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Abstract

The purpose of this paper is to provide measurement properties evaluation and
factor analysis of the Brazilian version of the diabetic foot ulcer scale-short
form (DFS-SF). This methodological study evaluated the measurement proper-
ties of the DFS-SF by ceiling and floor effect reliability, responsiveness, and
structural construct validity. The study included 290 people with diabetic foot
under regular follow-up in a specialised outpatient clinic in inland Sao Paulo.
Reliability was assessed by internal consistency using Cronbach's alpha and
composite reliability. Ceiling and floor effects were assessed by the percentage
of participants who scored the 15% worst (floor) and 15% best (ceiling) possible
scale results. Validity was tested by correlating the instrument values with the
domains of the Brazilian version of the Short Form Health Survey (SF-36).
Responsiveness (n = 34) was accessed through the wound area obtained by
photography and evaluated by the Image J Features program and the DFS-SF
score at two moments, with a 4-week interval between them. The instrument
had good evidence of reliability, shown by adequate internal consistency
(Cronbach's alpha in domains >0.70) and compound reliability
(0.84 > CC > 0.92); and of convergent validity, by significant positive correla-
tions of moderate to strong magnitude with SF-36. Structural construct validity
was examined by applying the DFS-SF confirmatory factor analysis, which
indicated that the Brazilian version of the instrument is properly fitted to the
original dimensional structure. The ceiling and floor effect analysis showed no
ceiling or floor effects. Responsiveness was observed in the wound area, but
not in the DFS-SF scores in the times. The Brazilian version of the DFS-SF
presented evidence of validity and reliability, suggesting that this instrument is
a valid tool for assessing the quality of life of people with diabetic foot in the
Brazilian population.
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1 | INTRODUCTION

Diabetic foot ulcer (DFU) is defined as ‘the presence of
deep tissue infection, ulceration, and/or destruction asso-
ciated with neurological abnormalities and varying
degrees of peripheral vascular disease (PVD) in people
with diabetes mellitus’.!

Foot ulceration is the most common complication of
people with diabetes mellitus (DM), with high rates of
morbidity and mortality.>® It is estimated that every
30 seconds, a person loses a foot or part of a lower limb
because of diabetes somewhere in the world* and the
mortality rate in these patients is close to 40%.>

Among lower limb amputations in people with DM,
85% are preceded by ulcerations, and peripheral neuropa-
thy and PVD are the main factors in this occurrence.*®

The incidence rate of foot ulcers among people with
lifelong DM ranges from 19% to 34%, and the recurrence
rate of ulcer is 40% in the first year and 65% in 3 years.”
Prevention, therefore, is the best way to decrease the risk
of people with DM developing foot ulcers, and thus
reduce the economic burden on society.®

The consequences of foot complications in people
with DM can lead to emotional problems, such as mental
health changes, depressive symptoms, and suicidal
behaviour, directly affecting their quality of life
(QOL).>'® Thus, DFU can affect peoples' lives in different
negative ways."!

Currently, in the world literature, no patient-reported
outcome measure (PROM) was identified as a ‘gold stan-
dard’ for assessing health-related QOL in diabetes-related
foot disease.'? Nevertheless, one PROM was assessed as a
good measure to evaluate that the impact of DFU on the
QOL of people with DM is the diabetic foot ulcer scale
(DFS) or its short form, known as DFS-short form (DFS-
SF). The DFS-SF has shown that robustness and sensitiv-
ity, as statistically significant regression correlations to
the DFS and to SF-36, presents 29 questions and is a
friendly tool for everyday clinical practice.'?

DFS-SF assesses the impact of DFU on the patients’
QOL. It was designed to evaluate changes throughout
treatment, ensuring that items were sensitive to changes
resulting from the treatment of DFU. It is capable of dis-
criminating between active and healed ulcer patients and
is suitable for use in clinical trials of DFU patients."
DFS-SF consists of 29 items divided into six domains: lei-
sure, physical health, dependence/daily life, negative
emotions, worried about ulcers/feet, and bothered by
ulcer care. For each item, there is a five-point Likert scale
with scores ranging from 1 (never) to 5 (all the time). The
DFS-SF score is based on the sum of all items in each
domain. All DFS scales are scored from 0 to 100, and
higher scores indicate better QOL.

