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ABSTRACT

Introduction: Keloids are a cutaneous fibro-
proliferative disorder. Despite the fact that
keloids are relatively common lesions, the
statistics of patient with keloids especially sex
difference remain unknown. To better under-
stand it, we conducted an extensive cross-sec-
tional analysis of a large cohort of patients with
keloids (n = 1659). The study showed for the
first time that female sex may be an inherent
keloid risk factor.
Methods: This cross-sectional study of 1659
consecutive patients with keloids who attended
a plastic surgery outpatient clinic in Japan in
2014 analyzed age at keloid onset, age at the
first medical examination for keloid, and the
influence of sex on these variables.
Results: In both male and female patients, the
keloids were most likely to start in puberty and
there was no significant difference in the mode
value for age of onset (16 vs. 20 years). Though

female patients were twice as prevalent as male
patients at nearly all onset ages, female patients
predominated over male patients with a gender
ratio of 2.7:1 in cases of onset before the age of
15 years. Moreover male and female patients
did not differ in terms of the mean ± SD dura-
tion between keloid onset and the first medical
examination. This finding shows that female
patients do not get their keloids examined ear-
lier than male patients. These observations
together suggest that female sex may promote
early keloid development due to physiological,
not social, reasons.
Conclusion: This is the first report to suggest
that female sex may drive keloidogenesis
because of physiological reasons. Individuals
were most likely to seek a medical examination
almost 10 years after onset, regardless of sex.
These findings provide new insight into the
importance of sex in the development and
progression of keloids. Future studies should
address the influence of sex hormones on the
keloid.
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Keloid; Wound healing

INTRODUCTION

Keloid is a cutaneous fibroproliferative disorder
that is the result of an impaired wound healing
course that leads to persistent inflammation in
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the wound and continuous deposition of col-
lagen fibers. Keloids are widely seen as being
highly intractable to therapy, although we have
had considerable success recently with a treat-
ment regimen composed of surgery, radiation,
and postoperative steroid tape application [1].

Many lines of research suggest that keloid is
driven by multiple factors, including hereditary
predisposition. These factors may also include
systemic factors such as hormones: it is well
known that keloids worsen with pregnancy
[2, 3] and hypertension [4–6]. Conditions that
increase the blood levels of inflammatory
cytokines such as interleukin-6 (IL-6) may also
promote the development of severe keloids [7].

Previous studies have reported on standard
treatment of keloids as a combination of several
modalities, namely, surgery, followed by radia-
tion, and prolonged daily use of corticosteroid
injection/tape/plaster/ointment [8, 9], cryother-
apy, compression therapy, stabilization therapy,
5-fluorouracil (5-FU) therapy, Nd:YAG Laser
[10], and carbon dioxide laser [11].

Despite being a relatively common skin
lesion, many aspects of keloid remain unclear,
including its prevalence and how many of the
patients with keloids experience keloid-related
morbidity, undergo a medical examination for
it, and undergo treatment. Indeed, only a few
papers have reported statistical analyses of
patients with keloids [12–14]. In particular, the
age at keloid onset is poorly understood. To
address these gaps in knowledge, we conducted
an extensive cross-sectional analysis of a large
cohort of patients with keloids (n = 1659) who
presented to our clinic for a medical consulta-
tion about their keloid(s) in 2014. The aim of
this study was to investigate the age at keloid
onset, the age when the patient underwent
their first medical examination for keloid, and
how sex influenced these variables.

METHODS

Selection of Study Subjects

The study cohort consisted of all consecutive
patients with one or more keloids who under-
went consultation for their keloid(s) at the

Nippon Medical School Hospital in the 2014
business year (1 April 2014–31 March 2015). All
patients were diagnosed with keloid on the basis
of their history and the clinical findings.

