased male exposure to risk factors such 
as physically demanding occupations, high-risk behaviors, 
greater involvement in road traffic accidents, physical alter-
cations, and contact sports with a high traumatic potential.

The severity of traumatic brain injury (TBI) was as-
sessed using the Glasgow Coma Scale (GCS), with the fol-
lowing distribution: 79.6% of patients presented with mild 
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TBI (GCS 13–15), 12.3% with moderate TBI (GCS 9–12), and 
8.0% with severe TBI (GCS ≤ 8).

Regarding the environment of residence, the majority of 
patients originated from rural areas (71.2%), compared to 
28.8% from urban settings. The individual patient assess-
ment form incorporated several descriptive variables relat-
ed to the context of the injury, including environmental set-
ting (urban/rural), time of occurrence (day/night, season), 
presence or absence of alcohol intoxication, patient age, and 
the exact location of the incident (residence, public road, 
workplace, etc.).

The analysis of the circumstances in which traumatic 
brain injuries (TBI) occurred in the study cohort revealed 
that the main etiological mechanisms were falls (both 
same-level and from height), recorded in 44.65% of cases. 
These were followed by physical assaults, which account-
ed for 25.72% of injuries. The third most frequent cause 
was road traffic accidents, resulting in TBI in 91 patients 
(18.72% of the total).

Table 1. Demographic and clinical characteristics of the study group (n 
= 486)

Feature Number of patients Value
Age (years), Mean ± SD - 51,29 ± 18,34
Sex
– Male 306 62,9%
– Female 180 37,1%
TBI severity (GCS)
– Mild (GCS 13–15) 387 79,6%
– Moderate (GCS 9–12) 60 12,3%
– Severe (GCS ≤ 8) 39 8,0%
Residence
– Urban 140 28,8%
– Rural 346 71,2%
Note: Data are presented as mean ± SD or n (%). TBI = Traumatic Brain 
Injury; GCS = Glasgow Coma Scale. Statistical analysis was performed 
using chi-square and t-tests; p < 0.05 was considered significant.

The distribution of causes according to TBI severity 
showed the following trends. 

In cases of mild TBI, the leading causes were:
•	 Falls (same-level and from height) – 47.55% (n = 184),
•	 Physical assaults – 28.42% (n = 110),
•	 Road traffic accidents – 16.54% (n = 64).

For moderate TBI, the most common causes were:
•	 Falls – 60.00% (n = 36),
•	 Road traffic accidents – 21.67% (n = 13),
•	 Physical assaults – 18.33% (n = 11).

Regarding severe TBI, the predominant causes were:
•	 Falls – 53.84% (n = 21),
•	 Road traffic accidents – 35.9% (n = 14),
•	 Physical assaults – 10.26% (n = 4).

The coexistence of traumatic brain injury (TBI) with oth-
er types of bodily trauma significantly influences both clini-
cal severity and the patient’s prognostic outcomes. Analysis 
of the study cohort revealed that out of the 486 included 
patients, 289 individuals (59.46%) sustained isolated TBI, 
without any associated injuries.

The distribution of these isolated cases according to TBI 
severity was as follows:

•	 Mild TBI: 278 patients (96.19%)
•	 Moderate TBI: 7 patients (2.42%)
•	 Severe TBI: 4 patients (1.39%)

These data indicate a predominance of mild forms in 
isolated TBI cases, suggesting a correlation between the 
absence of multiple traumas and a more favorable clinical 
prognosis. Moreover, isolated TBI allows for a more rapid 
and focused therapeutic approach, with a reduced risk of 
systemic complications.

Special attention was given to systemic-origin secondary 
cerebral insults – commonly referred to in the literature by 
the acronym “ACSOS” (Aggressions Cérébrales Secondaires 
d’Origine Systémique) – which play a decisive role in deter-
mining the prognosis of TBI patients. Based on this, specific 
recommendations were formulated to optimize interven-
tions during the prehospital phase and within the Emergen-
cy Medicine Department / Emergency Admission Units.

While most studies in the literature focus on patients 
with severe TBI, the present research included individuals 
with a broad spectrum of clinical presentations – mild, mod-
erate, and severe – which may account for certain discrep-
ancies observed in comparison with previously published 
findings.

The results of the correlation analysis between patient 
age and mortality rate following TBI are presented in Table 2.

Table 2. Correlation matrix between age, TBI severity, and mortality rate 
(n = 486)

Variables Statistical 
Indicators

Age TBI 
Severity

Mortality 
Rate

Age Pearson 
Correlation

1 0.030 0.097*

Sig (2-tailed) 0.513 0.033
N 486 486 486

TBI Severity Pearson 
Correlation

0.030 1 0.594**

Sig (2-tailed) 0.513 0,000
N 486 486 486

Mortality 
Rate

Pearson 
Correlation

0.097* 0.030 1

Sig (2-tailed) 0.033 0.513 
N 486 486 486

Note: Pearson correlation coefficients are shown. * - Correlation is 
significant at the 0.05 level (2-tailed); ** - Correlation is significant at the 
0.01 level (2-tailed). Sample size: n = 486; TBI = Traumatic Brain Injury. 
Statistical analysis was performed using chi-square and t-tests; p < 0.05 
was considered significant.

The Pearson correlation analysis highlights the relation-
ships between patient age, the severity of traumatic brain 
injury (TBI), and the mortality rate.

The results indicate a statistically significant positive 
correlation between age and mortality rate (r = 0.097, p = 
0.033), suggesting that older age is associated with a higher 
risk of death among TBI patients. Although the correlation 
coefficient is modest, its statistical significance underscores 
the importance of age as a prognostic factor. In contrast, the 
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correlation between age and TBI severity was not statisti-
cally significant (r = 0.030, p = 0.513), indicating that TBI 
severity does not substantially vary with age in the analyzed 
cohort.

A strong and statistically significant positive correla-
tion was found between TBI severity and mortality rate (r 
= 0.594, p < 0.001), demonstrating that patients with more 
severe brain injuries have a substantially higher risk of 
death. This finding is consistent with existing literature and 
confirms the crucial impact of injury severity on survival 
outcomes.

In addition, the study investigated correlations between 
systolic blood pressure (SBP) values, TBI severity, and mor-
tality rate. Statistical analysis revealed significant negative 
correlations between prehospital SBP and TBI severity (r = 
–0.254, p = 0.0001), as well as between SBP and mortality 
rate (r = –0.138, p = 0.002), as shown in Table 3.

Table 3. Correlation between systolic blood pressure and TBI severity 
and mortality in TBI patients

Variables Statistical 
Indicators

SBP TBI 
Severity

Mortality 
Rate

Age Pearson 
Correlation

1 -.254** -.138**

Sig (2-tailed) 0.000 0.002
N 486 486 486

TBI Severity Pearson 
Correlation

-.254** 1 0.594**

Sig (2-tailed) 0.000 0.000
N 486 486 486

Mortality 
Rate

Pearson 
Correlation

-.138** 0.594** 1

Sig (2-tailed) 0.002 0.000
N 486 486 486

Note: Pearson correlation coefficients are shown. * - Correlation is 
significant at the 0.05 level (2-tailed); ** - Correlation is significant at the 
0.01 level (2-tailed). Sample size: n = 486; SBP – systolic blood pressure; 
TBI - Traumatic Brain Injury. Statistical analysis was performed using chi-
square and t-tests; p < 0.05 was considered significant.

These findings highlight that decreased systolic blood 
pressure (SBP) values are associated with both increased 
TBI severity and higher mortality, emphasizing the critical 
role of early hemodynamic stabilization in the prehospital 
management of TBI patients.

Compared to existing literature – where studies often 
include smaller patient samples, lack prehospital data, or 
focus primarily on general trauma [8] – this study offers 
a valuable contribution by clearly demonstrating the rela-
tionship between prehospital physiological parameters and 
the clinical course of TBI patients. The results underline the 
importance of prompt monitoring and correction of hypo-
tension to reduce the risk of complications and death.

The correlation between mean arterial pressure (MAP) 
and both TBI severity and mortality rate is presented in Ta-
ble 4.

Statistical analysis revealed significant negative corre-
lations between MAP and both TBI severity and mortality. 
Specifically, a moderate negative correlation was observed 

between MAP and TBI severity (r = –0.195, p < 0.0001), 
as well as a slightly stronger negative correlation between 
MAP and mortality rate (r = –0.213, p < 0.0001).

Table 4. Correlation between mean arterial pressure and TBI severity 
and mortality in TBI patients
Variables Statistical 

Indicators
MAP TBI 

Severity
Mortality 

Rate
Age Pearson 

Correlation
1 -.195** -.213**

Sig (2-tailed) 0.000 0.000
N 486 486 486

TBI Severity Pearson 
Correlation

-.195** 1 0.594**

Sig (2-tailed) 0.000 0.000
N 486 486 486

Mortality 
Rate

Pearson 
Correlation

-.213** 0.594** 1

Sig (2-tailed) 0.000 0.000
N 486 486 486

Note: Pearson correlation coefficients are shown. * - Correlation is 
significant at the 0.05 level (2-tailed); ** - Correlation is significant at the 
0.01 level (2-tailed). Sample size: n = 486; SBP – systolic blood pressure; 
TBI - Traumatic Brain Injury. Statistical analysis was performed using chi-
square and t-tests; p < 0.05 was considered significant.

These results suggest that as the value of the analyzed 
variable increases, both the severity of trauma and the like-
lihood of death decrease, indicating a potential protective 
or favorable predictive role in the clinical course of TBI pa-
tients.

The correlation analysis between prehospital hypoxia 
and indicators of TBI severity revealed statistically signifi-
cant associations. 

Table 5. Correlation between hypoxia and TBI severity and mortality in 
TBI patients
Variables Statistical 

Indicators
Hypoxia TBI 

Severity
Mortality 
Rate

Age Pearson 
Correlation

1 .324** .264**

Sig (2-tailed) 0.000 0.000
N 486 438 438

TBI Severity Pearson 
Correlation

.324** 1 0.594**

Sig (2-tailed) 0.000 0.000
N 438 486 438

Mortality 
Rate

Pearson 
Correlation

.264** 0.594** 1

Sig (2-tailed) 0.000 0.000
N 438 438 486

Note: Pearson correlation coefficients are shown. * - Correlation is 
significant at the 0.05 level (2-tailed); ** - Correlation is significant at the 
0.01 level (2-tailed). Sample size: n = 486; TBI - Traumatic Brain Injury. 
Statistical analysis was performed using chi-square and t-tests; p < 0.05 
was considered significant.

More specifically, a moderate positive correlation was 
identified between the presence of hypoxia in the prehos-
pital phase and TBI severity (r = 0.324, p < 0.0001), as well 
as a positive correlation between hypoxia and the mortality 
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rate among TBI patients (r = 0.264, p < 0.0001), as shown 
in Table 5.

These findings suggest that prehospital hypoxia may 
serve as a relevant predictive factor for both the deterio-
ration of neurological status and the vital prognosis of pa-
tients with TBI.

The findings support the importance of early inter-
vention in the prehospital phase, as adequate monitor-
ing and assessment of oxygenation – and the prevention 
of hypoxic episodes – have been associated in the liter-
ature with significantly improved outcomes in patients 
with traumatic brain injury (TBI) [9]. Thus, addressing 
hypoxia from the prehospital stage may not only reduce 
the severity of neurological damage but also positively 
influence survival rates.

Another systemic factor involved in secondary cerebral 
injury and analyzed in the present study was hyperglycemia. 
Traumatic brain injury induces an acute stress response 
mediated by the activation of the sympatho-adrenal-med-
ullary axis, leading to increased plasma levels of cortisol, 
glucagon, insulin, catecholamines, glucose, lactate, and free 
fatty acids (Shi et al., 2016 [10]; Bosarge et al., 2015 [11]). In 
this context, blood glucose may serve as a relevant biomark-
er of post-traumatic metabolic stress.

However, hyperglycemia is not merely an epiphenome-
non – it may actively exacerbate brain injury by increasing 
oxidative stress (through free radical production), induc-
ing apoptosis, and promoting tissue lactic acidosis (Galga-
no et al., 2017 [12]). While therapeutic efforts primarily 
target the prevention and management of primary brain 
injury, secondary injuries such as hyperglycemia are often 
underestimated, contributing to the so-called “second hit 
phenomenon” (Galgano et al., 2017 [12]), which negatively 
impacts patient outcomes.

The correlation between hyperglycemia, TBI severity, 
and TBI-related mortality is presented in Table 6.

Table 6. Correlation between hyperglycemia and TBI severity and 
mortality in TBI patients

Variables Statistical 
Indicators

Hyperglycemia TBI 
Severity

Mortality 
Rate

Age Pearson 
Correlation

1 -0.088 * -.213**

Sig (2-tailed) 0.060 0.000
N 486 456 456

TBI 
Severity

Pearson 
Correlation

-0.088 * 1 0.594**

Sig (2-tailed) 0.060 0.000
N 456 486 438

Mortality 
Rate

Pearson 
Correlation

-.213** 0.594** 1

Sig (2-tailed) 0.000 0.000
N 456 438 486

Note: Pearson correlation coefficients are shown. * - Correlation is 
significant at the 0.05 level (2-tailed); ** - Correlation is significant at the 
0.01 level (2-tailed). Sample size: n = 486; TBI - Traumatic Brain Injury. 
Statistical analysis was performed using chi-square and t-tests; p < 0.05 
was considered significant.

Pearson correlation analysis indicates a weak nega-
tive association between hyperglycemia and TBI sever-
ity (r = –0.088), with a marginal level of significance (p 
= 0.060), suggesting a possible inverse trend but with-
out clear statistical significance. In contrast, a moder-
ate and statistically significant negative correlation was 
observed between hyperglycemia and mortality rate (r 
= –0.213, p < 0.01), indicating that higher blood glucose 
levels might be associated with lower mortality—a coun-
terintuitive finding that may warrant further investiga-
tion. The strongest association was found between TBI 
severity and mortality rate (r = 0.594, p < 0.01), reflect-
ing that greater injury severity is significantly correlated 
with a higher likelihood of death.

Conclusions
The results obtained in this study highlighted that, in 

the prehospital phase, certain factors such as patient age, 
systolic blood pressure values, and the presence of hypox-
ia play a major role, directly influencing both the severity 
of traumatic brain injury (TBI) and mortality rate. This sig-
nificant impact was confirmed by relevant statistical corre-
lations (p < 0.0001). Regarding hyperglycemia, it was not 
found to be significantly associated with TBI severity (p = 
0.06) but showed a significant correlation with patient mor-
tality (p < 0.0001), suggesting a potential prognostic role in 
assessing vital risk.
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Introduction. Aesthetic and functional considerations have always been the main concerns in the orthodontic treatment 
of dentoalveolar malocclusions. The objective of this study was to assess the effectiveness of the use of wide and extra-wide 
archwires in reducing treatment time, compared with conventional archwire therapy.

Materials and methods. A retrospective cohort study was performed. A total of 180 patients aged between 14 and 36 
years old were enrolled and divided into two groups: a classical treatment group, including standard NiTi/SS archwires 
(n=100), and an alternative treatment group with wide and extra-wide CuNiTi/TA/TMA/SS archwires (n=80). The treat-
ment period, estimated in months, was considered the primary outcome. As secondary outcomes, inter-canine, inter-pre-
molar, and inter-molar widths were estimated.

Results. The duration of treatment in the Alternative group was 20.2 ± 4.4 months, with a median of 19.0 months (range: 
12–38 months), while the Classic group showed a mean treatment duration of 28.9 ± 5.2 months, a median of 30.0 months 
(range: 14–39 months), with a mean difference of 8.7 months. Statistical analysis revealed a significant difference in treat-
ment duration between the two protocols (Mann–Whitney U = 863, p < 0.001), with a large effect size (rrb = −0.78; 95% CI: 
−0.84 to −0.71), indicating practical relevance.

Regarding secondary outcomes, transverse maxillary measurements, including inter-canine, inter-premolar, and inter-mo-
lar widths, showed similar changes before and after treatment in both groups. The available data did not provide sufficient 
evidence to reject the null hypothesis about the differences between the groups for these parameters, with no clinically 
meaningful differences.

Conclusions. The application of wide and extra-wide archwires represents an effective orthodontic approach associ-
ated with reduced treatment duration, while preserving satisfactory occlusal stability and ensuring a favorable level of 
patient comfort.
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K e y  m e s s a g e s

What is not yet known about the issue addressed in the sub-
mitted manuscript
While wide and extra-wide archwire systems have gained wide-
spread application in contemporary orthodontics, there is lim-
ited and inconsistent quantitative evidence to show their effect 
on treatment efficiency, transverse dentoalveolar outcomes, and 
post-treatment stability compared to conventional archwire pro-
tocols.
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Introduction
The efficiency of orthodontic therapy is largely depend-

ent on the mechanical response and biomechanical prop-
erties of the archwires used during treatment [1, 2]. The 
evolution of orthodontic techniques over the past decades 
has been strongly influenced by the search for optimal force 
systems capable of achieving precise tooth movement in 
a shorter time and with improved patient comfort [3, 4]. 
Traditional wire progressions, such as those proposed by 
Tweed (1946) and Ricketts (1982), rely on a sequence of 
archwires with progressively increasing rigidity and dimen-
sions [5, 6]. Although this conventional approach ensures 
controlled movement and stability, it often requires an ex-
tended treatment duration due to multiple wire changes 
and the biological adaptation time of the periodontal struc-
tures [7].

In contrast, modern orthodontics has shifted towards 
the development of low-friction systems and wide arch-
wire designs, which aim to simplify mechanics and reduce 
treatment time. Damon (2004) and McLaughlin (2011) 
have introduced self-ligating brackets and preformed wide 
arch forms that promote more physiological expansion of 
the dental arches and better accommodation of the tongue 
space [8, 9]. These innovations are claimed to minimize the 
need for extractions, improve facial aesthetics, and enhance 
stability by promoting a more balanced arch form [10-12].

However, despite the widespread clinical adoption of 
wide and extra-wide archwire systems, there remains a 
need for objective and quantitative evidence to support 
their claimed advantages over standard archwire forms. 
The biomechanical effects, degree of arch expansion, and 
overall treatment efficiency achieved through such sys-
tems remain only partially understood and variably re-
ported in the literature [13-15]. Factors such as initial mal-
occlusion type, periodontal condition, and patient-specific 
anatomical variations can significantly influence treat-
ment outcomes [16].

Therefore, the present study aims to evaluate the effi-
ciency of orthodontic expansion methods using wide and 
extra-wide archwires in the treatment of dentoalveolar 
malocclusions. By comparing these modern systems with 

conventional archwire progressions, this research seeks 
to provide clinically relevant data on treatment duration, 
degree of transverse expansion, and stability of achieved 
results [17-19]. The outcomes will contribute to the ortho-
dontic research community by validating – or potentially re-
futing – the claims made regarding the superiority of wide 
and extra-wide archwire systems in enhancing treatment 
efficiency and biomechanical harmony [20, 21].

Materials and methods
Study design. This observational cohort study was 

carried out between 2020 and 2025 at the Ilarion Pos-
tolachi Department of Orthopedic Stomatology, Nicolae 
Testemițanu State University of Medicine and Pharma-
cy, Chișinău, Republic of Moldova, and the Galadent Prim 
Clinic. The research protocol was reviewed and approved 
by the Research Ethics Committee of Nicolae Testemițanu 
State University of Medicine and Pharmacy (Minutes No. 
47/2020, dated March 15, 2020). Written informed con-
sent was obtained from all participants prior to their in-
clusion in the study. Patients in the control group (n=100) 
were treated using the conventional fixed appliance pro-
tocol with standard NiTi/SS archwire sequences, whereas 
subjects in the alternative group (n=80) underwent ortho-
dontic treatment employing wide and extra-wide CuNiTi/
TA/TMA/SS archwires.

The study inclusion criteria comprised patients present-
ing dentomaxillary anomalies associated with dental space 
deficiency. Exclusion criteria included a history of previous 
orthodontic or maxillofacial treatment, congenital crani-
ofacial malformations, and facial asymmetries requiring 
surgical management. Diagnostic assessment was based on 
comprehensive clinical and photographic examination, dig-
ital biometric analysis using Medit Link and NemoCast soft-
ware, as well as radiographic evaluation performed accord-
ing to the Tweed, Ricketts, and Roth-Jarabak cephalometric 
methods [22].

Treatment Protocol: All patients were treated with a 
standard fixed multibracket appliance (0.022-inch slot), fol-
lowing a sequential archwire system using NiTi, CuNiTi, and 
TMA wires [23].

Authors’ ORCID IDs
Mihaela Jarovlea-Bejenari – https://orcid.org/0000-0001-9145-3192
Oleg Solomon – https://orcid.org/0000-0002-7341-1711 
Oleg Arnaut – https://orcid.org/0000-0002-5483-8672

The research hypothesis
Wide and extra-wide archwire protocols facilitate transverse den-
toalveolar expansion on par with conventional archwire sequenc-
es while significantly reducing overall orthodontic treatment dura-
tion, without increasing the risk of post-treatment relapse.
The novelty added by the manuscript to the already published 
scientific literature
This study offers objective cohort-based evidence that wide and 
extra-wide archwire protocols markedly reduce the duration of 
treatment while achieving equivalent transverse outcomes and 
stability. Our findings elucidate the biomechanical and clinical per-
formance of wide archwire systems and help to justify their adop-
tion in modern orthodontic practice as a standard protocol.
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◾◾ Stage 1: Initial alignment and leveling – superelastic 
NiTi archwires (0.012–0.014 inch) (Fig. 1)
◾◾ Stage 2: Controlled transverse expansion – CuNi-

Ti archwires (0.016 × 0.022 inch and 0.017 × 0.025 
inch) (Fig. 2)
◾◾ Stage 3: Finishing and consolidation – TMA arch-
wires (0.019 × 0.025 inch) (Fig. 3, 4)

Fig. 1 Schematic representation of 
transverse dentoalveolar expansion with a 

CuNiTi archwire (active phase).

Fig. 2 Controlled transverse expiation using CuNiTi 
archwires (0.016 × 0.022 inch and 0.017 × 0.025 inch): 
schematic representation of lateral expansion forces.

Fig. 3 Finishing and consolidation – TMA 
archwires (0.019 × 0.025 inch).

Fig. 4 Before and after finishing.

Statistical analysis was performed using the RStudio 
open-source software. The mean with a 95% confidence in-
terval, median, standard deviation, interquartile range, and 
minimal and maximal values were considered for descrip-
tive statistics of numerical variables. For categorical param-
eters, absolute and relative frequencies with a 95% confi-
dence interval were estimated. Comparative evaluation be-
tween the groups was performed using the Mann-Whitney 
test (visualization through boxplots and jitter plots), com-
pleted by a rank biserial correlation analysis (rrb) for practi-
cal significance estimation in numerical variables. Pearson’s 
Chi-squared test with Monte Carlo simulation was applied 
for association hypothesis testing for categorical variables. 

Results
The study included a total of 180 participants, divided 

into the Alternative group (n = 80) and the Classic group 
(n = 100). The overall mean age was 18.6 ± 5.1 years, with 
no statistically significant age difference between the two 
treatment groups (p = 0.20). Age distribution was compara-
ble between groups, with similar medians and interquartile 
ranges.

A statistically significant difference was observed in gen-
der distribution between the two groups (χ² = 5.2, p = 0.032). 
Females predominated in the overall sample (71.1%), with 

a higher proportion in the Classic group (78.0%) compared 
to the Alternative group (62.5%). No significant differences 
were found regarding settlement (urban vs. rural) between 
groups (p = 0.10).

The distribution of constitutional craniofacial types 
(brachyfacial, dolichocephalic, and mesocephalic) was sim-
ilar between groups, with the brachyfacial type being the 
most prevalent (approximately 59%), and no statistically 
significant differences were detected (p > 0.9).

Regarding Angle’s classification, Class I malocclusion 
was the most common in the overall sample (60.6%). Al-
though a higher proportion of Class I was observed in the 
Alternative group and a higher proportion of Class II in the 
Classic group, these differences were not statistically signif-
icant (p = 0.069).

Analysis of occlusal relationships revealed no statistical-
ly significant differences between groups for: RMR (Right 
Molar Relationship) (p > 0.9), RML (Left Molar Relation-
ship) (p = 0.50), RCR (Right Canine Relationship) (p = 0.40), 
and RCL (Left Canine Relationship) (p = 0.30).

Across all participants, Class I molar and canine relation-
ships were the most prevalent on both sides, followed by 
Class II, while Class III relationships were relatively rare.

Overall, aside from gender distribution, the Alternative 
and Classic groups were comparable with respect to de-
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mographic characteristics, craniofacial morphology, Angle 
classification, and molar and canine sagittal relationships, 
indicating good baseline homogeneity between groups (Ta-
ble 1).

Transverse expansion outcomes. The analysis of trans-
verse maxillary dimensions (Table 2) demonstrated a high 
degree of similarity between the Alternative and Classic 
groups at both the initial and final evaluations. At baseline, 
the initial intercanine width (DMSICT) showed comparable 
mean values and distributions in the two groups, indicat-
ing similar transverse maxillary morphology in the anterior 
region. Likewise, the initial inter-first premolar (DMSIPIT), 
inter-second premolar (DMSIPIIT), and intermolar widths 
(DMSIMT) did not differ significantly between groups (all 
p > 0.05).

At the anterior maxillary level, the intercanine trans-
verse dimension (DMSICT) showed identical mean values 
in both groups (34.0 ± 3.0 mm in the Alternative group and 
34.0 ± 2.9 mm in the Classic group), with similar median 
values (34 mm) and overlapping ranges (27.0–41.0 mm 
and 28.0–40.0 mm, respectively). Likewise, the first premo-
lar transverse width (DMSFCT) demonstrated comparable 
mean values between the Alternative group (35.8 ± 2.8 mm) 
and the Classic group (36.0 ± 2.6 mm), with overlapping 
confidence intervals and no statistically significant differ-
ence (p = 0.7). Measurements at the premolar and interme-
diate regions further confirmed this pattern. The DMSIPIT 

parameter showed almost identical mean values in the Al-
ternative and Classic groups (36.1 ± 3.2 mm vs. 36.0 ± 2.8 
mm), while the DMSFPIT parameter recorded mean trans-
verse widths of 39.0 ± 2.9 mm and 39.0 ± 3.1 mm, respec-
tively. For both variables, medians and interquartile ranges 
were highly similar, and statistical testing revealed no sig-
nificant intergroup differences (p > 0.8). At the intermedi-
ate posterior level, DMSIPIIT and DMSFPIIT measurements 
remained consistent between groups, with mean values 
ranging from 40.7 to 40.9 mm and from 43.7 to 43.8 mm, re-
spectively. The confidence intervals overlapped extensively, 
and no statistically significant differences were detected (p 
> 0.9). In the posterior maxillary region, intermolar trans-
verse dimensions (DMSIMT and DMSFMT) were also com-
parable. Mean DMSIMT values were 49.1 ± 4.1 mm in the 
Alternative group and 49.8 ± 3.7 mm in the Classic group, 
while DMSFMT values were identical in both groups (51.8 
± 3.8 mm). The Wilcoxon rank-sum test confirmed the ab-
sence of statistically significant differences between groups 
for these parameters (p = 0.2 and p = 0.8, respectively).

Overall, the absence of statistically significant differenc-
es across all transverse maxillary measurements indicates 
that the Alternative and Classic groups were homogeneous 
with respect to transverse maxillary morphology. This ho-
mogeneity supports the validity of intergroup comparisons 
and suggests that observed outcomes are unlikely to be in-
fluenced by baseline transverse maxillary discrepancies.

Table 1. Demographic and Clinical Characteristics of the Study Populations

Group Overall N = 1801 95% CI2 Alternative N = 801 95% CI2 Classic N = 1001 95% CI2 Statistic 
Test3 p-value3

Age 18.6 (5.1) 17.0 
(6.0) 14.0 36.0 18, 19 18.5 (5.5) 16.0 (7.0) 

14.0 36.0 17, 20 18.8 (4.8) 17.0 
(6.3) 14.0 36.0 18, 20 3,583 0.2

Gender 5.2 0.032

F 128 (71.1%) 64%, 
78% 50 (62.5%) 52%, 73% 78 (78.0%) 70%, 86%

M 52 (28.9%) 22%, 
36% 30 (37.5%) 27%, 48% 22 (22.0%) 14%, 30%

Settlement 3.0 0.10

Town 94 (52.2%) 45%, 
60% 36 (45.0%) 34%, 56% 58 (58.0%) 48%, 68%

Village 86 (47.8%) 40%, 
55% 44 (55.0%) 44%, 66% 42 (42.0%) 32%, 52%

Constitutional type 0.17 >0.9

Brachyfacial 106 (58.9%) 52%, 
66% 47 (58.8%) 48%, 70% 59 (59.0%) 49%, 69%

Dolichocephalic 52 (28.9%) 22%, 
36% 24 (30.0%) 20%, 40% 28 (28.0%) 19%, 37%

Mesocephalic 22 (12.2%) 7.4%, 
17% 9 (11.3%) 4.3%, 18% 13 (13.0%) 6.4%, 20%

Angle 5.4 0.069

cl. I 109 (60.6%) 53%, 
68% 56 (70.0%) 60%, 80% 53 (53.0%) 43%, 63%

cl. II 53 (29.4%) 23%, 
36% 18 (22.5%) 13%, 32% 35 (35.0%) 26%, 44%

cl. III 18 (10.0%) 5.6%, 
14% 6 (7.5%) 1.7%, 13% 12 (12.0%) 5.6%, 18%
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Table 1. Demographic and Clinical Characteristics of the Study Populations

Group Overall N = 1801 95% CI2 Alternative N = 801 95% CI2 Classic N = 1001 95% CI2 Statistic 
Test3 p-value3

RMR 0.04 >0.9

cl. I 102 (56.7%) 49%, 
64% 46 (57.5%) 47%, 68% 56 (56.0%) 46%, 66%

cl. II 62 (34.4%) 28%, 
41% 27 (33.8%) 23%, 44% 35 (35.0%) 26%, 44%

cl. III 16 (8.9%) 4.7%, 
13% 7 (8.8%) 2.6%, 15% 9 (9.0%) 3.4%, 15%

RML 1.5 0.5

cl. I 104 (57.8%) 51%, 
65% 47 (58.8%) 48%, 70% 57 (57.0%) 47%, 67%

cl. II 58 (32.2%) 25%, 
39% 23 (28.8%) 19%, 39% 35 (35.0%) 26%, 44%

cl. III 18 (10.0%) 5.6%, 
14% 10 (12.5%) 5.3%, 20% 8 (8.0%) 2.7%, 13%

RCR 2.2 0.4

cl. I 76 (42.2%) 35%, 
49% 29 (36.3%) 26%, 47% 47 (47.0%) 37%, 57%

cl. II 97 (53.9%) 47%, 
61% 48 (60.0%) 49%, 71% 49 (49.0%) 39%, 59%

cl. III 7 (3.9%) 1.1%, 
6.7% 3 (3.8%) 0.00%, 

7.9% 4 (4.0%) 0.16%, 
7.8%

RCL 2.4 0.3

cl. I 58 (32.2%) 25%, 
39% 21 (26.3%) 17%, 36% 37 (37.0%) 28%, 46%

cl. II 106 (58.9%) 52%, 
66% 51 (63.8%) 53%, 74% 55 (55.0%) 45%, 65%

cl. III 16 (8.9%) 4.7%, 
13% 8 (10.0%) 3.4%, 17% 8 (8.0%) 2.7%, 13%

Note: 1Mean (SD), Median (IQR), Min Max; n (%), 2CI = Confidence Interval, 3Wilcoxon rank sum test; Pearson’s Chi-squared test with simulated p-value 
(based on 105 replicates)

Table 2. Maxillary Transverse Arch Measurement Data
Group Overall N = 1801 95% CI2 Alternative N = 801 95% CI2 Classic N = 1001 95% CI2 Statistic Test3 p-value3

DMSICT 34.0 (2.9) 
34.0 (4.0) 
27.0 41.0

34, 34 34.0 (3.0) 
34.0 (4.0) 
27.0 41.0

33, 35 34.0 (2.9) 
34.0 (4.0) 
28.0 40.0

33, 35 3,984 >0.9

DMSFCT 35.9 (2.7) 
35.8 (2.6) 
28.0 45.0

36, 36 35.8 (2.8) 
35.5 (2.0) 
28.0 43.0

35, 36 36.0 (2.6) 
36.0 (3.0) 
31.0 45.0

36, 37 3,886 0.7

DMSIPIT 36.1 (3.0) 
36.0 (4.0) 
29.0 45.0

36, 36 36.1 (3.2) 
36.0 (4.0) 
29.0 45.0

35, 37 36.0 (2.8) 
36.0 (3.3) 
29.0 45.0

35, 37 4,049 0.9

DMSFPIT 39.0 (3.0) 
39.0 (4.0) 
31.0 50.0

39, 39 39.0 (2.9) 
39.0 (3.6) 
33.0 49.0

38, 40 39.0 (3.1) 
39.0 (4.0) 
31.0 50.0

38, 40 3,921 0.8

DMSIPIIT 40.8 (3.4) 
41.0 (5.0) 
31.0 50.0

40, 41 40.7 (3.6) 
40.0 (5.0) 
31.0 48.0

40, 42 40.9 (3.2) 
41.0 (4.5) 
33.0 50.0

40, 41 3,997 >0.9

DMSFPIIT 43.7 (3.1)
 44.0 (3.5) 
35.0 55.0

43, 44 43.8 (3.2) 
44.0 (3.9) 
37.5 55.0

43, 45 43.7 (3.1) 
44.0 (3.0) 
35.0 52.0

43, 44 4,040 >0.9

DMSIMT 49.5 (3.9) 
50.0 (5.0) 
40.5 60.0

49, 50 49.1 (4.1) 
50.0 (5.0) 
40.5 60.0

48, 50 49.8 (3.7) 
50.0 (5.0) 
41.0 59.0

49, 51 3,599 0.2

DMSFMT 51.8 (3.8) 
52.0 (5.0) 42.0 61.0

51, 52 51.8 (3.8) 
52.0 (5.0) 
42.0 59.0

51, 53 51.8 (3.8) 
51.5 (5.0) 
42.0 61.0

51, 53 4,100 0.8

Note: 1n (%); Mean (SD), Median (IQR), Min Max, 2CI = Confidence Interval, 3Wilcoxon rank sum test
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Treatment duration. Treatment duration differed 
markedly between protocols. In the overall cohort, the 
mean duration was 25.0 ± 6.5 months (median 24.0 
months; range 12–39 months). Patients treated with the Al-
ternative method completed therapy in 20.2 ± 4.4 months 
(median 19.0 months; range 12–38 months), whereas those 
in the Classic group required 28.9 ± 5.2 months (median 
30.0 months; range 14–39 months). This difference of 8.7 
months was both statistically significant (p < 0.001) and 
clinically relevant. An inverse and strong correlation was 
observed between treatment duration and the magnitude 
of transverse expansion (r = –0.69), indicating that great-
er controlled widening of the dental arches was associated 
with shorter overall treatment time (Fig. 5). No increase in 
post-treatment relapse incidence was detected in the Alter-
native group, suggesting that the more rapid expansion did 
not compromise occlusal stability.