Key Messages

« the diabetic foot ulcer scale-short form is a reli-
able tool to assess quality of life; it showed sat-
isfactory convergent validity with the gold
standard for quality of life assessment

« the Brazilian version is properly fitted to its
original version and this paper provides a
robust tool to assess quality of life in diabetes
foot disease

DFS-SF was created by analysing data from a
double-blind, placebo-controlled, randomised trial on
the efficacy and safety of becaplermin (recombinant
human platelet-derived growth factor) in the treatment
of DFU. From these data, items that showed poor
measurement properties were excluded, and explor-
atory factor analyses were performed to develop a new
scale. Finally, data from two additional clinical trials
(study 1 - development of the DFS-SF and study 2 -
validation of the DFS-SF scaling algorithm) were used
to assess the replicability of the new DFS-SF subscale
structure.'?

This is a multidimensional, easy to understand, and
self-applicable instrument that evaluates QOL in differ-
ent aspects, such as leisure, physical health, dependence/
daily life, emotions, and bothered and worried about
ulcer.

Reliability and validity were evaluated in two clinical
trials in people with DM and foot ulcers. Studies 1 and
2 showed good internal consistency, with alpha ranging
from 0.80 to 0.74 for the bothered by ulcer care subscale
at visit 1, and from 0.95 to 0.4 on the negative emotions
scale at visits 24 and 23; and satisfactory convergent
validity compared with SF-36 in some domains; as well
as good responsiveness to clinical changes. Regarding
exploratory factor analysis, both studies presented high
values using the congruence coefficient of each of the
factors: 0.7 for leisure; 0.90 for dependence/daily life;
0.87 for negative emotions; 0.84 for physical health; 0.88
for worried about ulcer/feet, and 0.95 for bothered by
ulcer care, suggesting that it is highly stable in both
samples.'>'*

The original DFS-SF in the English version was trans-
lated into several languages, including Chinese, Dutch,
French, Spanish, Greek, Polish, Korean, and recently
Brazilian Portuguese. However, only the Chinese, Greek,
Polish, Korean, and Brazilian Portuguese translations
have gone through a complete language validation
process.' 117
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Considering the importance of implementing an
instrument adapted to the Brazilian population, with evi-
dence of reliability and validity, directed to measure the
impact of DFU on people's QOL, this study aimed to
evaluate the measurement properties of the Brazilian
version of the DFS-SF in a group of patients with DM
by composing a report based on international
recommendations.'®

2 | MATERIALS AND METHODS

2.1 | Study type
This is a methodological study that aims to validate the
DFS-SF for the Brazilian population. The methodological
research makes ‘investigations of the methods of
obtaining, organizing, and analysing data, dealing with
the elaboration, validation, and evaluation of research
instruments and techniques’.*

The DFS-SF was previously culturally adapted for
Brazil,” in a study following the translation methodology
standards of the Mapi Research Trust (Lyon, France).*

2.2 | The scale
2.2.1 | Diabetic foot ulcer scale-
short form

The DFS-SF consists of 29 items divided into six domains:
leisure, physical health, dependence/daily life, negative
emotions, concern with the ulcer/feet, and bothered by
ulcer care.”” Responses range from ‘not at all’ to
‘extremely’, ‘none of the time’ to ‘all the time’, and ‘not at
all’ to ‘great deal’. For each question, there is a score from
1 (never) to 5 (all the time). The item score is formed by
on a five-point scale. The DFS-SF score relies on the sum
of all items in each domain. All DFS scales were scored
from 0 to 100, with higher scores indicating better QOL.
When necessary, the item score of some domains is dec-
oded so that the minimum possible score (1) represents
the worst QOL, and the maximum possible score (5) rep-
resents the best QOL.

2.2.2 | Participants

This research included patients of an outpatient spe-
cialised clinic diagnosed with type 1 or 2 diabetes, which
lived with foot disease as a result directly from DM, con-
sidering it a long-term/chronic complication, under regu-
lar clinical follow-up at the referred service, with the

following inclusion criteria: native Brazilians, over
18 years old; presenting one to two foot ulcers, from 0.5
to 30 cm? in size'*; and able to read, understand, and
answer the questionnaire.**

2.3 | Procedures

23.1 | Settings

Data were collected through an interview at the Diabetic
Foot Outpatient Clinic of a city in inland Sao Paulo,
southeastern Brazil, from July to November 2018, in a
private and quiet environment.

