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Abstract 

Chronic wounds pose a major healthcare burden due to poor healing, high recurrence, and fibrosis that impairs 

functional recovery. This study aimed to identify clinical factors associated with fibrosis in patients with chronic 

wounds. A cross-sectional study was done in 200 patients with chronic wounds of a tertiary care healthcare facility. 

Medical records were used to obtain demographic and clinical data such as age, gender, diabetes mellitus, smoking 

history, duration of the wound, wound location and clinical infection. A clinical assessment to determine fibrosis status 

was obtained from patient records. Summary statistics were used to summarize study variables and the association of 

clinical factors with fibrosis was tested using the Chi-square test. A p value of <0.05 was deemed to be statistically 

significant. 82 (41.0%) patients had fibrosis identified. Most of the participants were male (58.0%) and age group 41–60 

(44.5%). The number of patients with diabetes mellitus was 42.5%, and 31.0% had a smoking history. Significant 

associations were observed between fibrosis and diabetes mellitus (56.5% of diabetics vs. 29.6% of non-diabetics had 

fibrosis, p<0.001), smoking history (54.8% of smokers vs. 34.8% of non-smokers, p=0.008), prolonged wound duration 

of ≥12 weeks (50.0% vs. 25.7%, p<0.001), and clinical infection (53.2% vs. 33.3%, p=0.004). The greatest frequencies of 

fibrotic outcomes were seen in patients with chronically draining wounds and diabetes. Patients with the longest wound 

duration and diabetes had the highest frequencies of fibrotic outcomes. Diabetes, smoking, prolonged wound duration, 

and infection were linked to fibrosis in chronic wounds, underscoring the importance of early management of modifiable 

risk factors to improve outcomes. 
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INTRODUCTION 

Chronic wounds pose a significant and growing public health problem, and are a significant burden 

of disease on health systems around the world (1). Such wounds do not go through the stages of healing in 

the usual time frame, and are often linked to prolonged treatment, recurrent infections, decreased quality of 

life, and higher healthcare expenses (2). Common chronic wounds include diabetic foot ulcers, venous leg 

ulcers, pressure ulcers and non-healing traumatic wounds, which are all clinically challenging (3). 

Wound healing is a complex process of tissue repair, angiogenesis and remodeling (4). But if the 

normal healing processes are disrupted, too much scar tissue may build up and fibrosis occur (5). Fibrosis 

involves the formation of abnormal amounts of connective tissue during healing and can lead to stiffness, 

dysfunction and slow healing (6, 7). Fibrosis is an important outcome of wound management and is 

influenced by multiple factors related to patients and wound (8, 9). 

Some clinical factors have been correlated with poor wound healing. It is known that diabetes 

mellitus affects tissue perfusion, immune function and cellular repair mechanisms, which could lead to 

delayed healing and fibrotic changes (10, 11). In the same way, smoking's impact on oxygen delivery and 

vascular function are detrimental, and wound infection can also extend inflammation and hamper tissue 

repair (12, 13). The duration of the wound has also been identified as an important predictor of healing 

failures and the chronic remodeling of tissue (14).  
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 Knowing the clinical characteristics of patients that are associated with a risk of poor healing 

outcomes can help to identify patients who may be at higher risk for poor healing outcomes. Awareness of 

these factors can aid in early intervention strategies, wound optimisation and may minimise long-term 

complications of chronic wounds. Although the care of wounds has improved over the years, there is 

limited evidence of the combined effect of demographic and clinical factors on fibrosis in many clinical 

situations. 

A cross-sectional design was appropriate for this exploratory aim, since it allows for the 

simultaneous assessment of several clinical parameters without compromising patient care and can produce 

hypotheses for further longitudinal research. Hence, the present study aimed to assess the clinical 

parameters that correlated with fibrosis in patients with chronic wounds. The objectives of the study were to 

explore the association of the demographic (age, sex), comorbid (diabetes, and smoking status), and wound-

related (wound duration, location, clinical infection) factors with the presence of fibrosis, with the goal of 

developing evidence to inform better clinical care and outcomes. 