Discussion
This study evaluated the efficiency of wide and ex-

tra-wide archwires in orthodontic expansion therapy and 
demonstrated that their use results in significantly greater 
transverse dentoalveolar widening and substantially short-
er treatment durations compared with a conventional arch-
wire protocol. Because the two groups were similar at base-
line in terms of age, occlusal characteristics, and cephalo-
metric parameters, the observed differences are most plau-
sibly attributable to the archwire strategy rather than to 
sample imbalance. The transverse dimensions at the canine, 
premolar, and molar levels were comparable between the 
two groups under similar clinical conditions; however, the 
Alternative protocol achieved these equivalent transverse 
outcomes within a shorter overall treatment duration. These 
findings are consistent with previous reports that low-fric-
tion, wide-arch systems can enhance transverse develop-
ment and reduce the need for extractions while preserving 
facial aesthetics and stability. The systematic increase in 
DMSICT/DMSFCT and DMSIPIT/DMSFPIT, along with the 

Fig. 5 Graphical representation of treatment 
duration (months) between the Alternative 

and Classic groups
Note: Boxes represent the interquartile range 
(IQR), the horizontal line within each box indicates 
the median value, and whiskers denote the mini-
mum and maximum recorded treatment durations. 
W represents the Mann–Whitney U test statistic; p 
denotes the probability value indicating statistical 
significance; rrb indicates the rank-biserial correla-
tion coefficient (effect size); CI95% represents the 
95% confidence interval of the effect size; and nobs 
denotes the total number of observations included 
in the analysis.

relatively narrow dispersion of post-treatment values, sug-
gests that expansion was controlled rather than excessive. 
A major clinical implication of the present work is the sig-
nificant reduction in treatment time – approximately 8–9 
months shorter with the wide archwire protocol. This result 
is in line with studies reporting slight to moderate decreas-
es in treatment duration when low-friction systems or ex-
panded archforms are used. Importantly, in our sample, this 
acceleration did not appear to compromise post-treatment 
stability, as no increase in relapse incidence was observed 
in the Alternative group during the documented follow-up 
period. The nearly normal distributions of DMSIPIT and 
DMSFPIT further support the predictability of the biome-
chanical response. Mild outliers in the final measurements 
did not translate into clinical instability and may reflect in-
dividual anatomical variability. Recent three-dimensional 
studies emphasize the value of digital models for assessing 
arch form and symmetry, and similar approaches could be 
applied in future prospective trials to quantify volumetric 
changes and periodontal responses to wide archwire ex-
pansion. This study has limitations. Its retrospective design 
may introduce selection bias, and the significant difference 
in gender distribution between groups could serve as an un-
controlled confounder. In addition, although transverse and 
cephalometric measurements were detailed, skeletal matu-
ration stages and long-term (>5 years) retention outcomes 
were not systematically evaluated. Future research should 
include prospective randomized trials using three-dimen-
sional imaging, standardized retention protocols, and multi-
variate analysis to control simultaneously for demographic, 
skeletal, and occlusal variables. Despite these limitations, 
the present findings provide robust clinical evidence that 
wide and extra-wide archwires can be safely incorporated 
into contemporary orthodontic practice to improve efficien-
cy. When carefully selected and monitored, such mechanics 
offer predictable transverse gains and meaningful reduc-
tions in treatment duration without compromising occlusal 
stability.
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Conclusions
The Alternative protocol enhances treatment efficiency 

without compromising transverse outcomes or post-treat-
ment stability, while wide archwire mechanics represent a 
reliable approach for managing dentoalveolar crowding in 
contemporary orthodontic practice; however, further pro-
spective studies are required to confirm these findings. 
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Introduction. Stability studies for pharmaceutical products represent a primary stage in the development and manufac-
ture of a new medicinal product, being a fundamental condition that guarantees its quality and efficacy. The research was 
initiated with the aim of the determining the stability of Dioxoindolinone under stress conditions in order to find out the 
factors that can induce possible changes in the molecular structure of the Dioxoindolinone, which consequently can lead to 
a partial or total diminution of the therapeutic effect.

Materials and methods. In the experimental research, Dioxoindolinone was used, synthesized in the Organic Synthesis 
Laboratory of the Institute of Chemistry, at USM, (purity 99.9%). The following apparatus was used: analytical balance 
(OHAUS DV215 CD, Switzerland); spectrophotometer (Shimadzu UV-1800, Japan); a pair of quartz cuvettes with a layer 
thickness of 10 mm; ultraviolet lamp chamber (UV with CN-6 filter, France) for exposure to 254 nm and 365 nm radiation; 
thermostat (TC-80M-2, Ukraine) set at 60 ± 1°C; ultrasonic bath (Sapfir, St. Petersburg); reagents: analytical grade reagents 
– 0.1 M hydrochloric acid (HCl) (ChemLab, Belgium); 0.1 M sodium hydroxide (NaOH) (ChemLab, Belgium); 3% hydrogen 
peroxide solution (H2O2) (CentroChem, Poland); ethanol (96%) (CentroChem, Poland).

Results. The influence of stress factors, such as oxidants, acids, bases, humidity, high temperatures and UV irradiation on 
the stability of Dioxoindolinone was studied. Under conditions of oxidative, hydrolytic, thermal, acid-base, photolytic stress 
by the UV-Vis spectrophotometric method it was determined that the substance is stable to humidity and in the acidic en-
vironment. Dioxoindolinone degrades under the influence of oxidant, it was found to be unstable in the basic environment 
(a change in concentration was observed). The insignificant influence of UV light and high temperature was demonstrated.

Conclusions. The influence of stress factors on the stability of Dioxoindolinone was studied. The results obtained will be used 
to establish optimal storage conditions that will be introduced in the Quality Standardization Specification for Dioxoindolinone.
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K e y  m e s s a g e s

What is not yet known about the issue addressed in the 
submitted manuscript
Dioxoindolinone has significant pharmacological potential as an 
MAO inhibitor. This substance is being investigated experimentally 
in order to develop the Quality Specification. To date, no stability 
study of Dioxoindolinone has been performed.
The research hypothesis
The stability of medicinal substances is an important and 
mandatory factor in determining the quality of the medicine, 
and for establishing the optimal storage conditions that will be 
included in the Quality Specification for Dioxoindolinone.
The novelty added by the manuscript to the already published 
scientific literature
For the first time, a study of the stability of Dioxoindolinone to the 
action of stress factors was carried out.
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Introduction
Neurodegenerative and mental disorders, such as Par-

kinson’s disease and major depressive disorder, present a 
considerable health issue, affecting hundreds of millions 
globally [1]. Monoamine oxidase (MAO) inhibitors remain 
important therapeutic agents in the treatment of these dis-
eases [2]. The development of new drugs with improved 
safety and stability characteristics is thus of notable phar-
maceutical interest. At the Organic Synthesis Laboratory, 
Institute of Chemistry, Moldova State University, a newly 
synthesized compound Dioxoindolinone (1-(2-oxo-pro-
pyl)-spiro[[1,3]dioxolane-2,3’-indolin]-2’-one) was ob-
tained [3]. The substance has demonstrated significant 
pharmacological potential as an MAO inhibitor [4]. There-
fore, establishing its stability profile represents a critical 
step for further pharmaceutical development and rational 
dosage form design.

In addition to efficacy, purity, and safety, stability is an 
important factor in ensuring the quality of a drug [5].

The quality, therapeutic efficacy and safety of the drug 
during storage directly depend on its ability to maintain its 
properties within the limits established by regulatory/nor-
mative documentation over a certain period of time under 
appropriate storage and transportation conditions, i.e., sta-
bility. Based on the results of the stability study, the shelf 
life is determined, the materials used for primary and sec-
ondary packaging and its type are selected, and the storage 
conditions of the drug are determined, which are indicated 
in regulatory/normative documents [6]. The main method 
for establishing and confirming the shelf life is considered 
to be real-time testing, which is carried out under condi-
tions as close as possible to the expected storage conditions 
of commercial products. To determine the stability of new 
drug substances, forced degradation methods are usually 
applied. The main objective of these studies is to find out 
some fundamental properties of the substances, such as the 
nature and direction of degradation reactions, the identifi-
cation (based on the data obtained) of the most important 
degraded products and the selection of the most appropri-
ate analytical techniques to determine the active substance 
and its degradation products in the presence of each other. 
At the same time, the results of these tests can highlight how 
not only the substances but also, sometimes, the pharma-
ceutical forms, can cope with short-term, but extremely crit-
ical conditions, such as those during transportation [7-9].

However, data concerning the stability and degradation 
behavior of newly synthesized Dioxoindolinone are pres-
ently missing. The absence of such information constrains 
further pharmaceutical development and formulations 
studies.

The objective of the present study was to investigate the 
stability profile of Dioxoindolinone under stress conditions 
(acidic, alkaline, thermal, oxidative, humid and photolytic 
exposure) to identify possible degradation pathways and 
degradation products, and to formulate a stability-indi-
cating analytical procedure appropriate for future quality 
monitoring of the substance.

Material and methods
The study was conducted at the Drug Development Cen-

ter within Nicolae Testemițanu State University of Medicine 
and Pharmacy. The stability evaluation of Dioxoindolinone 
was performed in accordance with ICH regulations and 
guidelines [10, 11].

For the stability studies under stress conditions, three 
experimental synthesis batches (01, 02, 03) of Dioxoindoli-
none, obtained at the Organic Synthesis Laboratory, Insti-
tute of Chemistry, Moldova State University, were used. An 
internal reference standard of 1-(2-oxo-propyl)-spiro[[1,3]
dioxolane-2,3’-indolin]-2’-one-substance, purified by re-
crystallization with a purity of 99.98%, was also employed.

The following apparatus was used: analytical balance 
(OHAUS DV215 CD, Switzerland); spectrophotometer (Shi-
madzu UV-1800, Japan) and 10 mm quartz cuvettes; ultra-
violet lamp chamber (UV with CN-6 filter, France) for ex-
posure to 254 nm and 365 nm radiation; thermostat (TC-
80M-2, Ukraine) set at 60 ± 1°C; ultrasonic bath (Sapfir, St. 
Petersburg). The following analytical grade reagents were 
used: 0.1 M hydrochloric acid (HCl) (ChemLab, Belgium); 
0.1 M sodium hydroxide (NaOH) (ChemLab, Belgium); 3% 
hydrogen peroxide solution (H2O2) (CentroChem, Poland); 
ethanol (96%) (CentroChem, Poland).

To assess the stability of Dioxoindolinone, the spectro-
photometric method, previously developed and validated 
[12], was used.

Preparation of the standard solution: 0.05 g Dioxoindoli-
none internal standard (exact mass) was dissolved in 20 ml 
of ethanol (96%) in an ultrasonic bath for 1 min and diluted 
to 50 ml with the same solvent in a volumetric flask. 1.5 ml of 
this solution was further diluted to 50 ml in a volumetric flask 
with the same solvent, and absorbance was measured at 257 
± 1 nm, using ethanol (96%) as the reference solution.

Preparation of the sample solution. 0.05 g of the Dioxoin-
dolinone substance (exact mass) was dissolved in 20 ml of 
ethanol (96%) in an ultrasonic bath for 1 min and diluted to 
50 ml with the same solvent in a volumetric flask (solution A).

The study of forced degradation.
The sample solution was subjected to oxidative degrada-

tion and hydrolysis in acidic and basic environments for 24 
hours, with three UV-Vis spectrophotometric analyses: at 0, 
3 and 24 hours. The absorbances of the test solutions were 
measured at 257 ± 1 nm, using ethanol (96%) as the refer-
ence solution. The concentration was calculated in relation 
to the absorbance of the standard solution.

Preparation of the sample solution for oxidative degrada-
tion (acid hydrolysis, basic hydrolysis). 1 ml of solution A was 
transferred into three stoppered test tubes, to which 1 ml 
of 3% hydrogen peroxide solution (1 ml 0.1 M hydrochloric 
acid; 1 ml 0.1 M sodium hydroxide) was added, respective-
ly. From each test tube, 0.75 ml of the treated solution was 
diluted to 25 ml in a volumetric flask with ethanol (96%), 
and absorbance was measured at 257 ± 1 nm, using ethanol 
(96%) as the reference solution. The first test tube was an-
alyzed immediately; the second test tube after 3 hours and 
the third one after 24 hours.
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To test the stability to physical stress factors, the sub-
stance samples were exposed to high humidity (80% RH) 
by keeping them for 2 weeks in a desiccator above water. 
Other samples were exposed to ultraviolet radiation (in the 
UV chamber) for 48 hours and to high temperature (60 °C 
in the thermostat for 2 weeks). Subsequently, quantitative 
analysis was performed by the UV-Vis spectrophotometric 
method to evaluate the variations in the stability of Dioxoin-
dolinone under the action of these stress factors [13].

Statistical analysis. Statistical analysis was performed 
using the Statistical Package for the Social Sciences (IBM 
SPSS Statistics) 10.5 software.

Results and discussion
To evaluate the degradation processes under stress, the 

assay variations of Dioxoindolinone were followed. For the 
assay, the absorption spectra of the standard solution and of 
the sample solutions were recorded before the application 
of the stress conditions (Fig. 1).

The samples of the substance to be analyzed were sub-
jected to oxidative stress (3% hydrogen peroxide solution), 
acidic hydrolytic stress (0.1 M hydrochloric acid) and basic 
hydrolytic stress (0.1 M sodium hydroxide); thermal (60 
oC), photolytic (UV light), the substance was investigated 
under the influence of humidity. The evaluation of the de-
gree of influence of stress factors on Dioxoindolinone was 
carried out at time intervals: 0 minutes, 3 hours and 24 
hours following exposure to the above-mentioned factors 
(when investigating oxidative, acidic and basic stress); 24 
hours and 48 hours (photolytic stress in the UV chamber) 
or at time intervals: 1 week and 2 weeks (when investi-
gating the influence of humidity and thermal stress). All 
experiments were conducted in triplicate, and data were 
expressed as the mean.

Degradation under stress conditions
Oxidative stress 
Oxidative degradation can be initiated by three factors: 

UV light, heat or physical strain in the presence of an oxy-
gen-containing atmosphere, and may occur via two mech-
anisms: photo-oxidation and thermal oxidation. The selec-
tion of an oxidizing agent, its concentration and conditions 
depend on the drug substance, the most frequently used 
standard agent is hydrogen peroxide [9]. 

Under the action of the oxidant (3% hydrogen peroxide 
solution), complete degradation of Dioxoindolinone was 
observed, with a change in the absorption spectrum, which 

Fig. 1 Ultraviolet absorption spectra of Dioxoindolinone standard solution (1) and Dioxoindolinone sample (2)

Fig. 2 Modification in the absorbtion spectrum of 
Dioxoindolinone following oxidative stress

Note: oxidant – 3% hydrogen peroxide solution,

1 2

made it impossible to determine the absorbance and con-
tent (Fig. 2).

Hydrolytic stress
Hydrolysis is one of the most prevalent chemical degra-

dation reactions, which includes the splitting of a chemical 
compound by reaction with water. The ionizable function-
al groups present in the molecule are catalyzed during hy-
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drolytic investigation in acidic and alkaline environment. 
Acid and base stress testing involve the forced degradation 
of drug substances by exposure to acidic and basic envi-
ronments that produce primary degradants in the desired 
range. The choice of the type and strength of the acid or 
base depends on how stable the drug substance is. As suit-
able hydrolysis agents, hydrochloric acid or sulfuric acid for 
acid hydrolysis and sodium hydroxide or potassium hydrox-
ide for alkaline hydrolysis are proposed [5, 6, 8, 14].

To highlight the influence of acids on Dioxoindolinone, 
0.1 M hydrochloric acid was used, and for creation of the 
basic medium – 0.1 M sodium hydroxide. Absorption spec-
tra of stressed solutions in acidic and basic media were re-
corded.

Acidic hydrolytic stress caused insignificant degradation 
of Dioxoindolinone, by 2.45% at 3 hours and 2.04% at 24 
hours (Fig. 3). 

Fig. 3. Modification of the concentration of Dioxoindolinone following acid hydrolysis (1) and the absorption spectra 
of Dioxoindolinone under the action of acid hydrolytic stress (2)

Note: The average results for three batches of substance are shown

Fig. 4. Modification of the concentration of Dioxoindolinone following basic hydrolysis (1) and the absorption spectra of Dioxoindolinone 
under the action of basic hydrolytic stress (2)

Note: The average results for three batches of substance are shown

1

1

2

2

The results obtained from basic hydrolysis indicate deg-
radation processes with the shift of the absorption maximum 
from 258 nm to 255 nm (0 min), to 250 nm (3 hours) and 
to 243 nm (24 hours), and the increase in measured concen-
tration due to the formation of degradation products (0 min 
– 108.99%, 3 hours – 135.04%, 24 hours – 175.33%) (Fig. 4.).

Influence of humidity, photolytic, and thermal stress
Moisture, as an atmospheric factor, creates favorable 

conditions for oxidation processes, hydrolysis, as well as for 
microbial growth. At the same time, light and temperature 
represent activating factors of drug degradation reactions; 
an increase in temperature leads to an increase in the rate 
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of the degradation reaction. Therefore, these factors must 
be studied in the process of analyzing of the substance [8, 
9, 14, 15].

Dioxoindolinone exhibited a high degree of stability 
under humid conditions (in a desiccator above water for 2 

weeks). The results obtained indicate that Dioxoindolinone 
is not hygroscopic and does not undergo degradation, the 
quantitative content being practically unchanged (0 min – 
99.87%, 1 week – 99.51%, 2 weeks – 99.71%) (Fig. 5.).

Fig. 5. Modification of the concentration of Dioxoindolinone following influence of humidity (1) and the absorption spectra of 
Dioxoindolinone under the influence of humidity (2)/

Note: The average results for three batches of substance are shown

Fig. 6. Modification of the concentration of Dioxoindolinone following photolytic stress (1) and the absorption spectra 
of Dioxoindolinone under the action of photolytic stress (2)

Note: The average results for three batches of substance are shown

1

1

2

2

Dioxoindolinone was evaluated over 0-48 hours of pho-
tolytic stress. The results of the determinations are shown 
in Figure 6. Upon interaction with ultraviolet radiation, 
a change in the content of Dioxoindolinone of 2.23% was 
observed (0 min – 99.87%, 24 hours – 99.21%, 48 hours – 
102.1%).

The influence of high temperature on Dioxoindolinone 
was evaluated. The substance placed in an open container 
was stored at high temperature (60 0C) in the thermostat 
for 2 weeks.

Samples subjected to thermal stress of 60 o C showed 
a change of 2.06% (0 min – 99.87%, 1 week – 99.14%, 2 
weeks – 97.81%) (Fig. 7.).
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The most important changes in the samples subjected 
to forced degradation occurred under the action of oxidants 
and in a basic environment. Under the influence of the ox-
idizing agent the substance degraded, which was demon-
strated by the complete change in the absorption spectrum, 
which made it impossible to determine the content of Di-
oxoindolinone in the sample. In a basic environment, Diox-
oindolinone decomposed, and the degradation products in-
creased the absorbance, causing concentration oscillations. 
In an acidic environment, the substance was stable, with 
concentration varying within 2%.

The results of the thermal stability evaluation indicate 
that Dioxoindolinone is stable under thermal stress, with 

Fig. 7. Modification of the concentration of Dioxoindolinone following thermal stress (1) and the absorption spectra 
of Dioxoindolinone under the action of thermal stress (2)

Note: The average results for three batches of substance are shown

1 2

concentration within 1.57%.
Although light is considered to be a destructive factor 

for medicinal substances, Dioxoindolinone demonstrated 
relative stability to UV irradiation, with a concentration in-
crease of 2.9%.

The results of the evaluation of stability to humidity 
demonstrated that Dioxoindolinone is stable under high 
humidity, with no significant change in concentration ob-
served.

The main quality parameter denoting the presence or 
absence of degradation processes in medicinal substances 
is Assay. In Table 1, the results of sample assay using the 
UV-Vis spectrophotometric method under various stress 
factors are presented.

Table 1. Modification of Dioxoindolinone concentrations under the action of stress factors

 

Testing 
frequency λmax, nm

Batch 1 Batch 2 Batch 3
Absorbance Amount found,

%
Absorbance Amount found,

%
Absorbance Amount found,

%
H2O2 3 %​​ - - - - - - - -

0.1 M HCl
0 hours 251.1 0.299 102.46 0.323 102.22 0.235 102.34
3 hours 256.6 0.309 105.89 0.298 104.67 0.265 104.50
24 hours 256.8 0.295 106.09 0.286 105.57 0.268 105.74

0.1 M NaOH
0 hours 256.2 0.314 107.61 0.303 110.7 0.443 108.68
3 hours 246.3 0.521 178.2 0.321 118.49 0.441 108.43
24 hours 241.6 0.480 164.49 0.461 170.16 0.781 191.36

t = 60 °C
0 hours 257 0.541 99.78 0.531 99.73 0.517 100.10
1 week 257 0.502 99.17 0.504 99.08 0.503 99.18
2 weeks 257 0.504 97.6 0.507 96.94 0.516 98.89

UV
0 hours 257 0.541 99.78 0.530 99.73 0.517 100.10
24 hours 257 0.570 99.27 0.554 99.35 0.570 99.00
48 hours 257 0.560 102.68 0.546 101.57 0.566 102.04

Moisture
0 hours 257 0.540 99.78 0.531 99.73 0.517 100.10
1 week 257 0.522 99.17 0.524 99.58 0.524 99.78
2 weeks 257 0.518 100.08 0.516 100.07 0.516 98.99

Note: λmax – the wavelength corresponding to maximum absorbance, t - temperature, UV - Ultra-violet, H2O2 – peroxide of hydrogen; HCl – hydrochloric acid; 
NaOH – sodium hydroxide; 
The average results for three batches of substance are shown
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Conclusions
Forced degradation is an analytical method used to test 

a drug under more extreme conditions than those encoun-
tered in accelerated stability studies.

Under conditions of oxidative, hydrolytic, thermal, ac-
id-base, photolytic stress, the UV-Vis spectrophotometric 
method demonstrated that the substance is stable under 
humid conditions humidity and in an acidic environment. 
Dioxoindolinone was found to degrade under the influence 
of oxidant, it was unstable in basic environment (a change 
in concentration was observed). The insignificant influence 
of UV light and high temperature was demonstrated.

The results obtained will be confirmed by real-time sta-
bility studies. Currently, the substance is stored under nor-
mal conditions (25°C; 65% RH) for 4 years and 10 months. 
So far, the drug substance meets all the quality criteria stip-
ulated in the draft specification.
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Introduction. Inflammation is a state driven by pathogenic stimuli. Trauma is one of the causes of acute onset of the in-
flammatory pathway. Multiple proteases are capable of inducing distant multiple organ lesions (lungs, brain or spinal cord, 
heart, kidney, liver and systemic vessel endothelium). The onset of corresponding syndromes will complicate the clinical 
course of that particular patient. These molecules are potential biomarkers in trauma patients.

Material and methods. There were reviewed the PubMed, Elsevier, ResearchGate, Google Scholar, Cochrane Library, 
medRxiv databases using the keywords “proteases”, “antiproteases” and “trauma”. A total of 114 relevant sources were 
included. An additional74 papers were selected. Overall there 188 literature sources were reviewed.

Results and discussions. There are six classes of proteases: aspartic, glutamic, metalloproteases, cysteine, serine, and 
threonine proteases of which the glutamic ones are not found in mammals. Multiple processes that involve protein degra-
dation are the fundamental mechanisms through which they mediate tissue and organ destruction after trauma-mediated 
inflammation. Certain inhibitors of the aforementioned proteases are of importance in these processes – they are vital in 
the prevention of pathophysiological processes such as fibrosis, although in the case of trauma due to their depletion there 
is high activity of the proteases system. The release of the protease/antiprotease system is mediated through by leuko-
cytes, thrombocytes, myocytes and endothelium.

Conclusions. In this literature review there was described a high variety of protease and antiproteases. There is an in-
creased complexity for the potential treatment of the distant lesions, thus the necessity for symptomatic treatment is 
foremost in order to diminish the lesions of the acute phase.
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K e y  m e s s a g e s

What is not yet known about the issue addressed in the 
submitted manuscript
There are no broad descriptions of the protease/antiprotease system 
as a whole in the literature in the context of traumatic distant lesions.
The research hypothesis
There is a high myriad of proteases that are released during the 
systemic inflammatory response syndrome and respond with an 
aggressive tissue destruction in multiple tissues and organs.
The novelty added by the manuscript to the already published 
scientific literature
A systematic approach was chosen in this review article, thus 
encompassing the high versatility of the targets that need to be 
inhibited in the context of preventing distant lesions in trauma.
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Introduction
Inflammation is a pathophysiological process that has 

been regarded historically in many cultures and by many 
researchers. The first descriptions of the inflammation 
were documented in the ancient Egyptian and Greek cul-
tures. The main signs that allow us to identify inflammation 
are – color, dolor, calor, tumor and functio laesa. Tumor was 
added by Hippocrates, then Aulus Celsus added color, dolor 
and calor. Galen completed this list with the functio laesa 
[1]. The mechanisms involved in the onset of inflammation 
were studied in detail beginning with the second half of the 
19th century. R. Virchow proposed the theory that inflam-
mation is a “nutritional disturbance”, in 1870 J. Cohnheim 
demonstrated that leukocyte diapedesis is present in this 
process, therebt proposing the vascular theory. Ten years 
later, C. Weigert proposed another idea – that it is a self-de-
struction process. In 1890, E. Metchnikoff enacted the the-
ory that inflammation is controlled mainly by phagocytes, 
in accordance with Cohnheim’s view. A significant shift in 
this field was seen in 1917, when L. Aschoff stated that in-
flammation is a reaction to the irritants, that may vary in 
different situations thus complicating the quest to define in-
flammation even further. Nowadays we differentiate broad-
ly between acute and chronic inflammation [2].

After traumatic events a series of mechanisms that in-
volve the hemostatic, endocrine and neurological systems, 
including immunocompetent cells act together in order to 
restore homeostasis [3].

In the conditions of trauma, it is important to take into 
account both the severity of damage and the host response. 
Under normal conditions, it is balanced and the inflam-
mation remains local/limited without generalization and 
systemic effects. In severe trauma or polytrauma, this re-
sponse leads to systemic inflammatory response syndrome 
(SIRS) development that occurs because of a disbalance in 
the pro-inflammatory and anti-inflammatory agents [4]. 
According to the literature, the appearance of damage-as-
sociated molecular patterns (DAMP) and inflammasomes, 
assembled in the immune cells, platelets and remote organs 
(the organs situated outside of the primary traumatic le-
sions), can be observed. As a result, the immune cells acti-
vated/attracted via cytokines and/or chemokines, together 
with increased vascular permeability and the expression of 
adhesion proteins on the endothelium, facilitates leukocyte 
diapedesis. They accumulate in injured and intact tissues. 
Here, these immunocompetent cells undergo degranulation 
and release reactive oxygen species (ROS) and a series of 
proteases. Consequently, “distant lesions” and sometimes 
multiple organ failure (MOF) develop [5]. This evolution 
represents an important cause of death and remains an 
unsolved problem in the management of critically injured 
patients [6].

Returning to the role of the inflammasomes in SIRS, 
there are a series of commonly recognized lesion sites that 
involve distant lesions: lungs (acute respiratory distress 
syndrome, ARDS), brain or spinal cord (disruption of the 
blood-brain and blood-medullary barriers), heart (acute 

coronary syndrome), liver (acute liver injury), kidneys 
(acute kidney injury) and the endothelium of the systemic 
vessels (disseminated intravascular coagulation) [5]. This 
concept is in accordance with the data reported in the lit-
erature. ARDS is associated with a higher level of plasma 
inflammatory cytokines [7], which is due to an imbalance 
in the protease-antiprotease system [8]. The blood-brain 
barrier in severe trauma had an increased permeability, as 
a result intracranial hemorrhage and hematomas may oc-
cur [9]. Acute coronary syndrome in polytrauma in patients 
with comorbidities is well recognized [10]. Acute kidney in-
jury is mainly found in association with other injuries in se-
vere trauma, as an indirect consequence [11]and shock as-
sociated with major trauma has been proposed to result in 
inadequate renal perfusion and subsequent AKI in trauma 
patients. This study aimed to investigate the true incidence 
and clinical presentation of post-traumatic AKI in hospital-
ized adult patients and its association with shock at a Level I 
trauma center. Methods: Detailed data of 78 trauma patients 
with AKI and 14,504 patients without AKI between January 
1, 2009 and December 31, 2014 were retrieved from the 
Trauma Registry System. Patients with direct renal trauma 
were excluded from this study. Two-sided Fisher’s exact or 
Pearson’s chi-square tests were used to compare categori-
cal data, unpaired Student’s t-test was used to analyze nor-
mally distributed continuous data, and Mann-Whitney’s U 
test was used to compare non-normally distributed data. 
Propensity score matching with a 1:1 ratio with logistic 
regression was used to evaluate the effect of shock on AKI. 
Results: Patients with AKI presented with significantly old-
er age, higher incidence rates of pre-existing comorbidities, 
higher odds of associated injures (subdural hematoma, in-
tracerebral hematoma, intra-abdominal injury, and hepatic 
injury, along with liver injuries [12]. Also, in the early stages 
of trauma, disseminated intravascular coagulation (DIC) is 
frequently reported [13-15]. All these „events” complete the 
pathophysiological portrait of the SIRS complications.

Taking into account the information above, the perspec-
tives in preventing the distant lesions become clear, we pro-
pose a potential treatment or to identify the direction of the 
following researches in this field: usage of ROS and proteas-
es/antiproteases as biomarkers for distant lesions in severe 
trauma in order to predict the outcomes for trauma patients 
and assess the severity of trauma.

The goal of this review was to list the elements of the 
protease/antiprotease system, their effects and to identify 
the components that can be used for the prediction of out-
comes, including the secondary (indirect) lesions or the 
survival rate.

Material and methods
There were reviewed the PubMed, Elsevier, Research-

Gate, Google Scholar, Cochrane Library, medRxiv databases 
using the keywords “proteases”, “antiproteases” and “trau-
ma”. There were identified 114 relevant sources.

The inclusion criteria were: relevance to the topic and 
plausibility of statistical data in the study. Exclusion crite-
ria were: irrelevance to the topic and low-quality statistical 



50

Mold J Health Sci. 2026;13(2):48-62Croitoru D. et. al.

data in the study. There were no inclusion/exclusion crite-
ria pertaining to the year of publication, although sources 
were preferentially selected from the last 10 years in order 
to avoid biases outdated findings. Studies on both animal 
subjects and human patients studies were considered due 
to the scarcity of information regarding some proteases and 
antiproteases in the available literature. 

The relevant information collected from the databases 
concerned the classification of proteases or antiproteases, 
mechanisms of action, pathological potential, clinical signif-
icance and prediction capability. Articles were selected that 
highlighted the potential of these molecules as biomarkers 
and their positive or negative effects in the context of trau-
ma. The information was carefully studied, revised and crit-
ically structured in order to ensure an emphasis in the infor-
mation structure on the objectives of this literature review.

In order to increase the validity of the information, 74 
additional scientific articles were selectively reviewed. A to-
tal of 188 sources were included.

Results and discussions
The components of the protease/antiprotease system 

from the functional point of view can be divided into two 
groups: the substances that have potential negative effects 
(typically proteases), that are able to destroy invaders or 
healthy tissues, and the elements characterized by protec-
tive effects (typically antiproteases), that are able to reduce 
or prevent damage to the tissues. 

Proteases. There are 6 main classes of proteases based 
on their mechanism of catalysis – aspartic, glutamic, met-
alloproteases, cysteine, serine, and threonine proteases, of 
which the glutamic class is not found in mammals [16]. Only 
4 out of 6 classes are involved in trauma.

Matrix metalloproteases. A major protease class is 
the matrix metalloproteases, which is composed of 4 main 
subclasses – gelatinases, collagenases, stromelysins and 
elastases. Their effects are variable and are highly depend-
ent on the microenvironment in which they act, and the 
multiple interactions between them and other proteases or 
antiproteases determine a specific pattern of expression in 
different conditions (tumors, necrosis or trauma).

Gelatinases
MMP-2 (Matrix metalloproteinase 2/Gelatinase A). It 

may be found in the granules of polymorphonuclear neutro-
phils [17, 18]angiogenesis and metastasis. Its remodeling is 
executed by a family of matrix metalloproteinases (MMPs, 
macrophages, monocytes, endothelial cells [19, 20], plate-
lets [21, 22], lymphocytes [17] and astrocytes [23].

This protease has many destructive effects: it damages 
the basal lamina of the blood-brain barrier [17, 23], attacks 
the tight junctions between endothelial cells [17, 23]. Ge-
latinase A is able to degrade type I-V collagen, elastin and 
has lower proteolytic activity against proteoglycans and fi-
bronectin [19], its activity against the type IV collagen and 
gelatin is notably high [24, 25]. 

It was highly expressed in trauma patients [26-28]in 
order to differentiate between a physiological tissue re-
modelling pattern and that associated with inflammatory 

tissue destruction. Methods - Analysis of SwissProt protein 
and EMBL/GenBank nucleotide sequence banks, protein se-
quence alignment, reverse transcriptase-polymerase chain 
reaction and nucleotide sequencing were used. Results - 
MMP-2 (gelatinase A, in spinal cord injury [29, 30], with el-
evated plasma levels after traumatic brain injury (TBI) [17] 
and a high level after skeletal muscle trauma in rats [19]. It 
was shown that it has a proaggregatory effect [31-33] and 
that it is a good predictor for acute respiratory distress syn-
drome (ARDS) [34]and involves degradation of the base-
ment membrane. Matrix metalloproteinases (MMPs. The 
natural inhibitors for this protease are tissue inhibitors of 
metalloproteinases (TIMP 1-4) [19, 35].

MMP-9 (Matrix metalloproteinase 9/Gelatinase B). 
Gelatinase B may be found in the granules of the polymor-
phonuclear neutrophils [17, 18, 36] and lymphocytes [17]. 
It damages the basal lamina of the blood-brain barrier af-
ter spinal cord injury [17, 30, 37, 38], destroys the bone 
architecture, leading to osteoporosis [39, 40] and acts as a 
protease of the extracellular matrix and basal membrane 
(type IV collagen, gelatin, membrane growth factor recep-
tor, tyrosine kinases and vascular endothelium adherence 
proteins) [32, 36, 38, 41, 42]. It is moderately expressed 
in trauma patients [26]in order to differentiate between a 
physiological tissue remodelling pattern and that associat-
ed with inflammatory tissue destruction. Methods - Anal-
ysis of SwissProt protein and EMBL/GenBank nucleotide 
sequence banks, protein sequence alignment, reverse tran-
scriptase-polymerase chain reaction and nucleotide se-
quencing were used. Results - MMP-2 (gelatinase A, with el-
evated levels after burn trauma [36, 37], without predicting 
survivability [37], with plasma and cerebrospinal fluid lev-
els higher in TBI before hypothermia induction [43], with 
increased cerebrospinal fluid (CSF) levels at the early clini-
cal stage of TBI [17], with no difference in serum levels after 
a TBI [38, 41], with higher levels in case of spinal cord injury 
(SCI) in samples of post-mortem spinal cords detected with 
immunohistochemistry in rats [44] and humans [29], with 
higher serum levels in SCI [30], with lower levels in spinal 
cord injuries only after the inhibition of MMP-9 [45], with 
an antiaggregatory platelet effect according to a theoretical 
review [32] and cleaving the von Willebrand factor [46]but 
their physiological importance in preventing thrombus for-
mation is unknown. This study investigated if, and which, 
proteases could cleave VWF in the glomerulus. The content 
of the glomerular basement membrane (GBM, with lower 
levels in ARDS along with lower MMP-9/TIMP-1 ratio val-
ues in a prospective clinical study [34]and involves degrada-
tion of the basement membrane. Matrix metalloproteinases 
(MMPs. Increased levels in severe sulfur mustard injuries of 
the eye when the tear meniscus is injured [47]. It is inhibit-
ed by TIMP 1-4 [19, 35, 36, 42, 48], melatonin, sulforaphane 
[30] and rutin [45].

Stromelysins
MMP-3 (Matrix metalloproteinase 3/stromelysin 1). 

It is found in the polymorphonuclear neutrophils [49] and 
chondrocytes [50, 51]. It is responsible for the degradation 
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of the non-collagenous extracellular matrix components 
and completes the collagen destruction, after it is cleaved 
by collagenases [49-51], it may induce seizures [52, 53]in 
which about 30% of patients cannot be treated adequately 
with anti-epileptic drugs. Brain inflammation and remode-
ling of the extracellular matrix (ECM the underlying mech-
anism being endopeptidase activity [49-51]. It is highly ex-
pressed in trauma patients [26, 54]in order to differentiate 
between a physiological tissue remodelling pattern and that 
associated with inflammatory tissue destruction. Methods 
- Analysis of SwissProt protein and EMBL/GenBank nucle-
otide sequence banks, protein sequence alignment, reverse 
transcriptase-polymerase chain reaction and nucleotide 
sequencing were used. Results - MMP-2 (gelatinase A and 
contributes to the lung injury as cited by a series of reviews 
[34, 49, 55] and has a slightly increased level after acute 
traumatic injuries in wounds with impaired healing [27]. It 
is inhibited by TIMP 1-4 [19, 35, 56, 57].

