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Abstract

Numerous comorbidities and cofactors have been known to influence wound healing
processes. In this multicentre study, clinical data of 1 000 patients with chronic leg ulcers
from ten specialised dermatological wound care centers were analysed. The patient
cohort comprised 567 females and 433 males with an average age of 69⋅9 years. The
wounds persisted on average for 40⋅8 months and had a mean size of 43⋅7 cm2. Venous
leg ulcers represented the most common entity accounting for 51⋅3% of all chronic
wounds, followed by mixed-type ulcers in 12⋅9% and arterial ulcerations in 11⋅0% of
the patients. Vasculitis was diagnosed in 4⋅5%, trauma in 3⋅2%, pyoderma gangrenosum
in 2⋅8%, lymphoedema in 1⋅7%, neoplasia in 1⋅0% and delayed post-surgical wound
healing in 0⋅6% of the included patients. In total, 70⋅5% of patients suffered from arterial
hypertension, 45⋅2% were obese, 27⋅2% had non-insulin dependent diabetes, and 24⋅4%
dyslipidaemia. Altogether 18⋅4% suffered from metabolic syndrome. Cofactors and
comorbidities of patients with chronic leg ulcers have previously been studied but
not in detail. Here, we were able to demonstrate the existence of several potentially
relevant cofactors, comorbidities of their associations and geographical distributions,
which should be routinely examined in patients with chronic leg ulcers and – if
possible – treated.

Introduction

Chronic wounds represent a growing medical and economi-
cal problem worldwide (1). Neither prevalence nor incidences
of chronic wounds are centrally recorded in most countries

including Germany. However, it is assumed that between two
and four million people in Germany suffer from chronic wounds
of diverse aetiologies (2). These chronic wounds predominantly
manifest as leg ulcers, diabetic foot syndrome, pressure ulcers
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Key Messages

• although venous leg ulcers are still the most common
entity for chronic leg ulcers in Germany, they represent
only approximately half of all patients

• potential relevant comorbidities in patients with chronic
leg ulcers are arterial hypertension (70⋅5%), obesity
(45⋅2%), diabetes (27⋅2%) and dyslipidaemia (24⋅4%)

• altogether 18⋅4% of patients with chronic leg ulcers in
Germany suffer from metabolic syndrome

• cofactors and comorbidities should be routinely exam-
ined in patients with chronic leg ulcers and treated, if
possible

or wounds secondary to peripheral occlusive arterial disease
(POAD) (3–5). The subgroup of patients suffering from chronic
leg ulcers is the most heterogeneous one. Recent studies showed
that the diagnosis and clinical evaluation of underlying patho-
logic mechanisms represent an essential pharmaco-economic
factor not least because of their influence of treatment (6). As an
example, patients with chronic venous insufficiency (CVI) need
sufficient compression therapy, and in advanced states need
invasive methods like varicose vein stripping or sclerosing also.
Arterial or mixed leg ulcers (POAD and CVI) require treatment
with rheological drugs or interventional revascularisation (7).
In more rarely diagnosed entities sustaining chronic wounds
like vasculitis, pyoderma gangrenosum, and calciphylaxis, the
therapeutic concept is guided by the underlying immunologic
or anatomic disorders and, thus, requires different budgetary
resources (3). Moreover, different kinds of comorbidities like
metabolic syndrome, arterial hypertension and diabetes melli-
tus and intake of immunosuppressive drugs are suggested to
influence wound healing, but are mostly not considered in previ-
ous studies (8,9). Other important aspects are cofactors like age,
gender, ulcer size, duration and bacterial colonisation which
have been recently reported to affect wound healing and impact
therapy costs (10).

So far, only a few single-centre studies are available address-
ing these questions in Germany (1,8,11). As a consequence, the
aim of this nationwide study is the analysis of the aetiology of
chronic leg ulcers in addition to comorbidities and cofactors in
1 000 patients from 10 specialised dermatological wound care
centers in different regions of Germany.

Methods and patients

Wound care centers

The data for this multicentre study were collected from 10 spe-
cialised dermatological wound care centers located in five dif-
ferent geographic regions in Germany (northern region: Kiel
and Hamburg; southern region: Regensburg and Munich; west-
ern region: Essen and Bochum; eastern region: Magdeburg and
Dresden; middle region: Erlangen and Frankfurt). All partic-
ipating clinics were members of the Working Group Wound
Healing [(Arbeitsgemeinschaft Wundheilung (AGW)] of the
German Society of Dermatology [Deutsche Dermatologische

Gesellschaft (DDG)] to ensure uniform diagnostic and thera-
peutic standards.

