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Abstract

Purpose Predictors of outcome of diabetic foot ulcer (DFU) are important to improve the management of patients. Aim of
the study was to find these predictors in type 2 diabetic patients with DFU.

Methods We recruited 583 patients. They were followed-up by a multidisciplinary team. A holistic and conservative
approach was used and all risk factors and co-morbidities were aggressively treated.

Results During the follow-up period, 79.6% of patients healed in a mean time of 7.6 +3.8 months, 6.9% showed DFU
persistence, 9.9% had minor amputations, and 3.6% experienced major amputation. Seventeen percent of the patients died.
Among patients who healed, 37.1% of them showed DFU recurrence. Impairment of renal function was associated to DFU
persistence, amputation, and mortality. Previous cardiovascular disease predicted DFU persistence, DFU recurrence, and
mortality. Lower BMI predicted DFU persistence and mortality. Osteomyelitis was a predictor of amputation and death.
Markers of peripheral artery disease (PAD) predicted minor amputation and DFU recurrence. Our study shows a relatively
low incidence of complications of DFU.

Conclusions Some predictors of outcome of DFU were confirmed and new predictors, like BMI and markers of PAD, were
found. Our new findings suggest future strategies for nutrition support and revascularization. In addition, a holistic and
conservative approach may improve the prognosis.
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Introduction have a risk for nontraumatic lower extremity amputation 15-

to 40-fold higher than the general population [3] and 85% of

Diabetic foot ulcer (DFU) is a common complication of
diabetes, as its global prevalence is about 6.3% [1] and the
lifetime risk for a diabetic patient to develop DFU is 25%
[2]. DFUs are associated with a very high nontraumatic
lower extremity amputation rate: indeed, diabetic patients
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all amputations in people with diabetes is preceded by a
DFU [2]. Amputations are associated with a 5-year mortality
until 80% which may be even worse than that observed in
several types of cancer [4, 5]. DFUs cause disability and
have a negative impact on the quality of life of patients and
their families not only because of amputations but also
because of prolonged tissue healing (median time is
32 weeks) [5], the high percentage of DFUs that remain
active (until 15%) [4], and the high percentage of recurrence
(until 65% in 5 years) [4]. All these clinical and social
consequences of DFUs have very high financial costs [2].
To improve outcomes of DFU, such as healing, recur-
rence, persistence, amputations, and mortality, all their
predictors should be in-dept known with the aim to update
guidelines and recommendations for the management of
diabetic foot. Several studies have evaluated the predictors
of outcomes in patients with diabetic foot, even if lot of
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these studies have taken into account small populations, a
single or a limited number of predictors and outcomes and
the time of follow-up was often quite short.

Aim of the present study was to retrospectively evaluate
the impact of several predictors of wound healing, DFU
recurrence, DFU persistence, amputations, and mortality in
a large group of type 2 diabetic patients with DFU during a
10-year period.

Methods

We undertook a retrospective cohort study of 583 con-
secutive type 2 diabetic patients who attended the outpatient
department of the Diabetic Foot Unit of the Clinical Insti-
tute Beato Matteo, Vigevano, Italy, for a recent (occurred
no more than 30 days before the visit) and single DFU from
March 2009 to June 2019. They were followed-up until
February 2020. The inclusion criteria were type 2 diabetes,
age 245 years, at least 1-year follow-up or less when
amputation or death occurred before this period. However,
the follow-up continues for the patients with new amputa-
tion and only the outcome death is recorded in these
patients. Exclusion criteria were reduced life expectative,
missing data, patients lost at follow-up, multiple ulcers,
nondiabetic ulcers, such as venous ulcers, any neurological
disease other than stroke, chronic treatment with immuno-
suppressants or steroids. The informed consent was
obtained by all the subjects enrolled in the study. The study
was carried out according to the ethical standards of the
institutional research committee and with the 1964 Helsinki
declaration. The local Institutional Review Board has
approved the protocol.

All the patients were treated and followed-up by a mul-
tidisciplinary team made up of diabetologists, expert nurses
trained in advanced wound dressing, internists, and die-
titians. The patients were referred to other consultants, such
as surgeons, vascular surgeons, orthopedic surgeons, inter-
ventional radiologists, rehabilitation physicians, nephrolo-
gists, cardiologists, and neurologists, when needed.