MMP-10 (Matrix metalloproteinase 10/stromelysin 
2). It is found in macrophages [30, 58]. It resolves the scar 
tissue [58, 59], has a thrombolytic effect [60-62], stabilizes 
the thrombus [63]through a protease-activated receptor-1 
(PAR-1, and exerts vascular remodeling effects [64]strome-
lysin-2 due to its promotion of the collagen lysis [30, 58]. 
It promotes wound healing [64]stromelysin-2 in mice [58]
reported data on smoking behaviors for PLWH by gender. A 
slight decrease in the plasma level was observed in cases of 
traumatic brain injury with contusion in the first 72 hours, 
and a slight increase after 72 hours [65]. It is inhibited by 
TIMP 1-4 [19, 35, 48, 64]stromelysin-2.

MMP-11 (Matrix metalloproteinase 11/stromelysin 
3). It can be found in the endothelium [66] and fibroblasts 
[67, 68]. It may be activated intracellularly by subtilisin-type 
serine proteases, due to the fact that it contains a RXK/RR 
furin-like recognition motif, thus having a different effect 
[69]. Although unable to hydrolise the extracellular matrix 
components, it hydrolyses the α1-proteinase inhibitors [66, 
67] and serine protease inhibitors [67], leads to the degra-
dation of connective tissues [70, 71] due to its endopepti-
dase activity [66]. It is highly expressed in trauma patients 
[26]in order to differentiate between a physiological tissue 
remodelling pattern and that associated with inflammatory 
tissue destruction. Methods - Analysis of SwissProt protein 
and EMBL/GenBank nucleotide sequence banks, protein se-
quence alignment, reverse transcriptase-polymerase chain 
reaction and nucleotide sequencing were used. Results - 
MMP-2 (gelatinase A. It is inhibited by retinoic acid [67, 68, 
72] and TIMP 1-4 [19, 35, 48].

Collagenases
MMP-1 (Matrix metalloproteinase 1/collagenase 1). 

It can be found in astrocytes [73], [29] and monocytes [29]. 
It enhances the blood-spinal cord barrier permeability, and 
induces macrophages and polymorphonuclear neutrophils 
phagocytosis signaling pathways [29, 73], causes severe 
cartilage damage [74]sixty rats were\nrandomly selected. 
Eleven rats were selected as the blank group.\nForty-four 
rat KOA models were established, and the remaining 5 rats\

nwere used for stem cell extraction. The rats were random-
ly divided into\ntwo groups, and the transplantation group 
was treated with ADMSCs\ntransplantation. The KOA group 
was intragastrically administered with\nsaline. The expres-
sions of MMP-13 mRNA and DDR2 in rats were detected by\
nRT-qPCR and immunohistochemistry. Correlation analy-
sis was performed in\nMMP-13 mRNA and DDR2 expres-
sion levels in the KOA rats. After treatment,\nthe indexes 
of Lequesne MG knee joints, MMP-13 mRNA and DDR2 in 
the\ntransplanted rats were significantly lower than those 
in the KOA group\n(P<0.05 because, at a neutral pH [75], 
it can destroy type I, II, III, V, and IX collagen [73, 76, 77] 
and native fibrillary collagen [76-78]. Increased levels have 
been reported in spinal cord trauma [29, 73], and it par-
ticipates in wound healing [29, 73]. It is inhibited by TIMP 
1-4 [19, 35, 48, 79]which function in extracellular matrix 
catabolism. Here, phage display was used to identify vari-
ants of human TIMP-2 that are selective inhibitors of human 
MMP-1, a collagenase whose unregulated action is linked to 
cancer, arthritis, and fibrosis. Using hard randomization of 
residues 2, 4, 5, and 6 (L1.

MMP-8 (Matrix metalloproteinase 8/Neutrophil col-
lagenase/collagenase 2). It is found in the polymorpho-
nuclear neutrophils [36]. It leads to the degradation of the 
components of the extracellular matrix [36, 80-82], may 
induce inflammation [81, 82], contributes to hard and soft 
tissue repair in mice [82], acts at neutral pH [75] as an en-
dopeptidase [36], destroys type I, II, III, V, and IX collagen as 
well as native fibrillary collagen [77]. It has higher serum 
levels in SCI [30], and contributes to ARDS pathogenesis 
[34]and involves degradation of the basement membrane. 
Matrix metalloproteinases (MMPs, with increased levels in 
sepsis [81], elevated expression levels in burn trauma pa-
tients [36]. It may be inhibited by TIMP 1-4 [19, 35, 36, 48]. 

MMP-13 (Matrix metalloproteinase 13/collagenase 
3). It can be identified in the chondrocytes [83] and fibro-
blasts [78]. It destroys the cartilage matrix [78, 84, 85], de-
grades the extracellular matrix [83, 85], leads to bone deg-
radation [78, 86], acts at neutral pH [75] thus destroying 
type I, II, III, V, and IX collagen [77] as well as native fibril-
lary collagen [77, 78] especially type II [74, 83, 84], can bind 
to the platelet receptor αIIbβ3 and platelet glycoprotein 
(GP) VI [87]. It induces degenerative processes in cartilage 
and connective tissue [83], decreases platelet aggregation 
on collagen fibers in vascular trauma [87]. It is inhibited by 
MiR-320 [88, 89] and TIMP 1-4 [19, 35, 48].

Elastases
MMP-7 (Matrix metalloproteinase 7/Matrilysin). It 

can be identified in the macrophages [90]. It damages the 
extracellular matrix components [27], especially proteo-
glycans, insoluble elastin, and fibronectin [90], and causes 
synaptic reorganization in the central nervous system and 
excitotoxicity [91], by cleaving E-cadherin [91, 92], N-cad-
herin [90, 91], laminin and fibronectin [91]. Increased lev-
els were observed after acute traumatic injury in wounds 
with impaired healing that are correlated with the injury 
severity score (ISS) [27], elevated expression was observed 
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ARDS [34, 92]and involves degradation of the basement 
membrane. Matrix metalloproteinases (MMPs, it prevents 
pulmonary fibrosis when it has low levels of expression [92] 
but increases the lung injury and fibrosis at high levels of 
expression [92-95]. It is inhibited by indomethacin, IL-4, IL-
10, IFN-γ [96] and TIMP 1-4 [19, 35, 48].

MMP-12 (Matrix metalloproteinase 12/ Macrophage 
elastase/Human metalloelastase/ME). It can be identified 
in macrophages [58, 97]. It leads to lung structural destruc-
tion with production of mucin in the airways [35], and em-
physema [98, 99]macrophage elastase-deficient (MME(- /-, 
it causes secondary injury processes in spinal cord injuries 
[30], it has protective effects in corneal injuries [100], [101] 
by hydrolysing the type III, IV, and V collagen, laminin-1, 
gelatin, proteoglycans, and elastin [35]. High concentrations 
that are found in trauma patients lead to extensive vascular 
damage, reverse repair [97], higher levels in case of SCI in 
samples of post-mortem spinal cords detected with immu-
nohistochemistry [29, 30]. It can be inhibited by TIMP 1-4 
[19, 35, 48].

There are also other proteases involved in trauma and 
have a varying serum levels following trauma. They were 
listed below, and grouped based on their catalytic center 
amino acid residue – serine, cysteine and aspartyl proteas-
es. All of them are identified in vivo.

Serine proteases 
Cathepsin A. It is found in the endothelium of the pul-

monary capillaries [102]. It has hypotensive and immunos-
timulatory effects [102, 103], it may induce cardiac lesions 
[104, 105] and plays a major role in the oxidative stress 
response [105] by exerting a carboxypeptidase activity at 
acidic pH in the lysosome. It has deamidase and esterase 
activity at neutral pH [104, 106]Results: The crystal struc-
ture of mature and active cathepsin A reveals its mechanism 
of activation., Conclusion: Removal of a 3.3-kDa peptide 
(by unidentified proteases. It can metabolize endothelin-1 
and angiotensin I in the bloodstream of mice [103, 104] 
and humans [106]Results: The crystal structure of mature 
and active cathepsin A reveals its mechanism of activation., 
Conclusion: Removal of a 3.3-kDa peptide (by unidentified 
proteases along with bradykinin [104]. It is inhibited by α2 – 
Macroglobulin (A2MG) [107] and SAR1 [104, 108].

Cathepsin G. It may be found in the polymorphonuclear 
neutrophils, monocytes, macrophages and microglia [109]. 
It activates reactive T cells, increases cytokine and anti-
gen-specific antibody production, increases vascular per-
meability which may lead to edema, and induces matrix-de-
grading metalloproteinases, thus leading to microvascular 
regression [109]. It has antimicrobial effects [110] due to 
its conversion of prochemerin into chemerin; it activates T 
cells in mice, augments antigen-specific antibody produc-
tion, binds to lymphocytes including CD4+, CD8+, NK (nat-
ural killer), and B cells via a thrombin-like receptor, and in-
creases the cytotoxicity of NK cells [109]. It activates the co-
agulation factor VIII in vitro [111] and promotes the platelet 
thrombus formation [112] other sources say that it cleaves 
this factor, thus deactivating it [46, 113, 114]but their phys-

iological importance in preventing thrombus formation is 
unknown. This study investigated if, and which, proteases 
could cleave VWF in the glomerulus. The content of the glo-
merular basement membrane (GBM. Induces cardiac injury 
in rats [115] and mice [116]4,5-trisphosphate accumula-
tion, activates ERK, p38 MAPK, and AKT, and decreases con-
tractile function in cardiomyocytes. Because some cathep-
sin G responses mimic cardiomyocyte activation by throm-
bin, a role for PARs was considered. Cathepsin G markedly 
activates phospholipase C and p38 MAPK in cardiomyocytes 
from PAR-1-/- mice, but it fails to activate phospholipase C, 
ERK, p38 MAPK, or AKT in PAR-1- or PAR-4-expressing PAR-
1-/- fibroblasts (which display robust responses to throm-
bin. Intensely expressed after TBI [117]. It is inhibited by 
serpinB1, serpinB6 [118] and secretory leucocyte protease 
inhibitor (SLPI) [119-121].

Trypsin. It can be found in the polymorphonuclear neu-
trophils [122, 123]. Has anti-inflammatory, anti-edematous, 
fibrinolytic, antioxidant and anti-infectious effects [124], 
also promotes tissue repair [124] by competing with plas-
min in binding to the α1 – antitrypsin and α2 – macroglob-
ulin, thus leading to an increased α1 – antitrypsin expres-
sion and in turn this leads to an increase in the macrophage 
phagocytic activity, lower albumin and prealbumin loss, and 
higher antioxidant levels [124]. Administration of trypsin in 
trauma reduces the edema and ecchymosis [125], immuno-
reactive trypsin (IRT) serum levels are positively correlated 
with the ARDS manifestation in septic patients [126]. It is 
inhibited by α1-antitrypsin (A1AT) [127], SLPI [119, 127], 
urinary trypsin inhibitor (UTI) [128], A2MG [107].

Chymotrypsin and/or chymase. Chymase is secreted 
by the polymorphonuclear neutrophils [129, 130], and by 
mast cells [121, 131]. It improves tissue repair and decreas-
es long term proteolytic effects [124] using a mechanism 
that increases A1AT and A2MG expression in cells, thus in-
creasing their activity for a period of time [124]. In trauma, 
it improves soft tissue regeneration [124]. It may be inhibit-
ed by α1 – antichymotrypsin (A1ACT) [107], UTI [128], elaf-
in [127], A2MG [107], [130] and SLPI [119, 121].

Urokinase (uPA). It may be found in polymorphonu-
clear neutrophils, monocytes, endothelium [132, 133]. It 
activates plasminogen into plasmin [132-134] due to en-
dopeptidase-related mechanism [132-134]. Decreased 
levels have been reported in ARDS with acute lung inju-
ry (ALI) [134]. Increased levels of suPAR (soluble uPA re-
ceptor) in sepsis may be a predictor for ARDS [135, 136], 
but there it has no diagnostic value at the moment [136]. 
There are controversies regarding the suPAR predictive ca-
pability for mortality, some studies report a low predictive 
value [137], while another study reports a high predictive 
value [138]. Elevated plasma levels of soluble urokinase 
plasminogen activator receptor (suPAR) have been asso-
ciated with acute kidney injury (AKI) in different clinical 
contexts, without having intel about their level in traumas 
[139]. It is inhibited by plasminogen activator type 1 in-
hibitor (PAI1) [132, 134] and plasminogen activator type 
2 inhibitor (PAI2) [132].
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HNE (Human neutrophil elastase). It is found in the 
polymorphonuclear neutrophils [140]. It exerts direct in-
jury to cilia, secretory cell hyperplasia, mucin production 
and increases secretion in the respiratory epithelial cells 
[141]. In very severe cases, it leads to ARDS [140, 142, 143]. 
It has an antimicrobial effect [110], and mediates fibrinoly-
sis along with degradation of plasminogen into angiostatin 
[144], the underlying mechanism being the proteolysis of 
the elastin fibers in the respiratory tract [141]. Its markedly 
elevated plasma levels in major trauma patients are inverse-
ly correlated with the Horowitz index [145]. It mediates 
acute pathogenesis in the immature brain of mice [146]. It 
is highly expressed in after TBI [117]. It is considered the 
main protease that cleaves the von Willebrand factor (vWF) 
[46]. It degrades the plasminogen and activates angiostatin 
K1, K2 and K3, which in turn lead to the shutdown of the 
fibrinolysis [144]. It is inhibited by elafin [143], serpinB1 
[147], UTI [128], A2MG, A1AT [148] and SLPI [119].

Cysteine proteases. This class of proteases is known for 
its unique property of being globally inhibited by cystatins 
[127].

Cathepsin B. It may be found in endothelial cells, chon-
drocytes, synovial cells and ulceration sites [149]. It acti-
vates the trypsinogen into trypsin [150]. At an acidic pH it 
has peptidyl-dipeptidase and carboxypeptidase activity, at 
neutral-basic pH it has an endopeptidase activity [149]. The 
plasma levels increase in the first day after a trauma, then 
they fall to lower concentrations by the 3rd day and remain 
at the same level for 2 weeks, the increase is correlated with 
the injury severity, patients with sixfold increase develop 
multiple organ dysfunction syndrome (MODS) [149] also 
promotes muscular proteolysis [151]. It represents a poten-
tial biomarker, having increased concentrations in acute or 
subacute TBI in humans [152] and also in rodents [149]. It 
is inhibited by A2MG [107] and CA-074 [152].

Cathepsin C (Dipeptidyl peptidase I). It may be found 
in the polymorphonuclear neutrophils, cytotoxic lympho-
cytes, NK lymphocytes, mastocytes and reactive microglia 
[153]. It aggravates neuroinflammation [153] due to its 
protease activity [151] and by promoting the expression of 
proinflammatory factors such as interleukin-1β (IL-1β) and 
interleukin-6 (IL-6) [153]. In trauma, it promotes muscular 
proteolysis [151]. It may be highly expressed in case of neu-
roinflammation that is determined by the central nervous 
system injury in mice [154]Cat C expression and its function-
al role in the brain under normal conditions or in neuroin-
flammatory processes remain unclear. Our previous study 
showed that Cat C promoted the progress of brain demyeli-
nation in cuprizone-treated mice. The present study further 
investigated the Cat C expression and activity in lipopolysac-
charide (LPS. It is inhibited by vigdaliptin [155].

Cathepsin H. It is found in the microglial cells [156]. It 
promotes inflammation, leads to chronic neuroinflamma-
tion and neuronal death [156], due to its exopeptidase and 
endopeptidase activity at an optimal pH of 6.5-6.8 [156], 
above a pH of 7.0, it cannot be activated due to its precur-
sor stability [157]. In trauma patients, it promotes muscular 

proteolysis [151]. It is inhibited by A2MG [107].
Cathepsin V. It may be found in macrophages [158]. 

It promotes tumor necrosis factor α (TNF‐α) and IL-6 ex-
pression in macrophages [159] by augmenting the IL-6 and 
TNF‐α expressions via ERK1/2 and STAT1 pathway expres-
sion [159]. In trauma patients, it induces tunica media hy-
perplasia, promotes monocyte adhesion to the arterial walls 
after vascular lesions [158]. It is inhibited by A2MG [107].

Cathepsin L. It is contained in the endothelium, and 
microglia [160]. It alters the microvessels integrity in fo-
cal cerebral ischemia [160] by degrading the regulatory 
protein perlecan and collagen IV in the microvessels [160] 
and contributes to the autophagocytic pathways [161]. In 
trauma patients it promotes muscular proteolysis [151]. It 
has increased concentrations after TBI [162]. It is inhibited 
by recombinant cathepsin L propeptide, P41 of MHC class 
II molecule, antimicrobial Peptide LL-37, L-kininogen, sia-
lostatin, and cystatins A, B, C, D and F [161].

Aspartyl proteases
Cathepsin D. It can be found in the polymorphonuclear 

neutrophils [163]. It promotes inflammation [163] by pro-
cessing various enzymes, antigens, hormones and neu-
ropeptides (ex: C5a), intracellularly at a pH of 3-4 [163]. 
The plasma concentrations are significantly increased in 
polytrauma patients within less than one hour after trau-
ma and remain increased for at least 48h after the incident 
[163]. Promotes muscular proteolysis in trauma patients 
[151]. It is inhibited by A2MG [107].

Antiproteases and inhibitors
α1 – Antitrypsin (SerpinA1/A1AT). It is found in the 

polymorphonuclear neutrophils [164-166]leading to 
life-threatening multiple organ dysfunction syndrome. Pre-
vious work suggested that circulating serum factors dur-
ing inflammation are critically involved in the suppression 
of neutrophil cell death although the identity of these an-
tiapoptotic mediators remained elusive. In this study, we 
identified the acute phase protein α-1 Antitrypsin (AAT but 
mostly in hepatocytes [166, 167]. It ameliorates the inflam-
mation which may lead to systemic inflammatory response 
syndrome (SIRS) by granting apoptosis resistance due to 
the prevention of PKC/Akt pathway inhibition in trauma 
patients [164]leading to life-threatening multiple organ 
dysfunction syndrome. Previous work suggested that circu-
lating serum factors during inflammation are critically in-
volved in the suppression of neutrophil cell death although 
the identity of these antiapoptotic mediators remained 
elusive. In this study, we identified the acute phase protein 
α-1 Antitrypsin (AAT. Its expression is increased in a sub-
strate-related concentration pattern – when the substrate 
concentration elevates there is an increase in the expres-
sion of A1AT [124].

α1 – Antichymotrypsin (SerpinA3). It may be found 
mostly in hepatocytes, and to a lesser extent in the polymor-
phonuclear neutrophils [167] and glial cells [168]. It has cy-
totoxic effects in astrocytes [169] due to the neutralisation 
of chymotrypsin-like proteases (chymotrypsin, cathepsin 
G) [167]. It may be expressed in the nervous tissue 3 hours 
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after a TBI and remain for 1-13 days after the event in reac-
tive glial cells [168].

α2 – Macroglobulin (A2MD). It can be found in chon-
drocytes [170] and hepatocytes [134], [170]. It slows carti-
lage damage in rats and humans by regulating intercellular 
responses [170], inhibiting almost all proteases including 
ADAMTS proteins [107, 130, 170]. It may inhibit exogenous 
proteases, regulate the clotting events along with defensins 
and bind to numerous cytokines as a carrier or as an inhib-
itor. It regulates the activity of hepcidin, leptin and neuro-
peptide Y, inhibits antithrombin III [130]. In trauma pa-
tients, it can bind to uPA thus inhibiting it, also it may block 
the activation of NF-κB pathway in ALI/ARDS [134].

MNEI (SerpinB1/Monocyte Neutrophil Elastase Inhib-
itor). It may be found in the polymorphonuclear neutrophils 
and monocytes [107, 171]. Diminishes elastase-related lung 
injuries [172]elastase has an antimicrobial activity and 
could participate in neutrophil migration, both events being 
critically important in host defense, explaining the contro-
versial issue of therapeutic elastase inhibition in the setting 
of acute lung injury. We assessed the effect of a neutrophil 
elastase inhibitor, EPI-hNE-4, in single (bleomycin, 1.2 mg/
rat intratracheally due to the proteolysis of elastin and chy-
motrypsin-like proteases [107]. In trauma patients, it can 
prevent the ALI/ARDS [172]elastase has an antimicrobial 
activity and could participate in neutrophil migration, both 
events being critically important in host defense, explaining 
the controversial issue of therapeutic elastase inhibition in 
the setting of acute lung injury. We assessed the effect of a 
neutrophil elastase inhibitor, EPI-hNE-4, in single (bleomy-
cin, 1.2 mg/rat intratracheally. 

UTI (Urinary trypsin inhibitor). It is found in human 
urine, may be administered as an exogenous agent [128]. It 
prevents apoptosis in the endothelial cells, adipocytes [128] 
by inhibiting the toll-like receptor 4 (TLR4) and Janus ty-
rosine kinase (JTK), it decreases the NF-kB, TNF-α and p53 
levels in cells thus inhibiting the apoptosis cascades [128]. 
In traumatic patients, it prevents the manifestation of fat 
embolism syndrome (FES), reduces edema [128] and has 
beneficial effects in ARDS [173], [174, 175]. It has protective 
effects in astrocyte lesions after a TBI [176].

Elafin (Peptidase inhibitor 3/PI3). It may be found in 
monocytes [171], squamous epithelium and respiratory ep-
ithelium [177]. It has antimicrobial, antiviral, anti-inflam-
matory and immunomodulatory effects [178-180]elafin. It 
inhibits the HNE [177-180]elafin binding to its active site 
[181]. In traumatic patients, it is associated with ARDS de-
velopment [142], further studies indicate that a polymor-
phism increases its likelihood [178, 180]elafin.

SLPI (Secretory Leucocyte Protease Inhibitor). It may 
be found in polymorphonuclear neutrophils, monocytes, 
macrophages [107, 177], mastocytes [121] and mucosal 
epithelial cells [177]. It inhibits the bacterial growth, has a 
neuroprotective effect in cerebral ischemia, enhances axon-
al regeneration in an injured central nervous system (CNS), 
reduces TNF-α, NF-κB and interleukin-8 (IL-8) expression 
[119] and has anti-inflammatory effects [177] due to the 

inhibition of HNE in its active site [181]. In traumatic pa-
tients, it reduces neuroinflammation, diminishes the effects 
of cerebral and medullar ischemia after TBI and spinal cord 
lesions [119]. It is not involved in ARDS development [142]. 
It can be cleaved and inactivated by chymase [121, 131].

TIMP-1 (Tissue inhibitor of metalloproteinase-1). 
It is ocated in fibroblasts [182]. It promotes oligodendro-
cytes differentiation [183] by receptor mediated signaling 
pathways [183]. It has extended expression in patients with 
after-burn scar tissues with elevated levels in the days 3-6 
but no effect on survival predictability [37]. It is a promising 
biomarker for fast assessment of the total body surface area 
(TBSA) that is affected in burn traumas [36]. May be used 
for the prediction of the TBI mortality outcome on a 30 days 
period [38, 41]. 

TIMP-2 (Tissue inhibitor of metalloproteinase-2). It is 
located in fibroblasts [182]. It increases the wound healing 
rate by inhibiting the proteases [184]exudate composition 
and temperature in wounds to predict healing outcomes 
and to identify the methods that are employed to measure 
them. Method: A systematic review based on the outcomes 
of a search strategy of quantitative primary research pub-
lished in the English language was conducted. Inclusion 
criteria limited studies to those involving in vivo and hu-
man participants with an existing or intentionally provoked 
wound, defined as ‘a break in the epithelial integrity of the 
skin’, and excluded in vitro and animal studies. Data synthe-
sis and analysis was performed using structured narrative 
summaries of each included study arranged by concept, pH, 
exudate composition and temperature. The Evidence Based 
Literature (EBL. It has increased plasma levels in skeletal 
traumas [19], along with IGFBP7 may serve as an predictor 
for acute kidney failure [185].

TIMP-3 (Tissue inhibitor of metalloproteinase-3). It 
may be obtained in vitro from the mesenchymal stem cells. 
It has a neuroprotective effect in mice [186]. It plays an im-
portant role for the onset of cerebral edema after TBI. High-
er concentrations lead to an increased risk of ARDS mani-
festation after TBI. It was proven that high doses of TIMP-3 
reduce the neuroinflammation and edema followed by a TBI 
[187].

TIMP-4 (Tissue inhibitor of metalloproteinase-4). It 
is found in platelets and is involved in the activation of the 
pro matrix metalloproteases (pro-MMPs) besides inhibiting 
them. Low concentrations inhibit the platelet aggregation, 
high concentrations have no significant effect [188]. Possi-
bly inhibits neovascularization. It has decreased levels in 
severe sulfur mustard eye injuries (SSMEI). The MMP-9/
TIMP-4 ratio is decreased in SSMEI, and increases in cases 
when the lacrimal meniscus is also injured [47].

Conclusions 
Analysis of the available literature identified the com-

ponents of the protease/antiprotease system, sources/lo-
calizations, physiological and pathological effects that are 
potentially significant in medical practice in the post-trau-
matic population group and particularly regarding distant 
body lesions.
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Based on the available information, it is not currently 
possible to specifically predict, prevent or treat the distant 
lesions due to high versatility of therapeutic targets. It may 
be possible to prevent the potential negative effects of the 
proteases and increase the potential positive effects of anti-
proteases in distant lesions. Moreover, a variety of potential 
effects of the protease/antiprotease system were identified 
that could explain pathophysiological processes character-
istic of severe trauma. 
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Introduction. Circadian rhythms are endogenous, approximately 24-hour oscillations that coordinate nearly all physi-
ological systems, including cardiovascular function. The suprachiasmatic nucleus serves as the central pacemaker, syn-
chronizing peripheral clocks in the heart, vasculature, and kidneys to generate daily fluctuations in blood pressure, heart 
rate, endothelial function, coagulation, myocardial metabolism, and autonomic tone. Disruption of circadian organization 
– through extrinsic factors (shift work, irregular light exposure, altered feeding schedules) or intrinsic factors (aging, in-
flammation, genetic clock-gene variants) – has been strongly linked to increased cardiovascular morbidity and mortality.

Material and methods. A bibliographic search was conducted in PubMed, Scopus, and Web of Science for English-lan-
guage publications (2000–2025), focusing on the circadian rhythm, cardiovascular disease, hypertension, chronotherapy, 
and critical illness. Keywords included “circadian rhythm,” “cardiovascular disease,” “hypertension,” “chronotherapy,” and 
“intensive care.” Original research, clinical trials, meta-analyses, and experimental studies were eligible; studies addressing 
circadian blood pressure variability and its relation to outcomes in critically ill patients were specifically examined. Filters 
required full-text availability and publication dates from 2000 to 2025. The search yielded 276 full-text articles, of which 
79 representative sources were selected for this narrative review.

Results. This review synthesizes current evidence demonstrating that circadian clocks regulate essential cardiovascular 
processes and that their disruption contributes to disease pathogenesis. Observational data on circadian blood pressure 
variability are discussed, showing that the attenuation of normal hemodynamic oscillations is associated with a worse 
prognosis. Particular attention is given to the extrinsic and intrinsic factors that modulate circadian alignment, with impli-
cations for the management of patients in intensive care.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
Regarding the role of the circadian rhythm in cardiovascular phys-
iology, the prognostic significance of circadian blood pressure var-
iability in critically ill patients remains insufficiently explored. In 
particular, the relationship between circadian hemodynamic alter-
ations and mortality risk in intensive care settings is not yet fully 
understood. Furthermore, the integration of circadian parameters 
with established clinical severity scores to improve prognostic as-
sessment has not been extensively investigated.
The research hypothesis
We hypothesized that the disruption of physiological circadian 
blood pressure variability is associated with increased mortality in 
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critically ill patients. Furthermore, we assumed that the incorporation of circadian hemodynamic parameters into established 
clinical severity scoring systems, such as SOFA and APACHE II, could improve prognostic accuracy and provide additional in-
formation regarding patient outcomes.
The novelty added by the manuscript to the already published scientific literature
The present manuscript provides new insights into the prognostic significance of circadian blood pressure variability in 
critically ill patients. The integration of circadian variability into established prognostic scores may contribute to improved 
risk stratification and support the development of chronotherapeutic approaches in intensive care medicine.

Introduction
Because the Earth turns on its axis every 24 hours, al-

most all life on the planet has a mechanism – circadian 
rhythmicity – to anticipate the daily changes caused by 
this rotation. The molecular clocks that control circadian 
rhythms are being revealed as important regulators of phys-
iology and disease. In humans, circadian rhythms have been 
studied extensively in the cardiovascular system. Many car-
diovascular functions, such as endothelial function, throm-
bus formation, blood pressure, and heart rate, are now 
known to be regulated by the circadian clock. Additionally, 
the onset of acute myocardial infarction, stroke, arrhythmi-
as and other adverse cardiovascular events shows circadian 
rhythmicity [1].

The circadian clock evolved in diverse organisms to in-
tegrate external environmental changes with internal phys-
iology. The clock endows the host with temporal precision 
and robust adaptation to the surrounding environment. 
When circadian rhythms are perturbed or misaligned–as a 
result of jet lag, shift work, or other lifestyle factors–adverse 
health consequences arise, and the risks of diseases such as 
cancer, cardiovascular diseases, or metabolic disorders in-
crease. Although the negative impact of circadian rhythm 
disruption is now well established, how to take advantage 
of biological timing, or correct it for health benefits, remains 
underappreciated [2].

The circadian clock is an evolutionarily conserved bio-
logical system that coordinates physiological and behavioral 
processes in a 24-hour rhythm, enabling organisms to antic-
ipate and adapt to daily environmental changes, such as the 
light-dark cycle [3, 4]. At its core, the circadian rhythm is 
governed by a network of molecular clocks, with the supra-
chiasmatic nucleus (SCN) in the hypothalamus serving as 
the central pacemaker that synchronizes peripheral clocks 
located in virtually all tissues, including the heart, blood 
vessels, and kidneys [5-7]. The circadian rhythm, orches-
trated by the SCN, synchronizes body-wide clocks through 
neural and hormonal pathways. Light signals, detected by 
specialized retinal cells, travel via the retinohypothalamic 
tract to the SCN, initiating a cascade through the paraven-
tricular nucleus (PVN), brainstem, and spinal cord to the 
pineal gland. The molecular machinery of the circadian 
clock involves a set of core clock genes, including CLOCK, 
which operate via transcriptional-translational feedback 
loops (TTFLs) to regulate the expression of clock-controlled 
genes (CCGs) that influence diverse physiological processes 
[3, 8]. This intricate system ensures temporal coordination 

of cardiovascular functions, such as blood pressure, heart 
rate, and endothelial function, which exhibit robust diur-
nal variations [9-12]. For instance, blood pressure typically 
dips during sleep and rises in the early morning, a pattern 
regulated by the interplay between the SCN and peripheral 
clocks in the cardiovascular system (CVS) [13-16]. Disrup-
tion of these rhythms, as seen in shift workers or individuals 
with sleep disorders, has been epidemiologically linked to 
an increased risk of cardiovascular disease (CVD), including 
hypertension, myocardial infarction (MI), and atheroscle-
rosis [17, 18]. Studies have shown that circadian misalign-
ment can lead to dysregulation of the autonomic nervous 
system (ANS), impaired glucose metabolism, and increased 
systemic inflammation, all of which contribute to CVD 
pathogenesis [19-22]. Evidently, the circadian rhythm is a 
crucial conduit between the brain and the heart.

The objective of this narrative review is to synthesize the 
current scientific evidence on the regulation of cardiovascu-
lar physiology by circadian rhythms and the consequences 
of their disruption in disease states. Specifically, we aim to: 
(1) delineate the molecular and physiological mechanisms 
linking central and peripheral circadian clocks to key cardi-
ovascular functions (blood pressure, heart rate, endothelial 
function, coagulation, and autonomic tone); (2) analyze the 
contributions of extrinsic (e.g., shift work, irregular light 
exposure, altered feeding schedules) and intrinsic (e.g., ag-
ing, inflammation, genetic clock-gene variants) factors to 
circadian misalignment and its associated cardiovascular 
morbidity and mortality; and (3) discuss the clinical im-
plications of these disruptions for critically ill patients in 
intensive care, including the potential value of chronother-
apeutic strategies and circadian-aligned environmental in-
terventions.

Material and methods
A comprehensive bibliographic search was initiated to 

conduct a narrative literature review synthesizing current 
scientific evidence regarding circadian rhythm disruption 
and its effects on cardiovascular regulation in critically 
ill patients. The review followed the general principles of 
systematic literature analysis to identify, select, and evalu-
ate relevant studies addressing circadian mechanisms and 
their clinical implications in intensive care settings. The 
search was performed across electronic databases, includ-
ing PubMed, Scopus, and Web of Science, and was limited 
to studies published between 2000 and 2025. The follow-
ing keywords and their combinations were used: circadi-
an rhythm, circadian disruption, blood pressure variability, 
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cardiovascular regulation, critical illness, intensive care unit, 
chronobiology, and hemodynamic instability. Additionally, 
the reference lists of relevant publications were manually 
screened to identify further studies that met the inclusion 
criteria. Studies were considered eligible if they addressed 
circadian rhythm physiology, mechanisms of circadian 
regulation, circadian disruption in intensive care environ-
ments, or the relationship between circadian rhythms and 
cardiovascular function.

The following types of publications were included:
	clinical studies
	experimental studies
	observational studies
	relevant review articles
Studies were excluded if they:
	were not published in English
	lacked relevance to the topic of circadian rhythm 

and cardiovascular regulation
	did not include data or discussion related to critical-

ly ill patients or cardiovascular physiology.
The identified articles were initially screened based on 

their titles and abstracts. Publications that appeared rel-
evant were further assessed through full-text evaluation. 
Studies meeting the eligibility criteria were included in the 
final analysis. Relevant information from the selected stud-
ies was extracted, including:
	study objectives
	study design
	investigated circadian parameters
	cardiovascular outcomes
	major findings related to circadian rhythm distur-

bances.
The extracted data were organized and analyzed to 

identify key themes related to circadian regulation and car-
diovascular instability in critically ill patients. The findings 
from the selected studies were qualitatively synthesized to 
provide an integrated overview of the current understand-
ing of circadian rhythm disruption and its clinical implica-
tions in intensive care medicine. As this study represents a 
review of previously published literature, no original statis-
tical analyses were performed; instead, the results from the 
included studies were analyzed descriptively. Because this 
study is based exclusively on previously published scientific 
literature, ethical approval and informed consent were not 
required.

The literature search identified 276 records through 
database searching across PubMed, Scopus, and Web of 
Science. After screening titles and abstracts, 197 studies 
were excluded due to a lack of relevance, insufficient data, 
or non-English language. A total of 82 full-text articles 
were assessed for eligibility and included in the final re-
view (Fig. 1).

Results
It is undeniable that the circadian orchestration of 

biological processes is fundamental for both health and 
disease. During pathological conditions, circadian orches-
tration is often perturbed, and the disruption of normal 

rhythms in healthy organisms leads to pathology. Ac-
knowledgment of these principles has led to the concept 
that perhaps circadian clocks and biology might be target-
ed for cardiovascular disease treatment [23]. Disruption 
of normal circadian rhythms, whether through behavioral, 
environmental, or genetic means, is detrimental in both 
humans and animal models, leading to an increased risk 
of pathologies, including cardiovascular disease. Similarly, 
whole-body circadian rhythmicity is attenuated with age, 
in association with increased disease risk [24]. Taken to-
gether, such observations suggest that the maintenance of 
normal circadian biology is critical for prevention of dis-
ease and maximizing longevity [23]. The master biological 
clock, known as the central clock, is located in the supra-
chiasmatic nucleus (SCN) in the hypothalamus [25]. The 
central clock is essentially involved in adjusting circadian 
variations in physiological function by regulating the auto-
nomic nervous system, humoral mediators, and other sys-
temic signals. In addition to the central clock in the SCN, 
each peripheral organ and cell also possesses circadian 
expression of core clock genes; these are referred to as pe-
ripheral clocks. The molecular mechanisms of peripheral 
clocks are believed to be identical to those of the central 
clock [26]. The factors that can reset and affect the phase 
of the internal clock are called zeitgebers (timekeepers). 
Light is established as the main zeitgeber for the central 
clock. In contrast, the specific zeitgebers for peripheral 
clocks are not yet fully elucidated. The discovery of the 
appropriate zeitgeber for each organ is required to estab-
lish novel therapeutic approaches considering time-of-day 
treatment, namely chronotherapy [27].

