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ABSTRACT

Objective: to analyze the factors associated with amputation in people with foot ulcers as a consequence of Diabetes Mellitus.
Methods: a cross-sectional and analytical study conducted with 132 individuals with Diabetes Mellitus hospitalized in an Emergency
hospital. The data were collected by means of interviews and by checking medical records. The data analysis was performed using
the following statistical tests: Pearson's chi-square, Fisher's exact, Mann-Whitney's U and binary logistic regression. Results: in the
bivariate analysis, dry skin and/or cracks, onychocryptosis, interdigital maceration, callouses and cold, cyanotic and pale feet were
associated with amputation (p<0.05). In the multivariate model, the female gender was a protective factor against
amputation (p=0.049). The individuals with peripheral neuropathy were 34.98 times more likely to suffer amputations (p=0,005);
in turn, having a previous amputation history increased the amputation chances by 869.8 times (p<0.001). Conclusion: amputation
was associated with foot complications, biological sex, peripheral neuropathy and previous amputations.

Descriptors: Diabetes Mellitus; Foot Ulcers; Diabetes Complications; Surgical Amputation; Nursing.

RESUMO

Objetivo: analisar os fatores associados a amputacdo em pessoas com Ulcera do pé decorrente do diabetes mellitus.
Método: estudo transversal analitico realizado com 132 pessoas com diabetes mellitus internadas em um hospital de urgéncia. Os
dados foram coletados mediante entrevista e consulta em prontudrio. A analise dos dados ocorreu por meio dos testes estatisticos
Qui quadrado Pearson, Exato de Fisher, Mann-Whitney e regressdo logistica binaria. Resultados: na andlise bivariada, pele seca
e/ou rachadura, onicocriptose, maceragdo interdigital, calosidades, pés frios, ciandticos e palidos apresentaram associagdo com a
amputagdo (p<0,05). No modelo multivariado, o sexo feminino apresentou fator de protegdo para amputagdo (p=0,049). As pessoas
com neuropatia periférica tiveram 34,98 mais chances de sofrerem amputagdo (p=0,005) e possuir histérico de amputagdo anterior
aumentou as chances de amputagdo em 869,8 vezes (p<0,001). Conclusdo: a amputagdo teve associagdo com complicagdes nos
pés, sexo bioldgico, neuropatia periférica e amputagdo anterior.

Descritores: Diabetes Mellitus; Ulcera do Pé; Complicacdes do Diabetes; Amputagdo Cirdrgica, Enfermagem.

RESUMEN

Objetivo: analizar los factores asociados a la amputacion en personas con Ulceras de pe pie como consecuencia de la Diabetes
Mellitus. Método: estudio transversal y analitico realizado con 132 personas que padecen Diabetes Mellitus internadas en un
hospital de Urgencias. Los dados se recolectaron por medio de entrevistas y consultando historias clinicas. Se utilizaron las
siguientes pruebas estadisticas para analizar los datos: Chi-cuadrado de Pearson, Exacta de Fisher, Mann-Whitney y Regresion
logistica binaria. Resultados: en el analisis bivariado, piel seca y/o grietas, onicocriptosis, maceracion interdigital, callos y pies
frios, ciandticos y palidos estuvieron asociados a la amputacién (p<0,05). En el modelo multivariado, pertenecer al sexo
femenino representd un factor de proteccidon contra la amputacion (p=0,049). Las personas con neuropatia periférica fueron
34,98 veces mds propensas a sufrir amputaciones (p=0,005), mientras que poseer antecedentes de amputaciones previas
aumento 869,8 veces las probabilidad de amputacidn (p<0,001). Conclusién: la amputacién estuvo asociada con complicaciones
en los pies, sexo bioldgico, neuropatia periférica y antecedentes de amputaciones previas.

Descriptores: Diabetes Mellitus; Ulceras en los Pies; Complicaciones de la Diabetes; Amputacién Quirtrgica, Enfermeria.

INTRODUCTION

Foot ulcers as a consequence of Diabetes Mellitus are characterized by ruptures in the deepest foot tissues,
favored by the neuropathy and peripheral arterial disease associated with Diabetes Mellitus complications. These
conditions lead to sensitivity loss and to deficient circulation in the lower limbs, which favors infections and lesions that
are easily worsened. Amputation is among the main complications of foot ulcers and is frequently caused by deep
infections or by untreated ischemia.