MATERIALS AND METHODS 

STUDY DESIGN 

A cross-sectional study was conducted to evaluate the clinical factors associated with fibrosis in patients 

with chronic wounds. The study was carried out at a tertiary care healthcare facility, where patient records 

were reviewed to obtain relevant demographic and clinical information. 

STUDY AREA 

The study included patients diagnosed with chronic wounds who attended the healthcare facility 

during the study period. Chronic wounds were defined as wounds that failed to heal within 12 weeks 

despite appropriate treatment. A total of 200 patients fulfilling the eligibility criteria were included in the 

study. Ethical approval was obtained from the relevant institutional review committee prior to data 

collection. Patient confidentiality was maintained throughout the study by anonymizing all records and 

removing personal identifiers. The study was conducted in accordance with the ethical principles outlined 

in the Declaration of Helsinki. 

INCLUSION AND EXCLUSION CRITERIA 

Those patients included who were aged 18 years and above, clinically diagnosed chronic wounds with 

a duration of at least 12 weeks, availability of complete demographic and clinical records, documented 

wound healing outcomes and fibrosis status. Exclusion criteria included: 1) acute wounds <12 weeks 

duration; 2) incomplete medical records with >20% of key variables missing, including fibrosis status, 

diabetes status, or wound duration; and 3) terminal illness such as metastatic cancer or end-stage renal 

disease on hospice care without systematic wound healing documentation. 

DATA COLLECTION 

Data were collected from hospital records using a structured data collection form. Information obtained 

included demographic characteristics and clinical variables relevant to wound healing. 

STUDY VARIABLES 

The dependent variable was fibrosis status (present or absent). Independent variables included: Age 

group, Gender, Diabetes mellitus, Smoking history, Wound duration, Wound location, Clinical infection. 

These variables were selected based on their reported association with wound healing outcomes in previous 

clinical studies. Although additional variables (BMI, HbA1c, hypertension, serum cholesterol, urinary tract 

infection, septicemia, ethnicity, marital status, education level) were initially planned for analysis, they were 

excluded due to incomplete documentation in >30% of patient records. Only variables with <10% missing 

data were retained for analysis. 

When available from routine clinical care, histopathological data were extracted from wound biopsy 

reports. Biopsies were taken from the wound edge or base at initial presentation and evaluated by board-
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certified pathologists using standard H&E staining. Recorded parameters included inflammation grade 

(mild: scattered cells; moderate: dense focal infiltrate; severe: diffuse infiltrate with tissue disruption), 

granulation tissue (present/absent), necrosis (present/absent), and re-epithelialization (complete/incomplete). 

Fibrosis status, the primary outcome, was determined separately from clinical documentation as described 

above, not by histomorphometric quantification such as collagen volume fraction or immunohistochemistry 

for α-SMA. Histopathological parameters were analyzed as secondary variables to assess their association 

with fibrosis. 

STATISTICAL ASSESSMENT  

Data were entered and analyzed using Statistical Package for the Social Sciences (SPSS) version 26.0. 

Descriptive statistics were used to summarize demographic and clinical characteristics. Categorical variables 

were presented as frequencies and percentages. Associations between clinical variables and fibrosis were 

evaluated using the Chi-square test. Statistical significance was established at a p-value of less than 0.05. 

RESULTS 

This is a cross-sectional study of 200 patients with chronic wounds. Demographic and clinical features 

of chronic wound patients are summarized in Table I. Most of the participants were male (58.0%) and the 

people aged 41-60 constituted the biggest age group (44.5%). The prevalence of diabetes mellitus was 42.5% 

and smoking was prevalent in 31.0% of the patients. The majority of wounds were present for 12 weeks or 

more (63.0%) and the lower limb was the most common anatomical site (61.0%). In 38.5% clinical infection 

was detected. In general, 41.0% of the chronic wound specimens showed fibrosis. 