The DFS-SF and SF 36 instruments were applied after
photographic recording of the patients’ wounds to assess
wound size and instrument responsiveness. The ques-
tionnaires were always applied according to a pre-
established order, considering the DFS-SF as the first one
because it measures the main interest outcome of this
study.

2.4 | Sample size and sampling
procedure

To evaluate the structural construct validity of the
instrument, the sample consisted of 290 subjects,
respecting the number of 5 to 10 subjects for each item
of the instrument defined in the literature.®> To assess
the convergent construct validity of the DFS-SF, the
sample calculation methodology was based on a Pearson
correlation coefficient. This method assumed an 80%
test power, a 5% significance level, a 0.30 estimate for
the correlation coefficient, which, according to Cohen,*
can be considered an average degree coefficient, and
a 0.00 coefficient of correlation as null hypothesis.
The calculation resulted in a minimum sample of
84 subjects.

To evaluate the responsiveness of the instrument, the
methodology of a sample calculation for the paired Stu-
dent's t-test was considered. This method assumed a 5%
significance level, an 80% test power, and a 0.50 effect
size, which, according to Cohen,?* can be considered an
average degree effect size. The calculation resulted in a
sample of 34 subjects.

2.5 | Instruments

The DFS-SF and SF 36 instruments were applied after
photographic recording of the patients’ wounds to assess
wound size and instrument responsiveness.
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A sociodemographic and clinical questionnaire was
developed specifically for the study, only to characterise
the individuals. It consists in the following items: age,
sex, education level, family support, duration of ulcer and
diabetes, ulcer condition (active or healed), type of ulcer,
and episode of ulcer recurrence.

2,51 | Medical outcomes study 36-item
short-form health survey (SF-36)

The instrument consists of 36 items in eight domains,
which address the following aspects: functional capacity;
physical aspects; pain; general health; vitality; social,
emotional, and mental health aspects. It presents a final
score from O to 100, where 100 corresponds to the best
health condition, and zero, the worst.%> SF-36 was chosen
as the ‘gold standard’ to measure the QOL of people with
or without DM and among people with or without DM
complications, as well as for DFS-SF validation in other
studies.’®'>!” Permission to use the Brazilian version of
SF-36v2 and scoring software (QualityMetric Health Out-
comes™ Scoring Software 4.5.1) was obtained from Qua-
lityMetric Inc. (Lincoln, RI).

2.6 | Evaluation of measurement
properties

In this study, reliability was assessed by the internal con-
sistency of the DFS-SF instrument by determining the
Cronbach's alpha coefficient and by assessing composite
reliability. Convergent construct validity was performed
by studying the correlation between the DFS-SF adapted
instrument score and the SF 36 that evaluates QOL
adapted to Brazil.*®

For carrying out the second-order confirmatory factor
analysis (CFA), the Structural Equation Models were
used, and the Partial Least Squares (PLS) were consid-
ered the estimation method.

The feasibility and acceptability of the Brazilian ver-
sion of the DFS-SF were evaluated at the pre-test phase
in a previous study.?® Feasibility was assessed by the time
spent applying the instrument and acceptability, by the
percentage of unanswered items and the proportion of
patients who did not respond to all items.?’

To assess the ceiling and floor effects, the percentage
of patients who scored floor (equivalent to the 15% worst
DFS-SF results) or ceiling (equivalent to the 15% best pos-
sible scale results) was evaluated.®

To test responsiveness, the DFS-SF questionnaire was
applied to 34 subjects within 4 weeks, when changes in
tissue repair are expected after the proposed treatment.

P wWiLEy- L=

2.7 | Wound area measurement —
ImageJ Tool program

To measure the wound area, photography was used with
a digital camera with 8 megapixels, f/2.4 aperture, LED
flash, backlight sensor, and 3264 x 2448 pixel resolution,
subsequently inserted into the computer for planimetry
with Image J Features, downloaded from https://imagej.
nih.gov/ij/download.html.

A percentage of wound area reduction of 10% to 15%
per week or > 50% after 4 weeks of treatment predicts
healing.?® According to studies, the four-week period has
often been used as the time frame in which changes in
wound area are evaluated.">

3 | ETHICAL CONSIDERATIONS

All patients received information about the purpose of
the study and it was guaranteed that the information
would be confidential. The Helsinki Statement was
followed. The study was approved by the local Research
Ethics Committee (Opinion 2051777/2017).

