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Abstract: Objective: To identify risk factors of postoperative keloid scar recurrence in patients using logistic regres-
sion analysis. Methods: A retrospective analysis was conducted with the use of clinical data collected from 132 
keloid scars patients undergoing keloidectomy under local anaesthesia between January 2020 and June 2023 at 
The First Affiliated Hospital of the WANNAN Medical College. The recurrence of keloid scars in the included patients 
was analyzed, and their clinical data were subjected to univariate analysis. Factors showing significant differences 
were included in the multivariate logistic regression analysis. A receiver operating characteristics (ROC) curve was 
generated based on the independent risk factors to explore the predictive performance of joint-factor prediction 
for postoperative recurrence of keloid scars, and a corresponding Nomogram was generated. Results: Out of the 
132 patients, 38 experienced keloid scar recurrence, accounting for 28.79% of the total cases. Logistic regression 
analysis identified infection, family history of keloid scars, relatively large scar size and the absence of radiotherapy 
and local hormone therapy as independent risk factors influencing postoperative recurrence of keloid scars. The 
prediction for postoperative recurrence of keloid scars based on the joint independent risk factors yielded an area 
under the ROC curve of 0.889, with a sensitivity, a specificity, and an accuracy of 78.72%, 86.84%, and 81.06%, 
respectively. Conclusion: Infection, family history of keloid scars, relatively large scar size, and the absence of radio-
therapy and local hormone treatment have been identified as independent risk factors for postoperative recurrence 
of keloid scars in patients. 
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Introduction

Keloid scars, also referred to as hypertrophic 
scars, are characterized by the formation of 
excessive fibrous tissue during skin healing 
process [1]. These scars typically develop at 
the sites of trauma, surgical incisions, burns, or 
other skin injuries [2]. Scarring represents a 
pathological response involving morphological 
changes in the skin as a protective mechanism 
in response to various types of injuries [3]. 
Generally, it is believed that the advent of  
keloid scars is in association with individual 
constitution, i.e., the pathological and physio-
logical changes in the normal skin wound heal-
ing process can be affected by various factors 
in human body, leading to the formation of 
keloid scars [4, 5].

Keloid scars typically manifest in various 
colours, such as red, dark, or light, in compari-

son to the surrounding normal skin. This can 
cause discomfort and negatively affect patients’ 
confidence and social activities [6, 7]. Relatively 
large and thick keloid scars can trigger tensive 
or restrictive sensation in the surrounding tis-
sues, impacting the motion or flexibility of that 
body part in patients [8]. Moreover, keloid scars 
often manifest symptoms such as itchiness, 
stinging, and heightened sensitivity to touch, 
which can lead to significant discomfort and 
distress for patients, interfering with their daily 
activities and sleep patterns [9, 10]. Currently, 
there are various clinical treatments for keloid 
scars, including surgery, medication injections, 
postoperative compression, application of iso-
topes, and laser therapy [11, 12]. Research has 
shown that the recurrence rate of keloid scars 
is relatively high in patients undergoing simple 
surgical excision. However, the scars tend to 
recover faster when the surgery is combined 
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with radiation therapy, regardless of the fact 
that there is still a chance of recurrence [13]. 
Therefore, how to improve the treatment effec-
tiveness of keloid scars and reduce their recur-
rence rate have become one of the urgent 
issues in clinical practice. Furthermore, keloid 
scars are a common skin condition that se- 
verely affects the quality of life of patients. 
Studying the factors associated with keloid 
scar recurrence has important clinical signifi-
cance for the prevention and management of 
patients with recurrent keloid scars. According 
to the information we have searched, there is 
currently no available analysis of risk factors of 
keloid scar recurrence, specifically after scar 
excision surgery under local anaesthesia.

In this paper, logistic regression analysis was 
carried out to explore related risk factors result-
ing in the recurrence of keloid scars, so as to 
provide a basis for the treatment and preven-
tion of patients with recurrent keloid scars. The 
innovative points of the study are as follows: 
The study employed a combination of univari-
ate analysis and logistic regression analysis to 
systematically evaluate multiple potential influ-
encing factors for the recurrence of keloid 
scars. Furthermore, this research has present-
ed more scientific evidence in comparison to 
prior studies.