Study Variables

The following data were collected from all
patients: sex; ethnicity; age, race, body mass
index, smoking habit, and medical history
(hypertension, hyperlipidemia, diabetes melli-
tus, allergy, and family history of keloid) at the
index visit to our clinic; age at keloid onset; age
at the time of the first medical examination for
keloid.

Statistical Analyses

Continuous variables were expressed as mode
and/or mean ± standard deviation. Categorical
variables were expressed as numbers (%). The
cohort was divided into two groups on the basis
of sex and the male and female patients were
compared in terms of the variables described
above by independent Student’s t test. The male
and female patients were compared in terms of
the duration between keloid onset and the first
medical examination by cross tabulation. All
statistical analyses were performed using
Microsoft Excel 97-2003 (Microsoft, USA) and
SPSS statistical software (IBM, USA). Two-tailed
p values of less than 0.05 were considered to
indicate statistical significance.

Compliance with Ethics Guidelines

This cross-sectional study was conducted at the
Department of Plastic, Reconstructive, and
Aesthetic Surgery of Nippon Medical School
Hospital, Tokyo, Japan. The study protocol was
approved by the institutional review board of
Nippon Medical School Hospital (approval no.
26-11-406). The study was conducted in accor-
dance with the tenets of the Declaration of
Helsinki.
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RESULTS

Demographic and Medical History
Characteristics of Total Cohort at Index
Visit to Clinic

Between April 2014 and March 2015, 22,339
consecutive patients were examined at the
Department of Plastic, Reconstructive, and
Aesthetic Surgery at Nippon Medical School
Hospital. The 22,339 patients were 0–101 years
old; 9480 (42.4%) were male and 12,859
(57.6%) were female. Thus, female patients
predominated over male patients with a gender
ratio of 1.4:1.

Of these 22,339 patients, 1659 patients
underwent the examination because they had
one or more keloids. This group constitutes one
of the biggest keloid cohorts in Japan to date.
All patients were Asian. The ages of the patients
with keloids at the index visit ranged from 0 to
83 years. Female patients predominated over
male patients with a gender ratio of 2:1. This
was also true for nearly all decennary age
groups. However, there were two exceptions,
namely, the 0–9-year-olds, where the gender
ratio was 1.7:1, and the 10–19-year-olds, where
the gender ratio was 1.2:1 (data not shown).
Table 1 summarizes the demographic and clin-
ical characteristics of all male and female
patients in this cohort. The two groups did not
differ significantly in terms of age at the index
visit, race, BMI, hyperlipemia, diabetes, allergy,
or family history. However, compared to the
female group, the male group had significantly
more hypertension (12.3% vs. 5.6%, p = 0.005)
and significantly more smokers (15.0% vs.
5.4%, p\0.001) (Table 1).

Age at Keloid Onset

Of the 1659 patients in the cohort, 369 were
excluded because they did not know their age at
keloid onset. The remaining 1290 patients were
0–78 years old and 403 and 887 were male and
female, respectively. Thus, the female patients
were twice as prevalent as male patients (68.8%
vs. 31.2%). The male and female patients did
not differ significantly in terms of mean ± SD

age of onset (24.5 ± 14.4 vs. 25.1 ± 15.1 years)
or the mode value for age of onset (16 vs.
20 years) (Fig. 1a). Figure 1b shows the age at
keloid onset of the male and female patients in
this sub-cohort. In both male and female
patients, keloids were most likely to start in
puberty. Female patients were twice as preva-
lent as male patients at nearly all onset ages,
including before the age of 15 years, where they
were 2.7-fold more prevalent.

Duration Between Age of Onset and Age
at First Medical Examination for Keloid

Of the 1659 patients in the overall cohort, 864
were excluded because they did not know their
age at the first medical examination for keloid
and/or when their keloids first arose. Of the
remaining 795 patients, 267 and 528 were male
(Fig. 1d) and female (Fig. 1e), respectively
(33.6% vs. 66.4%). The male and female
patients did not differ significantly in terms of
mean ± SD age at index visit (34.1 ± 16.1 vs.
35.3 ± 15.0 years) or the mode value for age at
index visit (22 vs. 21 years). Figure 1c shows
that the male and female patients did not differ
in terms of the mean ± SD duration between
keloid onset and the first medical examination
(9.5 ± 10.3 vs. 10.1 ± 10.0).