Fig. 1 PRISMA 2020 flow diagram of the literature search and 
study selection process
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The circadian mechanism underlies daily rhythms in 
cardiovascular physiology, and rhythm disruption is a ma-
jor risk factor for heart disease and worse outcomes. How-
ever, the role of circadian rhythms is generally clinically 
unappreciated [28]. These rhythms drive daily variations 
in key parameters, including heart rate [29], blood pres-
sure [30], and cardiac contractility [31]. Circadian rhythm 
disruption is a major risk factor for cardiovascular disease 
and is associated with severe health consequences. [32, 
33]. Recently, there have been major advances in our un-
derstanding of daily rhythmicity and its relevance to the 
pathogenesis and treatment of cardiac hypertrophy and 
heart failure [31, 34, 35]. 

Because circadian rhythms display oscillating patterns, 
developing treatments that can take advantage of this bi-
ological governance holds great therapeutic value. Hence, 
a crucial therapeutic approach involves mitigating risks 
during periods of highest vulnerability in the circadian cy-
cle, or reinstating typical circadian phase and amplitude 
patterns [36].

Circadian rhythms, regulated by the suprachiasmat-
ic nucleus in the brain, profoundly influence cardiovascu-
lar health through intricate neurobiological mechanisms. 
These rhythms regulate gene expression in cardiomyocytes, 
modulate autonomic nervous system (ANS) activity, and 
synchronize cardiovascular functions with environmental 
cues, ultimately impacting heart rate, blood pressure, and 
susceptibility to cardiac events. The intricate relationship 
between circadian rhythms and cardiovascular health em-
phasizes the critical role of brain-heart communication in 
physiological processes [37].

Peripheral clocks in cardiovascular tissues. Peripheral 
clocks in cardiovascular tissues play a crucial role in regu-
lating circadian rhythms of cardiovascular function, work-
ing in concert with the central clock in the SCN [3, 38, 39]. 
In the heart, cardiomyocytes exhibit rhythmic expression of 
core clock genes and CCGs, with up to 10 % of the cardiac 
transcriptome showing circadian oscillations [40]. These 
oscillations regulate critical cardiac functions, such as the 
expression of ion channels like Kv1.5, Kv4.2, and Scn5a, 
which are involved in cardiac electrophysiology [41, 42]. 
The peripheral clock in blood vessels also demonstrates 
circadian rhythmicity, with smooth muscle BMAL1 partic-
ipating in blood pressure regulation [13, 43]. Beesley et 
al. conducted an intriguing study to explore how circadian 
rhythms affect heart function in mice cardiomyocytes. They 
found that the circadian clock gene expression of PER2 in 
cardiomyocytes is cell-autonomous and can be amplified by 
β-adrenergic signaling, suggesting how circadian rhythms 
are regulated in cardiomyocytes and their potential impli-
cations for cardiac function [44]. Endothelial cells, crucial 
for vascular homeostasis, exhibit circadian control over 
coagulation factors like plasminogen activator inhibitor-1 
(PAI-1) and thrombomodulin, as well as cell cycle regula-
tors Ccna1 and Cdk1 [40, 45, 46]. The interaction between 
central and peripheral clocks is complex, with the SCN play-
ing a central role in the synchronization of peripheral clocks 

through neural and humoral signals [47, 48]. However, pe-
ripheral clocks can also be affected by local zeitgebers, such 
as food intake and physical activity, allowing for tissue-spe-
cific temporal organization [46, 49, 50]. This intricate net-
work of central and peripheral clocks enables the CVS to 
anticipate and adapt to daily environmental changes. The 
SCN affects peripheral clocks via the SNS, while hormones 
like T3 and neurotransmitters such as VIP fine-tune cardi-
ac rhythms. Voltage-gated calcium channels (VGCCs) play a 
crucial role in translating circadian signals into functional 
cardiac outputs [40, 51]. Disruption of this synchronization, 
either between the central clock and peripheral clocks or 
among different peripheral clocks, can lead to cardiovascu-
lar dysfunction [52]. For instance, cardiomyocyte-specific 
deletion of the Bmal1 gene results in a slower heart rate 
and increased susceptibility to arrhythmias [41, 53, 54]. 
Moreover, desynchronization between internal clocks and 
the external environment, as seen in shift work or irregular 
social schedules, has been associated with an increased risk 
of cardiovascular diseases [20, 46]. Understanding the mo-
lecular mechanisms underlying these peripheral clocks and 
their interaction with the central clock is crucial for devel-
oping novel therapeutic approaches to manage cardiovas-
cular disorders and optimize treatment timing, a concept 
known as chronotherapy [41, 46, 55, 56]. 

Mechanism of circadian disruption causing cardio-
vascular diseases. Studies have shown that major cardio-
vascular events, such as acute myocardial infarction, sudden 
cardiac death, and stroke, occur more frequently at certain 
times of the day – particularly in the early morning – sug-
gesting a dysfunctional circadian regulation. Disruption of 
circadian rhythms has been associated with resistant hy-
pertension, endothelial dysfunction, and chronic vascular 
inflammation, all of which contribute to the progression of 
cardiovascular disease.

Circadian disruption broadly refers to multiple types 
of circadian clock disturbances, including circadian mis-
alignment [57] and circadian desynchrony [58] or desyn-
chronization [59]. These disturbances can manifest across 
various biological levels, from cellular and tissue scales to 
organismal and systemic scales. Circadian misalignment is 
a mismatch between an individual’s internal circadian clock 
and their external environment or social schedule. Circadi-
an desynchrony or desynchronization both refer to a vari-
ance in the cycles of 2 or more rhythms. Both concepts can 
be quantified by measuring the phase angle differences and 
comparing the estimated durations of the rhythms [60].

Circadian disruption significantly impacts cardiovas-
cular health through multiple interconnected mechanisms 
(Table 1). Dysregulation of ANS activity is a key factor, as ev-
idenced by altered heart rate variability and blood pressure 
patterns in individuals experiencing circadian misalign-
ment [20, 41, 46]. This disruption can lead to prolonged QTc 
intervals (the time from the start of the Q wave to the end of 
the T wave on an electrocardiogram (ECG), measuring ven-
tricular depolarization and repolarization) and increased 
susceptibility to arrhythmias, particularly in shift workers 
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[38, 46]. Impaired metabolic and hormonal rhythms also 
play a crucial role in associating circadian disruption with 
CVD. Cortisol and melatonin, two hormones with strong cir-
cadian patterns, are particularly affected. Disrupted cortisol 

Table 1. Effects of circadian clock gene dysregulation on cardiovascular function

Clock gene manipulation Cardiovascular effects References

Bmal1 knockout Arrhythmic behaviour, loss of circadian rhythms in peripheral tissues, 
reduced lifespan

Haque et al., 2019

Per2 mutation Impaired endothelium-dependent relaxation, decreased nitric oxide 
production

Viswambharan et al., 2007

SCN-specific Bmal1 knockout Loss of circadian behavioural rhythms while peripheral clocks remain 
rhythmic

Haque et al., 2019

Astrocyte-specific Bmal1 knockout Delayed activity onset and slower entrainment to new light–dark cycles Haque et al., 2019

Ventral forebrain Bmal1 knockout Altered timing of circadian behavioural patterns Haque et al., 2019

Per2 knockout in cardiomyocytes Increased cell death and mitochondrial dysfunction under stress Bhaskara et al., 2024

VSMC Bmal1 knockout Aggravated atherosclerotic lesions, increased VSMC migration, ROS 
levels, and apoptosis

Lin et al., 2022

Postnatal cardiomyocyte Bmal1 knockout Increased cardiac hypertrophy and fibrosis; pressure overload-induced 
cardiac remodeling

Liang et al., 2022

Per1 knockout Circadian rhythm desynchronization and increased salt-sensitive 
hypertension

Zietara et al., 2022

Note: VSMC – vascular smooth muscle cells; ROS – reactive oxygen species; SCN – suprachiasmatic nucleus; BMAL1 – Brain and Muscle ARNT-Like 1, a core 
component of the circadian clock transcription–translation feedback loop; PER1 / PER2 – Period genes (Period Circadian Regulator 1 and 2), essential 
components of the negative feedback loop regulating circadian rhythms.

rhythms can lead to increased inflammation and metabolic 
dysfunction, while altered melatonin secretion due to light 
exposure at night can impact sleep quality and cardiovascu-
lar function [50, 61, 62].

Oxidative stress and inflammation are exacerbated 
by circadian disruption, contributing significantly to CVD 
risk. Studies have shown that circadian rhythm disruption 
impairs tissue homeostasis and exacerbates chronic in-
flammation [39, 50, 63, 64]. Circadian dysregulation is in-
tricately correlated to various cardio-vascular conditions, 
highlighting the critical role of the body’s internal clock in 
maintaining cardiovascular health. The onset of cardiovas-
cular disease (CVD) exhibits a diurnal oscillation; for exam-
ple, acute coronary syndrome or atrial fibrillation often oc-
curs in the early morning (Table 2). 

In addition to disease onset, several cardiac functions 
also show circadian variation, including heart rate (HR) and 
blood pressure (BP). Recent evidence supports the idea that 
the diurnal variation of cardiovascular physiology and pa-
thology is tightly related to an intrinsic biological rhythm, 
named the circadian clock [27].

Table 2. Common onset time of cardiovascular events.

Disease Onset time

Acute myocardial infarction
Cerebral infarction
Subarachnoid hemorrhage
Atrial fibrillation
Ventricular tachycardia/fibrillation

Early morning
Morning
Daytime
Morning/night
Morning

Diurnal variation and chronotherapy in blood pres-
sure/hypertension. It is well known that there is a 24-hour 
variation in BP with a distinct peak in the morning. This 
daily variation in BP is considered representative of both 

intrinsic and exogenous factors. Intrinsic factors include au-
tonomic nervous system activity and humoral factors such 
as cortisol, renin, aldosterone, vasoactive intestinal peptide, 
and ANP [65]. Conversely, exogeneous factors such as phys-
ical activity, emotional state, meals, and sleep-wake states 
also profoundly affect BP variations. In normal subjects, the 
nocturnal BP decline of less than 10-20%, and these indi-
viduals are termed “normal dippers”. Persons with a noctur-
nal decline of less than 10% are classified as “non-dippers”. 
Some subjects can be classified as “extreme dippers” (a de-
cline greater than 20%), while others present as “inverse 
dippers” or “risers” (a decline less than 0%), indicating that 
their asleep BP is higher than their awake BP (Table 3) [27].

Table 3. Indices of diurnal blood pressure (BP) decline.

BP Dipping Classification Nocturnal BP decline ratio

Normal dipper
Non-dipper 
Extreme dipper 
Inverse dipper/ riser

10—20%
<10% 
>20% 
<0%

Note: [(Mean SBP awake − Mean SBP asleep)/Mean SBP awake] × 100.

Loss of adequate BP decline during the sleep period may 
be a significant risk factor for cardiovascular organ damage. 
Hypertensive patients with the non-dipper BP pattern are 
found to be more susceptible to heart and kidney damage 
[66]. Patients with a non-dipper BP profile have a higher 
risk than dipper patients for left ventricular hypertrophy, 
heart failure, myocardial infarction, stroke, albuminuria, 
and progression to end-stage renal disease [65]. Non-dip-
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per normotensive patients exhibit an equivalent hazard ra-
tio for cardiovascular mortality compared to dipper hyper-
tensive patients [66]. Inverse-dipper or riser patients also 
demonstrate a significantly higher incidence of stroke com-
pared with those with other patterns of BP variation, sug-
gesting that patients with this BP profile carry the highest 
overall risk for cardiovascular events [67, 68]. Considering 
the heterogeneity of BP profiles, it is clinically inappropri-
ate to treat all hypertensive patients with the same regimen. 
Currently, more than 80% of hypertensive patients take 
all of their anti-hypertensive medications in the morning. 
Therefore, it is becoming a physician’s responsibility per-
sonalize treatment according to a patient’s specific diurnal 
BP profile. Chronotherapy aims to provide treatment with 
maximum beneficial effects and minimal adverse effects by 
aligning drug delivery with the intrinsic circadian rhythm 
of disease processes or symptoms. Chronotherapy with an-
tihypertensive medication can be successfully achieved by 
adjusting the administration time within a 24-hour cycle 
[27, 69].

Circadian rhythm in acute coronary syndrome. The 
onset of acute myocardial infarction (AMI) or pulmonary 
embolism demonstrates a clear circadian variation with 
a peak in the early morning [70, 71]. A number of cardiac 
functions related to the pathogenesis of myocardial infarc-
tion are known to exhibit circadian variation. Even the shift 
to daylight saving time in the spring could influence the 
onset of AMI; during the first 3 weeks after this seasonal 
transition, the incidence of AMI significantly increases [72].

The diurnal variation in autonomic nervous system ac-
tivity could account for the circadian onset of AMI. In the 
early morning, systolic BP and HR increase, resulting in 
an elevated myocardial oxygen demand. Conversely, the 
vascular tone of the coronary arteries rises, and coronary 
blood flow decreases during morning hours. This mismatch 
between myocardial oxygen demand and supply in the 
morning appears to trigger the circadian onset of AMI. In-
terestingly, of the morning peak in AMI onset is blunted in 
patients receiving β-blockers, as well as in diabetic patients 
with autonomic neuropathy, highlighting the central role of 
autonomic nervous system signaling in driving this diurnal 
variation [73]. In addition, a state of hypercoagulability in 
the morning may underlie the circadian onset of AMI. Cir-
culating platelet counts and platelet aggregation pathways 
fluctuate in a circadian fashion [74]. Because platelets are 
activated by catecholamines, the rhythmic activation of the 
autonomic nervous system can induce corresponding oscil-
lations in platelet activity. The coagulation activity also has a 
circadian variation. The plasma concentration of factor VII, 
the elevation of which is known as a risk factor for coronary 
artery disease, exhibits a diurnal oscillation [75]. Other co-
agulation-related factors, such as fibrinogen, prothrombin, 
factor VIII, and tissue factor pathway inhibitor also exert 
circadian activation [76]. The coagulation process can be 
counterbalanced by activation of the fibrinolytic pathway, 
which attenuates the coagulation processes and prevents 
thrombosis. The fibrinolytic function, however, decreases 

in the morning. Tissue plasminogen activator inhibitor-1 
(PAI-1) regulates the activity of tissue plasminogen activa-
tor (t-PA), thus strongly influencing fibrinolytic activity. The 
concentration and activity of PAI-1 were noted to oscillate 
in a circadian pattern with a peak in the morning, result-
ing in lower t-PA activity during the morning. Therefore, the 
efficacy of t-PA therapy to restore the patency of occluded 
vessels in AMI patients is time-dependent [77]. As such, the 
circadian variation of PAI-1 activity seems to be strongly re-
lated to the morning decrease in fibrinolytic activity [27].

Sudden cardiac arrest is a malfunction of the heart’s 
electrical system, typically caused by ventricular arrhythmi-
as, that can lead to sudden cardiac death (SCD) within min-
utes. Epidemiological studies have shown that SCD and ven-
tricular arrhythmias are more likely to occur in the morn-
ing than in the evening, and laboratory studies indicate 
that these daily rhythms in adverse cardiovascular events 
are at least partially under the control of the endogenous 
circadian timekeeping system. However, the biophysical 
mechanisms linking molecular circadian clocks to cardiac 
arrhythmogenesis are not fully understood [78].

The biophysical mechanisms underlying these daily 
rhythms in adverse cardiovascular events are not fully un-
derstood. The master circadian (24-hour) pacemaker in 
the hypothalamus, the suprachiasmatic nucleus (SCN), in-
fluences a variety of cardiovascular phenomena by coordi-
nating daily rhythms in the release of hormones and other 
circulating molecules. Recently, it has been demonstrated 
that circadian clocks within heart muscle cells (cardiomy-
ocytes) also regulate rhythms in cardiac electrophysiology 
[79].

Normal circadian organization is critical for maintaining 
homeostasis, and a disturbance of this rhythm can induce 
the progression of organ damage. Therefore, the dysregu-
lation of the circadian rhythm can induce the development 
of cardiac diseases. Moreover, reversal of the deregulated 
circadian rhythm or resynchronization of individual tissue 
clocks may become a promising therapeutic target to pre-
vent disease progression [27].

Discussion
The present review highlights the role of circadian reg-

ulation in cardiovascular physiology and its clinical impli-
cations in critically ill patients. Our findings support the 
concept that circadian blood pressure variability represents 
not only a physiological phenomenon but also a potential 
marker of systemic integrity and adaptive capacity. At the 
molecular level, circadian clock genes regulate myocardial 
metabolism, electrophysiological stability, endothelial func-
tion, and vascular tone. Disruption of these mechanisms 
contributes to autonomic imbalance, oxidative stress, in-
flammatory activation, and prothrombotic states. These 
pathophysiological pathways provide a biological explana-
tion for the well-documented morning predominance of 
acute myocardial infarction, stroke, and malignant arrhyth-
mias. Chronotherapeutic strategies, including time-adjust-
ed antihypertensive administration and structured envi-
ronmental light management, have demonstrated benefits 
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in non-ICU populations. However, evidence in critically ill 
patients remains limited. Prospective, multicenter studies 
are required to determine whether modulation of circadi-
an patterns can improve survival and reduce cardiovascular 
complications in this vulnerable group [67, 72].

Several limitations should be acknowledged. The design 
of the reviewed studies restricts causal inference, and circa-
dian assessment was limited to hemodynamic parameters 
without biochemical phase markers such as melatonin or 
cortisol. Additionally, standardized protocols for circadian 
monitoring in ICU practice are not yet established. Despite 
these limitations, the results support the hypothesis that 
preserved circadian variability reflects better physiological 
regulation and an improved prognosis.

The extrinsic and intrinsic factors discussed above ac-
quire particular relevance in the intensive care environ-
ment, where multiple timers are simultaneously disrupted 
[79].

The study selection process, illustrated in the PRISMA 
2020 flow diagram (Figure 1), enhances transparency and 
methodological rigor in the identification and inclusion of 
relevant studies. Several limitations should be acknowl-
edged. The design of the reviewed studies restricts causal 
inference, and circadian assessment was limited to hemo-
dynamic parameters without the inclusion of biochemical 
phase markers such as melatonin or cortisol. Additional-
ly, standardized protocols for circadian monitoring in ICU 
practice are not yet established. Furthermore, although a 
comprehensive literature search was performed using ma-
jor databases, along with language and full-text availability 
filters, no formal risk-of-bias assessment was conducted. 
Therefore, potential selection and publication biases cannot 
be fully excluded. The heterogeneity of the included studies 
in terms of design, patient populations, and outcome meas-
ures may also limit the generalizability of the findings.

Conclusions
The circadian system plays a vital role in regulating vari-

ous physiologic processes. The way the body responds to in-
jury is often dependent on the interaction of the injury with 
the circadian machinery. Circadian rhythms are frequently 
disrupted in patients in the ICU, and there are a number of 
factors that likely contribute to this breakdown. Practices 
leading to circadian rhythm optimization may improve pa-
tient outcomes, and the implementation of these practices 
should be incorporated into ICU care. Circadian rhythm dis-
ruption plays a significant role in cardiovascular pathology 
and is particularly relevant in critically ill patients. Incor-
porating circadian assessment into clinical evaluation may 
enhance prognostic accuracy and open new perspectives 
for individualized therapeutic timing in intensive care med-
icine.
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Introduction. Adult epilepsy generates a burden that extends beyond seizure counts and includes adverse treatment ef-
fects, role restriction, emotional distress, and the social devaluation attached to the diagnosis. The methodological problem 
is not the absence of patient-reported measures, but the heterogeneity with which disease-specific quality-of-life and stig-
ma instruments are selected, interpreted, and combined in adult studies.

Materials and methods. A structured narrative methodological review was conducted using PubMed/MEDLINE, Scopus, 
Web of Science, Embase, Cochrane Library, and the institutional repository of the Nicolae Testemițanu State University of 
Medicine and Pharmacy. The synthesis focused on the Quality of Life in Epilepsy Inventory family, especially the 89-, 31-, 31-P, 
and 10-item forms, the adolescent 48-item comparator, and adult epilepsy stigma measures such as the Epilepsy Stigma Scale 
(ESS) variants, the Stigma Scale of Epilepsy (SSE), and the Epilepsy Self-Stigma Scale (ESSS). Special attention was given to 
publications from the Republic of Moldova and Romania because regional evidence is sparse but clinically relevant.

Results. QOLIE-31 emerged as the most defensible adult comparative instrument because it balances breadth, feasibility, 
and international comparability. QOLIE-31-P was particularly useful for patient-centred and real-world designs, while 
QOLIE-10 served primarily as a screening instrument and QOLIE-89 retained value for comprehensive psychometric work. 
The 48-item version was methodologically informative but remained adolescent-oriented rather than a primary adult end-
point. Across the stigma literature, ESS, SSE, and ESSS were clearly not interchangeable because they capture overlapping 
but distinct constructs, including perceived stigma, felt stigma, and internalized self-stigma.

Conclusions. The working hypothesis was supported across international, regional, and Moldovan sources: the greater the 
clinical and psychosocial severity of epilepsy, the lower the epilepsy-specific quality of life. Seizure frequency, uncontrolled 
or drug-resistant epilepsy, polytherapy, adverse medication effects, depression, anxiety, and stigma were the most recur-
rent determinants of lower scores. For adult studies intended for Moldovan settings and the MJHS submission, QOLIE-31 
or QOLIE-31-P, combined with one clearly defined stigma scale and a standardized set of severity variables, offers the 
strongest methodological balance.

Keywords: epilepsy, quality of life, social stigma, patient-reported outcome measures, questionnaires, narrative review.
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What is not yet known on this issue addressed in the submit-
ted manuscript 
Adult epilepsy research uses multiple disease-specific quali-
ty-of-life and stigma instruments, but the Eastern European and 
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Introduction
Epilepsy is among the chronic neurological conditions in 

which biomedical control and the lived burden do not always 
move in parallel. Two adults with the same nominal seizure 
diagnosis can report very different levels of daily restriction 
because the quality of life in epilepsy is shaped not only by 
seizure occurrence, but also by medication burden, unpre-
dictability, fear of recurrence, limitations on driving and 
employment, interpersonal strain, and the social meaning 
attached to the disorder. For that reason, epilepsy research 
that reports only seizure outcomes risks underestimating 
clinically relevant morbidity. Systematic review evidence has 
repeatedly shown that the health-related quality of life in 
adults with epilepsy is most strongly eroded by high seizure 
frequency, depression, anxiety, adverse effects of anti-seizure 
medication, and broader psychosocial strain [1, 2].

Stigma occupies a special place in this burden architec-
ture because it works simultaneously at social, interper-
sonal, and intrapsychic levels. Quantitative and qualitative 
reviews show that adults with epilepsy encounter enacted 
discrimination, anticipated rejection, concealment behav-
ior, diminished self-worth, and reduced help-seeking; these 
effects are shaped by illness severity but are not reducible 
to it. In other words, stigma is not a decorative psychoso-
cial theme added to seizure medicine after the real work is 
done. It is a mechanism that alters adherence, participation, 
family functioning, and even the perceived legitimacy of 
one’s own symptoms. Moldovan authors have framed this 
issue in similar terms, emphasizing that stigmatization and 
self-stigmatization alter self-perception, reduce self-es-
teem, affect treatment adherence, and ultimately worsen 
quality of life [3-5].

The public-health salience of epilepsy stigma has long 
been recognised internationally. The ILAE/IBE/WHO global 
campaign “Out of the Shadows” was built on the premise that 
seizure control alone is not enough if communities continue 
to mark epilepsy as a condition associated with fear, incom-
petence, unpredictability, or social inferiority. That insight 
remains methodologically important because it explains 
why adult epilepsy research cannot choose instruments as if 
they all measured a single undifferentiated outcome. A qual-

ity-of-life inventory, a perceived-stigma scale, and a self-stig-
ma measure each illuminates a different layer of the patient 
experience. The more rigorously these constructs are sepa-
rated, the more interpretable the findings become [6-8].

The best-known disease-specific quality-of-life tools in 
epilepsy derive from the Quality of Life in Epilepsy Inven-
tory family. QOLIE-89 was developed as the comprehen-
sive parent measure, QOLIE-31 as the more feasible short 
form for adult comparative work, and QOLIE-10 as a very 
brief screening instrument. A further 48-item instrument, 
QOLIE-AD-48, extended the same logic to adolescents rath-
er than adults. Official RAND documentation still presents 
QOLIE-89 and QOLIE-31 as publicly available survey instru-
ments with scoring manuals, which is valuable for transpar-
ency, reproducibility, and local implementation planning. 
Yet public availability does not solve the deeper methodo-
logical problem: each version has a different trade-off be-
tween construct richness, respondent burden, and suitabili-
ty for longitudinal, psychometric, or routine-care use [9-13].

A parallel problem exists in the stigma literature. Across 
the international adult literature, the abbreviations ESS, SSE, 
revised ESS, and ESSS are easy to conflate even when they re-
fer to different instruments or to translated variants targeting 
different stigma domains. Some scales emphasize perceived 
or felt stigma in everyday social encounters; others move 
closer to internalized self-stigma or to culturally embedded 
social discrediting. When investigators refer loosely to “stig-
ma” without naming the construct and instrument precisely, 
the literature becomes deceptively coherent. In reality, it con-
tains multiple partially overlapping constructs that cannot be 
pooled naively. This ambiguity matters even more in low-vol-
ume national literatures, where a single study can influence 
local practice disproportionately [14-18].

In the Republic of Moldova, the need for a construct-sen-
sitive approach is especially evident. The adult national 
clinical protocol formalizes standardized diagnostic and 
therapeutic pathways and explicitly places quality of care 
and patient outcomes at the centre of adult epilepsy man-
agement. Local scholarly work has also highlighted stigma, 
adaptation, resocialization, and psychological rehabilitation 
as clinically meaningful dimensions rather than peripheral 
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Moldovan academic community has rarely organized these tools 
according to construct differences, respondent burden, and study 
design.
The research hypothesis
Reduced seizure control, higher treatment burden, and stronger 
perceived or internalized stigma are associated with poorer epi-
lepsy-specific quality-of-life scores across adult studies, regardless 
of the exact questionnaire version.
The novelty added by the manuscript to the already published 
scientific literature
This review integrates international, Romanian, and Moldovan lit-
erature, converting that evidence into a practical adult question-
naire strategy for future Moldovan epilepsy studies.
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social commentary. Recent Romanian studies add a relevant 
Eastern European comparator by showing that QOLIE-31-P 
is operationally feasible in real-life neurology practice and 
that seizure frequency remains a powerful inverse predictor 
of epilepsy-specific quality of life over time. These regional 
contributions justify a dedicated methodological synthesis 
that moves from general knowledge to a practical question-
naire strategy for future Moldovan adult research [19-24].

The aim of the present review was therefore to exam-
ine how epilepsy-specific quality-of-life questionnaires and 
adult stigma scales are used in adult epilepsy research, to 
interpret their findings in relation to epilepsy severity and 
study design, and to integrate international evidence with 
regional and Moldovan publications. The working hypothe-
sis was that poorer seizure control, greater treatment bur-
den, and stronger perceived or internalized stigma are as-
sociated with worse epilepsy-specific quality-of-life scores 
regardless of the exact questionnaire version. A secondary 
objective was pragmatic: to identify which instrument com-
binations appear most suitable for future Moldovan adult 
studies prepared for the MJHS [20, 21, 25].

Materials and methods
This manuscript was designed as a narrative meth-

odological review rather than a systematic review or me-
ta-analysis. The choice was deliberate. The central question 
was not simply whether epilepsy severity correlates with 
quality-of-life or stigma scores, since that pattern is already 
well documented, but how different questionnaires oper-
ationalize adult burden, what methodological tasks they 
perform best, and how a Moldovan research team should 
choose among them. Narrative methodological synthesis 
is appropriate when the aim is to integrate psychometric, 
conceptual, and practice-oriented literature that spans in-
strument development, validation, observational studies, 
follow-up cohorts, regional protocols, and local contextual 
publications. The interpretive stance was informed by ap-
plied policy analysis and by basic psychometric reasoning 
regarding construct validity, reliability, feasibility, and re-
spondent burden [25, 26].

A structured search framework was used even though the 
review was not converted into a formal PRISMA flow study. 
The databases and repositories screened were PubMed/
MEDLINE, Scopus, Web of Science, Embase, Cochrane Library, 
and the institutional repository of the Nicolae Testemițanu 
State University of Medicine and Pharmacy. The search strat-
egy combined the disease term epilepsy with the main instru-
ment families of interest: “QOLIE-89”, “QOLIE-31”, “QOLIE-
31-P”, “QOLIE-10”, “QOLIE-48” or “QOLIE-AD-48”, “Quality of 
Life in Epilepsy Inventory”, “Epilepsy Stigma Scale”, “Stigma 
Scale of Epilepsy”, “revised epilepsy stigma scale”, and “Epi-
lepsy Self-Stigma Scale”. Additional regional searches includ-
ed Romanian and Moldovan terms linked to quality of life, 
stigma, adaptation, resocialization, rehabilitation, and adult 
epilepsy protocols [9, 10, 14, 16, 19].

Studies were considered eligible for the core synthesis 
when they met at least one of the following criteria: devel-

opment of an instrument; formal psychometric validation or 
cross-cultural adaptation; use of a QOLIE or epilepsy-specific 
stigma scale in adult clinical cohorts; explicit analysis of as-
sociations between questionnaire scores and seizure bur-
den, drug-resistant epilepsy, medication profile, psychiatric 
comorbidity, or stigma; or contextual regional relevance for 
Moldovan adult epilepsy research. Systematic reviews and 
meta-syntheses were used to stabilize the broader interpre-
tive frame. Pediatric studies were excluded from the core 
adult synthesis, except where QOLIE-AD-48 was needed as a 
methodological comparator clarifying why the 48-item form 
should not be treated as a default adult endpoint. Non-public 
local files were not treated as citable evidence [1, 3, 4, 12].

Data extraction was thematic rather than numeric. Each 
source was read for one or more of the following analytical 
dimensions: target population; stigma construct or quali-
ty-of-life construct; respondent burden; study design; sever-
ity indicators used in analysis; psychometric properties; re-
gional transferability; and practical usefulness for future Mol-
dovan adult studies. Severity was operationalized broadly, 
because the adult epilepsy literature rarely relies on a single 
measure. Recurrent indicators included seizure frequency, 
uncontrolled or drug-resistant epilepsy, number of anti-sei-
zure medications, medication adverse effects, psychiatric 
symptoms, epileptiform activity, employment restriction, and 
social participation. This broad severity lens was retained be-
cause it better reflects how the quality-of-life and stigma in-
struments function in real practice [1, 21, 27, 28].

Special effort was made to integrate Moldovan sources 
constructively rather than ceremonially. Local articles and 
protocol documents were not inserted merely to “national-
ize” an international review. Instead, they were treated as a 
regional evidence layer showing how social stigma, adap-
tation, resocialization, and psychological rehabilitation are 
currently conceptualized within Moldovan clinical and ac-
ademic discourse. Recent Moldovan conference and review 
contributions from 2024 and 2025 were therefore included 
as contextual sources, while stronger empirical weight was 
assigned to instrument-development studies, psychometric 
validations, multicentre cohorts, and the Romanian adult 
QOLIE-31-P studies that provide a more directly compara-
ble regional measurement context [5, 20-24, 29, 30].

Because the review synthesized published and public-
ly accessible literature and did not involve human partici-
pants, ethics approval and informed consent were not re-
quired. The methodological purpose was practical: to con-
vert a heterogeneous body of adult epilepsy literature into 
a coherent decision framework for questionnaire choice in 
future Moldovan studies and in an MJHS-compatible manu-
script format [19, 26].

Results
Why quality of life and stigma should be synthesized to-

gether. The screened literature converged on a stable start-
ing point: in adult epilepsy, quality of life is not an optional 
soft endpoint added after seizure control, but an integrat-
ed expression of how neurological, psychiatric, social, and 
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cultural burdens accumulate in daily life. The systematic 
review literature shows that quality-of-life scores are con-
sistently damaged by uncontrolled seizures, psychiatric 
symptoms, adverse treatment effects, and social restriction. 
The stigma literature adds that some of these burdens are 
amplified by how the disorder is interpreted by others and 
by the patient. Thus, an adult with frequent seizures is not 
only managing a biological risk state, but also a social iden-
tity under threat. This is precisely why the quality-of-life 
and stigma instruments should be treated as complementa-
ry rather than competing measures [1-4].

Family context further strengthens this conclusion. Stud-
ies of adult patients and their relatives show that the epilep-
sy-related burden is distributed across households through 
emotional strain, supervision demands, role negotiation, 
worry, and uncertainty about future functioning. Family-cen-
tered qualitative work similarly indicates that epilepsy alters 
the routines and self-understandings of adult family units, 

not only those of the individual with seizures. These obser-
vations matter methodologically because some quality-of-life 
domains, such as social function, energy, or emotional 
well-being, are partly mediated through family ecology, while 
stigma can affect concealment, disclosure, and care-seeking 
at the household level. A narrowly clinical instrument strate-
gy risks losing these downstream pathways [31, 32].

Historical and contemporary stigma scholarship makes 
the same point from another direction. Public perceptions 
of epilepsy have long been coloured by fear, misconceptions 
about competence and contagion, and the tendency to de-
fine the person through the illness. Classic work on epilepsy 
as a damaged self-concept anticipated the more recent dis-
tinction between public stigma and self-stigma, while con-
temporary analyses show that felt stigma, enacted discrim-
ination, and internalized inferiority can coexist without be-
ing reducible to one another. This is why the label “stigma” 
is methodologically too broad unless it is tied to a named 
instrument and an explicit construct [8, 33-35].

Table 1. Epilepsy-specific quality-of-life instruments relevant to adult methodological synthesis
Instrument Adult applicability Best methodological use Main advantage Main caution
QOLIE-89 [9, 36, 
37]

Yes Deep psychometric profiling 
and comprehensive baseline 
characterization

Broad domain coverage with rich 
subscales

High respondent burden; less 
suitable for routine clinics

QOLIE-31 [10, 13, 
38]

Yes Default adult comparative and 
multicenter observational work

Best balance between breadth 
and feasibility

Less granular than the parent 
inventory

QOLIE-31-P [20, 21, 
39, 40]

Yes Patient-centred, real-world, 
longitudinal, and regional 
implementation studies

Adds patient weighting and 
preserves feasibility

Requires careful handling of local 
translation and scoring workflows

QOLIE-10 [11] Yes Rapid clinical screening and service 
triage

Very brief and easy to administer Too limited for richer 
methodological characterization

QOLIE-AD-48 [12] No, adolescent 
comparator

Contextual comparison of 
developmental measurement logic

Shows how severity can 
be captured in a broader 
developmental frame

Not a primary adult endpoint

Note: QOLIE = Quality of Life in Epilepsy Inventory. Key supporting references are embedded in the first column. The 48-item instrument in the QOLIE family is 
predominantly QOLIE-AD-48 and is retained here only as a methodological comparator, not as a default adult outcome measure.