Methods and data

Sample source and processing

With approvals from the Medical Ethics Com- 
mittee of The First Affiliated Hospital of the 
WANNAN Medical College, this study conduct-
ed a retrospective analysis using clinical data 
collected from 150 patients with keloid scars 
who underwent keloidectomy under local an- 
aesthesia at The First Affiliated Hospital of the 
WANNAN Medical College between January 
2020 and June 2023. 

Inclusion criteria: Patients were eligible if they 
met the diagnostic criteria for keloid scars, 
including the presence of skin lesions extend-
ing beyond original injury site and/or the scar 
lasting over 9 months without spontaneous 
regression, or confirmed by pathological ex- 
amination; they were compliant; and they had 
detailed medical history, accurate specialized 
physical examination records, and follow-up 

records within 6 months after surgery. Exclu- 
sion criteria: Patients were excluded if they 
were complicated with hypertrophic scars and 
other syndromes associated with keloid scars 
(such as Rubinstein-Taybi syndrome); they had 
severe diseases or their physical conditions 
were so bad that it might affect their survival; 
they were unable to comply with treatments; 
they had plans of conceiving children, or were 
pregnant or breastfeeding.

Based on the inclusion and exclusion criteria 
above, the study included a total of 132 pa- 
tients with keloid scars undergoing keloidecto-
my under local anaesthesia. Among them, 38 
patients were categorized into the recurrence 
group as they experienced postoperative recur-
rence of keloid scars, while the remaining 94 
patients were categorized into the non-recur-
rence group. The screening and grouping pro-
cesses are elaborated in Figure 1. 

Methods

By retrospectively studying the included pa- 
tients’ medical and follow-up records, we col-
lected information including their age, gender, 
distribution of keloid scars, size of the scars 
(maximum diameter), the presence of infection, 
family history of keloid scars, and histories  
of smoking, alcohol consumption and past 
treatments.

Outcomes of the included patients within 6 
months after scar excision were categorized as 
cured, effective, ineffective, or recurrent [14]. 
Criteria for cured were that the scar tissue 
became softer, flatter, and in parallel with the 
normal skin surface without the presence of 
notable symptoms such as pain, itchiness, dis-
comfort in the affected area, functional impair-
ments or visible deformities. Criteria for effec-
tive included recovery observed in the scar tis-
sue with extra thickness less than 2 mm when 
compared to the normal skin surface, alleviated 
symptoms such as pain, itchiness, or discom-
fort compared to before treatment, and notable 
improvements on both impaired functions  
and visible deformities. Criteria for ineffective 
encompassed slightly or not alleviated symp-
toms, and no changes in the size or texture of 
the keloid scars. Criteria for a recurrent includ-
ed scar reappearance, continuance in scar 
growth, and no alleviations observed in symp-
toms such as itchiness or pain, and the pres-
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ence of notable functional impairments and 
deformities. Univariate analysis was carried out 
with clinical data that exhibited significant dif-
ferences between the two groups to identify 
risk factors for keloid scar recurrence in pa- 
tients. Subsequently, multivariate logistic anal-
ysis was conducted for comparison of the  
identified risk factors that demonstrated sig- 
nificant differences between the two groups. 
Furthermore, the Receiver Operating Chara- 
cteristics (ROC) curve was constructed using 
joint independent risk factors to assess their 
predictive performance for postoperative recur-
rence of keloid scars. This analysis aimed to 
explore the predictive ability of these factors in 
identifying patients at risk for postoperative 
recurrence of keloid scars. A corresponding 
Nomogram was generated on the website 
https://shiny.medsta.cn/coxpre1/ to visualize 
the risk factor predictive model. Graphs were 

132 patients experienced recurrence of keloid 
scars, accounting for a relatively large propor-
tion (28.79%, Table 2).

Comparison of univariate analysis of postop-
erative keloid scar recurrence risk factors be-
tween the two groups

Notable differences were found in risk factors 
including the presence of infection, family his-
tory of keloid scars, large scar size, history  
of smoking, the absence of radiotherapy and 
local hormone therapy between the two groups 
(P<0.05), as indicated in Table 3.

Comparison of multivariate logistic regression 
analysis of postoperative keloid scar recur-
rence risk factors between the two groups 

Variables that exhibited significant differences 
between the two groups in the univariate analy-

Figure 1. Screening and grouping process.

generated using GraphPad 
Prism 7 for visual represen- 
tation.