The patients were managed according to established
guidelines, recommendations, and protocols, in particular
the 2019 guidance of the International Working Group on
the Diabetic Foot [6] and previous versions, the Italian
Standards for the care of Diabetes, and any specific guide-
lines regarding any procedure, such as revascularization or
treatment of osteomyelitis. A holistic and conservative
approach was always used. This means that all the patients
were treated not only for diabetes and its complications but
also for any type of co-morbidities. In addition, any type of
nonsurgical treatment was always used before using surgi-
cal approaches. Standard outpatient care included cleaning
and dressing, weekly debridement, early treatment of
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infection, use of specific technologies, such as negative
pressure therapy, pressure offloading, indication for specific
footwear, early diagnosis of neuropathy, peripheral artery
disease (PAD) and osteomyelitis and their immediate
treatment, strict metabolic control, nutritional support,
diagnosis and treatment of any co-morbidities and risk
factors, indication for surgery when needed, early
rehabilitation.

After the ulcer healed, the patients returned every
1-3 months to the Diabetic Foot Unit for periodic exam-
inations. In addition, they were followed-up by periodic
telephone interviews.

Data were collected from electronic medical records in
the hospital and filled in a specific structured data collection
form. The following biological and clinical data obtained at
the first examination were collected: age, gender, diabetes
duration, body mass index (BMI), smoking habits, history
of established cardiovascular disease (CVD), history of
previous healed ulcer, history of previous lower extremity
amputation, presence of hypertension, HbAlc, total cho-
lesterol, HDL, triglycerides, LDL, estimated glomerular
filtration rate (eGFR), micro- or macroalbuminuria, ankle
brachial index (ABI), transcutaneous oxygen tension
(TcPO2), presence of distal polyneuropathy, presence of
PAD, presence of osteomyelitis, and revascularization
procedure. BMI, smoking habits, history of established
CVD, hypertension, HbAlc, total cholesterol, HDL, tri-
glycerides, micro- and macroalbuminuria, ABI, TcPO2, and
distal polyneuropathy were determined or defined as pre-
viously described [7-11]. LDL was calculated with the
Friedewald’s formula [12]. eGFR was estimated according
to the Cockcroft—Gault formula [13]. PAD was defined as
the presence of an ABI <0.9 and/or aTcPO2 <46 mmHg
[11]. However, all the patients underwent an echoco-
lordoppler to evaluate the presence of artery stenoses. In
some patients PAD was confirmed by positioning the sensor
for TcPO2 near and above the lesion, when TcPO2 was
normal at the dorsum of the foot, but the suspect of an
ischemic ulcer was strong. Therefore, DFU was defined as
neuropathic DFU (NDFU), vascular DFU (VDFU), or
neurovascular DFU (NVDFU) [8]. The diagnosis of
osteomyelitis was determined on a clinical basis and always
confirmed by imaging (X-ray and/or magnetic resonance
imaging). Osteomyelitis was always managed with anti-
biotics and local infected debridement. Only osteomyelitis
persistently nonresponsive to medical therapy were treated
with local minor amputation. In patients with noninvasive
diagnosis of PAD, an ABI <0.8 and/or a TcPO2 <40 mmHg
were considered thresholds for possible revascularization.
The decision for revascularization was reached by the
multidisciplinary team together with the vascular surgeon
and the interventional radiologist. In addition to ABI and
TcPO2, several clinical features were taken into account,
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such as a rapid, slow or absent wound healing, the clinical
conditions of the patient and so on. Therefore, the procedure
was also exploited in some patients with ABI >0.8 e and
TcPO2 >40mmHg and not exploited in subjects with
parameters below the thresholds. Candidates for revascu-
larization underwent contrast angiography and percutaneous
transluminal angioplasty. In three patients, interventional
radiologist gave indication for open surgery.

Primary outcomes were: (1) primary wound healing, when
a complete healing was documented in two consecutive Vvisits
and no amputation occurred; (2) minor amputation, defined
as an amputation below the calcaneus; (3) major amputation,
defined as an amputation above the calcaneus; (4) persistence
of active ulcer, defined as an ulcer not healed during the
follow-up period. Additional outcomes were: (1) ulcer
recurrence that was a new ulcer in patients with healed ulcer;
(2) mortality in the whole study population.

