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Abstract

Aim To identify the factors responsible for the low health-related quality of life associated with foot ulcers and the

relative importance of these factors.

Methods A total of 1232 patients with a new foot ulcer, who presented at one of the 14 centres in 10 European

countries participating in the Eurodiale study, were included in this cross-sectional study. Patient and ulcer

characteristics were obtained as well as results from the Euro-Qol-5D questionnaire, a health-related quality of life

instrument with five domains (mobility, self-care, usual activities, pain/discomfort and anxiety/depression). To analyse

the relative importance of comorbidities and ulcer- and patient-related factors for health-related quality of life, linear

regression models were used to calculate the relative contributions of each factor to the fit (R2) of the model.

Results Patients reported poor overall health-related quality of life, with problems primarily in the mobility and pain/

discomfortdomains.Amongthecomorbidities,theinabilitytostandorwalkwithouthelpwasthemostimportantdeterminant

of decreased health-related quality of life in all five domains. Among ulcer-related factors, ulcer size, limb-threatening

ischaemia and elevated C-reactive protein concentration also had high importance in all domains. The clinical diagnosis of

infection, peripheral arterial disease and polyneuropathywere only important in the pain/discomfort domain.

Conclusions The factors that determine health-related quality of life are diverse and to an extent not disease-specific. To

improve health-related quality of life, treatment should not only be focused on ulcer healing but a multifactorial

approach by a specialized multidisciplinary team is also important.
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Introduction

Diabetic foot ulcers are common complications of diabetes

mellitus and are an increasing burden on the patients and the

healthcare system [1]. Infection and peripheral arterial disease

are associated with poor outcomes [2,3] and therefore guide

primary treatment. In addition, foot ulcers are associated with

disability and loss of health-related quality of life (HRQoL)

[4–8], but some patients find their ulcer to be more cumber-

some than others, and this may be associated with certain

characteristics of the presentation of the ulcer, diabetic

comorbidity and lifestyle. Knowledge about which factorsCorrespondence to: Volkert Siersma. E-mail: siersma@sund.ku.dk
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are important for HRQoL in patients with foot ulcers is

valuable for the organization and prioritization of multifac-

torial treatment that is not only effective in terms of ulcer

outcome, but also lessens the burden on the patient. The

determinants of HRQoL may be different from the factors

determining ulcer healing. In the present analysis we investi-

gated the importance of the underlying pathologies, comor-

bidities and disease-specific factors for HRQoL in patients

presenting with new foot ulcers.

Methods

Design and population

The present analyses used data from the Eurodiale study, a

multicentre, observational, prospective study, the aim of

which was to investigate factors determining clinical out-

come, healthcare consumption and HRQoL in patients with

new foot ulcers. The design of that study has been described

in detail elsewhere [9,10]. Briefly, between 1 September 2003

and 1 October 2004, patients with diabetes presenting with a

new foot ulcer at one of the 14 participating centres were

included. Patients treated for an ulcer on the ipsilateral foot

during the previous 12 months, or with a life expectancy of <

1 year, were excluded. At presentation, all subjects under-

went a standardized clinical examination. Patient

demographics, diabetes-, foot- and ulcer-related characteris-

tics, management and comorbidities were recorded on

standardized case record forms. These examinations were

performed by dedicated investigators who were trained

during several pre-study meetings and on-site visits.

Health-related quality of life

Health-related quality of life was measured using the

Euro-Qol-5D questionnaire (EQ-5D) (www.euroqol.org).

The EQ-5D has five domains: mobility; self-care; usual

activities; pain/discomfort; and anxiety/depression, and each

of these has three response options, scored as 1 (no problems),

2 (some problems) or 3 (severe problems). It can be completed

in only a fewminutes by the patients themselves or as part of a

clinical interview. The five domains may be aggregated into

an index that represents the value society attaches to the

responses, scoring -0.594 (lowest value) to 1 (highest value)

[11]. The EQ-5D has been translated into many languages,

including the 10 relevant to the present study. EQ-5D data

were collected at the same time as the standardized exami-

nation took place at the initial presentation. Permission to use

the EQ-5D was obtained from the Euro-Qol group.

Factors potentially important for HRQoL

Based on previous Eurodiale and HRQoL publications [12],

the effects of the following factors on HRQoL were

investigated: 1) patient characteristics: sex, age, centre,

current employment, partner involved in care, current

smoker, chronic alcohol use and BMI; 2) disease character-

istics: duration of diabetes, insulin treatment, HbA1c, serum

creatinine and C-reactive protein concentrations; 3) foot- and

ulcer-related characteristics: previous lower extremity ampu-

tation, immobilizing offloading, diabetic polyneuropathy,

peripheral arterial disease, limb-threatening ischaemia, infec-

tion, osteomyelitis, and depth, size, duration and location of

ulcer; and 4) co-morbidities: heart failure, a neurological

disorder, inability to stand or walk without help, visual

impairment and end-stage renal disease.

