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Abstract

Aims: In the Sars‐Cov‐2 pandemic era, patients with diabetes mellitus (DM)

manifested more severe forms of Sars‐Cov‐2 with greater mortality than non‐
diabetic patients. Several studies documented more aggressive forms of diabetic

foot ulcers (DFU) during the pandemic period even though the results were not

unanimously confirmed. The aim of this study was to evaluate the clinical‐
demographic differences between a cohort of Sicilian diabetic patients hospital-

ised for DFU in the pre‐pandemic 3 years and a cohort of patients hospitalised in

the pandemic 2 years.

Materials and Methods: One hundred and eleven patients from the pre‐pandemic

period 2017–2019 (Group A) and 86 patients from the pandemic period 2020–

2021 (Group B) with DFU, admitted to the division of Endocrinology and Meta-

bolism of the University Hospital of Palermo, were retrospectively evaluated. The

clinical assessment of the type, staging and grading of the lesion, and the infective

complication from DFU was performed.

Results: No differences in HbA1c values were observed between the two groups.

Group B showed a significantly higher prevalence of male subjects (p = 0.010),

neuro‐ischaemic ulcers (p < 0.001), deep ulcers with involvement of bones

(p < 0.001), white blood count levels (p < 0.001), and reactive C protein (p = 0.001)

compared to group A.

Conclusions: Our data show that in the COVID‐19 pandemic, a greater severity of

ulcers requiring a significantly greater number of revascularisations and more

expensive therapy, but without an increase in the amputation rate, was observed.

These data provide novel information on the impact of the pandemic on diabetic

foot ulcer risk and progression.

K E YWORD S

diabetes mellitus, diabetic foot, pandemic, SARScov 2

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, pro-

vided the original work is properly cited.

© 2023 The Authors. Diabetes/Metabolism Research and Reviews published by John Wiley & Sons Ltd.

Diabetes Metab Res Rev. 2023;e3626. wileyonlinelibrary.com/journal/dmrr - 1 of 8

https://doi.org/10.1002/dmrr.3626

 15207560, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.3626 by Irccs Istituto N
azionale Per L

o Studio E
 L

a C
ura D

ei T
um

ori “Fondazione G
iovanni Pascale”, W

iley O
nline L

ibrary on [07/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/dmrr.3626
https://orcid.org/0000-0003-1731-9395
mailto:carla.giordano@unipa.it
mailto:valentina.guarnotta@unipa.it
mailto:valentina.guarnotta@unipa.it
https://orcid.org/0000-0003-1731-9395
https://onlinelibrary.wiley.com/journal/15207560
https://doi.org/10.1002/dmrr.3626
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fdmrr.3626&domain=pdf&date_stamp=2023-03-04


1 | INTRODUCTION

Since the beginning of the Sars‐Cov‐2 pandemic era, it has been

documented that patients with diabetes mellitus (DM) manifest more

severe forms of SARS‐COV2 infection with greater mortality than

non‐diabetic patients.1–3 These data were confirmed by a recent

meta‐analysis that considered a total of 78,874 patients hospitalised

for SARS COV2 infection from 83 observational studies, which

documented a prevalence of pre‐existing DM in 14.3% of patients

and a significantly higher prevalence of the more severe forms of

SARS COV2 pneumonia and a higher risk of hospital mortality in

diabetic than non‐diabetic patients.4 The prevalence of DM in pa-

tients who died of COVID‐19 was shown to be higher than in the

general population.1,5 These data have led clinicians to consider

diabetic patients as having greater susceptibility to hospitalisation

and mortality in case of SARS‐COV2 infection, consequently leading

to a more incisive vaccination campaign and more rigorous isolation

rules.6 In the diabetic area, distance medicine measures have been

implemented in order to avoid the risk of contagion though with the

risk of underestimating more severe conditions of DM and its com-

plications, such as diabetic foot ulcers (DFU).7–10 The aim of the

study was to evaluate the clinical‐demographic differences between

a cohort of patients with DFU hospitalised in the pre‐pandemic 3‐
year period and a cohort of patients hospitalised for DFU in the

most recent 2‐year pandemic period.