Statistical analysis

To find differences among more than two groups ANOVA
or Kruskal-Wallis test, when appropriate, was used. Uni-
variate analysis was carried out by using Student ¢ test to
find significant differences between two groups in normally
distributed parameters, while Mann—Whitney U test was
performed in non-normally distributed variables. The Pear-
son Chi-squared test was used for frequency comparisons.
Univariate analysis was performed to screen all the vari-
ables, and the significant variables were graded and tested as
potential predictors of each outcome of DFU in a multiple
logistic regression analysis with a stepwise approach.
Variables were adjusted for co-variates. Goodness-of-fit was
assessed on smaller random subsamples of the data using
the Hosmer—Lemeshow chi square test. Variables were
dichotomized before the analysis as previously reported
[7,9, 11, 14]. A p value <0.05 was considered statistically
significant.

Results

Table 1 depicts the biological and clinical features of the
whole population of 583 type 2 diabetic patients with DFU
at baseline and all the outcomes during the follow-up period
(42.8 £23.3 months—range 3-115 months). Among the
patients, only 11 of them had a follow-up <12 months: ten
patients died and one had a major amputation, but he was
followed-up for 23 months after amputation and death did
not occur.

Table 2 shows the biological and clinical characteristics
of the patients with DFU stratified by the four primary
outcomes. Generic significant differences among the four
groups were found in age, gender, BMI, diabetes duration,

Table 1 Features of the whole population of 583 type 2 diabetic
patients with diabetic foot ulcer and outcomes of diabetic foot ulcer

during the follow-up period

Variables
Age (years) 71.1+8.8
Males (%) 55.9
BMI 27.6x4.1
Smokers (%) 32.6
Hypertension (%) 73.0
Diabetes duration (years) 144 +8.8
HbAlc (%) 74+x14
Cholesterol (mg/dl) 169.7£37.5
HDL (mg/dl) 456+11.9
Triglycerides (mg/dl) 118.5+44.6
LDL (mg/dl) 100.4 +34.9
eGFR (mL/min) 63.7x214
Micro- or macroalbuminuria (%) 46.1
Previous CVD (%) 33.8
Previous DFU (%) 27.1
Previous amputation (%) 8.7
Neuropathic ulcer (%) 41.7
Vascular ulcer (%) 20.0
Neurovascular ulcer (%) 36.7
Absence of neuropathy and PAD (%) 1.5
ABI 0.93+£0.27
TcPO2 (mmHg) 424 +15.2
Lower limb revascularization (%) 34.3
Osteomyelitis (%) 19.2
Primary outcomes

Healing (%) 79.6

Persistence of active ulcers (%) 6.9

Minor amputations (%) 9.9

Major amputations (%) 3.6
Additional outcomes

Ulcer recurrence (among healed ulcers) (%) 37.1

Death (%) 17.0

eGFR estimated glomerular filtration rate, CVD cardiovascular disease,
DFU diabetic foot ulcer, TcPO2 transcutaneous oxygen tension, BMI
body mass index, ABI ankle brachial index, PAD peripheral artery
disease, DFU diabetic foot ulcer

triglycerides, eGFR, micro/macroalbuminuria, previous
CVD, amputation and DFU, presence of NDFU, VDFU and
NVDFU, ABI, TcPO2, lower limb revascularization and
occurrence of osteomyelitis.

Among the 583 patients, 464 of them healed in a mean
time of 7.6 + 3.8 months (range 1-25 months). Compared to
subjects with healed ulcers, patients with persistence of
active ulcers were significantly older, had a significantly
lower BMI, eGFR, and percentage of people with NDFU; in
addition, they showed a greater duration of diabetes and
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I\Z?I:e dizati, i?;utfgztolflg élrt;ents Variables Healing Peltsistence Minor . Major .
stratified by the primary (n=464) actlze ulcer am;iltatlon amliltatlon
outcomes (n=40) (n=58) n=21)
Age (years) 70.5+8.4 77.0+10.2% 70.2+8.6 77.9 +7.3"
Males (%) 56.7 57.5 55.2 38.1
BMI 27.9+39 24.8+4.5% 28.1+4.8 2524321
Smokers (%) 32.5 25.0 37.9 333
Hypertension (%) 72.6 71.5 72.4 76.2
Diabetes duration (years) 13.5+8.0 214+ 12.6% 152+9.1 20.7 +9.9%
HbAlc (%) 74+1.3 7112 77+1.6 74+1.6
Cholesterol (mg/dl) 167.8+36.2 178.7+36.5 176.3+44.8 175.77+43.5
HDL (mg/dl) 45.6+11.7 453+x11.5 44.8+13.3 49.3+13.4
Triglycerides (mg/dl) 116.9+44.1 123.9+484 127.6£45.5 119.3+44.0
LDL (mg/dl) 98.9+33.8 108.6 +36.8 105.9+38.6  102.5+42.0
eGFR (mL/min) 66.8+20.7  44.1+18.9% 552+17.7%  57.6+23.5%
Micro- or macroalbuminuria (%) 40.9 57.5% 67.2% 80.9%
Previous CVD (%) 26.5 65.0° 60.3° 61.9*
Previous DFU (%) 20.5 32.5 67.2° 52.4*%
Previous amputation (%) 4.7 10.0 24.1% 52.4%
Neuropathic ulcer (%) 472 22.51 22.41 9.5"
Vascular Ulcer (%) 19.0 32.5% 224 14.3
Neurovascular ulcer (%) 31.9 45.0 55.2 76.2%
Absence of neuropathy and PAD (%) 1.9 0 0 0
ABI 0.95+0.27 0.98+0.25 0.79+0.29°  0.90+0.34
TcPO2 (mmHg) 41.1+15.1 40.0+11.2 345+14.8%  30.7+13.4"
Lower Limb Revascularization (%) 31.9 25.0 53.41 52.4
Osteomyelitis (%) 13.4 17.5 44.8° 80.1°