Figure 1d and e are scatter diagrams showing
the relationship between the age at onset (x-
axis, where age is expressed in 5-year units) and
the duration between onset and the first
examination (y-axis, where duration is expres-
sed as 0, 1, 2, 3, and 4 years followed by 5-year
units) for the male and female patients. The
color of the boxes indicates the frequency of the
patients at each point of the grid. The male and
female patients exhibited very similar scatter-
ing. In particular, the most common scenario
for both male and female patients (indicated by
the warm colors) was that their keloid(s) started
at age 15–24 and they had their keloid(s) exam-
ined 5–14 years later. This finding shows that
female patients do not get their keloids exam-
ined earlier than male patients.
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DISCUSSION

This is the first report that extensively analyses
relationships among the age at keloid onset, the
age at first medical examination, and sex.

Female Sex May Be a Keloid Risk Factor

Several previous studies of cohorts of patients
with keloids show that the male to female ratio
is almost 1:2 [12, 15, 16]. However, it is widely
believed that male and female patients are
equally likely to develop keloids and that
patients with keloids who come to the hospital
for treatment are more likely to be female sim-
ply because of social factors, namely, that
female individuals care more about their
appearance, are less resistant to medical exam-
inations [17, 18], and are more likely to get their
ears pierced than male individuals [19]. Several

reports have described ambulatory care visits to
hospital outpatient departments in the USA
[20–23]. The female visit rate was higher than
the rate for male patients overall. However, for
patients under 15 years of age, the visit rate in
boys was higher than that of girls.

However, our study casts doubt on this
notion and indeed suggests that at least in
childhood-onset patients, the female gender is
an inherent systemic factor that strongly pro-
motes keloid onset or progression. First, the
patients in our large hospital cohort (n = 1659)
were indeed twice as likely to be female overall
(Table 1) and Fig. 1b shows that this female
predominance is present at nearly every onset
age (Fig. 1b). Of particular interest is that female
patients tended to predominate strongly in the
childhood onset group (i.e., onset before the age
of 15 years): girls were 2.7-fold more prevalent
than boys in this group. However, our analysis

Table 1 Characteristics of the 1659 patients with keloids who underwent consultation for their keloid(s) in the Nippon
Medical School Hospital in 2014

Patient characteristic Male (n = 560) Female (n = 1099) p value

Age, years

Mean (SD) 35.0 (16.0) 36.0 (14.9)

Mode 22.0 22.0 0.238

Sex, n (%) 560 (33.8) 1099 (66.2) –

Asian ethnicity, n (%) 560 (100) 1099 (100) –

Body mass indexa

Mean (SD) 22.8 (3.3) 21.3 (3.3)

Mode 23.5 20.8 0.602

Hypertension, n (%) 69 (12.3) 61 (5.6) 0.005*

Hyperlipidemia, n (%) 22 (3.9) 31 (2.8) 0.480

Diabetes, n (%) 10 (1.8) 8 (0.7) 0.253

Current smoking, n (%) 84 (15.0) 59 (5.4) \ 0.001*

Allergy, n (%) 213 (38.0) 504 (45.9) 0.077

Family history, n (%) 100 (17.9) 232 (21.1) 0.36

SD standard deviation
*Significant at p\ 0.05
a BMI is calculated as weight in kilograms divided by height in meters squared
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Fig. 1 Age of the patients at a their first medical
examination for keloid (n = 1072) and b keloid onset
(n = 1290). c Mean duration between keloid onset and
the first medical examination. Cross-tabulation analysis
showed there were no statistically significant differences
between the male and female patients in terms of this
variable. The bar whiskers show standard deviation.