Patient-related data

In this study in each centrum, 100 successive patients with
chronic leg ulcers were admitted. Following national guide-
lines, a leg ulcer was classified as chronic when it had been
present for at least 8 weeks and located on the lower leg between
knee and ankle (12). Pressure or other ulcers of the feet or other
anatomic regions were excluded. We defined no other exclusion
criteria, for example in terms of age, genesis or ulcer size.

The analysis of the aetiology, comorbidities and cofactors
was carried out retrospectively using the patient records in the
different centres. Besides hardcopy patient files (Dresden, Kiel,
Munich, Regensburg), electronic clinical information systems
like SOARIAN® (SIEMENS, Erlangen) were used in Hamburg
and Erlangen; MEDOS® (NEXUS, Villingen-Schwenningen)
in Magdeburg; and ORBIS® (Agfa Health Care, Bonn) in
Essen, Bochum, Dresden and Frankfurt am Main.

Diagnostics

In order to determine aetiology and pathologic mechanisms, all
centres used, in addition to a detailed anamnesis and clinical
examination, uniform diagnostic procedures and classifica-
tions based on national guidelines (13). For example, CVI
was diagnosed using colour-coded Duplex ultrasound. POAD
was assessed by measuring the arterial brachial index (ABI)
and/or by consulting with an angiological or vascular surgeon
with ultrasound expertise. In patients with unclear diagnosis,
biopsies were carried out (6) (Table 1). The evaluation of
the comorbidities, cofactors and medication was based on
patients’ history, which was cross-checked with pre-existing
patient files from other departments or by communicating
with the general practitioner (GP). Presence of metabolic
syndrome, also known as syndrome X, was defined according
to the guidelines of the American Heart Association (AHA),
the National Heart, Lung and Blood Institute (NHLBI), the
World Health Organisation (WHO), the German Society for
Diabetes (Deutsche Diabetes Gesellschaft, DDG) and the
American Diabetes Association (ADA) (14,15). For example,
the threshold for obesity (WHO) was set to a body mass
index (BMI) value of ≥30, hypertension to a systolic blood
pressure of ≥130 mmHg or a diastolic value of ≥85 mmHg
(AHA/NHLBI), and dyslipidaemia to fasting triglyceride
level concentration of ≥150 mg/dl, and a HDL fraction of
<50 mg/dl (female) and <40 mg/dl (male) (AHA/NHLBI).
The diagnosis of diabetes mellitus type II [non-insulin depen-
dent diabetes mellitus (NIDDM)] was made when the fasting
blood sugar value exceeded at least twice the concentration of
100 mg/dl (5⋅6 mM/M; AHA/NHLBI) or exceeded 200 mg/dl
(11⋅1 mM/M) either after 2 hours in a standardised oral glu-
cose tolerance test (OGTT) or in a random blood sugar test
(WHO) or when the HbA1c value was >6⋅5% (48 mM/M;
DDG/ADA). If three of these criteria were present, metabolic
syndrome was documented (14,15). Neither comorbidity ther-
apy nor ulcer treatment data were collected or evaluated in this
investigation.
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Table 1 Diagnostic criteria for ulcer entity

Ulcer entity Diagnostic basic criteria

Venous Clinical presentation and ultrasound/duplex
diagnostic

Arterial Ankle-brachial index (ABI)
Vasculitis Histopathologic results from biopsies
Post-traumatic Anamnesis
Pyoderma gangraenosum Diagnosis of exclusion with typical clinical

appearance+biopsy
Lymphoedema Clinical appearance
Neoplasm Histopathologic results from biopsies
Post-surgery Anamnesis

Statistical analysis

Data were binary coded and quantitatively recorded in an
Excel 2003TM (Microsoft). Then, the data were transferred to
SPSS 19TM, Software for Predictive Analytics (IBM, Ehningen)
for analysis. The numbers were estimated using descriptive
statistics. Coherences were calculated using Pearson’s bivariate
correlations. Significance was tested with Fisher’s double-sided
chi-Quadrat test. The correlation was classified as significant at
the level of 0⋅01 (two-sided) or 0⋅05 (two-sided).