QOLIE family: same lineage, different methodological 
roles

QOLIE-89 remains the psychometric anchor of the fam-
ily. Its large domain structure allows investigators to trace 
the many ways epilepsy affects adult life, including cogni-
tive complaints, emotional well-being, social isolation, sei-
zure worry, medication effects, work and driving function, 
and health perceptions. This breadth makes QOLIE-89 
particularly useful in studies whose purpose is scale de-
velopment, responsiveness testing, comprehensive base-
line phenotyping, or validation of derived measures. The 
trade-off is obvious and repeatedly acknowledged in prac-
tice: administration burden increases, completion is slower, 
and the instrument becomes less attractive for busy clinics 
or repeated-measure designs. In the logic of questionnaire 
architecture, QOLIE-89 is the instrument chosen when the 
objective is depth [9, 13, 36, 37].

QOLIE-31 is the most stable adult workhorse because it 
captures the major disease-specific domains without repro-
ducing the full burden of the parent scale. Its development 
history, cross-cultural translations, repeated validation work, 

and use in global comparative studies make it the strongest 
candidate when investigators need international compara-
bility and clinically interpretable breadth. This is particu-
larly important for narrative synthesis, where one wants an 
instrument that has traveled across settings and languages 
without collapsing into a generic quality-of-life measure. 
The global comparison by Saadi et al. is especially useful in 
this regard, because it showed that QOLIE-31 has been used 
across a broad range of countries and that mean scores vary 
meaningfully across resource settings [10, 38, 41, 42].

QOLIE-31-P is best understood not as a trivial variant, but 
as a patient-weighted adult form that is especially attractive 
for real-world and patient-centred research. It retains a man-
ageable length while foregrounding patient priorities more 
explicitly than the standard short form. This makes it valu-
able in longitudinal outpatient care, in refractory epilepsy 
services, and in studies exploring the lived salience of symp-
tom clusters rather than merely their presence. Lithuanian 
psychometric work and Chinese validation studies confirm 
its adaptability, while Romanian studies demonstrate that it 
can be implemented in real Eastern European clinical prac-
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tice without collapsing under logistical demands. In pragmat-
ic research terms, QOLIE-31-P is the scale most compatible 
with adult follow-up studies that want both feasibility and 
interpretive richness [20, 21, 39, 40].

The formal role of QOLIE-10 is different. It is an effi-
cient brief screen, useful in outpatient environments where 
clinicians need a fast signal of impaired epilepsy-specific 
well-being, but it is not a replacement for more nuanced 
adult measurement when the research question centres on 
mediation, domain profiles, or cross-cultural instrument 
behaviour. QOLIE-10 is at its best when the study question 
is operational and triage-oriented. It is at its weakest when 
investigators later try to extract domain-level interpreta-
tions that the instrument was never designed to provide. 
The adolescent QOLIE-AD-48 reinforces the same method-
ological lesson from the opposite direction: more items do 
not automatically make an instrument suitable for adults if 
the developmental target is wrong [11-13].

Taken together, the QOLIE family behaves less like a sim-
ple length ladder and more like a set of related instruments 
optimized for different analytic environments. The litera-
ture therefore supports a principle that is surprisingly often 
ignored in applied studies: the right instrument is not the 
longest or shortest one, but the one whose measurement 
logic matches the study’s clinical setting, respondent bur-
den tolerance, and inferential ambitions [21, 25, 38].

The adult stigma scale landscape is conceptually 
fragmented

The stigma literature is more fragmented than the 
QOLIE literature because the field is still negotiating what 
exactly should count as the measured object. Some instru-
ments are closer to perceived stigma in everyday life, others 
to felt stigma or enacted discrimination, and the more re-
cent self-stigma scales move inward to internalized shame, 

self-devaluation, and identity threat. This fragmentation is 
not a defect; it reflects real differences in the phenomenon. 
The problem arises when authors present these scales as 
though they were measuring the same thing with different 
wording. The current synthesis found that adult epilepsy 
stigma research is much easier to interpret when the con-
struct is named first and the instrument second [8, 33, 35].

The Stigma Scale of Epilepsy (SSE) became one of the 
most visible perceived-stigma instruments after its valida-
tion in Brazil and its uptake in several clinical cohorts. The 
revised Epilepsy Stigma Scale associated with incident-pop-
ulation work is frequently used in adult epidemiological 
analyses and demonstrates how stigma can be treated as 
a variable alongside seizure burden and sociodemograph-
ic status. More recent work has expanded the field through 
translated adult ESS variants, including the Japanese ver-
sion, and through the Epilepsy Self-Stigma Scale, which ex-
plicitly targets internalized self-stigma. The German ESSS-G 
further underscores that self-stigma is increasingly being 
treated as a distinct psychometric target rather than a hid-
den subset of public stigma [14-17, 43].

The Kilifi Stigma Scale for Epilepsy, although developed 
in Kenya and not a core Moldovan adult instrument, remains 
methodologically useful because it demonstrates how cul-
tural adaptation can change not only language but also the 
experiential salience of stigma items. That is highly relevant 
for low- and middle-resource settings and for Eastern Eu-
ropean contexts where social meanings, disclosure norms, 
and family expectations may differ from those embedded 
in original English-language instruments. In practice, this 
means a local team should not assume that a translated 
scale automatically preserves the same construct structure. 
Adaptation must test, not presume, equivalence [18, 25].

Table 2. Main adult stigma instruments encountered in the epilepsy literature
Instrument Dominant construct Typical adult use Methodological strength Main caution
Revised Epilepsy Stigma 
Scale / ESS variants [15, 43]

Felt or enacted 
stigma

Cross-sectional cohorts and 
epidemiological association studies

Works well alongside clinical 
severity variables

The abbreviation ESS is not fully 
stable across the literature

Stigma Scale of Epilepsy 
(SSE) [14, 44, 45]

Perceived epilepsy-
related stigma

Clinical adult cohorts and quality-
of-life studies

Often pairs naturally with 
QOLIE-31-type measures

Should not be equated with self-
stigma instruments

Translated adult Epilepsy 
Stigma Scale forms [15]

Perceived/felt 
stigma

Cross-cultural adult validation 
work

Useful when local language 
equivalence is important

Translation quality must be 
reported explicitly

Epilepsy Self-Stigma Scale 
(ESSS) [16, 17]

Internalized self-
stigma

Psychological and intercultural 
studies

Captures identity-level burden 
invisible to public-stigma scales

Not interchangeable with public 
or perceived stigma measures

Kilifi Stigma Scale for 
Epilepsy [18]

Perceived culturally 
embedded stigma

Cross-cultural comparator Illustrates adaptation principles 
in non-Western settings

Not a default adult Moldovan 
instrument

Note: ESS = Epilepsy Stigma Scale or revised Epilepsy Stigma Scale variants; SSE = Stigma Scale of Epilepsy; ESSS = Epilepsy Self-Stigma Scale. Key supporting 
references are embedded in the first column. Instrument naming in the stigma literature is inconsistent; therefore, the abbreviation and full-scale name should 
be expanded in the Methods and again at first use in the Results.

Severity variables repeatedly shape both quali-
ty-of-life and stigma scores. Across the reviewed adult 
studies, epilepsy severity was almost never represented by 
one variable alone. Instead, researchers used overlapping 
markers of disease burden: seizure frequency, drug-resist-
ant or uncontrolled epilepsy, polytherapy, adverse medica-
tion effects, depression, anxiety, insomnia, epileptiform ac-
tivity, and social restriction. This multidimensional pattern 

is methodologically coherent. A patient can have infrequent 
seizures but a major medication burden and persistent stig-
ma, or monthly seizures with relatively preserved emotion-
al resilience. Quality-of-life and stigma instruments become 
valuable precisely because they capture the cumulative ef-
fect of these non-identical but related burdens [1, 27, 28].

The German multicentre data illustrate this well. Lower 
QOLIE-31 scores were associated with higher seizure fre-
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quency, depressive symptoms, adverse medication effects, 
seizure worry, and epilepsy stigma. The Spanish refractory 
epilepsy cohort using QOLIE-31-P reached a similar conclu-
sion from a service environment in which drug resistance, 
depression, anxiety, and sleep problems converged. These 
studies are methodologically important because they show 
that the association between worse quality of life and worse 
clinical status does not disappear when psychosocial varia-
bles are included; instead, clinical and psychosocial severity 
reinforce one another [27, 28].

The two Romanian studies make the regional signal even 
clearer. In the 2022 Brașov cohort, seizure frequency was 
negatively correlated with almost all QOLIE-31-P domains, 
demonstrating that a disease-specific adult measure can 
detect clinically meaningful variation in a real Eastern Eu-
ropean neurology setting. The 2023 follow-up study refined 
the pattern: patients with epileptiform activity, polytherapy, 
uncontrolled seizures, and at least one seizure per month 

had lower QOLIE-31-P total scores at baseline and follow-up, 
while seizure frequency remained the strongest inverse pre-
dictor in regression analysis. This gives the regional literature 
something especially valuable for Moldovan planning: not 
only cross-sectional relevance, but proof that repeated adult 
measurement is feasible and informative [20, 21].

Stigma studies align with the same severity narrative. In 
Serbia, stigma contributed to lower health-related quality 
of life beyond seizure frequency and number of anti-seizure 
medicines. In China and Turkey, greater stigma was asso-
ciated with poorer quality-of-life outcomes in adults with 
epilepsy. Meta-analytic evidence published in 2025 con-
firmed that stigmas remain common and clinically relevant, 
although instrument heterogeneity still limits pooled inter-
pretation. The implication is straightforward: stigma should 
not be appended as an optional add-on when the real hy-
pothesis concerns disease burden. It should be measured as 
part of the burden model itself [44-47].

Table 3. Selected regional and international studies informing adult epilepsy questionnaire choice
Setting and key source Design and sample Instrument(s) Severity variables linked to 

scores
Methodological implication

Romania (Cioriceanu et 
al. [20])

Cross-sectional adult 
cohort, n=91

QOLIE-31-P Higher seizure frequency; 
selected sociodemographic and 
clinical factors

Demonstrates regional feasibility 
of patient-weighted adult QOL 
assessment

Romania (Cioriceanu et 
al. [21])

Follow-up adult cohort, 
n=35

QOLIE-31-P Epileptiform activity, 
polytherapy, uncontrolled 
seizures, and at least 1 seizure/
month

Supports longitudinal sensitivity 
in real-life practice

Germany (Siebenbrodt et 
al. [28])

Multicentre cross-sectional 
study, n=476 complete 
QOLIE-31 datasets

QOLIE-31 plus revised 
Epilepsy Stigma Scale

High seizure frequency, 
adverse ASM effects, depressive 
symptoms, seizure worry, and 
stigma

Illustrates integrated clinical and 
psychosocial modelling

Spain, tertiary refractory 
epilepsy clinic (González-
Martínez et al. [27])

Cross-sectional cohort, 
n=84

QOLIE-31-P Drug-resistant epilepsy setting, 
depression, anxiety, and 
insomnia

Supports QOLIE-31-P use in high-
burden tertiary cohorts

Republic of Moldova 
(Doțen et al. [22])

Single-case psychological 
rehabilitation study, n=1

Psychological 
rehabilitation outcome 
framework

Drug-resistant epilepsy, 
cognitive complaints, anxiety-
depressive symptoms, and 
social isolation

Shows local relevance of 
rehabilitation-sensitive outcomes; 
evidentiary weight remains case-
based

Note: QOL = quality of life; ASM = anti-seizure medication. The table highlights anchor studies most relevant to instrument selection for adult Moldovan epilepsy 
research and is not intended as an exhaustive evidence inventory.

Moldovan literature adds clinically useful context
The Moldovan evidence base is not yet dominated by 

large psychometric studies, but it contributes a clinically 
meaningful social and organizational context. The adult na-
tional clinical protocol PCN-290 is particularly important 
because it formalizes epilepsy care pathways using interna-
tional evidence sources and explicitly frames optimization 
of diagnostic quality, treatment effectiveness, and patient 
quality of life as protocol goals. In other words, the national 
framework already recognises that adult epilepsy manage-
ment cannot be reduced to seizure classification alone. For 
methodological planning, the protocol legitimizes the inclu-
sion of quality-of-life and psychosocial endpoints in Moldo-
van adult studies and supports standardized reporting of 
clinical severity variables [19].

The 2016 Moldovan article by Groppa et al. places stigma 
and self-stigma near the center of epilepsy-related suffer-

ing. Its conceptual emphasis is highly compatible with the 
modern adult literature: social discrediting alters self-per-
ception, lowers self-esteem, reduces adherence, compli-
cates social adjustment, and worsens prognosis. Even 
though the paper is not a psychometric validation study, it 
performs an important translational role by showing that 
the stigma-quality-of-life relationship is already articulated 
in local clinical language. This matters because instrument 
selection is easier to justify when the construct already has 
local intellectual legitimacy [5].

The 2022 Moldovan papers on adaptation and resocial-
ization deepen this contextual layer. The adaptation article 
frames epilepsy as a condition that creates obstacles in fam-
ily life, couple relations, and wider social functioning, while 
also underscoring the rehabilitative value of the National 
Centre of Epileptology and the importance of lifestyle rec-
ommendations. The resocialization paper moves further to-
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ward reintegration logic by focusing on professional partic-
ipation, matrimonial status, family impact, and the place of 
psychotherapeutic conversations in helping patients return 
to ordinary social roles. These are not redundant observa-
tions. Together they suggest that Moldovan adult epilepsy 
research would benefit from measuring not only symptoms 
and seizure variables, but also how those clinical variables 
are translated into everyday participation [23, 24].

The 2024 Moldovan case study on psychological rehabil-
itation is especially valuable because it gives local evidence 
that psychosocial intervention can change patient-relevant 
domains even when seizure reduction is small. In a 39-year-
old patient with drug-resistant epilepsy, ten individual 
counselling sessions were associated with slight improve-
ment in memory, attention, and reaction speed, a reduction 
of anxiety-depressive symptoms from moderate to mild, 
lower hostility, greater desire for socialization, increased in-
terest in employment, and improved treatment compliance 

and trust in specialists. Methodologically, this case study 
points toward an important future use-case for combined 
QOL and stigma measurement in Moldova: evaluation of re-
habilitation and psychosocial care, not only pharmacologi-
cal control [22].

Recent Moldovan contributions from 2025, including a 
narrative synthesis focused on epilepsy and social stigma-
tization and a conference contribution on the stigmatiza-
tion phenomenon in epilepsy, suggest that local scholarship 
is beginning to consolidate around stigma as a core qual-
ity-of-life determinant. Even when such sources are more 
contextual than definitive, they still matter because they 
indicate what questions are becoming visible within the lo-
cal research culture. For a future Moldovan adult study, that 
visibility is strategically important: it creates room for an 
instrument choice that is psychometrically serious and so-
cially relevant at the same time [29, 30, 50].

Table 4. Recommended instrument combinations for future Moldovan adult epilepsy studies and principal supporting references
Research goal Preferred quality-

of-life tool
Preferred stigma tool Minimal clinical covariates to report

Cross-sectional adult outpatient 
survey [10, 14, 15, 28, 38]

QOLIE-31 SSE or clearly defined ESS variant Seizure frequency, seizure type, number of anti-
seizure medications, adverse effects, depression/
anxiety screen

Drug-resistant or tertiary-centre 
cohort [21, 27]

QOLIE-31-P ESSS if internalized burden is 
central; SSE if perceived stigma is 
central

Drug resistance, seizure frequency, ASM polytherapy, 
adverse effects, insomnia, and psychiatric symptoms

Psychological rehabilitation or 
psychoeducation study [16, 22]

QOLIE-31-P ESSS or SSE according to 
intervention target

Baseline stigma level, social participation, compliance, 
emotional symptoms, and seizure change over time

Translation and validation study [10, 
15, 16, 18, 39-42]

QOLIE-31 or QOLIE-
31-P

One single stigma instrument only Reliability indices, construct validity, known-group 
validity, and completion burden

Rapid clinical screening in routine 
care [11]

QOLIE-10 Brief stigma screen or none if visit 
time is limited

Seizure frequency, medication burden, and brief mood 
assessment

Note: QOLIE-31-P = patient-weighted Quality of Life in Epilepsy Inventory-31; SSE = Stigma Scale of Epilepsy; ESS = Epilepsy Stigma Scale or revised Epilepsy 
Stigma Scale variants; ESSS = Epilepsy Self-Stigma Scale; ASM = anti-seizure medication. Recommendations are synthesis-based and should be adapted to study 
design, translation status, and available sample size.

Implementation issues: translation, access, and study 
design

A recurrent weakness in the adult literature is the dom-
inance of cross-sectional designs. Cross-sectional studies 
are indispensable for mapping associations and comparing 
instruments, but they cannot determine whether poor qual-
ity of life precedes stigma, follows it, or co-evolves with it 
through recurrent seizure burden. The literature is there-
fore stronger on psychometric description and correlation-
al patterning than on temporal causality. This limitation is 
not a reason to dismiss existing evidence; rather, it clarifies 
what a future Moldovan agenda should add, namely longi-
tudinal designs, repeated measures, and more explicit mod-
elling of clinical severity together with psychosocial media-
tors [1, 21, 46].

Translation and implementation deserve equal method-
ological attention. RAND continues to host QOLIE-89 and 
QOLIE-31 as public documents with scoring manuals, which 
lowers barriers to transparent use. At the same time, the ex-
istence of COA catalogues and licensing resources reminds 
investigators that instrument governance, translation pro-
cedures, and version control should be verified before local 

deployment, especially for short forms, patient-weighted 
variants, or non-English implementations. In practice, a re-
sponsible Moldovan study should document the translation 
pathway, forward-backward translation, cognitive debrief-
ing, pilot burden, and basic psychometric performance rath-
er than treating the questionnaire as a neutral import [13, 
25, 48, 49]. From an implementation perspective, the litera-
ture supports a severity core set for adult Moldovan studies: 
seizure frequency, seizure type or focality, drug-resistant ep-
ilepsy status, number of anti-seizure medications, adverse 
medication effects, depression and anxiety screening, sleep 
problems where relevant, work status, and a clearly defined 
stigma measure. These variables recur often enough across 
international and regional studies to form a credible mini-
mum standard, yet they remain realistic for service-based 
research. When this clinical core is paired with QOLIE-31 or 
QOLIE-31-P, the resulting design becomes both locally feasi-
ble and internationally interpretable [20, 21, 27, 28].

Discussion
This narrative methodological review supports the 

working hypothesis in a remarkably consistent way. Across 
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foundational instrument studies, psychometric validations, 
regional adult cohorts, and Moldovan contextual publica-
tions, lower clinical control and higher psychosocial burden 
are repeatedly linked to worse epilepsy-specific quality of 
life. What varies is not the direction of the relationship, but 
how investigators choose to observe it. Some focus on sei-
zure frequency and medication profile; others foreground 
depression, anxiety, or stigma. The strongest adult studies, 
however, are not those that choose one domain and ignore 
the rest, but those that model quality of life as the meeting 
point of neurological severity and psychosocial mediation 
[1, 27, 28, 46].

As detailed in the Results, QOLIE-31 remains the pre-
ferred default for adult comparative research, while QOLIE-
31-P better suits longitudinal or patient-centred designs, 
and QOLIE-10 serves screening rather than primary out-
come purposes. This hierarchy follows directly from instru-
ment design and observed use patterns, not from an ideo-
logical preference [10, 11, 20, 21, 38].

The stigma findings are equally clear but conceptually 
more delicate. As shown in the Results, SSE-type instru-
ments target perceived stigma in social encounters, while 
ESSS-type measures capture internalized self-stigma; these 
constructs are overlapping but not interchangeable. The 
practical implication is direct: future Moldovan methods 
sections must name the full scale, define the target con-
struct, and explain why that specific form of stigma was se-
lected. That discipline would eliminate a substantial amount 
of interpretive noise from the local literature [14-17].

The regional and Moldovan evidence layers add more 
than local colour. The Romanian studies show that a dis-
ease-specific adult quality-of-life instrument can be used 
successfully in an Eastern European clinical environment 
and that repeated measurement is realistic. The Moldovan 
sources, in turn, show that local clinicians and researchers 
already view epilepsy through a psychosocial lens that in-
cludes stigma, adaptation, resocialization, and rehabilita-
tion. This means the local research ecosystem is ready for a 
more formal patient-reported outcomes agenda. The neces-
sary next step is not to discover that quality of life matters, 
because that is already known, but to operationalize it with 
methodologically coherent tools and clinically standardized 
covariates [5, 20-24].

One especially promising direction for Moldova is the 
evaluation of psychosocial and rehabilitation interven-
tions. The 2024 local case study showed improvements in 
emotional stability, self-confidence, compliance, and social 
openness despite only slight and non-significant seizure 
change. This pattern mirrors a broader insight from the 
international literature: quality-of-life gains need not wait 
passively for perfect seizure control. Some may be obtained 
by reducing emotional distress, isolation, and self-stigma, 
or by improving the person’s capacity to participate in 
work, family, and social life. For that reason, studies of psy-
choeducation, counselling, or multidisciplinary rehabilita-
tion should not rely solely on crude symptom counts when 
selecting outcomes [22, 31, 32].

A practical Moldovan research pathway can therefore 
be outlined. A first phase could validate or culturally adapt 
one adult quality-of-life instrument, preferably QOLIE-31 
or QOLIE-31-P, together with one stigma scale chosen for 
construct fit. A second phase could apply those instruments 
in a multicentre cross-sectional study reporting a min-
imum severity core set. A third phase could move toward 
follow-up design in refractory epilepsy services or psycho-
social rehabilitation programs. Such sequencing would be 
more productive than attempting a single over-ambitious 
project with too many scales and too few patients. The goal 
is disciplined accumulation of comparable data, not decora-
tive measurement abundance [19, 21, 25, 49].

Equally important is the way results are reported. A fu-
ture Moldovan adult study should avoid the common pat-
tern of presenting only one total quality-of-life score with 
minimal clinical annotation. Domain scores should be re-
ported when sample size permits, because seizure worry, 
social function, emotional well-being, medication effects, 
and energy or cognitive complaints do not necessarily move 
together. The Methods section should state exactly which 
score version was used, how missing items were handled, 
whether the instrument was self-completed or interview-
er-assisted, how long administration required, and whether 
respondents found any items culturally unclear. Such details 
may appear mundane, but they determine whether a study 
can actually be replicated or meaningfully compared with 
international cohorts. They are also the details most likely 
to matter when a questionnaire is transferred into a new 
linguistic and clinical environment [13, 20, 25, 40].

The literature also suggests that future Moldovan work 
should resist false dichotomies between neurological and 
psychosocial outcomes. Stigma is not merely a social after-
thought, and seizure control is not the sole legitimate end-
point. A strong adult design can report both without meth-
odological confusion: clinical variables establish the burden 
profile, while QOL and stigma instruments show how that 
burden is lived. This is particularly relevant for patients 
with drug-resistant epilepsy, recurrent hospital use, work 
exclusion, or family strain, where relatively small clinical 
improvements may still generate meaningful patient-re-
ported benefit. If Moldovan studies adopt this dual-outcome 
logic, they will be better positioned to evaluate pharmaco-
logical management, psychosocial rehabilitation, and ser-
vice organization within the same evidence framework [1, 
22, 31, 32].

The review also exposes several limitations. As a nar-
rative methodological review rather than a systematic re-
view, this synthesis is inherently subject to selection bias in 
source identification and to the interpretive judgements of 
the authors; no pooled effect sizes can be calculated, and the 
breadth-versus-depth trade-off cannot be fully eliminated. 
A PRISMA-compliant systematic review or meta-analysis 
would provide a more rigorous evidential foundation but 
would also restrict the scope in ways incompatible with 
the primarily methodological aim of this work. Within the 
evidence base itself: first, much of the adult literature re-
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mains cross-sectional, which constrains causal inference. 
Second, the stigma field continues to suffer from inconsist-
ent terminology and construct overlap. Third, local Moldo-
van evidence is still stronger on conceptual and contextu-
al relevance than on large-scale psychometric validation. 
Fourth, not all recent Moldovan 2025 items were available 
as complete indexed full texts at the time of synthesis, so 
they were used mainly as contextual rather than core em-
pirical evidence. Finally, inclusion of QOLIE-AD-48 was de-
liberately limited because it is developmentally informative 
but not a primary adult outcome instrument. None of these 
limitations invalidate this synthesis, but they do define the 
agenda ahead [3, 29, 30, 46].

The principal strength of this review is that it integrates 
global psychometric literature, contemporary adult cohort 
data, regional Romanian measurement experience, and Mol-
dovan clinical-social scholarship within a single methodolog-
ical frame. Instead of asking only whether epilepsy worsens 
quality of life, it asks which questionnaire strategy best cap-
tures that worsening in adult patients and how stigma should 
be measured without conceptual shortcuts. That is the level 
at which future Moldovan research can move from general 
awareness to genuinely comparable evidence [5, 20-22, 38].

Conclusions
This methodological review shows that adult epilepsy 

burden is best assessed when epilepsy-specific quality of life 
and stigma are treated as complementary patient-reported 
outcomes rather than as interchangeable measures. For fu-
ture adult studies in the Republic of Moldova, the most prac-
tical strategy is to pair QOLIE-31 or QOLIE-31-P with one 
stigma scale selected according to construct and to report 
a standardized clinical-severity core set. The added value of 
this synthesis is a locally adaptable measurement framework 
that can generate patient-reported outcome data that are 
clinically meaningful and internationally comparable.
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Introduction. Follicular lymphoma (FL) is a slow-growing B-cell lymphoma with a generally favorable prognosis. Never-
theless, its clinical course is heterogeneous, with a significant subset of patients experiencing early progression or histo-
logical transformation into diffuse large B-cell lymphoma (DLBCL), both considered to be high-risk events associated with 
treatment resistance and markedly inferior outcomes. Importantly, clinical risk factors have limited value in predicting 
these complications. This review outlines the key biologic features of FL, discussing how the novel molecular biology ap-
proaches can explain the clinical heterogeneity and high-risk disease evolution of FL.

Materials and methods. A focused literature review was conducted using the PubMed/MEDLINE database to identify stud-
ies on follicular lymphoma and its histological transformation to diffuse large B-cell lymphoma. Priority was given to original 
research or review articles investigating genetic, epigenetic, transcriptional, or microenvironmental determinants of FL.

Results. Evidence from early cytogenetic and DNA sequencing studies established BCL2 deregulation as an initiating lesion 
in FL, with further genetic alterations in epigenetic regulators like KMT2D, EZH2, CREBBP/EP300 occurring early on and 
persisting throughout the disease course. Studies of transformed FL samples indicate that aggressive evolution is associated 
with acquisition of additional genetic lesions, such as those affecting the cell cycle regulators CDKN2A/2B and TP53. More 
recently, integrated genomic, transcriptomic and spatial resolved techniques have demonstrated substantial transcriptional 
heterogeneity within individual genetic subclones, suggesting that the genotype alone does not determine the phenotype of 
the malignant cells and supporting a pathogenetic model in which clinical trajectories reflect the combined effects of genomic 
evolution, transcriptional cell state, and tumor-microenvironment crosstalk. Important findings, including greater infiltration 
with LAG3+CD8+ T cells in cases of histological transformation to DLBCL and upregulation of transcriptional programs that 
promote stromal expansion and B-cell receptor signaling in cases of early FL relapse, indicate that integrated profiling rep-
resents a promising avenue for identifying the biomarkers and treatment targets that are specific to high-risk disease.

Conclusions. Continued research concentrated on multiomic profiling of both malignant and non-malignant tumor com-
partments is essential in order to reveal the mechanisms of FL heterogeneity and translate these data into practical bio-
markers and therapeutic strategies. 
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What is not yet known on the issue addressed in the submit-
ted manuscript
Follicular lymphoma is a malignancy characterized by substantial 
heterogeneity in terms of clinical trajectories. Early progression 
and histological transformation to diffuse large B-cell lymphoma, 
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Introduction
Follicular lymphoma (FL) represents the most preva-

lent indolent B-cell lymphoma, comprising up to 25% of 
all non-Hodgkin lymphoma cases [1]. A combination of an-
ti-CD20 agents with chemotherapy in the frontline setting 
results in favorable initial treatment responses in the major-
ity of patients [2-6]0 to 54.5, leading to overall survival rates 
rivaling normal life expectancy [7]. Importantly, a significant 
number of patients follow clinical trajectories that are dis-
tinct from the otherwise prolonged and indolent course. In 
particular, approximately 20% experience early disease pro-
gression (commonly referred to as progression of disease 
within 24 months; POD24), which is associated with marked-
ly inferior clinical outcomes [8-11]588 patients with stage 2 
to 4 FL received first-line rituximab plus cyclophosphamide, 
doxorubicin, vincristine, and prednisone (R-CHOP. A sizeable 
minority also undergoes histological transformation into an 
aggressive lymphoma, most commonly diffuse large B-cell 
lymphoma (DLBCL), a complication likewise linked to rapid 
progression and inferior survival [12-14]some patients ex-
perience early disease progression, including progression of 
disease within 24 months (POD24. 

Technological breakthroughs in the fields of genomics, 
transcriptomics, and epigenomics have advanced the un-
derstanding of FL from being a single entity primarily driv-
en by the t(14;18) translocation to a highly heterogeneous 
group of tumors with diverse molecular features [15]epi-
genetic, microenvironmental, and clinical features. It is the 
most prevalent indolent non-Hodgkin lymphoma, charac-
terized by a relapsing course and risk of transformation to 
aggressive diffuse large B-cell lymphoma. Recent advances 
in high-throughput sequencing, spatial transcriptomics, and 
imaging technologies uncovered genetic, epigenetic, and 
immunogenetic features underpinning FL, offering insights 
into its biology and potential therapeutic vulnerabilities. Al-
though FL is primarily driven by the hallmark t(14;18. These 
advances have also provided a rationale for the introduction 
of multiple novel therapeutic agents which target the various 
pathways related to the underlying disease pathogenesis, 

including epigenetic regulators [16, 17], the B-cell receptor 
(BCR) pathway [18, 19]randomized study that assessed the 
efficacy and safety of ZO versus obinutuzumab in patients 
with relapsed/refractory (R/R, E3 ubiquitin ligase complex-
es [20, 21] and the tumor microenvironment (TME) - via 
T-cell engagers such as bispecific antibodies [22-25]a novel 
CD3 × CD20 bispecific antibody, in the third-line and later 
setting of follicular lymphoma.\nMETHODS: EPCORE NHL-1 
is a multicohort, single-arm, phase 1-2 trial conducted at 88 
sites across 15 countries. Here, we report the primary analy-
sis of patients with relapsed or refractory follicular lympho-
ma in the phase 2 part of the trial, which included the pivotal 
(dose expansion, chimeric antigen receptor (CAR) T cells [26-
28], or via promoting tumor cell phagocytosis [29]. 

In view of the expanding range of novel treatment op-
tions, it is essential to reliably identify the high-risk patients 
who are unlikely to benefit from conventional chemoimmu-
notherapy, such as those predisposed to early progression 
or transformation. Although a number of clinical predictors 
were shown to be associated with these poor outcomes, in-
cluding advanced stage, elevated LDH, poor performance 
status, presence of B symptoms, extranodal site involve-
ment, and high overall Follicular Lymphoma International 
Prognostic Index (FLIPI) score [9, 30-33]such as progres-
sion of disease within 24 months (POD24, none of these risk 
factors have sufficient pre-treatment predictive capacity. 
Moreover, the biologic events that shape a particular disease 
trajectory in FL, and, therefore, have the potential to serve 
as candidate biomarkers for poor clinical outcomes, are still 
incompletely understood. Although genomic studies have 
provided a foundation for the mechanisms of FL lymphoma-
genesis, it has become increasingly evident that the disease 
cannot be fully explained at the DNA level alone, highlight-
ing the need to investigate additional layers of tumor biolo-
gy. These challenges are currently being addressed through 
the use of novel techniques such as single-cell profiling and 
multiomics, which allow for a more comprehensive inter-
rogation of both the malignant and non-malignant tumor 
compartments. In this review, a brief clinician-oriented 
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both events characterized by poor prognosis and incompletely un-
derstood biology, cannot be reliably predicted, limiting the possi-
bility of personalized upfront treatment decisions. 
The research hypothesis 
Recent studies have demonstrated that the clinical heterogeneity 
inherent to follicular lymphoma arises from the combined effects 
of multiple biological determinants that are currently being re-
solved using novel molecular biology approaches. 
The novelty added by the manuscript to the already published 
scientific literature
Herein, a clinician-oriented synthesis is provided of how these 
techniques are shaping the current pathogenetic models of de 
novo and transformed follicular lymphoma, and how they may 
contribute to the identification of practical biomarkers and ther-
apeutic vulnerabilities.
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overview is provided of how these and other techniques are 
reshaping our understanding of de novo and transformed 
FL, presents a rationale for how this knowledge may even-
tually translate into clinically meaningful risk assessment 
and therapy development.

Materials and methods
The PubMed/MEDLINE database was searched using 

combinations of terms including “follicular lymphoma”, 
“transformation”, “diffuse large B-cell lymphoma”, “POD24”, 
“early progression”, “tumor microenvironment”, “single-cell”, 
“spatial”, “integrated profiling” and “multiomics.” Reference 
lists of publications were manually searched to identify addi-
tional relevant studies. Titles and abstracts were screened for 
relevance, followed by full-text review of potentially eligible 
articles. This review considered peer-reviewed original re-
search, reviews and conference abstracts addressing FL and 
its histological transformation to DLBCL. Non–peer-reviewed 
sources and isolated case reports were excluded.

Results
The role of genomic sequencing in follicular lymphoma
BCL2 dysregulation. Before the advent of next-gen-

eration sequencing (NGS) technologies, the knowledge 
of specific events leading to FL development was largely 
limited to a single genetic lesion (Fig. 1). Early cytogenet-
ic studies from the mid-1980s revealed that 85-90% of FL 
patients carry a hallmark reciprocal translocation involving 
the B-cell lymphoma 2 (BCL2) oncogene on chromosome 
18 and the immunoglobulin heavy chain (IgH) gene locus 
on chromosome 14 [34-36]hybrid bcl-2/immunoglobulin 
heavy chain transcripts are produced that consist of the 5′ 
half of the bcl-2 mRNA fused to a “decapitated” immuno-
globulin heavy chain mRNA. Nucleotide sequence analyses 
confirmed that the hybrid transcripts continue to encode a 
normal bcl-2 protein. Our results suggest that t(14;18. As 
a consequence, the BCL2 gene is placed under the control 
of strong IgH gene enhancer elements, resulting in consti-
tutive BCL2 overexpression [37]. The BCL2 gene product 
then acts as its role as an anti-apoptotic protein, providing 
a selective survival advantage to the FL precursors carry-
ing the t(14;18) translocation [38] and allowing them to 
accumulate secondary genetic lesions without undergoing 
apoptosis [39]the structure in which B cells undergo somat-
ic hypermutation (SHM). 

Fig. 1 A simplified schematic depiction of the hallmark t(14;18) rearrangement. 
Note: The reciprocal translocation, arising during the physiological V(D)J recombination process in developing B cells, juxtaposes BCL2 (chromosome 18, typically 
involving the region adjacent to exon 3) to the IgH (chromosome 14) Joining (J) region (red arrow), resulting in constitutive BCL2 expression driven by IgH 
regulatory sequences (such as Eµ) and promoting apoptosis resistance in B cells carrying the rearrangement.