Statistical analyses

Statistical analysis in this stu- 
dy was conducted using SPSS 
20.0 software. Counting data 
were presented by percentage 
and were compared between 
the two groups using chi-sq- 
uare test. Measurement data 
were presented by mean ± 
standard deviation (x±s) and 
were compared between gr- 
oups with t-test. P<0.05 sug-
gests a notable difference.

Results

Comparison of clinical base-
line data between the two 
groups

The two groups did not differ 
notably in baseline data, in- 
cluding sex, age, BMI, etc. 
(P>0.05, Table 1).

Efficacy analysis results

According to analysis on the 
treatment outcomes of the 
included patients, 38 out of 



Factors influencing postoperative keloid scar recurrence

4852	 Am J Transl Res 2024;16(9):4849-4857

sis were assigned with individual values ac- 
cording to Table 4. The results of the multivari-
able logistic regression analysis employing the 
recurrence of keloid scars as the dependent 
variable, with 1 standing for the recurrence of 
keloid scars and 0 for otherwise, suggested 
that the presence of infection, family history of 
keloid scars, relatively large scar size, the 
absence of radiotherapy and local hormone 
treatment were all independent risk factors for 
keloid scar recurrence following surgical exci-
sion, as presented in Table 5.

Discussion

In this study, it was found that the recurrence  
of keloid scars after surgical excision was in 
close association with factors including scar 
infection, family history of keloid scars, large 
scar size, history of smoking, the absence of 
radiotherapy and local hormone treatment. 
Once a scar is observed with infection, it would 
normally be accompanied with symptoms such 
as redness, swelling, pain, fluid discharge, and 
fever. These symptoms disrupt the normal heal-
ing process, leading to the formation of abnor-
mal scar tissues, prolonged healing time, and 
an increased risk of developing keloids [15]. 
Hence, in order to prevent infections in the 
scar, it is essential for postoperative patients  
to strictly follow their doctor’s instructions and 
adhere to proper wound care and hygiene prac-
tices. This includes keeping the surgical wound 
dry, ensuring wound cleanliness through regu-

Table 1. Comparison of clinical baseline data between the two 
groups

Recurrent 
group  

(n = 38)

Non-recurrent 
group  

(n = 94)
t/Χ2 P 

value

Sex 2.557 0.110
    Male 16 54
    Female 22 40
Age 22.94±3.13 23.6±3.4 1.095 0.275
BMI 1.922 0.166
    ≥23 kg/m2 12 42
    <23 kg/m2 26 52
Scar site 4.011 0.135
    neck 10 31
    Arms and legs 13 42
    Trunk 15 21
History of alcohol consumption 0.886 0.347
    Yes 11 20
    No 27 74
Diabetes 1.068 0.301
    Yes 5 7
    No 33 87
Hypertension 1.038 0.308
    Yes 6 9
    No 32 85
Place of residence 1.474 0.225
    Rural area 25 51
    Urban area 13 43

Table 2. Efficacy analysis results
Efficacy Included patients (n = 132)
Cured 22 (16.67%)
Effective 50 (37.87)
Ineffective 22 (16.67%)
Recurrent 38 (28.79%)

Predictive efficacy of joint 
independent risk factors on 
predicting postoperative re-
currence of keloid scars in 
patients

A ROC curve was plotted to 
evaluate the predictive effi-
cacy of independent risk fac-
tors including the presence 
of infection, family history of 
keloid scars, large scar size, 
the absence of radiothera- 
py and local hormone treat-
ment on recurrence of keloid 
scars after surgical excision. 
The results showed that the 
area under the curve (AUC) 
for evaluating the predictive 
performance was 0.889, 
with a sensitivity of 78.72%, 
a specificity of 86.84%, and 
an accuracy of 81.06% 
(Figure 2). Based on the 
logistic regression analysis 
results, we also constructed 
a Nomogram prediction mo- 
del incorporating five inde-
pendent factors to predict 
the risks of postoperative 
recurrence of keloid scars in 
patients (Figure 3).
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lar cleaning, and timely changing of dressings 
as recommended by medical professionals. If 
there are any signs of infection, redness, swell-

rence of keloid scars [18, 19]. Therefore, extra 
attention should be paid to patients with large 
keloid scar areas to minimize their risks of 
keloid scar recurrence. Similar to this study, 
research by Liu also found that keloid scar 
shape, maximum lesion diameter, and infection 
were risk factors for local recurrence of keloid 
scars [16], providing further support for the 
results of this study. Smoking is also identified 
as a detrimental factor in keloid scar formation. 
Smoking can impair blood circulation, leading 
to inadequate oxygen and nutrient supply in the 
human body, which in turn affects the wound 
healing process [21]. Furthermore, smoking 
may induce inflammation and immune suppres-