4 | STATISTICS

The collected data were entered into a spreadsheet in
Microsoft Excel for Windows and transferred to Statisti-
cal Analysis System for Windows version 9.4 (Statistical
Analysis System Institute Inc., Cary, NC, 2008), SPSS ver-
sion 24, and SmartPLS 3.2.1.

For sociodemographic and clinical information,
descriptive analysis was carried out by frequency tables
with absolute (n) and percentage (%) values for categori-
cal variables and with position (mean, median, mini-
mum, and maximum) and dispersion measurements
(standard deviation) for continuous variables.

To analyse reliability, Cronbach's alpha (a), and com-
posite reliability (CR) were used to estimate the internal
consistency of the measurement that makes up the Bra-
zilian version of the DFS-SF, determining a > .70 as evi-
dence of satisfactory internal consistency.*®

The Spearman correlation coefficient was used to
analyse validity, which was evaluated by correlating the
domain scores of the DFS-SF instrument and the total
score of the Brazilian SF-36 instrument. To ensure the
accuracy and generalisation of the findings, 95% confi-
dence intervals were calculated for each of the correla-
tion coefficients. Cohen** suggests the following
classification of the correlation coefficient: 0.1 to 0.29
(weak), 0.30 to 0.49 (moderate), and greater than or equal
to 0.50 (strong).
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Factorial construct validity assessment of the DFS-SF
instrument was performed by second-order CFA. To per-
form this procedure, structural equation models were
used, considering the PLS as the estimation method. To
implement these analyses, Smart PLS 3.2.1°° was used.

The factor model analysis comprised two stages: the
convergent and discriminant validity analysis of the pro-
posed model. For the analysis of the convergent validity
of the factor model, initially the results obtained from the
average variance extracted (AVE) were evaluated for each
of the factors of the model. This measure evaluates the
proportion of variance of items, which is explained by the
factor to which they belong. AVE values greater than 0.5
indicate that the model converges to a satisfactory
result.’! Subsequently, the values obtained from the fac-
torial load between the items and their respective factors
were evaluated. Items with loads lower than 0.5 were
considered as candidates to be excluded from the factorial
model. Hair et al*® define that the loads should be at least
greater than 0.5 and ideally higher than 0.7. At this time,
the CR for each domain was calculated to evaluate the
internal consistency of the instrument. Values above 0.7
were considered satisfactory.**?

Discriminant validity was initially assessed using the
Fornell-Larcker criterion.>® This method compares the
square roots of AVEs with the correlation values between
the factors. The model has discriminant validity if the
square roots of AVEs are greater than the correlations
between the factors. The other criterion considered to
assess discriminant validity was the analysis of Cross
Loadings. In this case, it was observed whether the facto-
rial load of a given item was higher in the factor in which
it was initially allocated than in the other factors of the
model.

Ceiling and floor effects were assessed by estimating
the best and worst 15% of each item of the scale.”®

Responsiveness was assessed by paired Student's t-test
and paired Wilcoxon test®* according to data distribution.
Data distribution was verified using the Shapiro-
Wilk test.

The significance level adopted for the statistical tests
was P-value < 5%.

5 | RESULTS
A total of 295 subjects with DFU were recruited from July
to November 2018, and, of these, 05 did not meet the eli-
gibility criteria. Thus, 290 individuals took part in the
study.

Participants had an average age of 62.78 (11.99) years,
were predominantly male (62.06%), white (72.07%), living
with a partner and children (30.69%), and inactive

(78.28%). The mean education level was 6.17 (3.99) years
and family income, $446.00. The diagnosis time of DM
was over 15 years; ulcer duration was over 7 months,
with predominance of Wagner 2 classification (48.27%);
neuropathic ulcers (48.97%) characterised the second epi-
sode of foot ulcer (34.48%) (Table 1).

Cronbach's alpha showed satisfactory values for all
domains of the instrument, as well as for the CR analysis,
as shown in Table 2.

5.1 | Convergent validity of the DFS-SF
Significant positive correlations of moderate to strong
magnitude were observed between the DFS-SF domains
and the SF 36 domains (Table 3).