More recently, a role for somatic mutations in the BCL2 
gene has also been demonstrated. Correia et al. used Sanger 
sequencing to characterize BCL2 mutations in FL and re-
ported that such mutations, identified in 12% of patients, 
represent an independent risk factor for transformation 
and death from lymphoma [40]Follicular lymphoma (FL. 
However, the reliance on conventional Sanger sequencing 
likely underestimated the true prevalence and spectrum 
of BCL2 alterations. Because Sanger sequencing produces 
only a single continuous read per DNA fragment, it is not 

sensitive enough to reliably detect mutations present be-
low a variant allele frequency (VAF) of 15-20% [41]Sanger 
sequencing, single-strand conformation polymorphism 
(SSCP. This limitation is particularly important in the con-
text of heterogeneous tumor samples, where a high back-
ground of DNA coming from normal cells within the tumor 
could mask mutations of the malignant clone. In contrast, 
NGS allows detection of less common variants through re-
dundant sequencing of the same genomic regions. In line 
with the above, in a subsequent study by the same group 



87

Mold J Health Sci. 2026;13(2):84-94Biology of follicular lymphoma

employing NGS, BCL2 mutations were found in 52% of 
newly diagnosed FL [42]we examined 11 AICDA muta-
tional targets, including BCL2, BCL6, PAX5, PIM1, RHOH, 
SOCS, and MYC, in 199 newly diagnosed grade 1 and 2 FLs. 
BCL2 mutations with VAF ≥20% occurred in 52% of cases. 
Among 97 FL patients who did not initially receive ritux-
imab-containing therapy, nonsynonymous BCL2 mutations 
at VAF ≥20% were associated with increased transforma-
tion risk (HR 3.01, 95% CI 1.04–8.78, p = 0.043, in stark 
contrast to the 12% prevalence reported using Sanger se-
quencing [40]Follicular lymphoma (FL. Beyond sensitivity, 
Sanger sequencing approaches are also inherently target-
ed, focusing on preselected genes or regions, and therefore 
may miss pathogenic alterations outside the interrogated 
targets. Importantly, the observation that the t(14;18) 
translocation can be detected in a fraction of B cells in the 
majority of healthy individuals [43]chromosomal trans-
locations are considered to be an early oncogenic hit. We 
investigated whether the lymphoma-associated t(14;18 
further supports the notion that BCL2 deregulation alone 
is insufficient for malignant transformation, and that addi-
tional oncogenic events are required for FL development. 

Epigenetic modifiers. Early NGS studies were founda-
tional in defining the recurrent mutational landscape of FL. 
In a seminal study, Morin et al. conducted whole genome se-
quencing (WGS) of FL and DLBCL tumor samples, identify-
ing recurrent mutations in EZH2, a gene encoding a H3K27 
histone methyltransferase [44]. In a subsequent study by 
the same group, the authors discovered frequent inacti-
vating mutations in the KMT2D (MLL2) gene, encoding for 
another histone methyltransferase [45], in 89% of FL pa-
tients [46]. In parallel, Pasqualucci et al. reported frequent 
mutations in the functionally related histone/protein lysine 
acetyltransferases CREBBP and EP300, detected in 32.6% 
and 8.7% of FL samples, respectively [47]. Building on these 
observations, Okosun et al. conducted WGS or whole exome 
sequencing (WES) of multiple samples that were collected 
from 10 patients at different time points during the course 
of their disease [48]. This sequential approach enabled the 
construction of phylogenetic trees, reflecting the clonal evo-
lution of FL for each patient. The analysis demonstrated a 
branching evolution pattern in each of the trees, with the 
“trunk” representing the putative driver lesions that are 
shared between the initially identified and the subsequent 
clones in the FL tumors, thus supporting the existence of a 
common precursor and divergent subclones. In all patients, 
the precursor populations demonstrated an enrichment for 
mutations in the above-mentioned epigenetic modifiers, in-
cluding KMT2D, CREBBP, EP300, and EZH2, and these find-
ings were validated in an additional cohort of over 100 FL 
biopsies, where concurrent mutations in at least 2 epigen-
etic modifiers were found in more than 70% of cases. In-
terestingly, a small number of patients showed distinct mu-
tations between diagnostic and subsequent biopsies that 
occurred within the same genes, a finding that was recently 
also observed in DLBCL [49], suggesting that certain driver 
lesions may be indispensable for lymphomagenesis and de-

termine the commitment of the tumor towards a particular 
genetic phenotype. 

Genetic determinants of FL transformation to DLBCL. 
The above data established epigenetic dysregulation as a 
central driving mechanism in the pathogenesis of de novo 
FL, with oncogenic effects that include immune evasion, 
cell cycle dysregulation, and alteration of multiple signaling 
pathways, including BCR, JAK-STAT, and NF-κB [15]. Impor-
tantly, analysis of sequential patient biopsies in the study of 
Okosun et al. reported that other genetic events, particularly 
abnormalities affecting cell cycle regulation and apoptosis 
(e.g., MDM2, MYC), as well as NF-κB signaling (REL, MYD88, 
TNFAIP3), appeared by the time of histological transforma-
tion of FL into DLBCL, and were not detectable in the initial 
FL biopsies [48]. Consistent with this, subsequent studies 
have demonstrated an association between transforma-
tion and increased mutational burden, in addition to recur-
rent genetic lesions affecting immune escape (B2M), con-
finement of B cells to the germinal center (GNA13, S1PR2, 
P2RY8), and cell cycle regulation and apoptosis (CDKN2A, 
CDKN2B, TP53, MYC) [50-53]. Notably, such abnormalities, 
in particular those affecting CDKN2A/2B, TP53 and MYC 
have also been implicated in transformation of chronic 
lymphocytic leukemia into DLBCL [54-56], and represent 
defining features of several prognostically inferior genetic 
subtypes of de novo DLBCL [53, 57-59]. Collectively, these 
findings support the notion that acquisition of specific ge-
netic events contributes to the transformation of FL (Fig. 2) 

Fig. 2 Conceptual model of follicular lymphoma pathogenesis. 
Note: Early molecular events, including BCL2 deregulation and recurrent 
alterations in epigenetic regulators (upper right), contribute to malignant 
transformation of normal B cells into follicular lymphoma. Following 
diagnosis, FL may follow distinct evolutionary and clinical courses, including 
high-risk outcomes such as early progression and histological transformation 
to aggressive lymphoma. Transformation is accompanied by gain of additional 
genetic lesions, such as those affecting cell cycle regulators, immune escape, 
and germinal center confinement (lower right). Black arrows indicate 
established evolutionary relationships; red arrows indicate the mechanisms 
driving these relationships. Question marks denote biologic events that are 
incompletely understood: the determinants of early progression (lower left) 
and the events leading to acquisition of transformation-enabling genetic 
lesions (middle right).
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the extensive inter- and intraclonal heterogeneity inherent 
to FL likely diminishes the ability of simplified models that 
are based on individual genes to consistently identify high-
risk patients across different settings. At earlier time points, 
such as at diagnosis, the smaller, potentially prognostically 
relevant subclones may, at best, only be detectable using ul-
tra-sensitive technologies [52, 61]. Moreover, none of the ex-
isting risk-stratification models were specifically trained for 
the most pertinent predictor of inferior survival, POD24 [68]. 
Finally, the risk of adverse clinical outcomes, such as trans-
formation, may be associated with exposure to specific treat-
ment regimens [69], further complicating our understanding 
of the predictive value of genetic lesions in FL. Collectively, 
these findings indicate that conventional, bulk DNA-level pro-
filing alone is not sufficient to identify the core determinants 
underlying the clinical trajectories seen in FL.

The role of single-cell sequencing and integrated mul-
tiomic approaches in follicular lymphoma

Single-cell profiling and tumor microenvironment as a 
driver of clinical behavior. Bulk DNA sequencing is readily 
accessible, and widely used across cancer studies for diagno-
sis and biomarker identification. However, every tumor cell 
can exhibit a unique genomic, epigenomic, and transcription-
al profile. Modifications at the RNA level appear particularly 
important, given that genomic and epigenomic changes are 
ultimately reflected at the RNA level. With the development 
of the 10x Genomics Chromium systems, single-cell RNA 
sequencing has recently become more accessible to the sci-
entific community, allowing for analysis of gene expression 
profiles from thousands of individual cells per run [70]splic-
ing variants, mutations/indels in addition to differential gene 
expression, thus providing a more complete genetic picture 
than DNA sequencing. This most widely used technology 
in genomics tool box has evolved from classic bulk RNA se-
quencing (RNAseq, exposing subclones and cell states that 
would otherwise be invisible in bulk sequencing.

Multiple studies employing single-cell RNA sequencing 
have reaffirmed that FL tumors consist of several coexisting 
subclones, either at different anatomical sites, or within the 
same lesion. In a recent study, Haebe et al. used single-cell 
RNA, B- and T-cell receptor sequencing, as well as flow cy-
tometry to profile synchronously acquired tumors from dif-
ferent sites in 10 patients with FL [71]FL can exhibit site-
to-site genetic and phenotypic divergence as well as differ-
ential Tfh abundance and tumor-Tfh cross talk.In FL, biopsy 
of a single anatomical site may not capture the full scope of 
a patient’s disease., Tumor heterogeneity complicates bio-
marker development and fosters drug resistance in solid 
malignancies. In lymphoma, our knowledge of site-to-site 
heterogeneity and its clinical implications is still limited. 
Here, we profiled 2 nodal, synchronously acquired tumor 
samples from 10 patients with follicular lymphoma (FL. 
Unexpectedly, the authors found that in many patients the 
disease evolved independently at different sites, exhibiting 
site-to-site divergence in BCR evolution, gene expression 
and surface protein profiles. Supporting these observations, 
bulk WES of samples obtained from multiple disease sites 

and raise the possibility that similar mechanisms play an 
important role in the development of more aggressive phe-
notypes across a spectrum of lymphoid malignancies [60].  

The above findings indicate that transformation of FL 
into DLBCL is driven by an expansion of a tumor subclone 
with the propensity to acquire transformation-enabling ge-
netic lesions [52, 61], a tendency that may arise as a func-
tional consequence of pre-existing genetic abnormalities 
or other biologic events. In this context, it appears to be of 
more value to identify how the mutations at initial diagnosis 
influence the risk of FL transformation, rather than those ac-
quired later during the course of disease progression, given 
that such an approach could eventually help guide up-front 
clinical decision-making. In a recent study that analyzed WGS 
data from 423 FL and de novo DLBCL patients, two genet-
ically distinct FL subgroups were resolved using a machine 
learning classifier trained to discriminate between DLBCL 
and FL based on mutational profiles [62]. The first group, 
which included 53% of untransformed FL from the training 
cohort, was termed the constrained FL (cFL). Patients with-
in this group were less likely to undergo transformation, and 
were distinguished by the presence of missense mutations in 
the lysine acetyltransferase domain of CREBBP, in addition to 
mutations in several genes involved in the mTORC1 signaling 
pathway (RRAGC, ATP6AP1, and ATP6V1B2). The remaining 
47% of untransformed FL were classified as DLBCL-like FL 
(dFL), a subgroup presenting with increased rates of aber-
rant somatic hypermutation (as demonstrated by a higher 
prevalence of mutations within the transcription start sites 
of commonly affected genes, such as BCL6, BCL7A, RHOH, and 
ZFP36L1), nonsense CREBBP mutations, and higher risk of 
transformation to DLBCL. These findings indicate that certain 
early genetic lesions may predispose FL to a commitment 
toward histological transformation, and thus serve as poten-
tial predictors for this clinical outcome. Whether these early 
genetic events contribute to transformation directly, or de-
termine a state in which additional transformation-inducing 
genetic events accumulate, is currently unclear.

Genetic risk stratification models. Data from the afore-
mentioned studies have laid the foundation for developing 
pretreatment prognostic scoring systems that incorporate 
somatic mutations for FL risk stratification. The most well-
known of these models is the m7-FLIPI, a molecular prognos-
tic tool created using a targeted NGS panel of 74 genes applied 
to pretreatment biopsies from 151 FL patients [63]. The score 
integrates several clinical parameters with the mutation sta-
tus of 7 genes: EZH2, ARID1A, MEF2B, EP300, FOXO1, CREBBP, 
and CARD11. In the initial trials, it was able to stratify patients 
into low- and high-risk subgroups based on failure-free sur-
vival [63], as well as identify those at highest risk for POD24 
[9]. However, multiple follow-up studies attempting to vali-
date the m7-FLIPI score have yielded inconsistent results in 
external patient cohorts [33, 64-67], suggesting that specif-
ic genetic lesions may be associated with distinct functional 
consequences in different clinical and biologic contexts. Given 
these challenges, no mutation-based prognostic score is cur-
rently adopted in clinical practice. As expanded upon below, 
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within the same patients revealed spatially discordant ge-
netic abnormalities, including alterations in several m7-FLI-
PI-related genes, such as EZH2 and EP300 [72]. These find-
ings appear particularly relevant given that most FL pa-
tients manifest disseminated tumor involvement. They also 
support the notion that a diagnostic biopsy from a single an-
atomical site may be insufficient, and further add to the lim-
ited predictive ability of the approaches relying just on bulk 
genome sequencing and clinical data. Moving forward, the 
potential requirement for multiple biopsies may be circum-
vented by genomic profiling of circulating tumor DNA [73]
yet the identification of poor-risk groups remains challeng-
ing. In addition, the biology underlying these differences is 
incompletely understood. We hypothesized that character-
ization of mutational heterogeneity and genomic evolution 
using circulating tumor DNA (ctDNA, although the utility of 
such an approach in FL remains to be validated.

In a study integrating single-cell RNA and bulk exome se-
quencing, Andor et al. also identified the presence of multiple 
subclones within individual FL tumors, each associated with 
transcriptional profiles that reflected their distinct genetic 
backgrounds [74]characterized by differential pathway ac-
tivities.In CD4+ Tregs, known immune checkpoint genes are 
coexpressed with transcription factors and immune regula-
tors, including CEBPA and B2M., Follicular lymphoma (FL. 
Notably, substantial transcriptional heterogeneity was also 
observed within individual genetic subclones, suggesting 
that phenotypic diversity is not solely determined by the 
genotype. Consistent with this, malignant B cells in FL were 
shown to cycle between different transcriptional states 
largely independently of their mutational profile, a process 
likely driven by extrinsic signals from the non-malignant 
components of the lymphoma microenvironment [75]the 
second most frequent lymphoma in adults, often presents 
as a disseminated disease at diagnosis. Despite a general-
ly slow progression and a median overall survival of more 
than 15 years with current chemo-immunotherapies, FL pa-
tients often suffer from multiple relapses. Yet, the biological 
mechanisms promoting FL dissemination, progression and 
relapse are still poorly understood. FL, like most B-cell lym-
phomas, originates from germinal centers (GC. 

The structure of lymph nodes affected by FL retains fea-
tures of normal lymphoid tissue, but the architecture is dis-
organized, with complete or partial effacement by the neo-
plastic follicles [76]primarily, within lymph nodes (LNs. It is 
enriched for T cells, including mostly CD4+ subsets, such as 
T follicular helper cells, T regulatory cells, T follicular regu-
latory cells, and others, which were shown to contribute to 
tumor growth and treatment resistance via pro-survival sig-
nals (such as CD40L or IL-4), or by suppressing the normal 
anti-tumor immune response. Other cell types include the 
various macrophages and dendritic cells, which are frequent-
ly polarized into a tumor-supportive phenotype by the malig-
nant cells, as well as a variety of stromal cells, which are able 
to promote tumor growth by altering the microenvironment 
or by interacting directly with the tumor cells and secret-
ing tumor-promoting cytokines. Dave et al. were among the 

first to demonstrate the role of the FL TME in determining 
the patient clinical trajectory [77]. Using microarray-based 
gene-expression profiling, the authors resolved two surviv-
al-associated gene expression signatures, each reflecting the 
biologic characteristics of the non-malignant cells within the 
analyzed tumors. The first, termed immune-response 1, was 
associated with a favorable prognosis and enriched for ex-
pression of genes encoding T-cell and macrophage markers, 
whereas the second, termed immune-response 2, was associ-
ated with a poor prognosis and enriched only for genes pref-
erentially expressed in macrophages and dendritic cells, thus 
suggesting a role for the TME-derived T cells in preventing 
tumor growth. These early bulk gene-expression data pro-
vided the first evidence that the FL microenvironment is a 
prognostically meaningful structure that could shape the dis-
ease trajectory. Single-cell technologies have since expanded 
this concept substantially. Han et al. used single-cell RNA se-
quencing to subdivide FL into four major subtypes based on 
the phenotype and relative abundance of the various T cell 
populations [78]and associations with characteristics of tu-
mor-infiltrating T-cell subsets., Follicular lymphoma (FL. Im-
portantly, the subtype characterized by T cell depletion was 
associated with poor survival, reinforcing the role of T cells in 
suppressing tumor growth and suggesting that immune eva-
sion by the tumor cells is an important contributor to poor 
prognosis. 

Integrated multiomic approaches in early relapse FL 
and transformation to DLBCL. A multiomic approach refers 
to the integrated analysis of two or more biologic data layers 
(e.g., genomics, transcriptomics, epigenomics, proteomics) 
to reconstruct a more complete view of tumor biology. In FL, 
where clonal heterogeneity and microenvironmental inter-
actions appear to significantly influence disease behavior, 
multiomic profiling is particularly valuable for capturing the 
complexity that may otherwise be missed by single-modality 
methods. Using WES, bulk and single-cell RNA sequencing, 
and iterative bleaching extends multiplexity (IBEX) imaging 
(an immunofluorescence technique that allows visualization 
of more than 65 proteins in the same tissue section) [79]lack-
ing a spatial context, and traditional immunofluorescence, 
capturing only two to six molecular features, cannot resolve 
these issues. Imaging technologies have been developed to 
address these problems, but each possesses limitations that 
constrain widespread use. Here we report a method that 
overcomes major impediments to highly multiplex tissue 
imaging. \”Iterative bleaching extends multiplexity\” (IBEX, 
Radtke et al. constructed a molecular and cellular atlas of 
lymph nodes affected by FL [80]. The authors demonstrated 
that malignant B cells in high-risk patients undergoing ear-
ly relapse exhibited increased expression of genes related to 
BCR signaling and TME remodeling, unlike the malignant B 
cells derived from all other FL patients. The unique imaging 
technique enabled spatial resolution of the non-malignant 
cell populations within individual tumors, revealing that 
early-relapse cases were characterized by an expansion of 
specific stromal cell communities and desmoplasia. Notably, 
the tumor B cells were frequently found to be in close physi-
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cal proximity to certain TME components (such as dendritic 
cells), a state that may facilitate sustained BCR signaling. 

Additional insights were obtained from another integra-
tive single-cell study by Sarkozy et al., who applied single-cell 
genome and transcriptome sequencing to investigate the 
co-evolution of the malignant B cells and the surrounding 
microenvironment during transformation of FL into DLBCL 
[61]. Transcriptomic profiling showed differential expres-
sion of MYC target genes, in addition to activation of oxidative 
phosphorylation and mTORC1 pathways during transforma-
tion. By integrating WGS and single-cell RNA sequencing data 
across sequential time points, the authors further identified 
an association between genomic evolution (i.e., emergence of 
additional genetic lesions) and acquisition of a transforma-
tion-related transcriptional phenotype. However, significant 
transcriptional diversity in the absence of detectable genomic 
evolution was also observed, reinforcing the notion that geno-
type alone does not fully determine the tumor cell state. Anal-
ysis of the non-B cell fraction revealed marked remodeling of 
the TME, with decreases in naive/memory-like and follicular 
helper-like T cells, accompanied by expansion of the exhaust-
ed/regulatory-like and effector T-cell clusters, findings that 
were further supported by immunofluorescence evidence of 
increased CD8+ T-cell exhaustion marker expression during 
transformation. Spatial profiling additionally showed that 
the exhausted T cells were more abundant in close proxim-
ity to the malignant B cells after transformation, suggesting 
that the malignant B cells engaging with the surrounding T 
cells may contribute to T-cell dysfunction, and, potentially, to 
transformation-associated transcriptional reprogramming in 
the tumor B cells. Importantly, expression of the exhaustion 
marker LAG3 on CD8+ T cells in two independent pre-treat-
ment FL cohorts was significantly associated with shorter 
time to transformation, indicating that specific TME features 
could represent candidate biomarkers for histological trans-
formation. Collectively, these studies support the notion that 
both transformation and early relapse are accompanied by a 
shift in the composition and spatial organization of the TME, 
thus indicating that the tumor-microenvironment crosstalk 
is a core component of the biologic process that drives the 
development of more aggressive disease phenotypes (Fig. 3).

Discussion
Over the last few decades, the application of omics tech-

nologies has transformed the understanding of follicular 
lymphoma from a disease centered on BCL2 deregulation 
to a complex and heterogeneous entity shaped by multiple 
molecular mechanisms. Genomic sequencing has estab-
lished epigenetic dysregulation as a core component of FL 
pathogenesis, with recurrent mutations in chromatin mod-
ifiers like KMT2D, CREBBP, EP300 and EZH2 occurring ear-
ly and being maintained throughout disease evolution. In 
contrast, other genetic lesions, including those affecting cell 
cycle regulators, are more often acquired later on and are 
associated with more aggressive disease phenotypes such 
as transformation into DLBCL. 

More recently, integrative approaches that combine ge-
nomics, transcriptomics, and spatial profiling have further 

shown that the mechanisms driving FL are multifaceted 
and cannot be explained by the genotype alone, instead 
reflecting the interplay between genetic lesions, transcrip-
tional programs, and dynamic crosstalk with the lymphoma 
microenvironment. Collectively, the data presented in this 
review support a model of FL pathogenesis in which ma-
lignant cells undergo genetically driven phenotypic changes 
and engage in dynamic, bidirectional interactions with sur-
rounding immune cells, thereby remodeling the immune 
microenvironment into a tumor-supporting framework that 
promotes further phenotypic changes in the malignant cells. 

Despite these advances, FL continues to pose signifi-
cant clinical challenges, with markedly inferior outcomes 
in patients with histological transformation or early pro-
gression. Recent discoveries, including the identification 
of LAG3+CD8+ T-cell infiltration as a candidate biomarker of 
histological transformation and the emergence of potential 
therapeutic vulnerabilities in early relapse, such as fibro-
sis-associated TME remodeling that may be targetable with 
antifibrotic agents and BCR pathway inhibitors, support the 
notion that multiomic profiling may continue to reveal clini-
cally actionable biomarkers of high-risk disease and inform 
risk-adapted therapeutic strategies. 

Conclusions
Follicular lymphoma is a biologically complex disease 

in which clinical outcomes are determined not only by the 
genetic background of the malignant cells, but also by their 
transcriptional states and interactions with the surround-
ing microenvironment. The data reviewed here indicate that 
continued research focused on multiomic profiling is essen-
tial to identify the distinct biologic determinants that drive 

Fig. 3 Conceptual model for the determinants of a follicular 
lymphoma cell phenotype. 

Note: The phenotype of a malignant follicular lymphoma cell is shaped by 
both intrinsic genetic lesions (top arrow) and extrinsic signals from the tumor 
microenvironment (bottom arrow). The curved arrow denotes bidirectional 
crosstalk between tumor cells and surrounding non-malignant components, 
emphasizing the dynamic and reciprocal process determining the tumor cell 
phenotype.
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the various clinical trajectories in FL, thereby improving our 
ability to predict poor outcomes and facilitating therapeutic 
approaches that are focused on timely prevention of trans-
formation and early progression. 
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Introduction. Tick-borne infections (TBIs) are increasingly recognized as a public health concern in North America and 
Europe, with Lyme disease being the most notable. The Centers for Disease Control and Prevention (CDC) acknowledges 
that official statistics likely underestimate the true incidence of TBIs due to diagnostic challenges and underreporting. 
Co-infections, where multiple pathogens are transmitted through a single tick bite or multiple bites, complicate diagnosis 
and treatment, leading to more severe symptoms and longer illness durations. Studies indicate a significant percentage of 
Lyme disease patients also have co-infections, with babesiosis being a common co-infection. 

Materials and methods. A comprehensive narrative literature review was conducted using PubMed and Scopus, resulting 
in 52 manuscripts. Additional reports from the CDC and European Centre for Disease Prevention and Control (ECDC), as 
well as relevant academic books, were included to meet the study’s objectives. The Elicit platform was utilized to enhance 
reference identification and information synthesis.

Results. The paper provides an overview of tick-borne co-infections, emphasizing the diagnostic challenges posed by over-
lapping and nonspecific symptoms. It discusses various diseases, including Lyme disease, babesiosis, anaplasmosis, ehr-
lichiosis, Rocky Mountain spotted fever, and tick-borne encephalitis, detailing their causative organisms, vectors, clinical 
features, and common co-infections. The review critically examines diagnostic methods such as serological tests, molecular 
tests, and blood smears, highlighting issues like the „window period” false negatives/positives, and differentiating active 
from past infections. It also explores emerging technologies and biomarkers, including multiplex assays and next-genera-
tion sequencing, which enhance detection capabilities but face challenges in data analysis and standardization. 

Conclusions. Accurate diagnosis is crucial to manage these infections effectively, particularly in vulnerable populations. 
The rise in co-infections and inadequate testing presents a significant public health challenge, necessitating improved sur-
veillance and diagnostic approaches.
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K e y  m e s s a g e s

What is not yet known about the issue addressed in the 
submitted manuscript
The prevalence of tick-borne co-infections in humans, both 
globally and specifically in Moldova, is largely unknown or poorly 
understood. The true number of tick-borne disease cases may be 
much higher than reported, due to underreporting and lack of 
testing, as many patients are not tested, especially if symptoms 
appear late or if they do not recall a previous tick bite.
The research hypothesis
Patients with tick-borne co-infections are at higher risk of delayed 
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Introduction
Tick-borne infections are a growing public health issue 

in North America and Europe, caused by various pathogens 
(bacteria, viruses, protozoa) transmitted through tick bites 
[1]. The Centers for Disease Control and Prevention (CDC) 
reports an increasing trend in these infections, particularly 
Lyme disease, but admits that official statistics likely un-
derestimate the true incidence due to diagnostic challenges 
and underreporting [2].

Managing tick-borne infections (TBIs) is complicated by 
co-infections, where a single tick bite can transmit multi-
ple pathogens or multiple ticks can infect a person [3]. Ep-
idemiological data show that 4% to 45% of Lyme disease 
patients also have co-infections, which often lead to more 
severe symptoms and longer illness duration [4]. A recent 
study found that 42% of babesiosis patients were co-infect-
ed with another tick-borne disease, with Lyme disease be-
ing the most common co-infection in 41% of those cases [5].

Accurate and timely diagnosis of tick-borne coinfections 
is essential for effective patient management, reducing 
morbidity, and preventing severe, potentially life-threaten-
ing complications, particularly in vulnerable groups such as 
older adults or immunocompromised individuals [4]. The 
presence of multiple pathogens significantly complicates 
the clinical picture, often resulting in overlapping symp-
toms that may mask underlying infections. Failure to iden-
tify all coinfecting agents may result in inadequate or inap-
propriate treatment, contributing to persistent symptoms 
and adverse patient outcomes [6].

The rising prevalence of tick-borne co-infections, along 
with inadequate testing, poses a significant public health 
challenge. Many patients with co-infections, which wors-
en disease severity, remain undiagnosed, leading to an un-
derestimation of the true impact of tick-borne infections in 
clinical practice and surveillance data. This situation calls 
for a more comprehensive approach to surveillance and 
diagnosis that accounts for multiple pathogens, ensuring 
better allocation of public health resources and improved 
patient care [7,8].

Prominent bacterial agents include Borrelia burgdorferi, 
the causative agent of Lyme disease, and other Borrelia spe-
cies such as Borrelia mayonii and Borrelia miyamotoi, which 
cause Lyme-like illness and relapsing fever, respectively. 
Anaplasma phagocytophilum is responsible for anaplas-

mosis, while various Ehrlichia species cause ehrlichiosis. 
Rickettsia rickettsii is the pathogen responsible for Rocky 
Mountain Spotted Fever (RMSF), while Rickettsia conorii is 
the causative agent of Boutonneuse fever. Other recognized 
bacterial infections include Southern Tick-Associated Rash 
Illness (STARI) and tularemia. Among protozoan pathogens, 
Babesia species, particularly Babesia microti, are significant 
causes of babesiosis [1]. Important viral agents include the 
Tick-borne encephalitis virus (TBEV), Powassan virus, and 
Crimean-Congo hemorrhagic fever virus [9].

Environmental factors like temperature and humidi-
ty affect tick populations and their spread, while invasive 
plants create favorable conditions for ticks, hosts and path-
ogens [2]. Co-infections in ticks vary by region, with specific 
combinations such as Borrelia burgdorferi-Babesia microti 
and Borrelia burgdorferi-Anaplasma phagocytophilum being 
more common in the U.S. and others like Babesia-Anaplas-
ma phagocytophilum and Rickettsia-Anaplasma phagocy-
tophilum in Europe [3].

Materials and methods
This review was designed as a structured narrative syn-

thesis of current knowledge about tick-borne co-infections, 
their clinical significance, and the diagnostic challenges 
they present. To ensure reproducibility and comprehensive 
coverage, a systematic approach was applied to the iden-
tification, selection, and analysis of the relevant literature. 
A literature search was conducted in PubMed and Scopus 
between January and June 2025, using a combination of 
keywords and MeSH terms such as „tick-borne infections,” 
„co-infection,” „mixed infection,” „Lyme disease,” „babesio-
sis,” „anaplasmosis,” „ehrlichiosis,” „tick-borne encephali-
tis,” „diagnosis,” „multiplex assays,” and „next-generation 
sequencing”. Boolean operators were used to refine the que-
ries, and the reference lists of relevant articles and reviews 
were also reviewed to identify additional sources.

The initial search yielded 52 manuscripts. After remov-
ing duplicates, titles and abstracts were screened, and poten-
tially relevant studies were assessed in full text. To comple-
ment the database search, official reports from the Centers 
for Disease Control and Prevention (CDC) and the European 
Centre for Disease Prevention and Control (ECDC), rele-
vant academic textbooks, and additional records retrieved 
through the artificial intelligence-based Elicit platform 
were included. The selection was guided by predefined el-

or inaccurate diagnoses and more severe clinical outcomes compared 
to patients with single tick-borne infections, due to overlapping 
symptoms and limitations of current diagnostic methods.
The novelty added by the manuscript to the already published 
scientific literature
It consolidates disparate information on diagnostic challenges, current 
practices, and emerging technologies in the field of tick-borne co-
infections into a single structured document; it also explicitly highlights 
what is not yet known, potentially guiding future research directions.
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igibility criteria: peer-reviewed articles and authoritative 
reports published in English between 2000 and 2025 that 
addressed the epidemiology, clinical aspects, or diagnostic 
approaches of tick-borne co-infections in humans were in-
cluded, while single case reports without broader implica-
tions, studies conducted exclusively in animals, and records 
without accessible full text were excluded. Screening and 
selection of studies were performed independently by two 
reviewers, and discrepancies were resolved through discus-
sion to ensure consistency.

From each eligible publication, data were extracted on 
the type of infection studied, the geographical setting, the 
diagnostic methods used, and the main clinical or epide-
miological findings. The information was thematically syn-
thesized into categories that reflected the study objectives: 
epidemiology and burden of co-infections, clinical charac-
teristics and outcomes, current diagnostic practices, and 
advances in emerging technologies such as multiplex test-
ing and next-generation sequencing. Quantitative results, 
such as prevalence ranges of co-infections or sensitivity and 
specificity values ​​of diagnostic methods, were reported de-
scriptively, as provided in the original studies.

Overall, the described methodology combines a system-
atic literature search, clear inclusion/exclusion criteria, 
independent dual screening, and descriptive synthesis of 
quantitative results to produce a reproducible and compre-
hensive narrative summary of the literature on tick-borne 
co-infections in humans and their diagnoses.

Results
Tick-borne co-infections present a complex clinical pic-

ture due to nonspecific and overlapping symptoms, making 
diagnosis challenging. Patients often experience common 
symptoms like fever, fatigue, joint and muscle pain, and 
headaches, which can resemble other viral illnesses or au-
toimmune disorders, leading to misdiagnosis or delays in 
treatment [10]. The erythema migrans rash, indicative of 
early Lyme disease, is not always present, occurring in only 
70–80% of cases. Its absence can complicate the initial diag-
nosis of tick-borne diseases, especially when co-infections 
are present [9].

With Lyme-Babesia co-infection, patients often present 

with a greater number and severity of symptoms than those 
with Lyme disease alone. These may include increased fa-
tigue, headaches, profuse sweating, chills, loss of appetite, 
emotional lability, nausea, conjunctivitis, and splenomegaly 
[11].

Co-infection with Babesia is also associated with a sig-
nificantly longer duration of illness in patients with Lyme 
disease. One study observed that 50% of co-infected pa-
tients remained symptomatic for three months or more, 
compared with only 4% of patients with Lyme disease 
alone [11]. Rash is not a common symptom of babesiosis, 
and its presence may suggest co-infection with Lyme dis-
ease [12].

Symptoms of anaplasmosis typically include headache, 
fever, chills, malaise, and muscle aches, with some infec-
tions being asymptomatic [13]. The presence of multiple 
pathogens can lead to overlapping or intensified symptoms, 
greatly confusing physicians and significantly delaying ap-
propriate treatment [14]. The clinical spectrum of babesi-
osis alone can range from asymptomatic to severe multiple 
organ failure, with severity often dependent on the immu-
nocompetence of the host [12]. 

Polish studies documented lower co-infection rates, 
with Borrelia species co-infections with A. phagocytophi-
lum and Babesia spp. each occurring at 4.2%. However, 
in patients with tick-borne encephalitis (TBE), 27% were 
co-infected with Borrelia species, 10.9% with A. phagocy-
tophilum, and 0.9% with Babesia spp., with triple co-in-
fections (TBE-Borrelia-Anaplasma) occurring in 2.7% of 
patients [15].

These co-infections can complicate diagnosis and treat-
ment, as they may exacerbate symptoms or mimic other 
tick-borne diseases [16]. Co-infections between Borrelia 
burgdorferi s.l. and TBEV are particularly notable, especially 
in patients presenting with high fever, erythema migrans, or 
neurological symptoms [17].

An overview of common tick-borne pathogens, detail-
ing the diseases they cause and their main tick vectors, is 
provided in Table 1. It also highlights the typical clinical 
features associated with each infection and mentions their 
common co-infection partners, illustrating the diverse and 
interconnected nature of tick-borne diseases.

Table 1. Common tick-borne pathogens, associated diseases, and primary vectors
Disease name Causative organism Primary tick vector(s) Key clinical features Common co-infection 

organism
Lyme Disease Borrelia burgdorferi, B. 

mayonii, B. miyamotoi
Ixodes scapularis, I. 
pacificus, I. ricinus, I. 
persulcatus

Erythema migrans rash (70-80%), fever, chills, 
fatigue, headache, joint pain, neurological issues

Babesia microti, 
Anaplasma 
phagocytophilum

Babesiosis Babesia microti, B. duncani, 
B. venatorum, B. divergens

Ixodes scapularis, I. 
pacificus, I. ricinus

Fever, chills, sweats, malaise, fatigue, headache, 
splenomegaly, anemia, thrombocytopenia (rash 
uncommon, suggests co-infection)

Borrelia burgdorferi, 
Anaplasma 
phagocytophilum

Anaplasmosis Anaplasma 
phagocytophilum

Ixodes scapularis, I. 
pacificus

Fever, chills, malaise, headache, myalgia, cytopenia, 
liver enzyme abnormalities (rash uncommon, may 
occur with Borrelia co-infection)

Borrelia burgdorferi, 
Babesia spp.

Ehrlichiosis Ehrlichia chaffeensis, E. 
ewingii

Amblyomma americanum, 
Dermacentor variabilis

Fever, headache, myalgia, fatigue, cytopenia, liver 
enzyme abnormalities (rash less common)

Borrelia burgdorferi, 
Anaplasma 
phagocytophilum
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Rocky Mountain 
Spotted Fever 
(RMSF)

Rickettsia rickettsii Dermacentor variabilis, 
Rhipicephalus sanguineus

Fever, headache, rash (maculopapular or petechial, 
often on extremities), myalgia, nausea, vomiting

Other Rickettsia spp. 
(cross-reactivity in 
tests)

Tick-borne 
Encephalitis

Tick-borne Encephalitis 
Virus (TBEV)

Ixodes ricinus, I. 
persulcatus, I. ovatus

Neurological phase:
higher fever, severe headache, stiff neck 
(meningeal signs), confusion or altered mental 
status, sensitivity to light, dizziness, lack of 
coordination, tremors, seizures, weakness or 
paralysis (especially of the limbs or facial nerves)

Borrelia burgdorferi, 
Anaplasma 
phagocytophilum, 
Babesia spp.