Table I.  Demographic and clinical characteristics of patients with chronic wounds (n = 200) 
 

Variable Category n (%) 

Gender Male 116 (58.0) 

 Female 84 (42.0) 

Age Group 

(Years) 
≤40 42 (21.0) 

 41–60 89 (44.5) 

 >60 69 (34.5) 

Diabetes 

Mellitus 
Yes 85 (42.5) 

 No 115 (57.5) 

Smoking History Yes 62 (31.0) 

 No 138 (69.0) 

Wound 

Duration 
<12 weeks 74 (37.0) 

 ≥12 weeks 126 (63.0) 

Wound Location Lower Limb 122 (61.0) 

 Upper Limb 39 (19.5) 

 Trunk 24 (12.0) 

 Other 15 (7.5) 

Clinical Infection Present 77 (38.5) 

 Absent 123 (61.5) 

Fibrosis Status Present 82 (41.0) 

 Absent 118 (59.0) 

Table II shows the relationship between clinicopathological factors and fibrosis in patients with 

chronic wounds. There were significant correlations between fibrosis and diabetes mellitus (p<0.001), smoking 

history (p=0.008), wound duration (p<0.001) and clinical infection (p=0.004). Histopathological parameters 

such as inflammation grade (p<0.001), granulation tissue formation (p=0.041), necrosis (p=0.001) and re-

epithelialization status (p<0.001) were also significant factors associated with fibrosis. Severe inflammation 

(67.2%), necrotic lesions (59.4%) and incomplete re-epithelialization (54.4%) were the wounds that had the 

highest incidence of fibrosis. These results indicate that clinical and pathological factors play a significant role 

in the formation of fibrosis in chronic wounds. 
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Table II. Clinicopathological factors associated with fibrosis in chronic wounds (n = 200) 

Variable Category Fibrosis present n (%) Fibrosis absent n (%) p-value 

Diabetes Mellitus Yes 48 (56.5) 37 (43.5) <0.001 

 No 34 (29.6) 81 (70.4)  

Smoking History Yes 34 (54.8) 28 (45.2) 0.008 

 No 48 (34.8) 90 (65.2)  

Wound Duration ≥12 weeks 63 (50.0) 63 (50.0) <0.001 

 <12 weeks 19 (25.7) 55 (74.3)  

Clinical Infection Present 41 (53.2) 36 (46.8) 0.004 

 Absent 41 (33.3) 82 (66.7)  

Inflammation Grade Mild 12 (22.6) 41 (77.4) <0.001 

 Moderate 31 (34.8) 58 (65.2)  

 Severe 39 (67.2) 19 (32.8)  

Granulation Tissue Present 56 (47.5) 62 (52.5) 0.041 

 Absent 26 (31.7) 56 (68.3)  

Necrosis Present 41 (59.4) 28 (40.6) 0.001 

 Absent 41 (31.3) 90 (68.7)  

Re-epithelialization Complete 26 (26.8) 71 (73.2) <0.001 

DISCUSSION 

The present cross-sectional analysis of 200 patients with chronic wounds, diabetes mellitus, smoking 

history, prolonged wound duration (≥12 weeks), and clinical infection were significantly associated with the 

presence of fibrosis. These finding offers valuable suggestions for clinical practice regarding modifiable and 

non-modifiable risk factors that may guide early intervention strategies. These findings highlight the need of 

early detection of patients with several concurrent risk factors. This study concurrently assessed 

demographic, comorbidities, and wound-related variables to offer a useful risk profile for early high-risk 

patient identification, in contrast to previous studies that analyzed aspects separately. 

The results of this study demonstrated significantly higher proportion of fibrosis among diabetic 

patients (56.5%) versus the non-diabetic patients (29.6%) (p<0.001). These findings align with the previous 

studies which reported that antibiotic therapy in diabetic patients is not always effective in preventing 

fibrotic complications because of underlying microvascular dysfunction and impaired cellular repair 

mechanisms in these patients (15,16). Similarly, a systematic review and meta-analysis identified oxidative 

stress and dysregulations of the angiogenic pathways as the important molecular mechanisms underlying 

poor healing and fibrosis of diabetic foot ulcers, corroborating clinical observations of this study (17,18). The 

high frequencies of fibrotic outcomes were seen in patients with chronically draining wounds and diabetes. 