At the global level, foot ulcers as a consequence of Diabetes Mellitus represent a relevant problem, preceding
nearly 80% of all lower limb amputations in people with Diabetes Mellitus. It is estimated that 18.6 million people are
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affected by this complication every year, with approximately 20% of the severe cases evolving to amputation. The high
frequency of these outcomes reflect difficulties in early diagnosis and in access to specialized treatments, especially in
low- and middle- income countries?.

Foot ulcers as a consequence of Diabetes Mellitus emerge as an important Public Health problem with a substantial
impact on morbidity, mortality and assistance-related costs. A recent review estimates the lifetime ulcer risk at
between19% and 34% and signals inequalities in access to specialized services, determining factors for these cases to
evolve to amputation. International guidelines® recommend prevention by means of periodic screening, ulcer risk
stratification and interventions to reduce plantar pressure.

The situation is worrisome in Brazil, as a significant increase in the number of foot ulcer complications is noticed,
as identified between January and August 2023, period during which 6,982 Diabetes Mellitus-associated lower limb
amputations were recorded, with a mean of 28 a day. In 2022, the country recorded 10,168 amputation procedures,
representing a 3.9% increase in relation to the preceding year. Considering the procedures performed in the Unified
Health System (Sistema Unico de Satde, SUS), this figure reached 31,190 in the same year, which equals nearly
85 amputations a day”.

The most common factors for foot ulcers to evolve to amputation include peripheral neuropathy, peripheral
arterial disease, severe infections like osteomyelitis and gangrene, and inadequate glycemic control. In addition to that,
not undergoing periodic clinical foot examinations, advanced age, smoking habit and absence self-care guidelines are
factors associated with higher amputation risks>®.

Amputations impose important consequences such as reduced mobility, functional losses, dependence on care
measures and worse quality of life; in addition, they are associated with high mortality rates, which can exceed 70% five
years after major amputation procedures. Costs are also high for health services, as amputation procedures alone cost
BRS 78.7 million to the SUS in 2022, with a mean of BRS 2,962 per surgery and without including expenses due to
prolonged hospitalizations and rehabilitation®*.

The main strategy to avoid ulcers and amputations in people with Diabetes Mellitus is prevention. Periodic clinical
foot examinations, self-care health education and early treatment of the first lesions are some of the recommended
actions. Measures such as glycemic control, debriding, infection control and using pressure redistribution devices like
total “contact casting” are fundamental. In addition, multiprofessional performance contributes significantly to reducing
the number of amputations and improving clinical outcomes?®’.

The World Health Organization (WHO) 2030 Agenda set forth the need to reduce inequalities and to promote
health for all®. This study is justified because it provides aids for the assistance to be provided to people with Diabetes
Mellitus and to assess public policies targeted at the following Sustainable Development Goals (SDGs): SDG 3 (Health
and Well-Being), SDG 10 (Reduced Inequalities) and SDG 11 (Sustainable Cities and Communities). In addition to that,
this study can be fundamental in evaluating the efficacy and scope of the National Policy for Diabetes Prevention and
Comprehensive care for People with Diabetes Mellitus, instituted by Law No. 3,895 of 2019, as well as to offer aids to
improve the care provided to people with Diabetes Mellitus®.

Despite the existence of countless studies on amputation risk factors in people with foot ulcers as a consequence of
Diabetes Mellitus, there are gaps regarding the profile of the patients served in specialized Emergency hospitals and about
the strength of the associations in high-complexity contexts. Identifying factors associated with amputation in these units
may support devising immediate assistance strategies and prevention policies. Thus, the objective of this study was to
analyze the factors associated with amputation in people with foot ulcers as a consequence of Diabetes Mellitus.

METHOD

This is a cross-sectional and analytical study conducted at the wards from an Emergency hospital from Teresina,
Piaui, which is a reference in Traumatology and has 368 beds, distributed as follows: 270 wards for adults, 38 pediatric
wards, 17 semi-intensive care beds, 33 intensive care beds for adults and 10 for children.

The population was comprised by 345 individuals with Diabetes Mellitus that had foot ulcers as a consequence of
Diabetes Mellitus and were hospitalized in an Emergency hospital from the state of Piaui. The sample was calculated
based on a proportional formula for finite populations, using a 95% confidence interval, maximum error of 5% and 50%
assumed prevalence, totaling 132 participants. Sampling was of the non-probability and for convenience type.