Statistical significance versus healing: * <0.05; {<0.01; #<0.001; $<0.0001

eGFR estimated glomerular filtration rate, CVD cardiovascular disease, DFU diabetic foot ulcer, T7cPO2
transcutaneous oxygen tension, BMI body mass index, ABI ankle brachial index, PAD peripheral artery

disease, DFU diabetic foot ulcer

percentage of subjects with previous CVD and VDFU. With
respects patients with healed ulcers, subjects with a minor
amputation had a significantly lower eGFR, ABI, and TcPO2
and percentage of patients with NDFU and a significantly
higher percentage of people with micro/macroalbuminuria,
previous CVD, previous DFU, previous amputation, revas-
cularization, and osteomyelitis. At last patients who had a
major amputation were older, showed a significantly lower
BMI, eGFR, TcPO2 and percentage of people with NDFU
and a significantly higher diabetes duration and percentage of
patients with/micro/macroalbuminuria, previous CVD, pre-
vious DFU, previous amputation, NVDFU, and osteomye-
litis than patients with healed ulcers.

Table 3 reports the features of patients with healed DFU
subdivided into two groups according to the absence or
presence of ulcer recurrence during the follow-up period. As
shown, the group of patients with ulcer recurrence were older,
had a significantly greater percentage of subjects with micro/
macroalbuminuria, previous CVD, previous DFU, previous
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amputation, NDFU, VDFU, and NVDFU and showed sig-
nificantly lower ABI and TcPO2 than the group of patients
without ulcer recurrence. Interestingly, none of the patients
without polyneuropathy and PAD had ulcer recurrence.

Table 4 shows the features of the patients who died
compared to those who remained alive during the follow-up
period.

Multivariate analysis

To find independent predictors for each outcome, multiple
logistic regression analyses were performed. All the vari-
ables that were significant at the univariate analysis were
included into the list of potential predictors. Table 5 reports
the significant predictors of each outcome.

High BMI (230) was also tested as a specific potential
predictor of DFU recurrence or death. It entered the model as a
predictor neither of DFU recurrence nor of death. When high
BMI was included into the list of potential predictors,
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Table 3 Features of patients

with healed diabetic foof ulcers Variables Healed ulcers No ulcer recurrence  Ulcer recurrence p value

stratified by absence or presence (n =464 (n=292) (n=172)