Results

Patients

In total, data from 1 000 patients with chronic leg ulcers were
analysed (567 females and 433 males). The oldest patient was
100 years and the youngest was 10 years; the mean age was
69⋅9 years. On average, the wounds persisted for 40⋅8 months,
with a maximum of 816 months and a minimum of 8 weeks.
In 665 patients (66⋅5%), the wounds persisted for less than
2 years and in 335 patients (33⋅5%) for 2 years or longer. In 955
patients, a quantitative size of the wounds was documented. The
ulcer sizes ranged between 1 mm2 and 736 cm2 with an average
size of 43⋅7 cm2.

Aetiologies

Venous leg ulcers represented the most common entity account-
ing for 51⋅3% of all chronic wounds, followed by mixed-type
ulcers (venous and arterial) in 12⋅9% and arterial ulcerations in
11⋅0% of the patients. Vasculitis was diagnosed as the underly-
ing cause in 4⋅5%, trauma in 3⋅2%, pyoderma gangrenosum in
2⋅8%, lymphoedema in 1⋅7%, neoplasia in 1⋅0%, and delayed
post-surgical wound healing in 0⋅6% of the included patients.
In 11⋅0% of patients, the exact aetiology could not be unrav-
elled based on the patient health record available. Altogether,
46⋅7% of the patients with chronic venous ulcers underwent at
least one episode of thrombosis prior to ulceration or developed
a post-thrombotic syndrome (Table 2).

Comorbidities

In the examined study cohort (n= 1 000), 70⋅5% of patients suf-
fered from arterial hypertension (AHA/NHBLI), 27⋅2% from

Table 2 Aetiology of chronic leg ulcers in Germany

Aetiology
Incidence
(absolute) Incidence (%)

Venous leg ulcer 513 51⋅3
Mixed leg ulcer 129 12⋅9
Arterial leg ulcer 110 11⋅0
Vasculitis 45 4⋅5
Post-traumatic ulcer 32 3⋅2
Pyoderma gangrenosum 28 2⋅8
Lymphoedema 17 1⋅7
Neoplasms 10 1⋅0
Post-surgical ulcer 6 0⋅6
Unclear 110 11⋅0
Total 1 000 100

Table 3 Comorbidities and chronic leg ulcers

Num-
bers Cofactors

Incidence
(absolute)

Incidence
(%)

1 Hypertension 255 25⋅5
Obesity 39 3⋅9
NIDDM 25 2⋅5
Dyslipidaemia 13 1⋅3

2 Hypertension, obesity 127 12⋅7
Hypertension, NIDDM 86 8⋅6
Hypertension, dyslipidaemia 53 5⋅3
Obesity, NIDDM 12 1⋅2
Obesity, dyslipidaemia 6 0⋅6
Dyslipidaemia, NIDDM 1 0⋅1

3 Hypertension, obesity, NIDDM 77 7⋅7
Hypertension, obesity,

dyslipidaemia
36 3⋅6

Hypertension, dyslipidaemia,
NIDDM

31 3⋅1

4 Hypertension, NIDDM, obesity,
Dyslipidaemia

40 4⋅0

0 No relevant cofactors 199 19⋅9
Total 1 000 100⋅0

NIDDM, non-insulin-dependent diabetes milletus.

non-insulin-dependent diabetes mellitus (WHO/DDG/ADA)
and 24⋅4% from dyslipidaemia (AHA/NHBLI). Totally 45⋅2%
(n= 746) presented with a BMI of ≥30 and were classified
as morbidly obese according to the current definition of the
WHO. The different combinations of comorbidities found in
the cohort are displayed in Table 3. For example, hyperten-
sion as a single comorbidity was seen in 25⋅5% of the eval-
uated patients. A combination of hypertension and obesity
was observed in 12⋅7%, whereas hypertension plus diabetes
mellitus was detected less frequently in 8⋅6% of the patients.
Altogether 7⋅7% of the patients suffered from hypertension,
obesity and diabetes mellitus; 3⋅6% from hypertension, dys-
lipidaemia and obesity; and 3⋅1% additionally developed dia-
betes mellitus. Four comorbidities such as hypertension, obe-
sity, dyslipidaemia and diabetes mellitus were diagnosed in
4⋅0%. In total 18⋅4% of all patients had metabolic syndrome,
and no relevant comorbidities could be identified in 19⋅9% of
patients.