Powassan 
Encephalitis

Powassan virus Ixodes scapularis, I. cookei Fever, headache, vomiting, weakness, confusion, 
seizures, memory loss, encephalitis

None specified

Limitations of current standard diagnostic methods. Re-
cent studies have highlighted the challenges in diagnosing 
tick-borne mixed infections. Early diagnosis can be difficult 
without laboratory confirmation [18]. However, research-
ers have developed predictive models using clinical and 
laboratory parameters to differentiate between mixed in-
fections and mono-infections with excellent accuracy [19]. 
These models incorporate factors such as fever, intoxica-
tion syndrome score, and various blood count parameters. 
To address the limitations of current diagnostic methods, a 
multiplex, array-based assay called TBD-Serochip has been 
developed, capable of discriminating antibody responses 
to eight major tick-borne pathogens [20]. This platform 
allows for accurate identification of specific immunodomi-
nant epitopes, enhancing diagnostic accuracy. Despite these 
advancements, challenges remain in the molecular and se-
rologic diagnosis of tick-borne co-infections, primarily due 
to limitations in sensitivity, specificity, and the capacity to 
include multiple agents in a single assay [6].

Serological tests (ELISA, Western Blot, indirect immuno-
fluorescence assay - IFA). Serological tests primarily detect 
the host antibody response, which typically takes several 
weeks to develop. This „window period” often results in 
false-negative results during the crucial early stages of in-
fection, when treatment is most effective [21]. In contrast, 
antibodies can persist for years after infection, making it 
difficult to differentiate between an acute, active infection 
and a previous exposure. Confirmation of a recent infec-
tion usually requires demonstration of a fourfold increase 
in antibody titers between acute and convalescent sam-
ples [22]. 

Intrathecal antibody production is the gold standard 
for diagnosing Lyme neuroborreliosis in Europe, particu-
larly with B. garinii linked to neurological cases. However, 
interpreting results is challenging due to the absence of a 
definitive gold standard, varying case definitions, different 
assays, and limited comparisons among labs. The sensitivity 
of detecting intrathecal antibody production in acute cases 
is approximately 50% [23]. Cross-reactivity with antibodies 
from other infections is a significant problem, particularly 
in rickettsial diseases, where serological tests may fail to dif-
ferentiate between the highly lethal RMSF and similar less 
severe infections [24]. Many laboratory-developed tests for 
TBIs are not approved by regulatory bodies, and diagnostic 
methods are not standardized across clinical laboratories, 
leading to inconsistencies [25]. 

Molecular tests (polymerase chain reaction - PCR). Al-
though PCR offers greater specificity and directly indicates 
active infection by detecting pathogen DNA/RNA, its sensi-
tivity may be limited in early or late infection due to low 
pathogen burden or transient presence in the bloodstream 
[6]. In some infections, PCR results may remain positive for 
months or even years after treatment, complicating the as-
sessment of active infection versus residual genetic materi-
al [26]. 

PCR for detecting Rickettsia is a powerful tool but has 
limitations, such as the risk of false negatives in early infec-
tions or low bacterial loads. Sensitivity can vary based on 
the timing of sample collection and the specific Rickettsia 
species, and PCR assays may struggle to differentiate be-
tween closely related species [27,28].

PCR methods present significant advancements in di-
agnosing Lyme disease, particularly through digital PCR, 
which enhances sensitivity by detecting Borrelia burgdor-
feri DNA even at low levels. This technique effectively ad-
dresses challenges related to low spirochete counts by uti-
lizing larger sample volumes and pre-examination process-
ing, with platelet-rich plasma being particularly useful [29]. 
However, standardization is essential due to variability in 
results among laboratories. While PCR is highly specific and 
sensitive, its effectiveness is influenced by several factors, 
highlighting the need for standardized protocols to ensure 
consistent results [30].

Molecular methods are effective for detecting tick-borne 
encephalitis virus RNA in ticks and clinical samples. Nested 
RT-PCR targeting the NS5 gene and real-time PCR targeting 
the E gene have been developed for epidemiological surveil-
lance and strain identification [31,32]. However, the diag-
nostic utility of PCR in clinical samples is limited, as positive 
results are typically only obtained early in the disease, mak-
ing serological diagnosis more reliable for patient care [33]. 

Blood smear examination (for babesiosis, anaplasmo-
sis). Direct microscopic examination of peripheral blood 
smears can diagnose babesiosis and anaplasmosis, but it is 
a laborious method that requires a highly skilled specialist. 
In early infection, the parasite load may be low, requiring 
examination of multiple smears to increase the sensitivity 
of detection. Morphological similarities can lead to misin-
terpretations, such as confusing ring forms of Babesia with 
Plasmodium falciparum [12].

Overview of standard methods for individual infections. 
The standard diagnostic approach for Lyme disease involves 
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a two-tiered serological testing method, typically starting 
with an ELISA followed by a confirmatory Western blot. 
Modified tests like multi-antigen ELISA or C6 ELISA are also 
used [34]. However, serological tests can be misleading, as 
they may be negative early in the infection and can remain 
positive for years, complicating the distinction between ac-
tive and past infections [35].

Babesiosis diagnosis is primarily made by identifying 
the Babesia organism in a Giemsa- or Wright-stained blood 
smear, looking for ring shapes and tetrads (Maltese cross-
es). Due to potentially low parasite loads in early infection, 
multiple smears are recommended for better detection. 
PCR testing provides higher sensitivity than smears, while 
serology, especially indirect immunofluorescent antibody 
testing, can confirm the diagnosis but requires a fourfold 
increase in titers to indicate a recent infection [9].

Anaplasmosis diagnosis involves various methods such 
as culture, histopathology, PCR, and serology. A key di-
agnostic indicator is the presence of morulae, which are 
characteristic intracytoplasmic aggregates found in neu-
trophils, detectable in 20–80% of symptomatic patients, 
particularly during the first week of infection. Confirma-
tion of the diagnosis often relies on serological tests or 
blood smear examination [36].

For ehrlichiosis, similar to anaplasmosis, the diagno-
sis is frequently confirmed by serologies or blood smears. 
While serology can confirm past infection, PCR is generally 
more useful for detecting active infection. Although PCR 
tests are available for Ehrlichia, their widespread acces-
sibility and speed for real-time clinical decisions remain 
limitations [37].

Diagnosis of tick-borne encephalitis virus (TBEV) pri-
marily relies on serological methods, as viral RNA is sel-
dom detectable during neurological symptoms. TBEV-spe-
cific IgM ELISA tests in serum and cerebrospinal fluid 
(CSF) demonstrate high sensitivity and specificity (94-
100%) for diagnosing tick-borne encephalitis in humans. 
However, IgG ELISAs may lack specificity due to potential 
cross-reactions with other flaviviruses and require con-
firmatory virus neutralization. The presence of intrathecal 
TBEV IgG synthesis can support the diagnosis in chronic 
cases, with about 55% of TBE cases showing this response. 
In immunocompromised patients, detecting TBEV RNA in 
CSF might be necessary for accurate diagnosis [38–40].

The diagnosis of Rocky Mountain spotted fever, like 
other tick-borne rickettsial diseases, is usually based on 
a combination of clinical symptoms and epidemiologic 
evidence. Serological tests, particularly the indirect im-
munofluorescence test, are considered the gold standard 
for rickettsial infections. PCR testing can confirm an active 
infection, but a negative PCR result does not definitively 
rule out RMSF [41].

Emerging diagnostic technologies and new biomarkers. 
Recent advancements in multiplex testing platforms have 
improved the diagnosis of tick-borne infections. New ar-
ray-based assays can differentiate antibody responses to 
eight major pathogens, while real-time multiplex PCR as-

says enable quick and cost-effective screening for Borre-
lia burgdorferi, Anaplasma phagocytophilum, and Babesia 
microti. Additionally, a customizable multiplex protein 
microarray enhances sensitivity and specificity by detect-
ing multiple antibodies simultaneously. A multiplex qPCR 
method has also been developed to efficiently detect Ehrli-
chia spp., Rickettsia spp., and Borrelia spp. in one reaction. 
These innovations significantly enhance the molecular di-
agnosis of tick-borne diseases, facilitating earlier interven-
tion and better patient outcomes [20,42–44].

Beyond direct pathogen detection, research is actively 
exploring novel host-response biomarkers that could im-
prove the diagnosis and monitoring of tick-borne infections 
and co-infections. Standard clinical markers, such as cyto-
penias and liver function test abnormalities, are already rec-
ognized as typical laboratory findings in tick-borne diseas-
es and can aid in diagnosis [37]. Studies have investigated 
various immune biomarkers, including CD57+ and CD19+ 
lymphocyte counts, CD3%, CD4%, CD4+ Helper T cell count, 
CD4+/CD8+ ratio, white cell count, and total IgG. Notably, a 
significant percentage of patients with clinically diagnosed 
tick-borne infections exhibited low CD57+ counts. Changes 
in iron studies, specifically transferrin and transferrin sat-
uration percentages, have also shown statistically signifi-
cant alterations in TBI patients before and after antibiotic 
treatment, suggesting their potential as diagnostic or prog-
nostic markers [45,46]. For tick-borne encephalitis, specific 
immunoglobulins, free light chains, metalloproteinases, and 
cytokines show promise as biomarkers [47].

The latest evolution in sequencing technologies, par-
ticularly next-generation sequencing (NGS), has greatly 
enhanced the detection and characterization of tick-borne 
pathogens. Techniques such as the TBDCapSeq assay, 
which utilizes hybridization capture probes, have shown 
superior sensitivity compared to traditional PCR meth-
ods, allowing for the identification of a broader range of 
pathogens, including previously unknown infections and 
co-infections [48,49]. Additionally, a 16S rRNA gene PCR 
followed by NGS has demonstrated effectiveness in de-
tecting tick-borne bacteria in whole blood [50]. Nanopore 
adaptive sampling (NAS) further improves biosurveillance 
by enabling real-time enrichment of targeted sequences, 
facilitating the simultaneous detection of multiple patho-
gens. These advancements underscore the complexity of 
microbial communities associated with ticks and empha-
size the need to study the entire pathobiome. Despite these 
promising developments, challenges in data analysis, par-
ticularly in understanding complex microbial interactions, 
remain a significant hurdle [51,52].

A summary comparison is provided in Table 2 on vari-
ous diagnostic methods used for tick-borne co-infections, 
including traditional approaches such as blood smears 
and serology, alongside emerging technologies such as 
multiplex assays and sequencing. It outlines the strengths, 
limitations, and optimal use cases for each method, high-
lighting the continuing advances in the detection of these 
complex infections [25].
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Table 2. Comparison of diagnostic methods for tick-borne coinfections
Diagnostic Method Primary Pathogens 

Detected
Key Strengths Key Limitations Optimal Use Case

Blood Smear Babesia, Anaplasma Direct visualization of parasites, 
can assess parasitemia

Requires skilled microscopist, 
time-consuming, low sensitivity 
in early infection (low parasite 
burden), misinterpretation risk (e.g., 
Plasmodium)

Acute babesiosis/
anaplasmosis, initial 
suspicion

Serology (ELISA/
Western Blot/IFA)

Borrelia, Babesia, 
Anaplasma, Ehrlichia, 
Rickettsia,
TBEV

Relatively accessible, can confirm 
exposure

Low sensitivity in early infection 
(window period), cannot distinguish 
active vs. past infection (single 
positive), variable antibody 
responses, cross-reactivity, low 
completion rates for two-step tests

Later stage infection, 
confirmation of exposure, 
epidemiological studies

PCR (Molecular Assays) Borrelia, Babesia, 
Anaplasma, Ehrlichia, 
Rickettsia, B. 
miyamotoi

Direct detection of pathogen 
DNA/RNA (active infection), high 
specificity, can detect multiple 
strains

Sensitivity limited by transient/
low pathogen burden, can remain 
positive post-treatment, not widely 
accessible/fast enough for all 
pathogens (e.g., Rickettsia), expensive

Early acute infection, 
immunocompromised 
patients, confirmation of 
active infection

Multiplex Assays (e.g., 
Protein Microarrays, 
Chemiluminescent 
Arrays)

Multiple pathogens 
(e.g., Borrelia, 
Babesia, Bartonella, 
Anaplasma, 
Ehrlichia)

Broad-spectrum detection in single 
run, enhanced diagnostic efficiency, 
reduced turnaround time, 
improved sensitivity/specificity 
for multiple agents, reduced cross-
reactivity (specific peptides)

Regulatory hurdles, complex 
validation for multiple analytes and 
interactions, may still rely on antibody 
detection (window period)

Comprehensive screening 
for co-infections, 
differential diagnosis of 
overlapping symptoms

Next-Generation 
Sequencing (NGS)

Broad range 
of known and 
potentially novel 
pathogens

High-throughput, can detect novel/
unsequenced pathogens, large 
number of probes, reduces lab 
equipment needs

High cost, complex data analysis, not 
yet standard for routine clinical use, 
still may face challenges with very low 
pathogen loads

Research, complex/
unresolved cases, pathogen 
discovery

Novel Biomarker 
Panels (e.g., Immune 
markers, Metabolomics, 
Peptidoglycan 
fragments)

Host response to 
infection, PTLDS

Potential for earlier detection, 
differentiation of active vs. past 
infection, objective measures for 
post-treatment syndromes, insight 
into host-pathogen interaction

Still largely research-based, 
lack of clinical validation and 
standardization, complex 
interpretation, not yet widely 
available clinically

Research, future 
diagnostics for early 
disease and PTLDS, 
monitoring treatment 
response

Note: ELISA - Enzyme-linked immunosorbent assay; IFA - Indirect immunofluorescence assay; PCR - polymerase chain reaction; TBEV - Tick-borne encephalitis 
virus; PTLDS - Post-Treatment Lyme Disease Syndrome.

Discussion
The complexities of co-infections in tick-borne diseases 

highlight significant limitations in current diagnostic tools, 
which often fail to detect a wide range of pathogens due to the 
variable presence of microbial DNA/RNA or antigens. This 
results in missed diagnoses and inadequate treatments, as 
patients are rarely tested for all potential tick-borne agents. 
Additionally, the differing transmission rates of pathogens 
complicate diagnostic approaches. These deficiencies lead 
to increased healthcare costs and prolonged patient suffer-
ing, while also hindering public health efforts and research. 
There is an urgent need for a shift toward integrated, mul-
ti-pathogen testing strategies to improve patient outcomes 
and control the spread of these diseases [53].

The increasing prevalence and complexity of tick-borne 
co-infections impose a substantial economic and pub-
lic health burden. Lyme disease alone is estimated to cost 
the U.S. healthcare system between $712 million and $1.3 
billion annually in direct medical costs, averaging nearly 
$3,000 per patient in follow-up visits and testing. Patients 
with Lyme disease and Post-Treatment Lyme Disease Syn-
drome (PTLDS) incur significantly higher healthcare costs, 
with one study finding an additional $3,798 in costs com-
pared to those without post-treatment symptoms [54,55]. 

The challenges in diagnosis and treatment, particularly for 
co-infections, amplify patient suffering and contribute to 
these rising healthcare costs.

Tick-borne encephalitis (TBE) presents a significant and 
increasing burden in many European countries, including 
Slovenia and Sweden. Studies have used disability-adjust-
ed life years (DALYs) to quantify the burden, with Slovenia 
reporting 3,450 DALYs (167.8 per 100,000 population) in 
2011. Permanent sequalae contribute most to the total bur-
den, emphasizing the importance of vaccination as a preven-
tive strategy [56,57]. In Sweden, a 17-year study revealed 
that TBE patients had significantly more hospitalizations, 
specialist outpatient visits, and sick leave days compared 
to the general population, with differences increasing over 
time [58]. The true burden of TBE may be underestimated, 
as shown in Italy’s Veneto region, where only 80.8% of cases 
were reported through mandatory notifications [59]. 

The Altai region of Russia faces a heightened risk of tick-
borne diseases, with spotted fever group rickettsiosis being 
the most significant, contrary to the national prevalence 
of Lyme borreliosis. The growing threat is compounded 
by suboptimal diagnostics, limited treatment options for 
emerging pathogens, and a lack of vaccines. Mixed infec-
tions and poorly studied pathogens further complicate the 
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landscape of tick-borne diseases, highlighting the need for 
improved prevention and management strategies [54,60].

Conclusions
Addressing the challenge of tick-borne co-infections 

requires a comprehensive strategy that includes increased 
investment in research into advanced diagnostic tools and 
biomarkers. Optimizing regulatory processes is essential 
to accelerate the clinical availability of these innovations. 
Raising public and professional awareness of the complex 
epidemiology and clinical manifestations of these diseases 
is also crucial. Promoting a more proactive diagnostic ap-
proach enables the early detection of tick-borne pathogens, 
improving treatment strategies and reducing long-term 
suffering. This multifaceted effort aims to mitigate the sig-
nificant public health and economic impact associated with 
tick-borne co-infections.
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Introduction. Health care-associated bloodstream infections represent a major public health concern, significantly im-
pacting morbidity, mortality, and the overall cost of pediatric medical care.

Materials and methods. A literature review was conducted based on systematic searches in PubMed, SCOPUS, and Web 
of Science, following PRISMA guidelines.

Results. The incidence of healthcare-associated bloodstream infections ranges from 2 to 25 cases per 1,000 central venous 
catheter days, with higher rates reported in pediatric and neonatal intensive care units, where patients are frequently 
exposed to risk factors such as central venous catheter use, mechanical ventilation, and immunosuppression. Pediatric 
patients with health care-associated bloodstream infections experience significantly longer hospital stays compared to 
those without infection (25 vs. 7 days, P < 0.0001). In pediatric intensive care units, the average length of hospital stay due 
to these infections varies between 11.40 and 21.10 days, while in neonatal intensive care units, it ranges from 4 to 27.80 
days. Mortality associated with these infections among children varies between 15% and 50%, depending on the severity 
of infection and underlying comorbidities. Additionally, health care-associated bloodstream infections lead to increased 
use of medical resources and generate substantial additional costs for the healthcare system-costs that are, in fact, largely 
preventable.

Conclusions. Evidence-based strategies, such as strict hand hygiene and standardized protocols for medical device use, 
can significantly reduce the incidence of these infections.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
Despite substantial progress in infection control, there is still limit-
ed and heterogeneous evidence regarding the true burden, epide-
miological patterns, and modifiable risk factors of healthcare-asso-
ciated bloodstream infections (HA-BSIs) in pediatric populations, 
particularly across different healthcare settings. Data on age-spe-
cific vulnerabilities, device-related risks, and the effectiveness of 
bundled prevention strategies in children remain inconsistent and 
underreported, especially in low- and middle-income countries.
The research hypothesis 
I hypothesize that inadequate management of invasive medical 
devices, younger patient age, and the presence of underlying co-
morbidities are independent risk factors for healthcare-associated 
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Introduction
Healthcare-associated bloodstream infections (HA-BSIs) 

are among the most severe complications of modern medi-
cal care, particularly in pediatric patients. They significantly 
contribute to increased morbidity, mortality, prolonged hos-
pitalization, and higher treatment costs [1-3]. Bloodstream 
infections, including central line-associated bloodstream 
infections (CLABSIs), represent the most frequent type of 
healthcare-associated infections (HAIs) in neonates ad-
mitted to neonatal intensive care units (NICUs) [4, 5], with 
considerable variation depending on region and the de-
velopment level of the healthcare system [6]. According to 
ECDC data, 6.4% of patients admitted to intensive care units 
(ICUs) develop BSIs if hospitalization exceeds two days [7].

A review of the literature estimated between 575,000 
and 677,000 episodes of BSIs annually in North America 
(536,000–628,000 in the U.S. and 40,000–49,000 in Cana-
da), associated with 79,000–94,000 deaths (72,000–85,000 
in the U.S. and 7,000–9,000 in Canada), and more than 1.2 
million BSI episodes and 157,000 deaths per year occurring 
in Europe. BSIs have a major global impact on morbidity 
and mortality and are ranked among the top seven causes of 
death worldwide [8]. In the United States, the annual mortal-
ity rate associated with BSIs is estimated at 23.5–27.5 deaths 
per 100,000 population – surpassing the number of deaths 
caused by any other infectious disease, including influenza 
and pneumonia combined (16.2 deaths per 100,000) [8]. In 
Europe, BSIs are the second leading cause of disability and 
premature death and are also associated with the highest 
number of preventable deaths among HAIs [9]. The costs as-
sociated with BSIs vary widely, with estimates ranging from 
$960 million to $18.2 billion annually [10].

These infections are often caused by the use of central 
and peripheral venous catheters, which allow direct access 
for pathogenic microorganisms into the bloodstream [11, 
12]. According to data from the literature, approximately 
36.7% of BSI cases are attributed to vascular catheter use, 
of which 28.4% are associated with central venous cathe-
ters and 8.3% with peripheral ones. Additionally, 32.4% of 
cases occur secondary to other preexisting infections [13]. 
The incidence of catheter-associated infections varies con-
siderably, ranging from 1.6 to 44.6 CLABSIs per 1,000 cath-
eter-days in adult and pediatric ICUs, and from 2.6 to 60.0 
CLABSIs per 1,000 catheter-days in NICUs [14].

This study aims to provide a systematic review of the lit-
erature regarding the incidence, causative pathogens, risk 

factors, and effective strategies to reduce healthcare-associ-
ated bloodstream infections in children, in order to improve 
prevention and management practices in pediatric health-
care settings.

Materials and methods
To conduct this literature review study, an advanced 

search was performed in the electronic databases PubMed, 
SCOPUS, and Web of Science using the following keywords: 
“bloodstream infections,” “antimicrobial resistance,” “pediat-
ric patients,” “healthcare-associated infections,” “mortality,” 
“length of hospital stay,” and “costs”, in combination with the 
Boolean operators “AND,” “OR,” and “NOT.” The search yield-
ed a total of 957 publications – 549 from PubMed, 284 from 
SCOPUS, and 124 from Web of Science. Of these, 23.72% (n 
= 227) were duplicates.

The remaining articles were screened following the 
PRISMA guidelines [15]. In the initial screening phase, 730 
publications were reviewed, of which 75.2% (n = 549) did 
not meet the study objective. A total of 181 scientific papers 
were assessed for eligibility based on the following inclu-
sion criteria:

◾◾ Articles published between 2010 and 2024.
◾◾ Language of publication: English and/or Romanian.
◾◾ Open-access publications.
◾◾ Types of articles: literature reviews, research arti-

cles, and meta-analyses.
The following were excluded from the review: articles 

published in Russian, French, Polish, Chinese, Turkish, 
Spanish, and Italian; publications dated between 1980 and 
2009; editorial letters and article corrections; and restrict-
ed-access papers (Figure 1).

A total of 67 publications were selected for the final 
study. The analysis of the national epidemiological situa-
tion was carried out based on data collected from Statisti-
cal Form No. 2, “Report on selected infectious and parasitic 
diseases registered in the Republic of Moldova” for the year 
2023, as provided by the National Agency for Public Health.

Results
The literature review highlighted the main epidemio-

logical characteristics of the epidemic process caused by 
healthcare-associated bloodstream infections in pediatric 
patients. Epidemiological data were extracted from 67 sci-
entific articles that met the inclusion criteria established for 
this study. In the Republic of Moldova, HA-BSIs and, more 

bloodstream infections in children, and that the application of pediatric-specific, evidence-based infection prevention meas-
ures leads to a significant reduction in infection incidence. 
The novelty added by manuscript to the already published scientific literature 
This manuscript provides an integrated and up-to-date synthesis of epidemiological data, risk factors, and prevention strat-
egies specific to healthcare-associated bloodstream infections in children. It highlights age-adapted and device-focused pre-
vention approaches, emphasizing pediatric-specific vulnerabilities that are insufficiently addressed in existing literature. Ad-
ditionally, the study contributes a structured framework for translating evidence-based prevention strategies into routine 
pediatric clinical practice, with relevance across diverse healthcare settings.
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broadly, healthcare-associated infections in children remain 
an underexplored topic. Therefore, we aimed to identify the 
key epidemiological features, risk factors, and strategies 
for the prevention and control of HA-BSIs in the pediatric 
population, based on internationally published scientific 
evidence.

In 2012, the International Nosocomial Infection Con-
trol Consortium (INICC) reported device-associated infec-
tion rates in 16 PICUs in low- and middle-income countries 
(LMICs), revealing significantly higher values compared 
to high-income countries. According to INICC data, the in-
cidence of ventilator-associated pneumonia (VAP) was 6 
infections per 1,000 device-days, CLABSIs had a rate of 8.1 
infections per 1,000 device-days, and catheter-associated 
urinary tract infections (CAUTIs) were reported at 4.1 in-
fections per 1,000 device-days [12]. In contrast, PICUs in the 
United States reported significantly lower rates: 0.7 for VAP, 
1.0 for CLABSI, and 3.5 for CAUTI. These marked differences 
reflect the challenges that LMIC healthcare systems face in 
terms of infection prevention and control. Furthermore, the 
actual burden of these infections in LMICs is likely under-
estimated, considering that 75% of the PICUs included in 
the INICC report were located in private hospitals, where 
practices and resources may differ significantly from those 
in the public sector [13].

Another study conducted in a developing country found 
that 56.5% of HAIs occurred in children under 1 year of age, 
and the incidence density of BSIs in children was 18.1 per 

1,000 central venous catheter (CVC) days. Of all identified 
HAIs, 60.49% were BSIs, and most of them (38 out of 49) 
were associated with the use of venous catheters. Moreover, 
bloodstream infections were significantly more common in 
children with CVCs than in those without (20% vs. 4.7%, p 
< 0.05) [5].

According to a study conducted in Brazil as part of the 
SCOPE project, out of a total of 342 bloodstream infection 
episodes, 50.2% occurred in children under one year of age. 
Nearly half of the patients (45.3%) were admitted to pediat-
ric or neonatal intensive care units, while 21.0% were treat-
ed in general pediatric units. Additionally, 66.4% of patients 
had central venous catheters, 23.1% had peripheral venous 
catheters, and 2.6% had arterial catheters, highlighting the 
high prevalence of device-associated infections [16].

Similar results were reported in a study by the European 
Centre for Disease Prevention and Control (ECDC), which 
identified 770 cases of HAIs, of which 45% were blood-
stream infections. Although most BSIs were reported in 
infants under 12 months of age, the percentages remained 
significant across other age groups as well [17].

In another study analyzing children admitted to PICUs, 
bloodstream infections accounted for 45.4% of all health-
care-associated infections (HAIs), followed by respiratory 
tract infections (RTIs) at 27.8% and urinary tract infections 
(UTIs) at 15.8%. Among the 244 BSI cases analyzed, 79.9% 
were associated with central venous catheter (CVC) use, 
most of which were diagnosed in patients who had the cath-

Fig. 1 Publication selection 
criteria according to the 
PRISMA 2020 guidelines
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eter in place for more than 48 hours [18]. High BSI rates 
were also reported in a study conducted in Morocco, where 
these infections represented 44% of HAI cases, followed by 
nosocomial pneumonia (30%) and surgical site infections 
and UTIs (each at 7%) [19].

An important aspect regarding the incidence of BSIs is 
the significant disparity between high-income countries 
(HICs) and low- and middle-income countries (LMICs). 
A study conducted in PICUs in LMICs highlighted a signif-
icantly higher incidence of HAIs, with CLABSI, VAP, and 
CAUTI rates all markedly higher compared to HICs: 12.2 vs. 
7.0 per 1,000 central line-days; 9.0 vs. 5.4 per 1,000 venti-
lator-days; and 5.9 vs. 3.7 per 1,000 urinary catheter-days, 
respectively [20].

Research conducted by Saeghi et al. identified 404 ep-
isodes of bacteremia in 272 pediatric patients, of which 
82.4% were healthcare-associated, with an incidence rate 
of 11.1 per 1,000 hospitalizations. Community-onset bacte-
remia accounted for 17.6% of cases. Almost two-thirds of 
the patients (85.6%) were under 5 years of age, with 34.4% 
being infants aged 1 month to 1 year. Underlying comor-
bidities were identified in 90.6% of patients, the most com-
mon being prematurity (26.2%), hematologic malignancies 
(22.3%), intestinal pathologies (17.6%), and metabolic/
genetic syndromes (11.6%). A central venous catheter was 
present in 45.0% of the BSI cases, and in 7.7% of cases, the 
source of infection was unidentified [21].

BSIs also predominated in a study conducted at Besat 
Hospital in western Iran, being the most common infection 
form in both investigated age groups: 37.38% in children 
aged 0–4 years and 34.75% in those aged 5–14 years. Es-
cherichia coli was more frequently isolated in girls (25.84% 
in the 0–4 age group and 24.53% in the 5–14 age group), 
while Staphylococcus aureus was more common in boys 
(33.6% in the 0–4 age group and 29.55% in the 5–14 age 
group) [22].

Despite the significant variation in BSI pathogens among 
children across different countries, age groups, and clinical 
settings [23], Gram-positive microorganisms continue to 
play a dominant role in the onset of healthcare-associated 
BSIs. One recent study reported that Gram-positive bac-
teria were responsible for 57.0% of infections, Gram-neg-
ative organisms for 40.2%, and Candida species for 2.8%. 
The most frequently isolated microorganisms were Staph-
ylococcus aureus (26.0%), Escherichia coli (13.0%), coagu-
lase-negative staphylococci (8.3%), and Enterococcus spp. 
Among S. aureus strains, 26.0% were oxacillin-resistant; 
however, susceptibility to ceftaroline was nearly universal 
at 99.8%. Among Gram-negative bacteria, Enterobacteriace-
ae and Pseudomonas aeruginosa together accounted for 
over 85% of isolates, all of which were susceptible to cef-
tazidime-avibactam [24].

Consistent with the above, another study reported that 
Gram-positive organisms accounted for 56% of all identi-
fied isolates, while Gram-negative organisms accounted for 
44%. The most common Gram-positive bacteria were Staph-
ylococcus aureus (78%), followed by coagulase-negative 

staphylococci (CoNS) (12%), Enterococcus faecalis (6%), 
and Streptococcus pneumoniae (4%). In the European HAI 
surveillance network, the study by Garcia and data collected 
from PICUs in France also confirmed the predominance of 
coagulase-negative staphylococci as the primary etiological 
agents of bacteremia [25, 26].

Even higher rates of Gram-positive microorganisms 
were observed in a U.S.-based study, where they account-
ed for 70.6% of pathogens isolated in healthcare-associat-
ed BSIs in children, compared to 29.4% for Gram-negative 
bacteria. The most frequently identified pathogen was co-
agulase-negative Staphylococcus (CoNS), isolated in 47.1% 
of cases, followed by Escherichia coli (8.3%), Staphylococcus 
aureus (7.0%), Streptococcus pneumoniae (5.9%), Klebsiel-
la spp. (5.6%), and Enterococcus spp. (4.4%). A study ana-
lyzing isolation trends between 2015 and 2018 reported a 
significant decrease in the frequency of CoNS and Serratia 
marcescens (p < 0.05), alongside a significant increase in the 
prevalence of E. coli, S. aureus, S. pneumoniae, Enterococcus 
faecalis, and Enterococcus faecium (p < 0.05) [24].

Nevertheless, it is important to note that over the past 
decade, there has been a significant increase in the number 
of Gram-negative microorganisms isolated from children 
with healthcare-associated infections, a trend increasingly 
reported in international studies [20, 22, 27-30]. One study 
confirmed the predominance of Gram-negative bacteria in 
the etiology of HA-BSIs, highlighting a pattern increasing-
ly emphasized in the literature: 60% of infections were 
caused by Gram-negative pathogens, compared to 33% by 
Gram-positive bacteria and 7% by fungal pathogens. Kleb-
siella pneumoniae (17%), Staphylococcus aureus (14%), and 
Escherichia coli (9.11%) were the most frequently detected 
pathogens. The crude mortality rate among children with 
BSIs was 20% (176/864); multivariate analysis identified 
HIV infection, fungal and Gram-negative sepsis, and the 
presence of HAIs as significant predictors of mortality [31].

Evidence of the growing dominance of Gram-negative 
bacteria in the etiological landscape of pediatric HA-BSIs 
was also reported in a study where, out of 573 isolated 
strains, 55% were Gram-negative bacteria, 32% Gram-pos-
itive bacteria, and 13% fungi. The most frequently isolated 
species included Enterobacteriaceae (30.9%), Pseudomonas 
aeruginosa (19.2%), and Staphylococcus aureus (11.0%) 
[18]. Similar findings on the spectrum of microorganisms 
isolated from children with HA-BSIs were reported in the 
United Kingdom [32], Italy [33], Brazil [16], and the Unit-
ed States, particularly among neonates with very low birth 
weight (<1500 g) [34].

Despite this global trend, some studies from LMICs 
found that fungi were the predominant etiological agents of 
pediatric BSIs. For instance, Candida spp. was the most com-
monly isolated pathogen (41%) among children with BSIs, 
followed by coagulase-negative Staphylococcus (17%) [5]. 
In line with these findings, fungemia was the most common 
in studies from Turkey [27] and Vietnam [28].

Alarmingly, infections caused by multidrug-resistant 
(MDR) Gram-negative bacteria have expanded significantly 
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in recent years, becoming a major global public health con-
cern [24, 29]. This trend is further compounded by the high 
rate of antimicrobial resistance (AMR), which was signifi-
cantly higher in hospital-acquired infections (70%) com-
pared to community-acquired infections (25%; p < 0.0001). 
Factors associated with AMR included nosocomial infec-
tion, age under one year, HIV infection, and sepsis caused by 
Gram-negative bacteria [31].

The link between Gram-negative bacilli-caused BSIs and 
AMR was underscored by a recent U.S. study analyzing 721 
E. coli isolates (including 393 associated with BSIs), which 
reported high rates of non-susceptibility to commonly used 
empirical antibiotics such as: ampicillin (66.8%) and gen-
tamicin (16.8%), and the presence of extended-spectrum 
beta-lactamases (ESBLs) in 20% of isolates [30]. In anoth-
er study conducted in Italy and Brazil, 44% of isolates were 
MDR; among 175 Enterobacteriaceae isolates, 45% were ES-
BL-positive. Carbapenem resistance was observed in 2% of 
Enterobacteriaceae, 42% of P. aeruginosa, and 60% of Acine-
tobacter baumannii. Among Gram-positive bacteria, 56% of S. 
aureus strains were methicillin-resistant; however, no vanco-
mycin-resistant Enterococcus spp. were detected. Additional-
ly, of 76 coagulase-negative Staphylococcus (CoNS) isolates, 
47 (62%) were classified as multidrug-resistant [18].

According to another study conducted in LMICs, Kleb-
siella spp. was the most common pathogen isolated from ne-
onates with MDR neonatal sepsis [35]. In contrast, Escher-
ichia coli and methicillin-sensitive Staphylococcus aureus 
were the most frequently isolated pathogens in children 
with BSIs in a multicenter US. study [36].

Antimicrobial susceptibility data were also reported in 
a study from a pediatric hospital in Srinagar. Gram-positive 
bacteria remained fully susceptible to vancomycin, linezolid, 
daptomycin, teicoplanin, and tigecycline, with no resistance 
observed. However, a high rate of methicillin resistance was 
noted, affecting 72% of S. aureus isolates and 50% of CoNS 
species. Among Gram-negative bacteria, colistin was the 
only antibiotic uniformly effective across all isolates. In con-
trast, high levels of resistance were observed for ampicil-
lin, ceftriaxone, ciprofloxacin, and piperacillin-tazobactam, 
highlighting the growing challenges in treating infections 
caused by these organisms [37].

The analysis of pathogen distribution by age revealed 
marked differences across pediatric age groups. Bloodstream 
infections caused by Gram-positive bacteria predominated in 
neonates, accounting for 69.0% of all isolates. The most com-
mon pathogens in this group were coagulase-negative Staph-
ylococcus (48.0%), Escherichia coli (11.2%), and Klebsiella 
pneumoniae (8.3%). CoNS was present in all age groups but 
showed a decreasing frequency with increasing age, while 
Staphylococcus aureus showed an upward trend. Streptococ-
cus pneumoniae and Viridans group streptococci were more 
frequently isolated in children aged 3–5 years (14.3% and 
3.7%, respectively), whereas beta-hemolytic streptococci 
were more prevalent in neonates (4.2%). Enterococcus fae-
cium and E. faecalis had the highest frequency in neonates 
(6.1% each), with a progressive decline in older age groups. 