of ulcer recurrence Age (years) 70.5+8.4 712+8.3 69.4+8.5 0.0301
Males (%) 56.7 55.1 59.3 0.3823
BMI 27.9+39 27.7+x4.1 28.3+3.7 0.1672
Smokers (%) 32.5 294 37.8 0.0644
Hypertension (%) 72.6 70.1 75.6 0.2124
Diabetes duration (years) 13.5+8.0 13.5+8.2 134+7.6 0.9018
HbAlc (%) 74+13 74+14 75+1.3 0.2494
Cholesterol (mg/dl) 167.8+36.2  166.5+35.0 170.1 £38.2 0.3037
HDL (mg/dl) 456117 453+11.4 46.0+12.2 0.5448
Triglycerides (mg/dl) 1169 +44.1 117.3+£40.8 116.3+49.4 0.5478
LDL (mg/dl) 98.9+33.8 97.7+32.5 101.0+35.9 0.3144
eGFR (mL/min) 66.8 +20.7 67.0£20.8 66.5+20.4 0.8136
Micro- or macroalbuminuria (%) 40.9 353 50.6 0.0012
Previous CVD (%) 26.5 18.8 39.5 <0.0001
Previous DFU (%) 20.5 12.00 34.9 <0.0001
Previous amputation (%) 4.7 2.0 9.3 0.0004
Neuropathic ulcer (%) 47.2 56.8 30.8 <0.0001
Vascular Ulcer (%) 19.0 15.1 25.6 0.0053
Neurovascular ulcer (%) 31.9 25 43.6 <0.0001
Absence of neuropathy and PAD (%) 1.9 3 0 0.0298
ABI 0.95+0.27 0.97 +0.28 0.92+0.25 0.0427
TcPO2 (mmHg) 41.1+15.1 45.6+16.1 41.7+12.9 0.0074
Lower Limb Revascularization (%) 31.9 34.6 27.3 0.1053
Osteomyelitis (%) 13.4 12.3 15.1 0.3945

eGFR estimated glomerular filtration rate, CVD cardiovascular disease, DFU diabetic foot ulcer, TcPO2
transcutaneous oxygen tension, BMI body mass index, ABI ankle brachial index, PAD peripheral artery

disease, DFU diabetic Foot ulcer

multivariate analysis showed that age (Regression coefficient
p: 1.567; Standard error SE: 0.751; OR: 4.793; 95% CI:
1.098-20.910; p = 0.0370) was a predictor of DFU recurrence,
in addition to eGFR and previous CVD, and that TcPO2
(Regression coefficient f: 0.630; Standard error SE: 0.299;
OR: 1.878; 95% CI: 1.043-3.380; p = 0.0355) was a predictor
of death, in addition to age, diabetes, duration, eGFR, previous
amputation, DFU persistence, and major amputation.

Discussion

This large retrospective study shows both confirmatory and
new findings on the predictors of outcomes in diabetic
patients with DFU.

A younger age (<65 years) is a strong predictor of
healing in our patients with DFU. To the best of our
knowledge, this association is described for the first time,
even if it is quite expected. Indeed, it is well-known that
failure in wound repair is strongly linked to aging [15]. On
the other hand, this explains why older age is associated to

negative outcomes of DFU, in particular to amputations and
death, in several studies [16-20].

Renal function plays a major role in the progression of
DFU. We found that both eGFR >60 ml/L and absence of
microalbuminuria are strongly associated with wound
healing. Conversely, an impaired renal function, defined as
an eGFR <60 ml/L. and/or the presence of micro/macro-
albuminuria, strongly predicts negative outcomes of DFU,
such as minor and major amputation, persistence of active
ulcer and death. Previous studies described a strong asso-
ciation between any impairment of kidney function,
including dialysis, with DFU recurrence [21], amputations,
and death [16, 19, 20]. This emphasizes not only the
importance of renal function in the stratification of the risk
for the occurrence of negative outcomes in patients with
DFU, but also the need for any strategy to avoid the decline
of kidney function, including the use of innovative drugs
[22].

Among the predictors, we found that a history of CVD
can have a great impact on the progression of DFU to
negatives outcomes. Interestingly, the absence of a history
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Table 4 Features of the of type 2 diabetic patients subdivided into two
groups of non-survivors and survivors during the follow-up period

Feature Dead Alive p value
(n=99) (n=484)
Age (years) 79.6+7.5 69.5£8.0 <0.0001
Males (%) 48.5 574 0.1024
BMI 25.0+3.9 28.3+4.0 <0.0001
Smokers (%) 323 32.6 0.9505
Hypertension (%) 77.8 72.1 0.2469
Diabetes duration (years) 22.7+10.5 128+7.4 <0.0001
HbAlc (%) 73+13 74+14 0.3292
Cholesterol (mg/dl) 171.7+39.0 1693+37.2  0.5648
HDL (mg/dl) 459+134 456+11.6 0.7862
Triglycerides (mg/dl) 119.6£45.1 1183+445  0.7934
LDL (mg/dl) 101.8+£35.6 100.1+34.8  0.6578
eGFR (mL/min) 49.0+£20.5 66.8+20.3  <0.0001
Micro- or macroalbuminuria (%) 56.6 44.0 0.0225
Previous CVD (%) 52.5 30.0 <0.0001
Previous DFU (%) 44.4 23.5 <0.0001
Previous amputation (%) 26.2 52 <0.0001
Neuropathic ulcer (%) 22.2 45.6 <0.0001
Vascular ulcer (%) 18.2 20.4 0.6073
Neurovascular ulcer (%) 59.6 32.0 <0.0001
Absence of neuropathy and PAD (%) 0 1.9 0.1719
ABI 091+0.30 0.94+0.27 0.2706
TcPO2 (mmHg) 373+132 434+154 0.0003
Lower limb revascularization (%) 384 33.5 0.3486
Osteomyelitis (%) 36.4 15.7 <0.0001
Healing (%) 404 87.6 <0.0001
Persistence of active ulcers (%) 26.2 2.9 <0.0001
Minor amputations (%) 14.1 9.1 0.1264
Major amputations (%) 19.2 0.4 <0.0001
Ulcer recurrence (%) 21.2 31.6 0.0395
Follow-up duration (months) 414+256 43.1x229 0.5102