© 2014 Medicalhelplines.com Inc and John Wiley & Sons Ltd 823
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Figure 1 Comorbidities in relation to aetiology.

Association of single comorbidities with distinct ulcer

entities

Arterial hypertension was found in 88⋅4% of all patients
with mixed-type leg ulcers, in 84⋅2% of patients with
vasculitis-associated ulcers, and in 53⋅6% of patients with
pyoderma gangrenosum. Hypertension was also documented
in 83⋅3% of patients with post-surgical ulcers and in 80⋅0% of
patients with neoplastic ulcers (Table 3, Figure 1). With regard
to obesity, there was an association with 91⋅6% of lymphoede-
mas, 53⋅8% of pyoderma gangrenosum, 50⋅0% of neoplastic
ulcers, 49⋅2% of venous leg ulcers, and 33⋅3% of arterial leg
ulcers and post-surgical wounds (Table 4, Figure 1). Diabetes
was found as a comorbidity in 46⋅4% of patients with arterial
leg ulcers, 37⋅2% with mixed leg ulcers, 31⋅6% with vasculitis,
23⋅6% with venous leg ulcers, and 23⋅5% with lymphoedema
(Table 4, Figure 1). Association with dyslipidaemia was seen in
34⋅9% of patients with arterial leg ulcers, 33⋅7% with mixed leg
ulcers and 33⋅3% with post-surgical ulcers (Table 4, Figure 1).

Association of metabolic syndrome with ulcer entities

The most common proportion of metabolic syndrome in rela-
tion to the aetiology was found in patients with vasculitis-
associated chronic wounds (51⋅1%). Moreover, metabolic syn-
drome was diagnosed in 33⋅3% of patient with post-surgical
ulcers, 25⋅6% of patients with mixed-type ulcers, 24⋅6%
with arterial leg ulcers, 20⋅0% with neoplasms, 17⋅7% with
lymphoedema, 16⋅4% with venous leg ulcers, 15⋅6% with
post-traumatic ulcers, and 14⋅3% with pyoderma gangrenosum
(Table 5).

Distribution of ulcer entities across different geographic

regions in Germany

Significantly more patients with CVI were seen in the west-
ern (n= 124) compared with those of the middle (n= 89,
P= 0⋅0006), the southern (n= 92, P= 0⋅0018) and the northern
regions of Germany (n= 101, P= 0⋅0204), but not more than
those of the East (n= 107, P= 0⋅1052). In contrast, POAD was
the least common ulcer entity in the West (n= 14) and the most
common entity in the North (n= 30; P= 0⋅0157). Mixed-type
leg ulcers were more common in the East (n= 32, P= 0⋅0319)

and West (n= 31, P= 0⋅0446) than in the North (n= 17). Vas-
culitis (35⋅5%) and trauma (37⋅5%) were diagnosed more often
in the middle regions of Germany than in the other regions
(ranging between 11⋅1–22⋅2% and 9⋅4–21⋅8%, respectively).
Pyoderma gangrenosum was more prevalent in the North
(50⋅0%) than in the other regions (0–28⋅6%). Post-surgical
ulcerations and ulcers secondary to neoplasia were distributed
evenly among the five regions (Table 6).

Comorbidities in different regions

From the geographic distribution of the comorbidities, it was
apparent that all four were most common in the East. Hyper-
tension was significantly more common than in the West
(P= 0⋅0001) and the North (P= 0⋅0001). Diabetes mellitus
was significantly more prevalent in the East (West, P= 0⋅0207;
South, P= 0⋅0082; North and Middle, P= 0⋅0001) (Table 7).

Association of cofactors with ulcer entities

A patients’ age was significantly correlated with arterial
and mixed-type leg ulcers (P= 0⋅022; P= 0⋅001), whereas a
younger age was correlated with lymphoedema or pyoderma
gangrenosum (P= 0⋅01; P= 0⋅001). Venous ulcers showed a
significant positive correlation (P= 0⋅002) with the persistence
of the wounds, whereas pyoderma gangrenosum was nega-
tively correlated (P= 0⋅039). This suggests that the longer a
wound exists, the higher the probability that a chronic vascular
insufficiency is the reason and vice versa. Female gender was
significantly associated with venous leg ulcers (P= 0⋅018),
while male gender rather predisposed to arterial leg ulcers
(P= 0⋅002). With regard to the size of ulcers, there was no
significant correlation detected (Table 8).