Table 3. Comparison of univariate analysis of postoperative keloid scar 
recurrence risk factors between the two groups

Recurrent 
group  

(n = 38)

Non-recurrent 
group  

(n = 94)
Χ2 P value

Sex 2.557 0.110
    Male 16 54
    Female 22 40
Age 22.94±3.13 23.6±3.4 1.095 0.275
Infection 23.861 <0.0001
    Yes 25 20
    No 13 74
Family history of keloid scars 7.431 0.006
    Yes 12 11
    No 26 83
Scar size 11.641 0.001
    ≥2 cm 27 36
    <2 cm 11 58
Scar site 4.011 0.135
    neck 10 31
    Arms and legs 13 42
    Trunk 15 21
Smoking history 4.730 0.030
    Yes 18 26
    No 20 68
History of alcohol consumption 0.886 0.347
    Yes 11 20
    No 27 74
Radiotherapy 8.130 0.004
    Yes 13 59
    No 25 37
Local hormone therapy 21.911 <0.0001
    Yes 8 62
    No 30 32

Table 4. Assignment of factor values
Factors Assignment
Infection Yes = 1, No = 0.
Family history of keloid scars Yes = 1, No = 0.
Scar size ≥2 cm = 1, <2 cm = 0.
History of smoking Yes = 1, No = 0.
Radiotherapy No = 1, Yes = 0.
Local hormone therapy No = 1, Yes = 0.
Recurrence of keloid Yes = 1, No = 0.

ing, fluid discharge, or fe- 
ver, etc., it is important to 
consult a doctor immedi-
ately and seek appropri-
ate treatment. The forma-
tion of keloid scars is a 
complex physiological pr- 
ocess influenced by vari-
ous factors, including ge- 
netics, hereditary predis-
position, and environmen-
tal factors [1, 16]. An indi-
vidual with a family history 
of keloid formation may 
face a higher risk of de- 
veloping recurrent keloid 
scars after surgery. Ge- 
netic factors can lead to 
different individual res- 
ponses to trauma or surgi-
cal stimuli, making these 
individuals more prone to 
the formation of abnor- 
mal scar tissues [15, 17]. 
Furthermore, this study 
found that the size of 
keloid scars was one of 
the important factors re- 
sulting in the recurrence 
of keloid scars, with larger 
size associated with high-
er recurrence risks. This 
might be explained by the 
fact that large keloid scar 
size increases the tension 
during wound recovery 
process, making patients 
susceptible to the recur-
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sion, further compromising the wound healing 
process [22]. Radiotherapy and local hormone 
treatment can reduce the recurrence of keloid 
scars after surgical excision. The reason may 
be as follows: Radiotherapy reduces inflamma-
tion and fibrotic reaction, thus improving the 
wound healing process, reducing scar tissue 
formation, and potentially promoting tissue 
repair and remodelling, thereby lowering the 
recurrence risk of keloid scars [20, 22, 23]. 
Local hormone treatment, aiming at alleviat- 
ing symptoms in the scar, is a commonly used 
approach for the management of keloid scars. 
Hormones can reduce inflammatory respons-
es, inhibit cell proliferation, and suppress col-
lagen synthesis, thereby reducing the forma-
tion of excessive scar tissues [24]. Local hor-
mone treatment can also improve the appear-
ance and texture of scars and reduce the recur-

rence of keloid scars. Therefore, the employ-
ment of hormone and radiation therapies serve 
as protective factors against keloid scar recur-
rence. This finding suggests that for patients 
without contraindications, the consideration of 
hormone therapy or radiation therapy can be 
recommended as an approach to reduce the 
recurrence rate of keloid scars following 
surgery. 