The results here suggest that having strict glycemic control and treating wounds properly could help lower 

the risk for fibrosis in diabetics (19). 

Fibrosis was present in 54.8% of smokers and 34.8% of non-smokers (p=0.008). It showed that smoking 

history was associated with fibrosis. This aligns with established evidence that smoking-induced oxidative 

stress and microvascular dysfunction impair tissue repair processes (20,21). Furthermore, smoking-induced 

vascular alterations are pre-analytical factors that impair metabolic integrity and might affect assessment of 

wound healing, supporting our conclusion that smoking contributes independently to fibrotic outcomes 

(22,23). In this cohort smokers with concomitant diabetes exhibited a greater susceptibility for fibrosis. These 

findings indicate that smoking cessation interventions should be a focus in chronic wound patients, 

especially in those who have metabolic disorders (24). 

Wound duration of ≥12 weeks was associated with fibrosis (50.0% vs. 25.7%, p<0.001). This is in line 

with a study who highlighted that fibrotic remodeling is a consequence of chronic inflammation in the 

tumor microenvironment (which is analogous to the chronic wound system) (25,26). Similarly, clinical 

infection was linked to fibrosis (53.2% vs. 33.3%, p=0.004), is consistent with another study who implicated 

that perioperative infections and wound infections are associated with scar formation and delayed wound 

healing in resource poor settings (27,28). Other significant factors in this study were severe inflammation 

(67.2% fibrosis), necrosis (59.4%) and incomplete re-epithelialization (54.4%). These are consistent with 

previous reports showing that chronic tissue 

injury leads to persistent inflammatory signals, which drive activation of the fibroblasts and deposition of 
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extracellular matrix, regardless of the underlying cause of the tissue injury (29,30). 

There are some limitations of this study. Firstly, a cross-sectional design precludes establishing causal 

relationships identified factors and fibrosis. The data collected were from one tertiary care center with 

limited applicability in primary care/community settings. Additionally, fibrosis was assessed using clinical 

information and not a standardized histopathology score (such as degree of collagen deposition or 

immunohistochemistry). Furthermore, fibrosis was determined from clinical documentation rather than 

histomorphometric quantification (e.g., collagen volume fraction or immunohistochemistry for α-SMA or 

TGF-β), which may have introduced misclassification bias. Lastly, there is possibility of recall bias in self-

reported smoking history and wound duration. 

Future studies are needed to use prospective cohort or longitudinal study design to determine the 

relationship of fibrosis progression and risk factors. Objectively, quantifying fibrosis needs to be done by 

standardised histopathological and molecular markers including transforming growth factor beta (TGF-β), 

matrix metalloproteinases (MMPs) and collagen turnover markers. The findings should be validated in 

large-scale, multicenter trials with cross-sector and cross-cultural populations to more fully generalize the 

results to other health care systems. Further, there are interventional trials which need to be undertaken to 

assess whether reducing the levels of these modifiable factors (i.e. intensive glycemic control, smoking 

cessation programmes, early infection management) will reduce the incidence of fibrosis. Future research 

could customize risk assessment using AI-based predictive models that combine clinical and molecular data, 

such as HbA1c, smoking pack-years, and wound microbiota. Though, this method is still under 

investigation. 

CONCLUSION 

This cross-sectional study identifies that diabetes mellitus, smoking history, duration of wound has 

been found to be significant and related to fibrosis in chronic wounds. In addition, severe inflammation, 

necrosis, and failure to incomplete re-epithelialization further contribute to fibrotic outcomes. However, due 

to the study design, causal relationships cannot be established. These results highlight the importance of 

recognizing the issues of early detection and strong management of these potentially modifiable risk factors 

to ensure good wound healing and lower the likelihood of fibrotic complications in the long term. Clinicians 

may prioritize glycemic control, smoking cessation, and rapid infection care in patients with chronic 

wounds, pending prospective validation, since these characteristics were linked to a lower prevalence of 

fibrosis in this study. 