2 | MATERIALS AND METHODS

The clinical and demographic data of 111 patients from the pre‐
pandemic period 2017–2019 (Group A) and 86 patients from the

pandemic period 2020–2021 (Group B) affected by DFU, admitted to

the division of Endocrinology and Metabolism of the University

Hospital of Palermo, were retrospectively evaluated. The clinical

assessment of the type, staging and grading of the lesion, and the

infective complications from DFU was performed according to the

most recent recommendations of the International Working Group

on the Diabetic Foot (IWGDF).11,12 In both patient groups, we eval-

uated anthropometric and demographic data, such as age, sex, body

mass index (BMI), type and duration of DM, clinical parameters such

as type of ulcer (neuropathic, ischaemic, or neuro‐ischaemic ulcer),

grade and stage of the lesion according to the Texas wound classi-

fication system, the severity of infection according to Infectious

Diseases Society of America (IDSA) classification, the presence of

systemic inflammatory response syndrome (SIRS) in accordance with

the recommendations of the main scientific societies in the sector,

and the presence of osteomyelitis and its outcome in terms of major

or minor amputation and revascularisation.12–16 The Texas classifi-

cation is a descriptive classification, rather than a scoring system,

which classifies DFUs according to depth (grade from 0 to 3), pres-

ence of infection (stage B), ischaemia (stage C), or both (stage D).13

Ischaemic ulcer was defined by the clinical evaluation of absent

pulses, ankle‐brachial index (ABI) less than 0.9, and evidence of low

arterial flow at triphasic pedal Doppler.17 The decision to revascu-

larise was based on clinical evaluation by a deputed vascular surgeon,

low ABI (<0.5), low or absent arterial flow at triphasic pedal Doppler,

and execution of computed tomography angiography only in cases of

large ulcers that cannot consent to perform Doppler according to the

guidelines on the diagnosis and treatment of peripheral arterial

diseases.17

In addition, biochemical parameters, such as glycated haemo-

globin (HbA1c), indices of inflammation such as ultrasensitive C‐
reactive protein (CRP), erythrocyte sedimentation rate (ESR), and

number of white blood cells, were evaluated. The study was approved

by the Local Ethical Committee, Policlinico Paolo Giaccone Hospital,

and carried out in accordance with the Declaration of Helsinki for

experiments involving humans. At the time of observation, all pa-

tients, regularly informed of the aim of the study, signed an informed

consent for scientific use of their data.

2.1 | Statistical analysis

A statistical analysis was performed using the SPSS version 20. The

normality test was assessed using the Kolmogorov–Smirnov test.

Numerical data were presented as mean� standard deviation (SD) or

median and interquartile range. Analyses of variables were per-

formed using the chi‐square or Fisher's exact test for categorical

variables and the independent t‐test or Mann–Whitney test for

continuous variables according to their distribution. A p value of

<0.05 was considered statistically significant.

3 | RESULTS

The clinical, demographic, and biochemical data are shown in Table 1.

As expected, longer foot ulcer duration was observed in group B

compared to group A (p < 0.001). Patients hospitalised in the

pandemic period had significantly higher indices of inflammation

(WBC p < 0.001; ESR p = 0.030; CRP p = 0.001). In Group B, a

significantly higher prevalence of male subjects (p = 0.009) was

observed compared to group A. In Group B, a higher prevalence of

ischaemic and neuro‐ischaemic ulcers was observed compared to

neuropathic ulcers (neuropathic ulcer in Group A 36.9% vs. Group B

10.5%; neuro‐ischaemic ulcer Group A 53.2% vs. Group B 74.4%

p < 0.001). In Group B, a significantly higher prevalence of deep ul-

cers with the involvement of the osteo‐articular plane was observed

compared to Group A (superficial ulcers in Group A 50.5% vs. Group

B 18.6%; ulcer involving tendons/capsules Group A 36% vs. Group B

58.1%; ulcer with bone involvement Group A 12.6% vs. Group B

20.9%, p < 0.001) (Table 1). In Figure 1, grading of DFU shows the

significant difference (p < 0.001) in the frequency of all lesions from

pre‐ulcerative ones to those involving superficial, tendon/capsule,

and bone. Patients hospitalised during the pandemic period showed a

higher prevalence of SIRS than the limit of statistical significance

(SIRS Group A 12.6% vs. Group B 23.3% p = 0.05).
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Revascularisation and minor or major amputation outcome data