eGFR estimated glomerular filtration rate, CVD cardiovascular disease,
DFU diabetic foot ulcer, TcPO?2 transcutaneous oxygen tension, BMI
body mass index, ABI ankle brachial index, PAD peripheral artery
disease, DFU diabetic Foot ulcer

of CVD is significantly predictive of healing, while its
presence correlates very well con DFU persistence, minor
amputation, and DFU recurrence. This confirms previous
studies [20, 21] and highlights that subjects with advanced
end-organ diseases, in particular when kidney and CVDs
are both present, are at very high risk for worse prognosis,
as outlined by the EURODIALE study and confirmed by a
recent investigation [23, 24]. In other words, the general
condition of the patient is very important in the evolution
of DFU.

Our data for the first time show that low BMI is a strong
predictor of DFU persistence and death. Two previous
studies observed that high BMI rather than low BMI was
associated with worse outcomes, in particular with delay in
healing and amputation [3, 17]. These conflicting findings
may be due to differences among the studies. As an asso-
ciation of high BMI with some outcomes of DFU was found
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[3, 17], the hypothesis that BMI may describe a so-called
“J-curve” was taken into account and therefore we repeated
the multivariate analyses regarding DFU persistence and
death after inclusion of high BMI in the list of potential
predictors. Nevertheless, these analyses showed that high
BMI did not enter the prediction model. Low BMI is often
associated to terminal stages of chronic degenerative dis-
eases, such as kidney and heart failure. This may imply that
in our study the association between low BMI and some
outcomes may be the expression of the concomitant
advanced end-organ diseases. Really, in our analysis low
BMI was independent of both eGFR and previous CVD, as
this independence was found in the multivariate analysis
after adjustment for co-variates. On the other hand, it is
important to remember that type 2 diabetic patients often
have a high BMI. Therefore, when they have a low BMI,
malnutrition may be present [25]. Malnutrition may be due
not only to the general conditions of the patients but also to
the presence of chronic inflammation and hormonal changes
[26]. Therefore, our data seem to support the hypothesis that
malnutrition may have a role in ulcer occurrence and in its
progression [25, 27].

A well-known predictor of DFU outcome is osteomyelitis.
We observed that the absence of osteomyelitis is a good
predictor of wound healing. In addition, our study shows that
osteomyelitis greatly increases the risk for amputation, in
particular for major amputation, as also seen in other studies
[3, 28, 29]. This implies the need for an immediate assess-
ment for the presence of osteomyelitis and an aggressive
medical treatment to reduce the occurrence of amputation.

A new finding of our study regards the intriguing
potential role of two markers of PAD, such as TcPO2 and
ABI, in the prevention of complications of DFU. We
observed that a TcPO2 <46 mmHg correlates very well with
DFU recurrence in subjects with healed lesions, while a
normal TcPO2 predicts healing. In addition, we observed
that an ABI <0.9 is associated with a greater proportion of
minor amputations, as also found by others [19]. Ischemia
has a major role in ulcer occurrence and recurrence [24, 30].
So, improvement of tissue oxygenation may play a potential
role in the prevention of new DFUs. In our study revascu-
larization was made in a large proportion of patients
according to the established criteria for the procedure, but
generally in patients with TcPO2 <40 mmHg and ABI <0.8,
as also suggested by the Wi-Fi classification [31]. Accord-
ing to the WIiFI classification [31] a subject with
TcPO2 <46 mmHg and ABI <0.9 should be categorized as
“grade 1” (TcPO2 40-59; ABI 0.6-0.79). In the context of a
given category of “wound” and “foot infection”, this does
not usually allow to categorize this subject as a “high or
very high risk” subject for estimate risk of amputation at 1
year or estimate likelihood of benefit of/requirement for
revascularization. However, if our data are confirmed,