Conflict of interest: 

The authors declare no conflict of interest. 

Authors’ contribution: 

MH Conducted the study and data collection; Me Conceptualized, designed the epidemiological investigation 

and analyzed seasonal prevalence data; WK Supervised the research and finalized the manuscript; SK 

Compiled and organized the data. 

References: 

1. Falanga V, Isseroff RR, Soulika AM, Romanelli M, Margolis D, Kapp S, Granick M, Harding K. Chronic 

wounds. Nature Reviews Disease Primers. 2022;8(1):50. 

2. Pastar I, Balukoff NC, Marjanovic J, Chen VY, Stone RC, Tomic-Canic M. Molecular pathophysiology of 

chronic wounds: current state and future directions. Cold Spring Harbor perspectives in biology. 

2023;15(4):a041243. 

3. Eriksson E, Liu PY, Schultz GS, Martins‐Green MM, Tanaka R, Weir D, Gould LJ, Armstrong DG, Gibbons 

GW, Wolcott R, Olutoye OO. Chronic wounds: Treatment consensus. Wound repair and regeneration. 

2022;30(2):156-71. 

4. Shi Z, Yao C, Shui Y, Li S, Yan H. Research progress on the mechanism of angiogenesis in wound repair and 

regeneration. Frontiers in physiology. 2023;14:1284981. 

5. Han C, Barakat M, DiPietro LA. Angiogenesis in wound repair: too much of a good thing?. Cold Spring 

Harbor Perspectives in Biology. 2022;14(10):a041225. 

Zahid pc
Typewritten text
S93



Pak Euro Journal of Medical and Life Sciences. Vol. 8 No. Sp. 3 

Copyright © 2025 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

 

6. Antar SA, Ashour NA, Marawan ME, Al-Karmalawy AA. Fibrosis: types, effects, markers, mechanisms for 

disease progression, and its relation with oxidative stress, immunity, and inflammation. International 

Journal of Molecular Sciences. 2023;24(4):4004. 

7. Sharabi M. Structural mechanisms in soft fibrous tissues: a review. Frontiers in Materials. 2022;8:793647. 

8. Yu Z, Xu C, Song B, Zhang S, Chen C, Li C, Zhang S. Tissue fibrosis induced by radiotherapy: current 

understanding of the molecular mechanisms, diagnosis and therapeutic advances. Journal of translational 

medicine. 2023;21(1):708. 

9. Sun K, Li X, Scherer PE. Extracellular matrix (ECM) and fibrosis in adipose tissue: overview and 

perspectives. Comprehensive Physiology. 2023;13(1):4387-407. 

10. Swoboda L, Held J. Impaired wound healing in diabetes. Journal of wound care. 2022;31(10):882-5. 

11. Nirenjen S, Narayanan J, Tamilanban T, Subramaniyan V, Chitra V, Fuloria NK, Wong LS, Ramachawolran 

G, Sekar M, Gupta G, Fuloria S. Exploring the contribution of pro-inflammatory cytokines to impaired 

wound healing in diabetes. Frontiers in immunology. 2023;14:1216321. 

12. Mieczkowski M, Mrozikiewicz-Rakowska B, Kowara M, Kleibert M, Czupryniak L. The problem of wound 

healing in diabetes—from molecular pathways to the design of an animal model. International Journal of 

Molecular Sciences. 2022;23(14):7930. 

13. Cai Y, Chen K, Liu C, Qu X. Harnessing strategies for enhancing diabetic wound healing from the 

perspective of spatial inflammation patterns. Bioactive materials. 2023;28:243-54. 

14. Akkus G, Sert M. Diabetic foot ulcers: A devastating complication of diabetes mellitus continues non-stop in 

spite of new medical treatment modalities. World journal of diabetes. 2022;13(12):1106. 