Discussion

Besides the commonly known causes of chronic leg ulcers such
as CVI and POAD (16,17), there are various comorbidities and
cofactors, which additionally may affect wound healing, but are
not yet considered in most therapeutic concepts. There are only
few clinical studies available regarding the possible association
between aetiologies, cofactors and comorbidities in patients
with chronic leg ulcers in Germany. In a previous study by our
group, wound experts of different medical specialisations col-
lected data of more than 30 000 patients with chronic leg ulcers,
however, primarily focussing on the respective aetiologies of
ulcers (1). Cofactors or comorbidities were not included in the
study questionnaires. Thus, in this study, we intended to (1) con-
firm the previously reported aetiologies and (2) correlate those
with relevant clinical comorbidities and cofactors.

This analysis indicates that venous leg ulcers are most com-
mon in 51⋅3% of patients, followed by mixed-type leg ulcers
in 12⋅9% and arterial leg ulcers in 11⋅0% (1). The latter enti-
ties, however, were seen less often as compared with those of
our previous study. These differences are most likely due to a
patient selection bias caused by the heterogeneous composition
of the contributing investigators coming from different medical
disciplines (1) (Table 2). For example in Germany, vascular sur-
geons or angiologists are predominantly consulted by patients
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Table 4 Comorbidities in relation to aetiology of chronic leg ulcers

Hypertension NIDDM

Aetiology n Absolute % n Absolute %

Venous leg ulcer 513 340 66⋅2 513 121 23⋅6
Mixed leg ulcer 129 114 88⋅4 129 48 37⋅2
Arterial leg ulcer 110 81 73⋅6 110 51 46⋅4
Vasculitis 45 32 84⋅2 45 12 31⋅6
Post-traumatic ulcer 32 19 59⋅4 32 5 15⋅6
Pyoderma gangrenosum 28 15 53⋅6 28 3 10⋅7
Lymphoedema 17 12 70⋅6 17 4 23⋅5
Neoplasm 10 8 80⋅0 10 0 0
Post-surgical ulcer 6 5 83⋅3 6 1 16⋅7
Unclear 110 79 71⋅8 110 27 24⋅5
Total 1 000 705 70⋅5 1 000 272 27⋅2

Obesity Dyslipidaemia

Aetiology n Absolute % n Absolute %

Venous leg ulcer 372 183 49⋅2 377 80 21⋅2
Mixed leg ulcer 101 42 41⋅6 98 33 33⋅7
Arterial leg ulcer 90 30 33⋅3 83 29 34⋅9
Vasculitis 34 14 41⋅2 33 4 12⋅1
Post-traumatic ulcer 22 9 40⋅9 23 5 21⋅7
Pyoderma gangrenosum 13 7 53⋅8 12 1 8⋅3
Lymphoedema 12 11 91⋅6 10 0 0
Neoplasm 8 4 50⋅0 8 1 12⋅5
Post-surgical ulcer 6 2 33⋅3 6 2 33⋅3
Unclear 88 35 39⋅7 88 25 28⋅4
Total 746 337 45⋅2 738 180 24⋅4

NIDDM, non-insulin-dependent diabetes milletus.

Table 5 Metabolic syndrome in relation to the aetiology of chronic leg ulcers

Metabolic syndrome Aetiology

Absolute
% Related to the

absolute values of 184 Absolute
% Proportion of the metabolic

syndrome in relation to the aetiology

Venous leg ulcer 84 45⋅7 513 16⋅4
Mixed leg ulcer 33 17⋅9 129 25⋅6
Arterial leg ulcer 27 14⋅7 110 24⋅5
Vasculitis 23 12⋅5 45 51⋅1
Post-traumatic ulcer 5 2⋅7 32 15⋅6
Pyoderma gangrenosum 4 2⋅2 28 14⋅3
Lymphoedema 3 1⋅6 17 17⋅7
Neoplasm 2 1⋅1 10 20⋅0
Post-surgical ulcer 2 1⋅1 6 33⋅3
Unclear 1 0⋅5 110 10⋅0
Total 184 100 1 000 18⋅4

with suspected arterial disease, whereas ulcers originating from
venous disease are treated by phlebologically skilled experts
like dermatologists. This explanation is also supported by a
study from Hamburg, in which 23% of patients with chronic
leg ulcers had an underlying arterial disease. This study was
also carried out in different hospitals and specialities including
vascular surgical departments (18). Our present study involved
only specialised dermatological wound centres. This could have
resulted in an over-representation of patients with CVI.