are shown in Table 2. Patients hospitalised in the pandemic period

showed a significantly higher prevalence of revascularisations with

equal outcomes in minor or major amputations compared to patients

hospitalised in the pre‐pandemic period (revascularisations in Group

A 19.8% vs. Group B 40.7%, p = 0.001; minor amputations: Group A

5.4% vs. Group B 2.3%; major amputations: Group A 21.6% vs. Group

B 24.4% p = 0.5). Figure 2 shows the trend of use or otherwise of

revascularisation or revascularisation procedures in the two periods

examined, confirming the higher necessity than in the previous non‐
COVID period. This result is confirmed by the evidence in Figure 3 of

the greater number of minor amputations in the period 2019–2021,

which in any case did not involve a greater number of major ampu-

tations, whose trend continued to decline from 2017 and decline

even in the COVID period, revealing that the increase in revascu-

larisation procedures had a limiting effect on the extent of

amputation.

4 | DISCUSSION

Numerous studies have documented that patients with DM have a

higher risk of developing more severe forms with greater mortality in

case of SARS‐COV2 infection than non‐diabetic subjects.1–3 How-

ever, few studies have investigated the impact of the pandemic on

the management of DM and its complications. Subjects presenting

with DFU are to be seen as subjects with a greater burden of

morbidity and a greater risk of mortality.18–21 The objective of our

TAB L E 1 Anthropometric, clinical, and biochemical
characteristics of patients with diabetic foot ulcer hospitalised

before (group A) and during (group B) COVID‐19 pandemic.

Group A
(N = 110)

Group B
(N = 84)

pMean ± SD Mean ± SD

Age (years) 65.5 � 12.4 65.8 � 11.9 0.866

Duration of diabetes

(years)

19.8 � 12.7 19.6 � 12.1 0.855

Foot ulcer duration (days) 22.2 � 11.2 35.6 � 20.7 <0.001

BMI (kg/m2) 29.1 � 4.1 28.7 � 4.18 0.457

WBC 10.752 � 3.714 16.227 � 6.605 <0.001

Neutrophils (%) 67.9 � 11.4 70.1 � 13.5 0.235

ESR (mm) 52.8 � 25.3 63.2 � 42.9 0.030

CRP (mg/L) 62.8 � 71.8 98.4 � 79.9 0.001

HbA1c (%) 10.1 � 2.14 10.1 � 2.23 0.909

Subjects (%) Subjects (%)

Gender

Male 68 (61.9%) 66 (78.6%) 0.009

Female 42 (38.1%) 18 (21.4%)

Diabetes mellitus

Type 1 8 (7.2%) 5 (5.9%) 0.475

Type 2 102 (92.8%) 79 (94.1%)

Cardiovascular disease

Myocardial infarction 33 (30%) 27 (32.1%) 0.027

Stroke 9 (8.2%) 0

Cardiac insufficiency 0 0

Chronic kidney disease

G1 50 (45.4%) 23 (27.4%) 0.151

G2 23 (20.9%) 26 (31%)

G3a 13 (11.8%) 16 (19%)

G3b 10 (9.1%) 9 (10.7%)

G4 7 (6.4%) 4 (4.8%)

G5 7 (6.4%) 6 (7.1%)

Gangrene 29 (26.3%) 28 (33.3%) 0.289

Lesion area

I toe 10 (9.2%) 16 (19%) 0.150

Distal extremities 11 (10.1%) 7 (8.3%)

Lateral plantar 31 (28.4%) 19 (22.6%)