Endocrine (2021) 71:59-68 65
zz?lgnslelji::e(:(grc(;?;; (E(f ft?g};esults Predictors Regres§ion Standard error SE  Odds ratio 95% CI p value
of each multivariate analysis coefficient /
with a stepwise approach Healing
Age —0.934 0.341 0.392 0.201-0.766 0.0062
eGFR —0.671 0.249 0.511 0.313-0.832 0.0070
Micro/macroalbuminuria  —0.632 0.255 0.531 0.322-0.875 0.0131
Previous CVD —0.993 0.252 0.370 0.225-0.607 0.0001
Previous DFU —1.088 0.253 0.336 0.204-0.554 <0.0001
TcPO2 —0.730 0.266 0.481 0.285-0.811 0.0061
Osteomyelitis —1.372 0.267 0.253 0.150-0.428 <0.0001
Persistent active ulcer
BMI 1.041 0.374 2.833 1.359-5.902 0.0054
Previous CVD 1.408 0.363 4.090 2.005-8.341 0.0001
eGFR 1.401 0.383 4.059 1.915-8.603 0.0003
Minor amputation
Previous CVD 0.993 0.325 2.700 1.426-5.109 0.0023
Previous DFU 1.693 0.329 5.439 2.852-0.371 <0.0001
ABI 0.720 0.322 2.056 1.091-3.872 0.0256
Osteomyelitis 1.645 0.342 5.184 2.647-10.152  <0.0001
Micro/macroalbuminuria 0.688 0.338 1.990 1.026-3.861 0.0418
Major amputation
Micro/macroalbuminuria 1.765 0.660 5.842 1.602-21.307 0.0075
Previous amputation 2.891 0.674 18.013 4.801-67.581 <0.0001
Osteomyelitis 3.637 0.676 37.995 10.091-143.059 <0.0001
DFU recurrence
Previous CVD 0.746 0.231 2.109 1.340-3.319 0.0013
Previous DFU 1.292 0.252 3.640 2.221-5.966 <0.0001
TcPO2 0.851 0.211 2.342 1.548-3.543 <0.0001
Death
Age 1.229 0.523 3.420 1.226-9.539 0.0188
BMI 1.124 0.301 3.077 1.703-5.558 0.0002
eGFR 1.014 0.287 2.758 1.570-4.847 0.0004
Previous amputation 1.424 0.420 4.156 1.824-9.472 0.0007
Persistent active ulcer 1.772 0.508 5.888 2.172-15.964 0.0005
Major amputation 3.365 0.894 28.946 5.011-167.209  0.0002

95% CI 95% confidence interval, eGFR estimated glomerular filtration rate, CVD cardiovascular disease,
DFU diabetic foot ulcer, TcPO2 transcutaneous oxygen tension, BMI body mass index, ABI ankle

brachial index

specific studies should evaluate whether revascularization
can reduce DFU recurrence and minor amputation in
selected patients with TcPO2 <46 mmHg and ABI <0.9.
Taken together, our study shows that a younger age and
absence of complications and risk factors are often associated
with a high percentage of healing, while both advanced end-
organ disease (in particular renal and CVD), local conditions
(previous DFU, previous or current amputation, osteomye-
litis) are associated with progression to negative outcomes.
Our data show two new important predictors of outcome: low
BMI with possible malnutrition, and a reduced oxygenation
of limbs, represented by TcPO2 <46 mmHg and ABI <0.9.

Both conditions predict a progression of DFU. These find-
ings seem to suggest the need for the implementation of
nutritional programs and of a revascularization in a larger
proportion of patients with PAD.

As for the incidence of complications in our study
population, we think that some considerations may be of
interest.