Relationship between the age of keloid onset (x-axis) and
the duration between onset and the first medical exam-
ination (y-axis) in male patients (d) and female patients
(e). f Histogram showing the most common chief
complaints (n = 2405) of the 1659 patients with keloids.
In a–c, male and female patients are depicted by black and
gray bars, respectively
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of the age at the first medical examination of
the patient’s keloids showed that in the child-
hood-onset patients who visited a medical
practitioner before the age of 15 years, boys
were equally as prevalent as girls. Thereafter,
female patients abruptly became much more
prevalent (Fig. 1a). This pattern probably
reflects the fact that before the age of 15 years,
the family of the patient was initiating the visit
to the doctor, without showing preference for
gender. Therefore, our data suggest that at least
up to the age of 15 years, female gender may be
an inherent keloid risk factor.

Interestingly, our analyses also cast doubt on
one of the social factors that are believed to
drive the female predominance in patients with
keloids seen in hospitals, namely, that female
individuals care more about their appearance
and are therefore more likely to seek keloid
treatment than male individuals. However,
Fig. 1c shows that the two sexes did not differ in
terms of mean duration between onset and the
first medical examination. Moreover, the scatter
diagrams in Fig. 1d, e show that for both sexes,
onset was most common in puberty and young
adulthood (15–24 years) (Fig. 1b) and that the
patients in this group were most likely to seek a
medical examination 5–9 years after onset,
regardless of sex.

Another piece of evidence that supports the
notion that female sex promotes keloidogene-
sis, at least in childhood, relates to vaccination-
induced keloids. Thus, even though boys and
girls are equally likely to be vaccinated on the
upper arm in childhood and vaccinations are a
very common trigger of upper arm keloids, the
female patients in our cohort were significantly
more likely than male patients to have upper
arm keloids (data not shown).

The mechanism driving female predomi-
nance in patients with juvenile-onset keloids is
unknown but may reflect sex hormones. This is
supported by the fact that keloids worse in
pregnancy [3, 24]. A sex-related genetic predis-
position may also contribute to female pre-
dominance. Further studies are needed to
determine the mechanisms underlying female
predominance in juvenile-onset keloids in vitro.

Sex Does Not Influence Keloid Onset Age
or Age at First Examination

We did not observe any differences between
male and female patients in terms of keloid
onset age: the mode values for keloid onset age
in the male and female patients were 16 and
18 years, respectively. Notably, a previous
report describing the age of onset in 418
patients with keloids reported an older onset
age, namely, 19–29 years [14]. In addition, we
observed that in both sexes, onset age exhibited
a single peak, namely, in puberty (Fig. 1b). We
also did not observe any differences between
male and female patients in terms of age at the
first medical examination: in both sexes, the age
at the first medical examination for keloid
exhibited a single, albeit broad, peak in the
20–30s (Fig. 1a). Notably, a previous study of
135 patients with keloids reported that the age
at the first medical examination exhibited two
peaks, one at 20–39 years and the other at 60–-
79 years [15]. These differences between our
study and others may reflect the smaller sample
sizes in the other studies and/or regional dif-
ferences between hospitals in terms of the type
of patients in their catchment area.

Study Limitations

This study was descriptive, which means that it
may be subject to selection and information
bias that may affect the reliability of the results,
namely, race, etiology, and consciousness about
appearance.

CONCLUSIONS

This study showed that female individuals may
be more prone to keloids than male individuals
because of physiological reasons, especially with
regards to juvenile-onset keloids. Furthermore,
in subsequent reports, we will further analyze
and discuss keloids in patients with juvenile-
onset disease and hypertrophic scars. Future
pathology, histological, and gene-expression
studies on how sex and other factors, including
hypertension [4–6] and endothelial dysfunction
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[25], affect keloid development and progression
are warranted.
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