Medial plantar 37 (33.9%) 30 (35.7%)

Calcanear 10 (9.2%) 7 (8.3%)

Dorsal 10 (9.2%) 5 (6%)

IDSA

Non‐infected 0 0 <0.001

T A B L E 1 (Continued)

Subjects (%) Subjects (%)

Mild 56 (50.5%) 0

Moderate 40 (36.0%) 46 (54.7%)

Severe 14 (12.6%) 38 (45.3%)

Grading

Shallow 56 (50.5%) 16 (18.6%) <0.001

Tendon/capsule 40 (36.0%) 50 (58.1%)

Bone 14 (12.6%) 18 (20.9%)

Staging

Negative 3 (3.6%) 1 (3.5%) <0.001

Infected 64 (57.7%) 5 (5.8%)

Ischaemic 0 10 (11.6%)

Infected and ischaemic 43 (38.7%) 68 (79.1%)

Osteomyelitis 12 (10.8%) 16 (18.6%) 0.105

Diagnosis of SIRS 14 (12.6%) 20 (23.3%) 0.051

Abbreviations: BMI, body mass index; ESR, Eritrosedimentation rate;

IDSA, Infectious disease society of America; PCR, ultrasensitive C

reactive Protein; SIRS, Systemic Inflammatory related Syndrome; WBC,

White Blood Cells.
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study was to investigate the clinical and demographic characteristics

of patients hospitalised for DFU in the pandemic period by comparing

them with patients hospitalised for the same disease in the imme-

diately preceding 3 years, using the standards already established by

the multidisciplinary team for diagnosis and treatment of DFU in

hospitalised patients in accordance with the most recent interna-

tional guidelines.12 In our study, a higher prevalence of more severe

forms of ulcers was documented in patients hospitalised in the two

pandemic years compared to patients hospitalised in the three pre‐
pandemic years. This finding is documented by a significantly

higher prevalence of ulcers with deep tissue involvement and by

greater systemic inflammatory compromise in patients admitted for

DFUs in the two pandemic years. In our study, the severity of clinical

presentation of the DFU picture in patients hospitalised in the

pandemic period also involved a greater severity in terms of

ischaemia, which resulted in a greater number of revascularisations

but not in a higher rate of amputations compared to patients hos-

pitalised in the three pre‐COVID years. These findings are difficult to

interpret, but in the context of the greater severity in general of DFU

cases in Group B, they could be explained by the delay in referral of

these subjects to our observation and consequently the greater

severity of the clinical picture, as demonstrated by the longer dura-

tion of foot ulcers. In our hospital, clinical activity was only main-

tained during the lockdown for patients with urgent medical

conditions, but some patients were afraid of contracting COVID,

causing a further delay. The latter clinical observation made revas-

cularisation necessary for limb salvage. The need for re‐
vascularisation was directly related to the stage of the wound. In

addition, during the COVID pandemic period, patients had more

accessibility to the OR\angio‐room because outpatients were not

admitted.

Our data are in agreement with numerous other studies that

have documented the greater severity of the presenting picture of

DFU in the pandemic period, sometimes with an increase in the rate

of amputations.10,19 A recent study by Schuivens et al. documented a

F I GUR E 1 Comparison of diabetic foot ulcers during and before the pandemic period.

TAB L E 2 Outcome of patients with diabetic foot ulcer

hospitalised before (group A) and during (group B) COVID‐19
pandemic.

Group A (No = 110) Group B (No = 84)

pSubjects (%) Subjects (%)

Surgery

None 80 (72.7%) 61 (72.6%) 0.5

Major

amputation

24 (21.8%) 21 (25%)

Minor

amputation

6 (5.4%) 2 (2.3%)