No significant correlations were observed between
the DFS-SF worried about ulcers/feet, negative emo-
tions, and bothered by ulcer care domains when corre-
lated with the SF-36 pain domain; and between the DFS-
SF dependence/daily life domain and the SF-36 gen-
eral health domain.

5.2 | Confirmatory factor model

The structural equation model was conducted to confirm
the model validity. Initially, the results obtained from
AVE for each factor were evaluated. Convergent validity
was verified, considering that most AVE > 0.50, except
for the Physical health domain, with AVE 0.47, indicat-
ing that the model converges to a satisfactory result
(Table 4).

Regarding discriminant validity, the Fornell-Larcker
criterion was fully met (Table 5).

Concerning cross loading, all other those remaining
from the items in the model presented higher correlations
with their domain than with a different domain, and all
of them were at least 0.5 (Table 6; Figures 1 and 2).

6 | DISCUSSION
This study aimed to present the measurement properties
of the Brazilian version of the DFS-SF regarding reliabil-
ity, convergent and discriminant validity, and CFA.
According to studies, complications of diabetic foot affect
the patients’ QOL, with impact on social, leisure, and
family life. When they evolve to limb amputation, they
have to adapt to a new lifestyle, with a high financial cost
to the individual and society.>*3°

Measurement instruments used to assess the QOL of
people with foot problems because of diabetes are
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TABLE 1 Sociodemographic and Variables N % Mean (SD*) Variation
clinical data (n = 290). Sorocaba,
Brazil, 2018 Age 290 100 62.78 (11.99) 33-95
Ethnicity/colour
White 209 72.07
Black/brown 81 27.93
Sex
Male 180 62.06
Female 110 37.94
Family arrangement
Living alone 43 14.83
Living with partner 85 29.31
Living with partner and children 89 30.69
Living with children 57 19.65
Others 16 5.52
Education level 6.17 (3.99) 0-17
Family income 1941.36 (1080.53) 400-6000
Occupation
Active 63 21.72
Inactive 227 78.28
Ulcer duration (months) 7.34 (10.43) 1-72
DM time (years) 15 (7.856) 1-480
Wagner classification
0 0 0
1 140 48.27
2 109 37.59
3 39 13.45
4 2 0.69
Wound type
Neuropathic 142 48.97
Neuroischemic 84 28.97
Non-neuropathic/non-ischemic 64 22.06
Number of ulcer episodes
First 91 31.38
Second 100 34.48
Third 42 14.48
>3 57 19.66

Abbreviation: DM, diabetes mellitus.

necessary for the clinical practice, to seek interventions
aimed at this population.

The sociodemographic characteristics observed in our
sample were similar to other DFS-SF cultural adaptation
and validation studies,"™">"” as well as to the original
study.”® Data suggest that men are more likely to develop
foot ulcer with a DM diagnosis older than 10 years.*’

Regarding the measurement properties of the Brazil-
ian version of the DFS-SF, the results showed satisfactory
reliability by internal consistency, with a Cronbach's
alpha greater than 0.80 in all domains, confirming homo-
geneity between the items or that the evaluation of the
extent of the instrument items reflect or measure the
same construct.”®*’
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TABLE 2 Analysis of reliability (internal consistency -
Cronbach's alpha) and composite reliability of the DFS-SF domains
(n=290). Sorocaba, Brazil, 2018

Cronbach's Composite
Domains alpha reliability
Bothered by ulcer care 0.76 0.85
Dependence/daily life 0.77 0.84
Leisure 0.86 0.90
Negative emotions 0.89 0.92
Physical health 0.72 0.81
Worried about ulcers/feet 0.80 0.87

Abbreviation: DFS-SF, diabetic foot ulcer scale-short form.

TABLE 4 DFS-SF structural equation modelling (n=290) -
Convergent validity. Sorocaba, Brazil, 2018

Domains AVE
Bothered by ulcer care 0.58
Dependence/daily life 0.53
Leisure 0.64
Negative emotions 0.65
Physical health 0.47
Worried about ulcers/feet 0.63

Abbreviations: AVE, average variance extracted; DFS-SF, diabetic foot ulcer
scale-short form.