Among Gram-negative bacteria, E. coli and K. pneumoniae iso-
lates showed a significant decrease between the 0–28 days 
and 13 months–2 years age groups, followed by a notable 
increase in children over 9 years. Salmonella spp. infections 
peaked in the 13 months–2 years group (3.1%) [24].

Regarding the significant risk factors for acquiring 
healthcare-associated infections, including BSIs, the follow-
ing were identified in the reviewed studies: recent hospital-
ization (8/19, 42.1% vs. 17/132, 12.9%; p < 0.001), pres-
ence of comorbidities (17/19, 89.5% vs. 72/132, 54.5%; p 
< 0.004) [38], admission to the PICU (OR 2.0), malnutrition 
(OR 1.6), HIV infection (OR 1.7), “fatal” McCabe score (OR 
2.0), comorbid conditions (OR 1.6), use of implanted medi-
cal devices (OR 1.9), blood transfusions (OR 2.5), and trans-
fer from another healthcare facility (OR 1.4) [39].

Specifically, multivariate analysis showed that BSIs 
caused by extended-spectrum beta-lactamase-producing 
Enterobacteriaceae (ESBL-E) were independently associated 
with the following risk factors: neonatal period (OR = 11.4), 
sickle cell anemia (OR = 3.1), malnutrition (OR = 2.0), and 
mechanical ventilation (OR = 3.5) [40]. Additionally, neutro-
penia was consistently identified as a significant risk factor 
for infections with multidrug-resistant (MDR) Gram-nega-
tive bacteria in several studies [41-43]. The use of tunneled 
central venous catheters such as Broviac and Hickman was 
also associated with a higher risk of CLABSI compared to fully 
implantable devices such as Port-a-Cath [44]. A study from 
Qatar reported BSI densities of 3.98 per 1,000 catheter-days 
for Port-a-Cath and 5.13 for Hickman catheters [45].

The insertion site of the central venous catheter also 
plays a key role in the development of BSIs. A study con-
ducted in adults demonstrated a significantly higher risk 
of bacteremia with femoral catheters (24.5%; 100 out of 
407) compared to those placed in the internal jugular vein 
(10.4%; 36 out of 346), with a relative risk of 2.36. More-
over, the average time to infection onset was shorter for 
femoral catheters (20.11 ± 6.91 days) compared to internal 
jugular catheters (25.97 ± 6.56 days) [46].

Among children with hemato-oncological conditions, 
significant risk factors for the development of BSIs included 
corticosteroid treatment (50.3% vs. 68.4%; p = 0.02), anti-
biotic therapy (62.7% vs. 77.2%; p = 0.05), chemotherapy 
(67.3% vs. 84.2%; p = 0.01) in the 30 days preceding BSI 
onset, neutropenia (21.6% vs. 54.4%; p < 0.001), and mu-
cositis (12.4% vs. 29.8%; p < 0.001) [47]. On the other hand, 
in children with solid tumors, surgical interventions (7.2% 
vs. 0%; p = 0.03), bed immobilization (41.8% vs. 15.8%; 
p < 0.001), and mechanical ventilation (12.4% vs. 1.8%; p 
= 0.01) in the 72 hours preceding the onset of bacteremia 
were identified as significant risk factors [48].

Bloodstream infections represent a severe and frequent 
complication among children who develop HA-BSIs, with 
mortality rates increasing significantly in immunocom-
promised patients [49]. A multicenter study conducted in 
New York, which included 4,500 children, found that the 
probability of death was nearly six times higher in patients 
with BSIs compared to those without (95% CI: 3.02–16.00; 
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p < 0.05) [50]. Clinical outcomes were unfavorable, with 
a crude mortality rate of 41.3% and a mean PICU length 
of stay of 15 days [51]. Recent studies have reported that 
mortality rates associated with BSIs range from 21 to 32 
deaths per 100,000 population [51, 52], while the one-
month post-diagnosis mortality is estimated at 17%–28% 
for HA-BSIs and 10%–19% for community-acquired BSIs 
[53, 54]. Higher mortality rates of 40%–50% were observed 
in studies involving pediatric patients with BSIs admitted 
to intensive care units [55]. For instance, 45.4% of pediat-
ric patients with BSIs caused by Enterobacteriaceae died, 
with significantly higher mortality in infections caused by 
ESBL-positive strains (54.8%) compared to ESBL-negative 
strains (15.4%) (p < 0.001). Univariate analysis showed that 
fatal outcomes were more frequent in neonates and young-
er children, while multivariate analysis identified ESBL pro-
duction as an independent risk factor for mortality (OR = 
2.9; 95% CI: 1.8–7.3; p = 0.001) [40]. The average length of 
stay (LOS) for patients with BSIs caused by ESBL-positive 
strains was 22.5 days (95% CI: 18.5–26 days), compared to 
12.6 days (95% CI: 9.5–15.8 days) for those with ESBL-neg-
ative strains (p < 0.0001) [40]. Children with BSIs and res-
piratory tract infections (RTIs) had 4.0- and 2.9-fold higher 
mortality risk, respectively, compared to children with oth-
er types of HAIs [18]. A retrospective cohort study in the 
USA showed that patients with BSIs had a significantly high-
er crude mortality rate than those without (5% vs. 0.34%; 
p < 0.001) [56].

In pediatric oncology patients, early (7-day) and late 
(30-day) mortality rates were 3.8% and 13.8%, respective-
ly. These rates were similar between patients with solid tu-
mors (ST) and those with hematologic malignancies (HM). 
However, PICU care was significantly more frequent in chil-
dren with ST than in those with HM (23.5% vs. 10.5%; p 
= 0.05), while the duration of hospitalization after a BSI 
episode was significantly longer in children with HM com-
pared to those with ST (median 19 vs. 13 days; p = 0.02) 

[47]. Unit-stratified outcomes showed a greater impact of 
HA-BSIs in pediatric intensive care units (PICUs), with a 
mean attributable LOS of 16.4 days, compared to neonatal 
ICUs (NICUs), where the mean was 11.4 days. In PICUs, the 
attributable LOS ranged from 11.4 to 21.1 days, while in 
NICUs, it varied from 4 to 27.8 days [2]. This trend was also 
reflected in cumulative mortality rates, which were higher 
in PICUs (0.13) compared to NICUs (0.08). Furthermore, 
both the average LOS and mortality rate were significantly 
higher in patients who developed HAIs, with an LOS of 25 
days versus 7 days in patients without HAIs (p < 0.0001) 
and a mortality rate of 50% versus 27.8% (p < 0.005) [57].

The relationship between total cost and independent 
variables in PICU patients showed that the median cost was 
highest for children under two months of age, at €6,903.30. 
Additionally, there was a significant difference between 
the median cost of patients with bloodstream infections 
(€37,356.68) and those with pneumonia (€34,912.96). 
Costs increased proportionally with the number of HAIs 
diagnosed; the cost difference between patients with one 
infection and those with three or four reached €38,202.57. 
Multivariate analysis revealed that patients with blood-
stream infections (p < 0.001) incurred significantly higher 
costs compared to those without HAIs. The average direct 
healthcare cost for patients with HA-BSIs ranged between 
$1,642.16 and $160,804 (in 2019). Moreover, direct costs 
were estimated at $371,887, which included 2,275 addi-
tional hospital days, 2,365 days of antimicrobial therapy, 
and 3,575 additional laboratory investigations [39].

In Greece, the average LOS and cost attributable to CLAB-
SI in the pediatric and neonatal population were 21 days 
and €13,727, respectively (Table 1). The high incidence of 
CLABSI reported in the literature (4.41 infections per 1,000 
central line-days) further emphasizes the need for preven-
tive measures. This incidence varies by ICU type, reaching 
6.02 in NICUs, 6.09 in PICUs, and 2.78 in Hematology-On-
cology units [58].

Table 1. Length of hospital stay and costs of bloodstream infections in children in Greece (58)
Variable CLABSI (n = 94) Non - CLABSI (n = 94) Difference 95% IC
LOS, Overall days1 57.1 36.6 21 7.3-34.8

By unit
PICU 52.1 33.2 19.1 5.7-32.6
NICU 75 47.8 27.8 8.7-46.9
Hematology-Oncology
Unit

69.8 44.5 24.8 6.8-42.9

Bone marrow transplantation unit 34 21.7 12.4 4.1-20.8
Cost, Overall € 31.302 17.788 13.727 5.758-21.677
By unit
PICU 29.282 16.951 13.159 4.642-21.677
NICU 36.582 20.788 16.275 6.194-26.357
Hematology-Oncology Unit 38.503 21.881 16.442 5.646-27.238
Bone marrow transplantation unit 21.166 12.028 9.272 3.661-14.883
Note: CI, Confidence interval; LOS, Length of hospital stay after study enrollment.
1LOS and cost are adjusted for age, gender, hospital, hospitalization unit, LOS prior to study enrollment, CVC outcomes after study enrollment and for propensity 
score. Propensity score variables include catheter placement, presence of stomy the last 48 h prior to study enrollment, presence of neutropenia and transfusion 
of blood products the last 14 days prior to study enrollment, LOS in ICU and length of catheter stay prior to study enrollment. €- Euro, the monetary unit and 
official currency of the European Union.
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Although the incidence of this group of infections is 
high among pediatric patients, existing evidence in the sci-
entific literature shows that bloodstream infections (BSIs) 
can be prevented. For example, in one study, during the 
control period, the rate of central line-associated blood-
stream infections (CLABSI) was 7.4. After implementing 
preventive measures, during the intervention period, 
this rate significantly decreased to 4.78. In the follow-up 
period, the downward trend was maintained, reaching 2 
[59]. A similar reduction in the incidence of bloodstream 
infections was observed in another study conducted in a 
pediatric intensive care unit. During the reference period, 
the infection rate was 88 per 1000 admissions, and after 
prevention measures were implemented, it decreased to 
41 per 1000 admissions. Most of these infections were as-
sociated with the use of central venous catheters (CVCs), 
and the catheter-related infection rate decreased from 
25.2 per 1000 CVC-days to 9.3 per 1000 CVC-days (p < 
0.05). These results emphasize the importance of applying 
effective protocols to reduce CLABSI and improve patient 
outcomes [60].

A remarkable example of success was recorded in the ne-
onatal services at Nationwide Children’s Hospital, where the 
CLABSI rate was reduced from 6.0 to 1.43 per 1000 cathe-
ter-days in less than two years and then maintained at 0.68 
for over five years [61]. Another study conducted in China 
showed a significant decrease in CLABSI incidence during 
the COVID-19 pandemic compared to the pre-pandemic pe-
riod, from 9.4 to 2.2 per 1000 catheter days (P < 0.001) [62]. 
This downward trend was correlated with several factors, the 
main ones being improved infection prevention and control 
measures, with the implementation of stricter hygiene pro-
tocols and the use of personal protective equipment; reduced 
hospital admissions and invasive procedures; closer moni-
toring of patients with central venous catheters; and limiting 
access of visitors and auxiliary staff [62].

According to data from the Republic of Moldova, in 2023, 
163 cases of healthcare-associated infections (HAIs) were 
reported in children aged 0 to 17 years. Among these, the 
following were recorded: surgical site infections – 32 cases 
(19.6%), infections following therapeutic injections, infu-
sions, or transfusions – 21 cases (12.9%), nosocomial pneu-
monia due to mechanical ventilation – 106 cases (65%), and 
urinary tract infections following medical interventions – 4 
cases (2.5%). These represented approximately 7.5% of the 
total reported infections (Figure 2).

Data regarding the structure of morbidity due to health-
care-associated infections in newborns in the Republic of 
Moldova differ from those identified in children aged 0–17 
years (Figure 3). Additionally, the number of HAI cases was 
higher in newborns, emphasizing the biological fragility of 
this group and the increased exposure to infectious risks 
from the very first days of life.

Until now, no comprehensive study has been conduct-
ed addressing the issue of healthcare-associated infections 
(HAIs) in children in the Republic of Moldova [6]. However, 
it is noteworthy that a component of this topic was inves-

tigated within the framework of the “First National Point 
Prevalence Survey of Healthcare-Associated Infections and 
Antimicrobial Use in Hospitals of the Republic of Moldova,” 
which highlighted that septicemia accounts for 1.2% of all 
HAIs identified among both adults and children [63].

Discussion
Healthcare-associated bloodstream infections represent 

a major concern in pediatric care globally, significantly im-
pacting morbidity, mortality, and healthcare system costs. 
Despite sustained efforts in prevention and control, inci-
dence rates remain high, underscoring the need for the de-
velopment and implementation of more effective strategies 

Fig. 2 Structure of morbidity due to healthcare-associated 
infections in children aged 0–17 years, in the Republic of 

Moldova, 2023.
Note: Data are presented as percentages of the total number of reported 
healthcare-associated infection cases in children aged 0–17 years (n = 163). 
The figure was developed based on data collected through Statistical Form 
No. 2, “Report on Certain Infectious and Parasitic Diseases Registered in the 
Republic of Moldova” for the year 2023, as officially reported by the National 
Agency for Public Health. Percentages may not sum to 100% due to rounding.

 Fig. 3 Structure of morbidity due to healthcare-associated 
infections in newborns, Republic of Moldova, 2023

Note: Data are presented as percentages of the total number of reported 
healthcare-associated infection cases in newborns (n = 209). The figure was 
developed based on data collected through Statistical Form No. 2, “Report 
on Certain Infectious and Parasitic Diseases Registered in the Republic of 
Moldova” for the year 2023, as officially reported by the National Agency for 
Public Health. Percentages may not sum to 100% due to rounding.
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tailored to the pediatric population. Published data on pedi-
atric HA-BSI vary considerably depending on the country, 
the profile of healthcare facilities, and the year of publica-
tion [12, 18, 20].

Epidemiological studies report a high incidence of HA-
BSI ranging between 2 and 25 cases per 1,000 central ve-
nous catheter days, with higher rates observed in pediatric 
and neonatal intensive care units [2, 12, 16-18]. Although 
bloodstream infections represent one of the predominant 
forms of healthcare-associated infections, the greatest 
burden is borne by newborns and children under one year 
of age, accounting for over 50% of all healthcare-associat-
ed infections identified in these vulnerable groups. Addi-
tionally, children with solid tumors and hematologic-onco-
logic conditions exhibit increased susceptibility to HA-BSI 
due to severe immunosuppression induced by chemother-
apy, radiotherapy, and immunosuppressive treatments. In 
these patients, the risk of infection is further amplified by 
the frequent and prolonged use of central venous cathe-
ters [47].

Another critical aspect of the impact of HA-BSI is the 
prolongation of hospital stays. Studies show that pediat-
ric patients who develop bloodstream infections require 
longer hospitalizations, averaging approximately 25 days, 
compared to only 7 days among children without these 
infections, directly leading to increased treatment costs 
and prolonged exposure to nosocomial pathogens [2]. Fur-
thermore, each episode of bloodstream infection can add 
between 10 and 21 additional days to the length of stay, 
increasing the risk of complications and the need for addi-
tional medical resources [2]. It has also been observed that 
bloodstream infections caused by ESBL-positive strains 
are associated with a significantly longer average hospital 
stay compared to those caused by non-ESBL strains [18, 
34, 40].

The economic impact of healthcare-associated blood-
stream infections is considerable, generating both direct 
and indirect costs that place significant pressure on health-
care systems. Hospital expenses are significantly higher in 
patients who develop bloodstream infections compared to 
those who do not, varying according to the number, severi-
ty, and complexity of infections. Total costs can range from 
1,642.16 USD to 160,804 USD per patient [39, 58].

Direct costs are mainly related to prolonged hospital 
stays, the use of broad-spectrum antibiotics, the need for 
intensive supportive therapies, as well as the necessity for 
additional laboratory investigations. Beyond direct costs, 
there is also a significant economic impact on patients’ fam-
ilies, reflected in economic losses caused by parents’ ab-
sence from work during the child’s hospitalization [64-66]. 
Mortality associated with these infections ranges between 
15% and 50%, depending on case severity, patient comor-
bidities, and the type of microorganisms involved. Severe 
cases, especially in intensive care units and among children 
with hematologic-oncologic conditions, have higher mortal-
ity, with antibiotic-resistant and fungal strains posing addi-
tional risk factors [47].

Among the main pathogens involved in healthcare-asso-
ciated bloodstream infections are Gram-positive bacteria, 
especially Staphylococcus spp., including coagulase-nega-
tive staphylococci, followed by Gram-negative bacteria such 
as Klebsiella spp., Acinetobacter spp., and Escherichia coli, 
which in the last decade have played an increasingly sig-
nificant role in the etiology of HA-BSI [16, 24-26, 30]. Fur-
thermore, there is a notable spread of fungal infections, par-
ticularly those caused by Candida spp., which continue to 
increase and can reach incidences of 20–30 cases per 1,000 
catheter-days, with mortality rates ranging from 12% to 
41%. Fungal infections are often associated with prolonged 
use of central venous catheters and antimicrobial treat-
ments, which can disrupt the normal microbial flora and fa-
vor fungal proliferation. Increased risk of Candida infections 
is also associated with factors such as immunosuppression, 
parenteral nutrition, diabetes, and prolonged hospitaliza-
tion [5, 31, 32].

Early diagnosis and prompt initiation of treatment are 
essential in managing HA-BSI, especially since empirical 
treatment is often started before blood culture results 
are available due to the urgent need to control infection 
[24]. However, a significant challenge in treatment is the 
growing presence of resistant microorganisms such as me-
thicillin-resistant Staphylococcus aureus (MRSA), extend-
ed-spectrum beta-lactamase-producing Enterobacteriace-
ae (ESBL-E), and vancomycin-resistant enterococci, which 
further complicate therapies [24, 33, 34]. Additionally, a 
major difficulty in managing HA-BSI is diagnosis, as in ap-
proximately 30.9% of cases, the source of infection cannot 
be identified, either due to inconclusive clinical evaluation 
(20.8%) or lack of complete medical data (10.1%) [21]. In 
this context, the rising antimicrobial resistance – especial-
ly to beta-lactams and carbapenems – necessitates adopt-
ing more precise and personalized therapeutic strategies 
to limit complications and improve prognosis in pediatric 
patients [33-35].

Among the main risk factors involved in the develop-
ment of HA-BSI identified in the analyzed studies are young 
age, admission to intensive care units, recent hospitaliza-
tion, use of invasive medical devices, interhospital trans-
fer, malnutrition, presence of comorbidities, HIV infection, 
and blood transfusion [21,38-40]. Specific factors such as 
the neonatal period, sickle cell anemia, mechanical ventila-
tion, and neutropenia have been independently associated 
with an increased risk of acquiring bloodstream infections 
caused by extended-spectrum beta-lactamase-producing 
bacteria [18, 27, 40].

Studies show that strict implementation of prevention 
and control measures can significantly reduce the incidence 
of nosocomial infections, thereby helping to decrease the 
costs associated with patient care [61, 67]. For example, it 
has been estimated that reducing central line-associated 
bloodstream infections in neonatal units can generate sav-
ings of approximately 348,000 USD per year by decreasing 
hospitalization duration by 84 days [67]. Additionally, it 
has been found that femoral catheter insertion represents a 
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higher risk for acquiring HA-BSI and requires more careful 
management. The use of femoral catheters should be lim-
ited to strictly necessary situations, and patients must be 
closely monitored to prevent complications [46].

Conclusions
Healthcare-associated bloodstream infections remain a 

major public health issue among pediatric patients, with a 
significant impact on morbidity, mortality, length of hospi-
tal stay, and costs. Despite the high prevalence of these in-
fections, successful examples from various studies suggest 
that bloodstream infections can be prevented. Thus, the im-
plementation of effective strategies – such as strict adher-
ence to hygiene measures, judicious use of invasive medical 
devices, rational antibiotic use, and continuous case mon-
itoring – can significantly contribute to reducing the inci-
dence of healthcare-associated bloodstream infections. In 
this context, epidemiological surveillance and the adoption 
of evidence-based protocols are crucial for improving the 
quality of medical care and reducing the impact of these in-
fections on the pediatric population.
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Introduction. Fetal hydrops is defined as the pathological accumulation of extracellular fluid in at least two fetal anatom-
ical compartments, including skin edema (> 5 mm thickness), pericardial effusion, pleural effusion, and ascites. Non-im-
mune fetal hydrops (NIHF) accounts for over 90% of all fetal hydrops cases and has a heterogeneous etiology. Congenital 
infections contribute to approximately 6–7% of NIHF cases and are associated with a severe neonatal prognosis.

Case presentation. A preterm newborn was delivered from a pregnancy complicated by untreated maternal primary 
syphilis. The fetus had been diagnosed antenatally with NIHF, heart failure, and massive ascites. Postnatally, the infant 
required early ascitic drainage and subsequently underwent surgery for congenital intestinal obstruction in the context 
of ileal stenosis. Neonatal serological testing revealed a positive rapid plasma reagin (RPR) and a reactive Treponema pal-
lidum Hemagglutination Assay (TPHA). Management of congenital syphilis was carried out according to the standardized 
national clinical protocol. The collected data were compared with those reported in the existing literature to assess clinical 
significance.

Results. The neonate showed a favorable clinical evolution following multidisciplinary management, including intensive 
care support, anti-infective therapy, and surgical correction of the intestinal obstruction. Progressive improvement al-
lowed successful postoperative recovery and discharge in satisfactory condition.

Conclusions. Early identification of the infectious etiology of fetal hydrops is essential for the implementation of appro-
priate management and the improvement of neonatal outcomes. Close collaboration between maternal–fetal medicine, 
neonatology, and pediatric surgery is crucial in managing such complex cases.
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K e y  m e s s a g e s

What is not yet known about the issue addressed in the sub-
mitted manuscript
Although congenital syphilis is a preventable condition, it contin-
ues to be reported with increasing incidence worldwide. Cases of 
non-immune fetal hydrops secondary to congenital syphilis are 
rarely described in the literature and are frequently associated 
with high perinatal mortality. The present case report contributes 
to the existing literature by providing a detailed description of a 
favorable outcome in an extremely severe clinical context.
The research hypothesis
Early antenatal identification of progression toward non-immune 
fetal hydrops (NIHF) is independently associated with improved 
perinatal survival in pregnancies complicated by congenital in-
fections. Furthermore, systematic and continuous monitoring of 
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Introduction
Following the introduction of anti-D immunoglobulin 

prophylaxis in 1968, the incidence of immune fetal hydrops 
decreased significantly [1]. Currently, non-immune etiolo-
gies account for approximately 95% of all cases of fetal hy-
drops [1, 2].

Historically, NIHF was considered a lethal condition. 
However, understanding NIHF as a clinical sign of a wide 
spectrum of underlying disorders, together with advances 
in prenatal diagnosis, neonatal intensive care, and pediat-
ric surgery, has changed this perception [3, 4]. Cardiovas-
cular malformations represent the most frequent etiology 
of NIHF (21.4%), followed by idiopathic causes (18.2%), 
chromosomal abnormalities (12.5%), hematologic disor-
ders (10.1%), and congenital lymphatic dysplasia (7.5%). 
Infections account for 6.8% of NIHF cases, with the most 
common being parvovirus B19, cytomegalovirus, adenovi-
rus, and enterovirus infections [1].

Maternal infection with Treponema pallidum can affect 
the fetus at all stages of the disease, regardless of the gesta-
tional trimester. During the primary and secondary stages 
of syphilis, the likelihood of vertical transmission from an 
untreated pregnant woman to her fetus approaches 100% 
[1]. The global prevalence of congenital syphilis is increas-
ing, rising from 203 cases per 100,000 live births in 2015 to 
295 cases per 100,000 in 2021 [5]. Clinical manifestations 
of fetal infection with Treponema pallidum include hepato-
splenomegaly, thymic involution, placentomegaly, increased 
peak systolic velocity in the middle cerebral artery (a mark-
er of fetal anemia), ascites, low birth weight, fetal hydrops, 
preterm birth, and perinatal death [6, 7]. Proinflammatory 
cytokines and an imbalance of angiogenic factors (PlGF – 
placental growth factor, VEGF – vascular endothelial growth 
factor) induce endothelial injury, contributing to placental 
dysfunction characteristic of Ballantyne syndrome (“mirror 
syndrome”) [8].

Case presentation
According to the anamnestic and serological data, ma-

ternal syphilitic infection was acquired during the current 
pregnancy, most likely in the second or third trimester 
of gestation, and was serologically detected in the active 
stage (primary syphilis). The absence of specific etiolog-
ical treatment favored transplacental transmission of the 
infection and the development of a severe form of congen-
ital syphilis.

We report the case of a preterm neonate born at 31 weeks 
of gestation, with a birth weight of 2254 g, body length of 

42 cm, head circumference of 32 cm, and Apgar scores of 3 
and 5 at 1 and 5 minutes, respectively. The pregnancy was 
complicated by untreated maternal primary syphilis, intra-
uterine infection, and polyhydramnios.

At birth, the neonate was in an extremely critical condi-
tion, presenting with generalized edema, severe respiratory 
distress, marked abdominal distension, and hemorrhagic 
cutaneous lesions. The abdominal circumference measured 
at the level of the umbilical stump was 36 cm. Endotracheal 
intubation was performed in the first minute of life, and the 
patient was placed on mechanical ventilation. Ultrasonog-
raphy revealed hepatomegaly, a large amount of free intra-
peritoneal fluid, and intestinal loops compressed toward 
the posterior abdominal wall. Subsequent computed to-
mography confirmed the ultrasound findings, demonstrat-
ing hepatomegaly (right lobe 7.0 cm, left lobe 2.6 cm) ex-
tending into the splenic space with a mass effect displacing 
the spleen medially and caudally; the splenic size remained 
within normal limits. Abdominal radiography showed pro-
nounced distension with an absence of intraluminal intes-
tinal gas. Chest imaging revealed severe type I respiratory 
distress syndrome, right-sided polysegmental pneumo-
nia, alveolar pulmonary edema, and marked cardiomegaly. 
Transthoracic echocardiography demonstrated nondilated 
cardiac chambers with preserved left ventricular systolic 
function. A patent foramen ovale (PFO) with a left-to-right 
shunt at the interatrial septum measuring 3 mm was identi-
fied, along with false chordae tendineae in the left ventricu-
lar cavity. Mild tricuspid regurgitation (grade I) and mild 
pulmonary valve regurgitation (grade I) were present, asso-
ciated with mild pulmonary hypertension, estimated echo-
cardiographically by a systolic pulmonary artery pressure 
of approximately 39 mmHg.

At 2 hours of life, a right-sided drainage microlaparoto-
my was performed, with the evacuation of clear serous as-
citic fluid. The abdominal circumference decreased by 2 cm. 
Over time, ventilatory support parameters were reduced, 
while corrective measures addressed anemia (Hb 59 g/L, 
Ht 17%), thrombocytopenia (platelets 22 × 109/L), hypo-
proteinemia (total protein 39.26 g/L), and hypoglycemia 
(glucose 1.1 mmol/L). Neonatal serology confirmed active 
treponemal infection, and microbiological investigations 
excluded other bacterial infectious etiologies. During the 
course of the disease, the neonate developed syphilitic in-
fectious hepatitis (ALT 278 U/L, AST 333 U/L) associated 
with severe cholestasis, evidenced by a total bilirubin level 
of 235.62 µmol/L with a predominance of direct bilirubin 
(192.12 µmol/L, approximately 82% of the total), consist-

pregnant women with sexually transmitted infections is associated with earlier detection of fetal and maternal complications, 
including Ballantyne syndrome, thereby contributing to improved clinical outcomes.
The novelty added by the manuscript to the already published scientific literature
The presented case demonstrates that survival is possible even in extreme forms of congenital syphilis complicated by fetal 
hydrops and associated surgical pathology, provided that rigorous and individualized multidisciplinary management is imple-
mented.
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ent with syphilitic hepatocellular injury. Acute renal impair-
ment was also documented (urea 28.46 mmol/L, creatinine 
166.38 µmol/L). Radiography of the long bones demon-
strated metaphyseal syphilitic osteochondritis (Fig. 1). 

By the 8th day of life, the general condition showed slight 
improvement, and regression of respiratory failure allowed 
de-escalation of ventilatory therapy to noninvasive support.

On the 12th day of life, given the presence of blood streaks 
in the gastric aspirate, progressive abdominal distension, the 
absence of meconium passage since birth, and a lack of stool 
following a cleansing enema, an upright abdominal radio-
graphic study with contrast at predefined intervals was per-
formed (Fig. 2). This revealed retention of contrast within the 
small intestine, suggestive of meconium ileus, which was sub-
sequently confirmed by computed tomography. The neonate 
underwent segmental small bowel resection with end-to-end 
enteroenterostomy. The postoperative diagnosis was: “Con-
genital distal intestinal obstruction. Ileal stenosis. Diffuse se-
rofibrinous peritonitis. Fetal hepatitis.”

Fig. 1 Radiograph 
of the long 
bones showing 
metaphyseal 
changes suggestive 
of congenital 
syphilitic 
osteochondritis 
(metaphyseal 
irregularity 
and areas of 
osteolysis).

Fig. 2 Serial upright abdominal radiographs
A - 30 minutes, B - 3 hours, and C - 24 hours following administration of an iodinated contrast medium (Ultravist), demonstrating a lack of distal progression and 
retention of contrast within the small intestine.

A B C

The postoperative course was complicated by anemia, 
thrombocytopenia, pulmonary hemorrhage, toxic hepatitis, 
retinopathy of prematurity stage I–II, and neonatal jaun-
dice. The neonate was weaned from ventilatory support 4 
days postoperatively and passed stool on the 7th postop-
erative day. Histopathological examination confirmed the 
postoperative diagnosis, revealing connective tissue with 
micro- and macrofocal hemorrhages, intravascular erythro-
cyte thrombi, and focal and diffuse lymphocytic infiltration. 
The infant was completely weaned from oxygen support at 

46 days of life and discharged in a satisfactory condition at 
73 days of life.

Antepartum, maternal manifestations of NIHF includ-
ed moderate peripheral edema, hypoalbuminemia (albu-
min 30.80 g/L), and hemodilution (urea 2.11 mmol/L, 
creatinine 39.80 µmol/L), which persisted postpartum. 
Histopathological examination of the placenta revealed 
discirculatory-anemic placentopathy associated with am-
nionitis.
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Discussion
Although syphilitic infection is a preventable and treat-

able condition through prenatal screening and appropriate 
antimicrobial therapy, it continues to represent a public 
health problem, particularly in regions with limited access 
to healthcare services. The persistence of congenital syphi-
lis cases primarily reflects deficiencies in the early detection 
of maternal infection and delayed or absent initiation of eti-
ological treatment. The lack of adequate treatment during 
pregnancy is associated with increased perinatal mortality, 
severe neonatal morbidity, and long-term sequelae.

The present case demonstrates that untreated congen-
ital syphilis may progress with severe systemic manifes-
tations, including multiorgan involvement and rare sur-
gical complications, requiring complex multidisciplinary 
interventions to ensure survival. Preterm neonates exhibit 
immature intestinal motility and a vascular system predis-
posed to injury, which may facilitate the extension of inflam-
matory lesions and increase susceptibility to severe intesti-
nal obstruction in the context of treponemal inflammation 
[9]. The presence of non-immune fetal hydrops indicates 
an advanced stage of congenital infection and reflects the 
systemic impact of fetal inflammation and associated pla-
cental dysfunction. The pathogenic mechanisms involved 
include fetal anemia secondary to hemolysis, high-output 
cardiac failure, hepatic impairment with hypoalbuminemia, 
and placental dysfunction caused by treponemal vasculitis. 
These mechanisms cumulatively contribute to fluid accu-
mulation in the fetal compartments and the development of 
hydropic syndrome.

Antenatal diagnosis of intestinal stenosis or obstruction 
remains challenging and is primarily based on indirect im-
aging findings. Fetal ultrasonography may reveal dilated 
bowel loops, increased echogenicity, and reduced or ab-
sent peristalsis, frequently associated with polyhydramni-
os and intrauterine growth restriction. Fetal magnetic res-
onance imaging (MRI) can provide additional information 
regarding meconium distribution and the probable level of 
obstruction. However, precise confirmation of the affected 
segment and the degree of stenosis is achieved in most cas-
es postnatally, sometimes only during the surgical interven-
tion [10].

In the present case, the antenatal diagnosis of fetal hy-
drops allowed anticipation of a guarded neonatal progno-
sis and facilitated the early initiation of intensive support-
ive measures immediately after birth. Prompt intervention 
through early ascitic drainage was essential to reduce in-
tra-abdominal pressure, improve respiratory mechanics, 
and achieve hemodynamic stabilization. The combination 
of invasive respiratory support, hematological corrections, 
and anti-infective therapy played a decisive role in the ini-
tial stabilization of the neonate.

A particular feature of this case is the association of fetal 
hydrops with distal congenital intestinal obstruction. The 
literature describes only isolated cases of intestinal obstruc-
tion or necrotizing enterocolitis associated with congenital 
syphilis, and the causal relationship remains insufficiently 

elucidated [7, 11]. In the absence of specific histopatholog-
ical evidence of treponemal obliterative vasculitis at the 
intestinal level, a direct causal link cannot be established. 
Nevertheless, prenatal systemic inflammation, mesenter-
ic ischemia, and subclinical vascular injury may represent 
plausible contributory mechanisms.

The postoperative course was marked by complications 
commonly encountered in severe congenital syphilis, ne-
cessitating close monitoring and continuous therapeutic 
adjustments. The progressive recovery and survival of the 
neonate underscore the importance of an integrated multi-
disciplinary approach involving neonatologists, pediatric 
surgeons, infectious disease specialists, and intensive care 
physicians.

Another relevant aspect of this case is the presence of 
maternal manifestations associated with fetal hydrops, con-
sistent with Ballantyne syndrome (“mirror syndrome”). Ma-
ternal edema, hemodilution, and hypoproteinemia suggest 
the involvement of placental dysfunction and angiogenic 
imbalance in the pathogenesis of this syndrome. Early rec-
ognition of maternal signs may serve as an additional indi-
cator for assessing the severity of fetal involvement.

Prevention of congenital syphilis remains essential, as 
once fetal hydrops develops, the neonatal prognosis is often 
unfavorable, and postnatal interventions become complex 
and resource-intensive. Systematic screening of pregnant 
women, repeat testing in subsequent trimesters for high-
risk populations, and the prompt treatment of maternal in-
fection are key measures for reducing the incidence of these 
severe forms.

In line with the existing literature, this report highlights 
the need for increased clinical vigilance regarding atypical 
and rare manifestations of congenital syphilis. The limita-
tions of this report include its single-center nature and the 
inability to establish a definitive causal relationship be-
tween treponemal infection and intestinal malformation, 
underscoring the need for further studies to clarify these 
rare associations.

Conclusions
This case demonstrates that even severe congenital 

syphilis complicated by non-immune fetal hydrops may 
result in a favorable outcome when an early diagnosis and 
timely, coordinated multidisciplinary management are en-
sured. The report underscores the essential role of system-
atic prenatal screening for maternal treponemal infection 
and the importance of integrated perinatal care in improv-
ing survival and reducing severe neonatal morbidity.
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Steiber AL, Chazot C, Kopple JD. Vitamin and trace element needs in chronic kidney disease. In: Burrowes J, Kovesdy C, By-
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TABLES AND FIGURES
Tables should be numbered consecutively with Arabic numerals, and be cited in text. Tables can be placed either next to the relevant 
text in the article, or on separate page(s) at the end. Tables must be submited as editable text and not as images. Each table should be 
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Table 1. Intra-anesthetic and immediately post-extubation adverse events
Experimental

Cohort
(n=100)

Control
Cohort
(n=100)

p

Dysrhythmia 6.0% 30% 0.49
Hemodynamic instability 7.0% 1.0% 0.034
Prolonged awakening* 11.0% 4.0% 0.19
PONV post-intubation 8.0% 27.0% 0.007

Strong pain on awakening 17.0% 19.0% 1.0

Note: *Unusually slow awaking, after that cerebral concentration of the anesthetic reach the under hypnotic level.
Used statistical analysis: Fisher’s exact test.
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