Re‐vascularisation 22 (20%) 35 (41.6%) 0.001

4 of 8 - RADELLINI ET AL.
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higher incidence of major amputations in the pandemic period

attributed to the greater extent of ischaemic tissue.22 However, a

cohort study conducted in Canada, which examined a large popula-

tion of patients with DM evaluating the minor and major amputation

rates in the pre‐pandemic versus the pandemic period, showed no

significant differences.23 In this cohort study on the diabetic popu-

lation residing in Ontario (where there is a public health system), 8

parameters relating to indicators of diabetes care and outcomes were

studied: diabetic examination including clinical examination of the

foot, evaluation of HbA1c, access to the emergency area or hospi-

talisation for ulcer, osteomyelitis or gangrene, minor amputation

(toes or partial foot), major amputation (above the ankle), and

endovascular or surgical revascularisation. This study compared two

10‐week periods relating to the pandemic period (year 2020–2021)

and the pre‐pandemic control period (2019–2020). Ontario ordered

a state of emergency with the suspension of scheduled activities from

March until May 2020 and in the first 2 months of 2021. Access to

the emergency area and hospitalisation for ulcer, osteomyelitis or

gangrene, minor amputations, and endovascular and open revascu-

larisations decreased in the first weeks after the onset of the

pandemic to subsequently increase in the levels of the period 2019–

2020. In conclusion, in this large study, limited access to treatment

due to COVID‐19 did not lead to an increase in major amputations,

and this appears to be confirmed by our data indicating the greater

severity of the presentation of DFU in terms of ischaemia and

infection but without this, resulting in a larger number of major

amputations. However, in our cohort of patients, the amputation rate

was slightly higher than that reported in the literature. The reasons

can be assigned to the high rate of bedridden patients with rapid

worsening of their clinical conditions, which would not allow rescue

of the patient limbs and involved contraindications for revascular-

isation in patients with severe renal insufficiency (eGFR less than

30 mL/min).

The Canadian study conducted by De Mestral and collaborators

clearly appears to be in contrast to what is described in other

countries, including Italy.24–27 In the Neapolitan situation, Caruso

and collaborators described a clear increase in the risk of amputation

and urgent presentation during the lockdown.24 So how are we to

interpret the results of the Canadian study with respect to what was

found in our small cohort of patients? The authors of the Canadian

study report that restrictions on non‐COVID activity of relatively

short duration (10 weeks) only occurred during the first wave and

that they did not limit surgical activity on the foot or revascularisa-

tions. The Canadian study, although with the significant contribution

made by an observation from the population register, has the limit of

examining a vast series of diabetics with probable non‐homogeneity

of the sample in terms of the presence of comorbidities and people

coming from different care settings. Another recent study evaluated

the effects of COVID pandemic on the outcomes and mortality of

patients with DFU without finding any significant differences in

F I GUR E 2 Distribution of revascularisation and non‐revascularisation in diabetic patients hospitalised at the Division of Endocrinology

and Diabetology, AOUP Paolo Giaccone, University of Palermo, Italy, in the pre‐pandemic period and during the COVID pandemic.
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amputation rates and mortality in patients with DFU before and

during the pandemic.28 To avoid late referral and the risk of major

amputation, the scientific community developed a tool to be adopted

during the pandemic period and beyond in the case of similar con-

dition, the COVID‐19 fast‐track pathway.29 This tool is useful for

clinicians to distinguish non‐limb from limb‐threatening conditions.

4.1 | Limitations and strength of the study

The strength of our study is to be considered the observation of a

series of monocentric patients, all hospitalised for acute DFU con-

ditions and compared taking into consideration the 2‐year pandemic

and an immediately preceding 3‐year period to avoid the bias linked

to a different territorial microbiological spectrum, different antibiotic

resistances, and different procedural methods. The limits include the

small number of the sample and the retrospective observation.

4.2 | Conclusions

Our study documented a greater severity of ulcers in terms of deep

tissue involvement, systemic inflammatory involvement, and

severity of ischaemia, requiring a significantly higher number of

revascularisations and more expensive therapy but without

increasing the amputation rate observed in the pandemic period. The

main message of our study is that the collaboration of several pro-

fessional figures is confirmed as fundamental as is the timeliness of

diagnosis and intervention in the diagnostic and therapeutic pathway

of DFU, which were probably deficient due to the pandemic

emergency.
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