We observed that the incidence of DFU recurrence is
quite similar to that described in the literature [4], but we
found a greater proportion of persons who healed in a quite
short average time (7.6 months) and a lower percentage of
amputations, persistence of active ulcers and death. These
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results may be due to differences among the studies: dif-
ferences in age, gender, type of diabetes (type 1, type 2 or
both), diabetes duration, setting (outpatient department or
hospitalization), co-morbidities, duration of follow-up and
so on. However, we cannot exclude that a rigorous and
comprehensive protocol of care, characterized by the pre-
sence of a multidisciplinary team, a holistic approach, an
aggressive and early treatment of all risk factors, compli-
cations and co-morbidities, a nutritional support, a con-
servative care and an early rehabilitation may have a great
importance in reducing the progression of DFU, as also
suggested by several studies [2-5, 16, 25, 32-35]. Another
reason for our low incidence of worse outcomes may be
linked to the fact that only patients with lesions occurred no
more than 30 days before the recruitment were enrolled in
the study. Indeed, if an ulcer is not adequately treated for a
long time, the risk for worse outcomes can increase. This
suggests that an early treatment in patients with DFU may
improve their prognosis.

Another important topic regards the identification of
tools to improve the outcomes. As already discussed, a
higher percentage of revascularization in patients with less
severe PAD may be a tool. In addition, PAD may be used to
identify subjects with CVD that is a strong predictor of
negative outcomes. Indeed, PAD is often associated with
CVD [36], that may be also asymptomatic [6, 37]. On the
other hand, TcPO2 and ABI seems to predict cardiovascular
events [11] and an early treatment of subjects with
asymptomatic CVD may improve their prognosis [7].

As for the local treatment of DFU, to obtain a rapid and
complete healing, in addition to the well codified strategies
(cleaning and dressing, periodic debridement, early treat-
ment of infection, use of specific technologies, such as
negative pressure therapy, pressure offloading, indication
for specific footwear), emerging treatments should be con-
sidered [38], such as regenerative medicine, ozono or
microbiota, considering the strong association between
microbiota with diabetes and its complications [39, 40].

The present study shows both limitations and strength-
ens. The main limitation is the retrospective study design,
even if the patients attending our center were followed-up
by periodic examinations and telephone interviews even
after they recovered. Strengthens appear to be the rigorous
inclusion and exclusion criteria, a precise protocol of care
performed for all the follow-up period by the same team and
a complete evaluation and treatment of all risk factors and
co-morbidities. In particular, to limit confounding factors
we opted for a rigorous study protocol. Only patients with
recent ulcer (occurrence <30 days) were recruited. This
choice was made for the following reasons: (a) all the
parameters evaluated at the moment of the recruitment
exactly reflect the condition of the patient at the moment of
the occurrence of the ulcer and therefore they can be reliable

@ Springer

predictors of outcomes. (b) if an ulcer is “old”, we cannot
know how the parameters were at the moment of its
occurrence, as weight, eGFR, HbAlc, co-morbidities,
complications and so on can vary over the time. In many
patients these parameters could be greatly varied and
therefore their predictive power may be lost or modified. (c)
If an ulcer is not adequately treated for a long time, the risk
for worse outcomes can increase and therefore the pre-
dictive value of variables is less reliable. Patients with
multiple ulcers were also excluded for the following rea-
sons: (a) different ulcers often occur in different periods. (b)
Different ulcers may have different outcomes that depend
not only on the general features of the patient but also on
local conditions, time of occurrence, early treatment and so
on. All the above conditions are evident confounding fac-
tors. The follow-up period of the study was long. In the
study protocol a follow-up period of at least 12 months is an
inclusion criterium. But, if a hard outcome (death or
amputation) occurs before this time frame, the follow-up is
obviously stopped for the outcome death, while the follow-
up continues for the patients with the amputation and only
the outcome death is recorded in these patients. Among 583
patients, only 11 had a follow-up <12 months: ten patients
died and one had a major amputation, but he was followed-
up for 23 months after amputation and death did not occur.
At last, we noted that some predictors of outcomes (in
particular osteomyelitis for major amputation and major
amputation for mortality) have wide 95% CI and this sug-
gests that caution should be paid in drawing conclusions
based on these results, even if our findings on the risk for
major amputation linked to osteomyelitis and for mortality
linked to major amputation are confirmatory of previous
studies [3, 28, 29, 34, 35]. These wide 95% CI may be due
to the small sample of patients with major amputation.

Conclusions

Our study confirms the role of several predictors of outcome
of DFU, but shows new information on BMI, TcPO2, and
ABI as potential predictors of outcomes of DFU. This may
imply the importance of new strategies for nutrition support
and revascularization. In addition, the low incidence of
some complications, in particular of amputation, persistence
of active ulcer and death, may be due to the holistic and
conservative approach, to the multidisciplinary team, to the
early treatment, and to an early and aggressive management
of all risk factors and co-morbidities.
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