Comorbidities nationwide

As diverse as the aetiology of chronic leg ulcers is the
distribution of comorbidities. The metabolic syndrome, defined

by the presence of at least three of the factors, hypertension,
obesity, dyslipidaemia and impaired glucose tolerance, rep-
resents a growing medical and economic problem in western
countries like Germany (19). A recent estimation by the insti-
tute of operational health promotion (Institut für Betriebliche
Gesundheitsförderung, BGF) of the general local health insur-
ance (Allgemeine Ortskrankenkasse, AOK) indicates that 20
million people in Germany fulfilled the diagnostic criteria
of the metabolic syndrome (20). In our study, 18⋅4% of the
patients were affected by metabolic syndrome (Table 5), which
signifies that in addition to the underlying aetiology and disease
in chronic, non-healing wounds, more risk factors, which may
affect healing, have to be considered.
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Table 6 Aetiology of chronic leg ulcers in the different regions

Region CVI Mixed POAD Vasculitis Trauma PG Lymphoedema Neoplasm OP unclear

West (n=200) 124 31 14 5 4 0 5 0 2 15
North (n=200) 101 17 30 5 7 14 3 3 0 20
East (n=200) 107 32 25 9 3 0 4 3 1 16
Middle (n=200) 89 24 20 16 12 8 4 2 3 22
South (n=200) 92 25 21 10 6 6 1 2 0 37
Total 513 129 110 45 32 28 17 10 6 110

CVI, chronic venous insufficiency; POAD, peripheral occlusive arterial disease; PG, pyoderma gangrenosum.

Table 7 Comorbidities in different regions of Germany

Region Hypertension Obesity NIDDM Dyslipidaemia

West (n=200) 122 63 58 30
North (n=200) 125 38 38 41
East (n=200) 162 85 81 49
Middle (n=200) 149 73 40 29
South (n=200) 147 78 55 31
Total 705 337 272 180

NIDDM, non-insulin dependent diabetes mellitus.

Our findings show that 53⋅6% of patients with chronic
leg ulcers suffered from arterial hypertension. This was
mostly seen in patients with vascular aetiology ulcers. The
combination of hypertension coincided with mixed leg ulcers
(88⋅4%), vasculitis (84⋅2%), arterial ulcers (73⋅6%) and venous
ulcers (73⋅6%) (Table 4). This association could be owing to
combined pathological mechanisms resulting in degenera-
tive venous vessels, atherosclerotic plaques and subsequent
inflammatory processes (21).

In 45⋅2% of the patients in our study, obesity was recorded.
Particularly the association of lymphoedema (91⋅6%) and
pyoderma gangrenosum (91⋅6%) with obesity was noticeable
(Table 4). The high relationship between lymphoedema and
obesity could be explained by the lack of physical activity
in obese patients and subsequent lymphatic stasis. Addition-
ally some of the female patients demonstrate an accompanied
lipoedema, which predisposes to lymphatic drainage impair-
ment (22,23). For patients with pyoderma gangrenosum, obe-
sity has been already discussed as a relevant cofactor in 32⋅6%
of patients in an earlier study (24). These data are compara-
ble with our results, but the exact pathologic mechanisms of
this association are not yet clear. One theory is that a perpetuat-
ing chronic systemic Th1-induced inflammatory reaction medi-
ated amongst others by TNF-α, interleukin-1, interleukin-6 and
adipokines can deteriorate chronic wounds (24).

Diabetes mellitus and dyslipidaemia were present in more
than one-third of the patients with arterial and mixed ulcers
(Table 4). It has been discussed that the atherosclerotic mod-
ifications of blood vessels facilitated by the comorbidities
hyperglycaemia and hyperlipidaemia may lead to deficien-
cies of oxygen, nutrition and neural supply (21). The risk
in patients with at least three comorbidities of the metabolic
syndrome was demonstrated in association with the numbers
of vascular-related chronic ulcers. Currently the frequency of
these metabolic syndrome factors was found in more than half
of vasculitis associated, and approximately a quarter of arterial,

mixed, and venous leg ulcer patients (Table 5). In total, comor-
bidities that manifest in the arterial system are many in patients
with arterial or mixed leg ulcers (21,25).