TABLE 3 Correlation between DFS-SF and SF-36 (n = 90). Sorocaba, Brazil, 2018

DFS - Domains

Leisure Physical_health  Dependence/
r* (PY) r* (PY) daily life = (P")
Functional (.5881) (.4696) (.6875)
capacity
(<.0001)  (<.0001) (<.0001)
Physical (.5188) (.3427) (.4998)
aspects
(<.0001) (.0009) (<.0001)
Pain (.2204) (.4420) (2414)
(0368)  (<.0001) (.0219)
General (.2406) (.3000) (.1910)
health
(.0224) (.0041) (.0713)
Vitality (.3767) (.4834) (.4081)
(.0003)  (<.0001) (<.0001)
Social (4761) (.4625) (.4067)
aspects
(<.0001)  (<.0001) (<.0001)
Emotional (.3597) (.2812) (.3503)
aspects
(.0005) (.0073) (.0007)
Mental (.4400) (.4659) (4363)
health
(<.0001)  (<.0001) (<.0001)

Abbreviation: DFS-SF, diabetic foot ulcer scale-short form.
*r = Spearman correlation coefficient; p-value.

In the original DFS-SF development and validation
study,'? all items presented good internal consistency,
with values ranging from 0.80 for bothered by ulcer
care to 0.95 for negative emotions. In the second vali-
dation study of the DFS-SF, with 423 subjects, the alpha

Negative
emotions Worried about Bothered by
r (P) ulcers/feet r* (P") ulcer care r* (P")
(.5101) (4213) (.4851)
(<.0001) (<.0001) (<.0001)
(.4077) (.2990) (.3244)
(<.0001) (.0042) (.0018)
(.1990) (.1269) (.1725)
(.0600) (:2333) (.1039)
(.3374) (.3363) (.3157)
(.0011) (.0012) (.0024)
(.4873) (.3258) (.3705)
(<.0001) (.0017) (.0003)
(.4046) (.3484) (.3365)
(<.0001) (.0008) (.0012)
(.4015) (.3909) (.2738)
(<.0001) (.0001) (.0090)
(.6410) (.3736) (.4802)
(<.0001) (.0003) (<.0001)

values ranged from 0.74 for bothered by ulcer care to
0.94 for negative emotions."?

When comparing the results of this study with the
other studies that validated the DFS-SF, we observed
that our findings on internal consistency are in line
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TABLE 5 DFS-SF structural equation modelling (n = 290) — Discriminant validity. Sorocaba, Brazil, 2018

Fornell-Lacker criterion

Worried
Bothered by Dependence/ Negative Physical about
ulcer care daily life Leisure emotions health ulcers/feet
Bothered by ulcer care 0.76
Dependence/daily life 0.58 0.72
Leisure 0.50 0.55 0.80
Negative emotions 0.70 0.60 0.54 0.81
Physical health 0.41 0.49 0.46 0.45 0.68
Worried about 0.59 0.39 0.36 0.60 0.35 0.79
ulcers/feet
Abbreviation: DFS-SF, diabetic foot ulcer scale-short form.
TABLE 6 DFS-SF structural equation modelling (n = 290) — Cross Loadings. Sorocaba, Brazil, 2018
Bothered by Worried about
ulcer care Dependence/daily life Leisure Negative emotions Physical health ulcers/feet
DFS_la 0.40 0.45 0.82 0.47 0.40 0.30
DFS_1b 0.34 0.37 0.80 0.37 0.33 0.25
DFS_1c 0.37 0.48 0.77 0.44 0.40 0.26
DFS_1d 0.43 0.42 0.83 0.45 0.37 0.34
DFS_1le 0.43 0.47 0.77 0.42 0.35 0.27
DFS_2a 0.22 0.29 0.30 0.29 0.62 0.20
DFS_2b 0.31 0.42 0.43 0.41 0.72 0.29
DFS_2c 0.28 0.31 0.22 0.31 0.68 0.19
DFS_2d 0.29 0.31 0.29 0.27 0.69 0.24
DFS_2e 0.28 0.34 0.30 0.25 0.70 0.25
DFS_3a 0.26 0.53 0.21 0.22 0.20 0.15
DFS_3b 0.37 0.74 0.31 0.36 0.33 0.25
DFS_3c 0.38 0.78 0.36 0.43 0.34 0.24
DFS_3d 0.54 0.74 0.54 0.56 0.42 0.38
DFS_3e 0.48 0.81 0.47 0.49 0.43 0.33
DFS_4a 0.54 0.42 0.39 0.78 0.37 0.48
DFS_4b 0.53 0.58 0.46 0.84 0.35 0.40
DFS_4c 0.60 0.58 0.51 0.87 0.41 0.49
DFS_4d 0.52 0.34 0.32 0.50 0.35 0.83
DFS_4e 0.40 0.28 0.22 0.46 0.24 0.82
DFS_4f 0.52 0.37 0.34 0.53 0.28 0.82
DFS_4g 0.61 0.49 0.50 0.84 0.41 0.53
DFS_4h 0.40 0.23 0.23 0.40 0.20 0.69
DFS_4i 0.48 0.28 0.26 0.71 0.27 0.46
DFS_4j 0.60 0.50 0.45 0.80 0.38 0.55
DFS_5a 0.75 0.55 0.49 0.61 0.41 0.46
DFS_5b 0.77 0.36 0.27 0.44 0.21 0.46
DFS_5c 0.73 0.38 0.35 0.48 0.33 0.44
DFS_5d 0.79 0.45 0.36 0.56 0.26 0.42