The final findings of the study revealed that 
infection, family history of keloid scars, large 
scar size, the absence of radiotherapy and  
local hormone treatment collectively had a  
high AUC value (0.889) in predicting the recur-
rence of keloid scars after surgery. Additionally, 
these factors demonstrated a high sensitivity 
(78.72%), specificity (86.84%) and accuracy 
(81.06%). These findings also indicated that 
the combined application of these five factors 
had a high accuracy and discriminatory power 
in predicting the recurrence of keloid scars 
after surgery. According to the research results, 
the combined application of these five risk fac-
tors, infection, family history of keloid scars, 
large scar size, the absence of radiotherapy 
and local hormone therapy, are effective in pre-
dicting the postoperative recurrence of keloid 
scars. The findings in the study are of great 
importance in clinical practice. Firstly, these 
five factors can serve as basic evidence for 
assessing the risks of keloid recurrence at the 
individual level. Before performing scar remov-
al surgery for patients, doctors can comprehen-
sively evaluate these factors to predict and 
assess the risks of keloid scar recurrence [25]. 
For high-risk patients, doctors can adopt more 
active preventive and management measures, 
such as more frequent follow-ups, application 
of improved surgical techniques, and more 

Table 5. Comparison of multivariate logistics regression analysis of postoperative keloid scar recur-
rence risk factors between the two groups

Factors B S.E. Wals Df Sig. Exp (B)
95% C.I. for EXP (B)

Lower limit Upper limit
Infection 1.421 0.508 7.812 1 0.005 4.141 1.529 11.215
Family history of keloid scars 1.803 0.660 7.467 1 0.006 6.070 1.665 22.128
Scar size 1.438 0.534 7.257 1 0.007 4.214 1.480 11.999
History of smoking 0.809 0.539 2.251 1 0.134 2.245 0.781 6.457
Radiotherapy 1.013 0.521 3.785 1 0.052 2.753 0.993 7.636
Local hormone therapy 2.215 0.588 14.209 1 <0.001 9.161 2.896 28.980

Figure 2. Predictive performance of joint indepen-
dent risk factors for keloid scar recurrence after sur-
gical excision.



Factors influencing postoperative keloid scar recurrence

4855	 Am J Transl Res 2024;16(9):4849-4857

intensive post-operative health care, to reduce 
the probability of keloid scar recurrence [26]. 
Secondly, these five factors can also be used 
for risk prediction and stratification at the pop-
ulation level. In clinical studies, researchers 
can divide participants into high, medium, and 
low-risk groups based on these factors, which 
can better identify the impact of different risk 
factors on treatment outcomes and provide a 
basis for individualized diagnosis and treat-
ment [27]. Meanwhile, more targeted preven-
tive interventions can be carried out for high-
risk groups to improve the overall success rate 
of treatment. Furthermore, these five factors 
can also play an important role in clinical deci-
sion-making. Doctors can customize treatment 
plans for patients by taking into consideration 
the five risk factors. For example, more aggres-
sive surgical approaches combined with other 
comprehensive post-operative treatments are 
options for patients with high risks to reduce 
their chance in keloid scar recurrence. Simi- 
larly, patients with low risks can consider under-
going conservative surgical approaches in com-
bination with moderate post-operative rehabili-
tations. Additionally, the prediction model, built 
by the joint employment of the risk factors, can 
also be applied to assess the risk factors of 
other diseases in relation to wound healing. 
Overall, the results in this research have pro-
vided important references for the prediction 

and assessment of keloid scar recurrence both 
in clinical settings and for future research.

Limitations

This study employed logistic regression analy-
sis to examine the influencing factors of keloid 
scar recurrence in patients after surgery. How- 
ever, it still has certain limitations. The data 
obtained in this study might be incomplete or 
subject to bias due to the retrospective nature. 
Additionally, the sample size is relatively small. 
Therefore, the results should be further validat-
ed through large-scale, multicenter, random-
ized controlled trials.

Summary

The presence of infection, a family history of 
keloid scars, a relatively large scar size, the 
absence of radiation therapy, and the absence 
of local hormone treatment were identified as 
independent risk factors for postoperative 
recurrence of keloid scars. Patients with these 
risk factors should receive special attention 
and meticulous wound care to minimize the risk 
of recurrence. Moreover, for patients who have 
undergone surgery for keloid scars and do not 
have contraindications, considering the use of 
hormone therapy or radiation therapy may be 
beneficial in reducing the recurrence rate. 

Figure 3. The Nomogram for predicting keloid scar recurrence after surgical excision.
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