Next to comorbidities, clinical cofactors may influence heal-
ing of chronic wounds (Table 8). In our analysis, patients’ age
was associated with POAD (P= 0⋅022) and CVI (P= 0⋅001).
This could be explained by progressive atherosclerotic alter-
ations in blood vessels increasing with age. In contrast, an
inverse correlation of age with lymphoedema and pyoderma
gangrenosum was found. This association is confirmed by
other studies showing a peak of lymphoedema between 15
and 35 years and of pyoderma gangrenosum between 20 and
50 years of age (26,27). CVI was significantly associated with
long persistence of wounds and with age. This correlation could
be confirmed by other reports (9,28). Under pathophysiolog-
ical aspects, this is confusing because theoretically CVI is a
well treatable disease if the patients are willing to undertake
the necessary interventions (29). Our investigation was con-
ducted in specialised dermatological wound care centers only.
As shown in a current analysis from our center, patients with
chronic leg ulcers present themselves firstly in an average of
17⋅5 months after the appearance of an ulcer. Initially, most of
the patients consulted their GPs at the first instance who tried
to treat them, in an average, over a period of 1⋅5 years. In Ger-
many, specialised wound care centers are approached only if
the earlier treatment method failed after longer time periods
of treatment (30). The approach of patients through different
sectors of the health system can be very different in various
countries.

Pyoderma gangrenosum, however, showed a significantly
negative correlation with the persistence of wounds. This is
probably owing to the sudden development and the high inten-
sity of pain (31).

As a clinical and economic consequence, we believe that it
is very important to determine the comorbidities and cofactors
in patients with chronic leg ulcers because it is more and more
evident that these factors directly or indirectly influence wound
healing.

Conclusion

In this nationwide retrospective multicentre study, we anal-
ysed the clinical and aetiological spectrum of patients with
chronic leg ulcers in Germany. Ten specialised dermatological
wound care centers contributed to this data collection. Clini-
cally important correlations between aetiology, comorbidities
and cofactors of patients with chronic leg ulcers were deter-
mined. So far, such correlations are rarely considered in daily
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Table 8 Aetiology of chronic leg ulcers with regard to other factors.*,†

Aetiology Correlation Gender Age Duration Size (cm2)

CVI Pearson’s correlation 0⋅075* –0⋅027 0⋅098** –0⋅006
Significance (two-sided) 0⋅018 0⋅387 0⋅002 0⋅855

POAD Pearson’s correlation –0⋅100** 0⋅072* –0⋅056 0⋅024
Significance (two-sided) 0⋅002 0⋅022 0⋅080 0⋅459

Mixed Pearson’s correlation 0⋅017 0⋅104** –0⋅003 0⋅056
Significance (two-sided) 0⋅603 0⋅001 0⋅933 0⋅086

Vasculitis Pearson’s correlation 0⋅004 –0⋅039 –0⋅056 0⋅007
Significance (two-sided) 0⋅892 0⋅218 0⋅079 0⋅826

Trauma Pearson’s correlation –0⋅110 –0⋅200 0⋅225 –0⋅154
Significance (two-sided) 0⋅391 0⋅115 0⋅076 0⋅232

Surgical Pearson’s correlation 0⋅023 –0⋅144 –0⋅099 –0⋅148
Significance (two-sided) 0⋅892 0⋅390 0⋅556 0⋅375

Neoplasm Pearson’s correlation 0⋅112 0⋅122 –0⋅276 0⋅006
Significance (two-sided) 0⋅481 0⋅443 0⋅077 0⋅968

Lymphoedema Pearson’s correlation 0⋅170 –0⋅366** 0⋅021 –0⋅077
Significance (two-sided) 0⋅243 0⋅010 0⋅885 0⋅609

PG Pearson’s correlation 0⋅138 –0⋅428** –0⋅268* –0⋅038
Significance (two-sided) 0⋅292 0⋅001 0⋅039 0⋅779

CVI, chronic venous insufficiency; POAD, peripheral occlusive arterial disease; PG, pyoderma gangrenosum.
*The correlation is at the level of 0⋅01 (two-sided) significant.
†The correlation is at the level of 0⋅05 (two-sided) significant.

routine despite their potential relevance for wound healing. As
a fundamental conclusion we would like to suggest that comor-
bidities and cofactors of patients with chronic wounds should
be consistently examined, recorded, and – if possible – treated
based on interdisciplinary standards.
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