Abbreviation: DFS-SF, diabetic foot ulcer scale-short form.
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| DFS_1a | | DFS_1b | | DFS_1c | | DFS_1d | | DFS_1e |

FIGURE 1 Confirmatory factor
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with the 60-subject Chinese version — whose Cronbach's
alpha showed good internal consistency, ranging from
0.80 to 0.92'° — and the 110-subject Greek version —
whose Cronbach's alpha ranged from 0.79 to 0.94 on all
scales.'® The DFS-SF version for the Polish population,
with 212 subjects, found an internal consistency
between 0.82 and 0.93."” Recently, the Korean version
presented the same reliability parameter of 0.95, while

for each of the subcategories, it ranged from 0.96 to
0.99."

In this study, CR was verified with satisfactory results,
and all domain values were higher than 0.80. In the con-
text of the assessment of structural equations, the assess-
ment of CR is recommended, considering that it exceeds
the Cronbach's alpha.”® CR was also a measure used to
verify the convergent validity of the factor model.
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FIGURE 2 Confirmatory factor
analysis: Final DFS-SF model
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Convergent construct validity is one of the most
important characteristics of a measuring instrument,
because it is the degree to which a research instrument
measures the construct it is intended to measure and
shows how much the instrument correlates to other
instruments that measure similar variables,*® such as the
SF-36. Thus, this study sought to correlate them with the
other measurements of the same construct of the SF-36,

—

P WiLEy-L =

| DFS_1a | | DFS_1b | | DFS_1c | | DFS_1d | | DFS_1e |

Leisure
Physical health
0,75
0,65
\ 078
Dependence /
daily life
0,88
/ DSF-SF
Negative emotions 0,70
0,82

Worried about
ulcers / feet

Bothered by\ulcer

0,75 0,79
/ 0,77 0,73 \‘
| DFS_5a | | DFS_5b | | DFS_5¢ | | DFS_5d |

and positive correlations were observed, which varied
mostly from moderate to strong magnitude between DFS-
SF and SF-36, indicating that the domain items are simi-
lar to the constructs.

The results showed a significant convergent validity
of strong correlations between the DFS-SF and SF-36
scales that are intended to measure similar constructs,
such as leisure with physical functioning and role
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physical; dependence/daily life with physical func-
tioning, and negative emotions with mental health.
However, the correlations were weak for the domains lei-
sure and bodily pain/general health, physical health
and role emotional, and dependence/daily life and
bodily pain. This finding may be related to the absence
of painful sensation in people with DM because of dia-
betic neuropathy, conceptualised as ‘the presence of
symptoms and/or signs of peripheral nerve dysfunction
in people with DM, after excluding other causes’.*
Peripheral neuropathy affects about half of people with
DM and leads to the loss of feeling of foot protection.*
Sensitive neuropathy impairs foot sensitivity, favouring
loss of skin integrity because of the non-perception of
mechanical, thermal, and overpressure traumas.>*!

Considering that the interpretation of validity is
relative,*® we can consider that both tools have few
domains that measure different characteristics, verifying
the convergent construct validity with the gold standard
QOL instrument. A study evaluating convergent validity
using SF-36 found correlations that ranged from moder-
ate to satisfactory magnitude with the DFS-SF domains.