Statistical analysis

Data are shown as frequencies with percentages for

categorical variables, or mean (SD) values for continuous

variables. Relative importance was calculated as the mean

increase in the coefficient of determination, R2, associated

with the addition of a factor to a linear regression model

across all multivariable linear regression models that can

be constructed from the remaining factors that were

investigated [13,14]. This procedure provides an exact

division of the R2 of a model comprising all factors into

the contributions of the individual factors; the relative

importance is, therefore, naturally reported as a percent-

age. Since this procedure is computationally intensive, we

combined the factors concerning diabetes (duration of

diabetes, insulin treatment, HbA1c and serum creatinine

concentrations) and lifestyle (current smoker, chronic

alcohol use and BMI) into single factors. The factors sex,

age, centre and current employment were present in all

models and were not evaluated for relative importance. We

used the package RELAIMPO [15] in the R environment for

statistical computing. Observations with missing values for

one or more of the factors were omitted from the analysis.

Results

A total of 1232 patients were included in the study. Table 1

shows the investigated factors potentially related to HRQoL

and the EQ-5D domains. In 84 patients (6.8%) no information

What’s new?

● The inability to stand or walk without help is the most

important determinant of poor health-related quality

of life. Other factors with high importance are ulcer

size, elevated C-reactive protein concentration and

limb-threatening ischaemia.

● To improve health-related quality of life, treatment

should not only be focused on ulcer healing but a

multifactorial approach by a specialized multidisci-

plinary team is also important.
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Table 1 Patient demographics, selected diabetes-, foot- and ulcer-related characteristics and management, and comorbidities, and health-related
quality of life at initial presentation of a new diabetic foot ulcer

n (%) N Missing

Age, years* 65.6 (12.5) 1231 1
Male sex 789 (64.0) 1232 0
Partner involved in care 729 (59.8) 1219 13
Diabetes-, foot- and ulcer-related characteristics

Duration of diabetes 1189 43
<5 years 167 (14.1)
5–10 years 186 (15.6)
>10 years 836 (70.3)

Insulin treatment 844 (69.0) 1224 8
C-reactive protein concentration 1199 33

Normal 304 (25.4)
< 3x upper limit of normal 159 (13.3)
> 3x upper limitof normal 244 (20.4)
Not measured 492 (41.0)

Size of ulcer 1226 6
<1 cm2 453 (37.0)
1–5 cm2 639 (52.1)
>5 cm2 134 (10.9)

Duration of ulcer 1223 9
<1 week 194 (15.9)
1 week to 3 months 695 (56.8)
>3 months 334 (27.3)

Location of ulcer 1157 75
Toes 643 (55.6)
Mid-foot 371 (32.1)
Heel 143 (12.4)

Infection 673 (57.7) 1167 65
Diabetic polyneuropathy 1043 (86.4) 1207 25
Peripheral arterial disease 583 (48.5) 1202 30
Limb-threatening ischaemia 176 (14.9) 1183 49
Previous amputation in lower extremity 1221 11

None 945 (77.4)
Only minor amputation(s) on ipsilateral leg 132 (10.8)
Major amputation on contralateral leg 144 (11.8)

Immobilizing offloading 191 (15.5) 1232 0
Comorbidities

Heart failure (NYHA III–IV) 140 (11.5) 1221 11
Inability to stand or walk without help 122 (10.0) 1226 6
Visual impairment 183 (15.1) 1216 16

Health-related quality of life
Mobility 1132 100

No problems 361 (31.9)
Some problems 709 (62.6)
Severe problems 62 (5.5)

Self-care 1124 108
No problems 795 (70.7)
Some problems 257 (22.9)
Severe problems 72 (6.4)

Usual activities 1123 109
No problems 547 (48.7)
Some problems 438 (39.0)
Severe problems 138 (12.3)

Pain/discomfort 1127 105
None 400 (35.5)
Moderate 593 (52.6)
Extreme 134 (11.9)

Anxiety/depression 1128 104
None 664 (58.9)
Moderate 400 (35.5)
Extreme 64 (5.7)

EQ-5D index score* 0.58 (0.33) 1108 124

Listed are only those factors mentioned specifically in the Results and Discussion. A complete listing is available as Table S1 in the online
version of this article.
*Mean (SD).