15. Xu R, Fang Z, Wang H, Gu Y, Yu L, Zhang B, Xu J. Molecular mechanism and intervention measures of 

microvascular complications in diabetes. Open Medicine. 2024;19(1):20230894. 

16. Bowling FL, Rashid ST, Boulton AJ. Preventing and treating foot complications associated with diabetes 

mellitus. Nature Reviews Endocrinology. 2015;11(10):606-16. 

17. Kumar YS, Megha AS, Ramula M, Ramachandran M. Genetic polymorphisms and diabetic foot ulcer 

susceptibility: a systematic review and meta-analysis of Indian populations. Journal of Diabetes & Metabolic 

Disorders. 2025;24(2):276. 

18. Zhao J, Zhang LX, Wang YT, Li Y, Chen M. Genetic polymorphisms and the risk of diabetic foot: a 

systematic review and meta-analyses. The International Journal of Lower Extremity Wounds. 2022;21(4):574-

87. 

19. Lane KL, Abusamaan MS, Voss BF, Thurber EG, Al-Hajri N, Gopakumar S, Le JT, Gill S, Blanck J, Prichett L, 

Hicks CW. Glycemic control and diabetic foot ulcer outcomes: A systematic review and meta-analysis of 

observational studies. Journal of Diabetes and its Complications. 2020;34(10):107638. 

20. Zhou SY, Du JM, Li WJ, Liu QY, Zhang QY, Su GH, Li Y. The roles and regulatory mechanisms of cigarette 

smoke constituents in vascular remodeling. International Immunopharmacology. 2024;140:112784. 

21. Nowak A, Pawliczak R. Cigarette smoking and oxidative stress. Alergologia Polska-Polish Journal of 

Allergology. 2022;9(2):89-98. 

22. Yoon HY, Kim H, Bae Y, Song JW. Smoking status and clinical outcome in idiopathic pulmonary fibrosis: a 

nationwide study. Respiratory Research. 2024;25(1):191. 

23. Fabre A, Treacy A, Lavelle LP, Narski M, Faheem N, Healy D, Dodd JD, Keane MP, Egan JJ, Jebrak G, Mal 

H. Smoking-related interstitial fibrosis: evidence of radiologic regression with advancing age and smoking 

cessation. COPD: Journal of Chronic Obstructive Pulmonary Disease. 2017;14(6):603-9. 

24. Sørensen LT. Wound healing and infection in surgery: the pathophysiological impact of smoking, smoking 

cessation, and nicotine replacement therapy: a systematic review. Annals of surgery. 2012;255(6):1069-79. 

25. Talbott HE, Mascharak S, Griffin M, Wan DC, Longaker MT. Wound healing, fibroblast heterogeneity, and 

fibrosis. Cell stem cell. 2022;29(8):1161-80. 

26. Margolis DJ, Mitra N, Malay DS, Mirza ZK, Lantis JC, Lev‐Tov HA, Kirsner RS, Thom SR. Further evidence 

that wound size and duration are strong prognostic markers of diabetic foot ulcer healing. Wound Repair 

and Regeneration. 2022;30(4):487-90. 

27. Lusendi FM, Matricali GA, Vanherwegen AS, Doggen K, Nobels F. Bottom-up approach to build a 

‘precision’ risk factor classification for diabetic foot ulcer healing. Proof-of-concept. Diabetes Research and 

Clinical Practice. 2022;191:110028. 

28. Yu GT, Gomez PT, Prata LG, Lehman JS, Tchkonia T, Kirkland JL, Meves A, Wyles SP. Clinicopathological 

and cellular senescence biomarkers in chronic stalled wounds. International journal of dermatology. 

2024;63(9):1227-35. 

29. Zou AE, Kongthong S, Mueller AA, Brenner MB. Fibroblasts in immune responses, inflammatory diseases 

and therapeutic implications. Nature Reviews Rheumatology. 2025;21(6):336-54. 

30. Roman J. Fibroblasts—warriors at the intersection of wound healing and disrepair. Biomolecules. 

2023;13(6):945. 

Zahid pc
Typewritten text
S94