During the construction and validation of the original
version of the DFS-SF, the total domain scores were cor-
related with the SF-36 and ranged from 0.24 to 0.62 in
study 1 and from 0.19 to 0.60 in study 2.'3

In the Greek version, the Spearman correlation coeffi-
cient was similar between DFS-SF and SF-36, with mod-
erate to strong magnitude variations, from 0.39 to 0.79
(P < .001). On the other hand, in the Korean version, the
criterion validity presented correlation coefficients from
0.20 to 0.54 (P < .01) with the DFS-SF subcategories, and
all correlations were statistically significant, thus demon-
strating the criterion validity.'®

Concerning Structural Construct Validity, it has been
understood as a robust measure when using CFA, which
comprises the assessment of the factorial validity of the
measurement model of each construct and second order
constructs. It is generally used to assess the quality of fit
of a theoretical measurement model to the correlational
structure between variables,*? thus the variables were
strongly correlated with the model to which they were
found, with AVE values greater than 0.5 in 5 of the DFS-
SF scale items (bothered by ulcer care, dependence/daily
life, leisure, negative emotions, and worried about ulcers/
feet), showing that the model converges to a positive
result.”!

For the measurement model assessment, it is also
common to measure the convergent and discriminant
construct validity, the latter being the degree to which
one construct differs from the others.*?

In this study, the model presented discriminant valid-
ity according to the Fornell-Larcker criterion, because

the square roots of AVEs were greater than the correla-
tions between the factors; and in the analysis of Cross
Loadings, the factor loading of each item was observed,
according to the model. Satisfactory values regarding
DFS-SF discriminant validity were also presented,
because physical health and leisure affect the limitation
of activities with higher or lower QOL. These observa-
tions are compatible with the questionnaire because they
have discriminant validity, and a greater variation in
their scores occurs only as a specific manifestation of the
diabetic foot and its consequences.

Thus, the CFA showed that the Brazilian version of
the DFS-SF is properly fitted to the dimensional structure
of the original instrument; and the results suggest that
DFS-SF measures well the constructs that affect the QOL
of people with DFU. Only the original study of the crea-
tion of the DFS-SF" and the Korean study’' verified the
CFA, unlike the other validated instrument studies,
which ensures the robustness of the Brazilian version.

Regarding the ceiling and floor effects, they were not
observed in this study, corroborating the studies that
evaluated the ceiling and floor effect of DFS-SF.'>!” The
ceiling effect occurs when a percentage of the population
evaluated scores at the highest level of the measure,
which prevents the detection of changes in situations of
health improvement. In turn, the ‘floor’ effect occurs
when a percentage of subjects scores at the lowest level
of the measurement, which prevents the detection of
changes in worsening situations.*®

Regarding responsiveness, a significant decrease in
wound area was found, from 6.13 to 4.26. The instrument
was not able to identify the difference observed in the
area, which may be explained by the time interval of
4 weeks, a period perhaps insufficient to detect changes
in OoL, although studies suggest this time to detect
healing changes.'** DM causes delayed tissue repair,
developing a chronic wound that does not heal at the
appropriate speed because of cellular and molecular
changes involved in the healing process,***** which
may cause increased morbidity and mortality rates
because of these complications.

The strength of this study is that the availability of a
valid questionnaire with reliable measurement properties
strengthens the management of care for patients with
wound and DM to provide improvements in care.

Data collection in only one reference centre for dia-
betic foot care was a limitation of this study. Adding
other collection sites would improve external validity,
considering that Brazil is a country with wide territorial
extension and different cultures. Because questionnaires
were always applied in the same order and considering
that no order effects were considered as a bias, this is also
a limitation.
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6.1 | Implications for clinical practice
Managing the care of people with diabetic foot involves
periodic assessment of all factors involving wound
healing, requiring changes in therapeutic treatment and
on-going recommendations. Knowing the impact that
DFU has on the individual's QOL will contribute to
targeted interventions that collaborate for adapting a new
life situation for each individual.

A valid questionnaire with reliable measurement
properties strengthens these measures and can help man-
agers prioritise research and identify knowledge gaps in
the care for people with diabetic foot to provide improve-
ments in care.

7 | CONCLUSIONS

The Brazilian version of the DFS-SF has shown evidence
of validity and reliability, proving that it is a robust tool
to assess the QOL of people with diabetic foot in the Bra-
zilian population.
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