ª 2013 The Authors.
Diabetic Medicine ª 2013 Diabetes UK 3

Research article DIABETICMedicine



FIGURE 1 Relative importance to each of the five EQ-5D domains and the EQ-5D index of the factors that are potentially important for HRQoL at

initial presentation of a diabetic foot ulcer. Indicated in the right margin are the factors with top five highest importance.
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on HRQoL was obtained and in another 60 patients (4.9%)

data for some EQ-5D domains were missing; these patients

did not differ with regard to any of the investigated factors

from the group of 1088 (88.3%) patients that completed the

EQ-5D. Furthermore, in 312 patients (25.3%), one ormore of

the predictive factors was missing; these patients did not differ

with regard to any of the EQ-5D domains from the 920

(74.7%) patients without missing values. Patients reported

low general HRQoL: the mean (SD) EQ-5D index was 0.58

(0.33); in a general population with diabetes, earlier studies

reported indexes of 0.81 [16] and 0.80 [17]. The prevalence of

mobility limitation was high (68.1%), but 84.5% of patients

also reported moderate or severe pain/discomfort, 41.2%

reported some degree of anxiety/depression, and only 29.3%

reported self-care problems.

Figure 1 shows the relative importance of the potential

determinants of HRQoL at presentation for each of the five

EQ-5D domains and for the EQ-5D index. The inability to

stand or walk without help was the most important driver of

HRQoL for all domains. Other factors with high relative

importance in all five EQ-5D domains were ulcer size,

C-reactive protein concentration and limb-threatening

ischaemia. Factors in the clinical presentation that are

associated with poor outcome — infection, peripheral

arterial disease, diabetic polyneuropathy — were only

important in the pain/discomfort domain.

Discussion

Patients with new foot ulcers reported problems in the

mobility domain, but also, surprisingly, many reported pain/

discomfort; most patients with foot ulcers have diabetic

polyneuropathy and the loss of pain sensation is seen as one

of the pivotal steps on the pathway to ulceration [2].

Conversely, the low reporting of problems in the usual

activities, self-care and anxiety/depression domains may be

attributable to a ‘refusal’ attitude [18].

The present study is the first to identify the inability to stand

or walk without help as the most important determinant

overall of poor HRQoL. This is consistent with an early

qualitative study [19] that reported ‘an overwhelming impact

ofmobility limitationwhich leads to a cascading effect in every

HRQoL domain’. Since foot ulcer treatment usually implies

further mobility limitation, our finding emphasizes the poten-

tially serious negative influence of ulcer treatment itself on

HRQoL.Other factors with high relative importance in all five

EQ-5D domains were ulcer size, C-reactive protein concentra-

tion and limb-threatening ischaemia. These were also reported

in previous studies as having an important impact on HRQoL

[12,20,21]. By contrast to other studies [22], our analyses

showed the low importanceof peripheral arterial disease unless

limb-threatening ischaemia is present; non-critical peripheral

arterial disease usually has limited symptoms.

The present study is, to our knowledge, the largest analysis

of determinants of HRQoL in patients presenting with new

foot ulcers. We identified five other studies that investigated

the association of different factors with low HRQoL

[6,12,19,20,22], but the patients included in these studies

(up to 301) were not evaluated specifically at the start of

treatment; low HRQoL at presentation may be viewed as an

indicator of potentially suboptimal previous treatment and

could help to optimize subsequent management, while in the

other studies HRQoL was more a marker of treatment

outcome. Furthermore, the present analysis directly

addressed the issue of relative importance as opposed to

the methods used in the other studies that were either

qualitative [19], were descriptive, reporting only bivariate

relations [22], or reported multivariable regression results

[6,12,20], and most compared patients with foot ulcers with

those without ulcers, demoting the identification of factors

affecting HRQoL to a secondary analysis.

Studies that have investigated HRQoL in patients with

foot ulcers have mostly used the Rand short-form 36

questionnaire to measure HRQoL [5,12,22]; however, the

EQ-5D has been successfully used in studies on diabetes and

its complications [6,16,17,23]. In the Eurodiale study, the

EQ-5D was chosen because, being simple and short, it was

convenient for multicentre surveys and thereby provided

results of consistent quality with minimum risk of missing

data [6,24]. Nevertheless, the EQ-5D is a rather crude

instrument with floor and ceiling effects and therefore needs

a large sample size for robust results.

In conclusion, while primary treatment is focused on

offloading, wound care, infection and peripheral arterial

disease, several other factors were found to be more impor-

tant for the patient’s HRQoL. Our findings suggest that, to

improve HRQoL, treatment should not only be focused on

improving the underlying pathology but also on moderation

of extended periods of mobility limitation and improving

mobility through physiotherapy, offloading with the lowest

negative impact on mobility and, given the high prevalence of

pain/discomfort, pain medication [25]. The present study

underlines the importance of multifactorial treatment of

patients with foot ulcers by a multidisciplinary team.
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