The inclusion criteria were as follows: people with Type 1 or 2 Diabetes Mellitus, aged at least 18 old and
hospitalized for the treatment of foot ulcers as a consequence of neuropathic, ischemic or neuroischemic Diabetes
Mellitus. The subjects excluded were those with cognitive deficit as assessed by means of the Mini Mental State
Examination. The independent variables were as follows: sociodemographic and clinical ones, self-care, foot
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complications and aspects from the patients' current clinical condition. The dependent variable was “amputation due
to foot ulcers as a consequence of Diabetes Mellitus”.

The date were collected between October 2024 and January 2025 (encompassing 12 weeks in all), by means of
semi-structured interviews and using an adapted form that addressed five domains: Sociodemographic
aspects (Domain 1); Diabetes-associated clinical aspects (Domain 2); Self-care and foot ulcers as a consequence of
Diabetes Mellitus (Domain 3); Aspects related to the clinical foot examination (Domain 4); and Aspects inherent to the
patients' current clinical condition (Domain 5). Domains 1 and 2 were created based on the lower limb clinical
evaluation form for the prevention of foot ulcers as a consequence of Diabetes Mellitus'®. Domains 3 and 4 were created
based on the Script for screening foot ulcers as a consequence of Diabetes Mellitus in Primary Health care prepared
following the Brazilian Diabetes Society guidelines, with Domain 4 being put into practice while performing the physical
examinations!'. Domain 5 was assembled by the authors based on the Amputee Care Guidelines®?.

It is noted that a pilot test was performed with the form using 10% of the sample, encompassing a total of
13 patients, who were discarded from the final sample. In addition to that, medical records were consulted to identify
the patients and survey data referring to the clinical conditions related to foot ulcers as a consequence of Diabetes
Mellitus (previous diabetic ulcers, previous amputations, neuropathy and ischemia) by means of a Data Use
Commitment Form (DUCF). The interviews were conducted in the wards and at the patients' bedside, allowing a
responsible companion to be present.

The data were tabulated in Excel 2019 by double typing to debug the database and correct errors and exported to
the Statistical Package for the Social Sciences (SPSS), version 29.0, where descriptive and inferential statistical anlayses
were performed. Absolute and percentage frequencies were calculated for the categorical variables in the descriptive
statistical analysis. Central tendency (mean and median), dispersion (standard deviation) and variability (minimum and
maximum values) measures were employed for the numerical variables

The inferential analysis was carried out based on association tests such as Pearson's chi-square and Fisher's exact
to associate the independent categorical variables with the categorical outcome one. Association strength was
measured by means of the Odds Ratio, considering a 95% Confidence Interval. Kolmogorov-Smirnov's normality test
was used to verify the distribution pattern corresponding to the numerical variables, which presented non-normal
distribution. Thus, the Mann-Whitney test was employed to compare the numerical variables to the categorical
outcome one.

A binary logistic regression model following the “stepwise forward” method was created in the multivariate
statistical analysis, firstly introducing the variable with the highest statistical significance to subsequently do the same
with the others, following the decreasing association order identified in the bivariate analysis. The criterion to include
variables in the multivariate model corresponded to obtaining p-values<0.20 in the bivariate analysis, as recommended
by Katz (2003), as adopting this broader cutoff value avoids early excluding possible confounding factors an ensures that
variables with potential epidemiological relevance are properly assessed in the adjusted model*3,

Multicollinearity among the independent variables was identified with the Variance Inflation Factor (VIF), where
values over four were adopted as cutoff for the VIF multicollinearity diagnosis!®. Consequently, 18 variables were
included in the multivariate model. Only 14 variables remained in the multivariate model after the multicollinearity
analysis. p-values <0.05 were considered significant for all the statistical tests used.

The study complied with National Health Council Resolution No. 466 from 2012 and was approved by a Research
Ethics Committee (Comité de Etica em Pesquisa, CEP). All the participants signed the Free and Informed Consent
Form (FICF).

RESULTS

As for their sociodemographic characterization, the participants has a mean age of 63.72 years old (SD+ 12.82),
varying from 31 to 94, with predominance of the male gender (62.1%) and of individuals that had a partner (53.8%).
Their mean number of children was 4.58 (SD%4,34), with Complete Elementary School (34.8%) and retirement (59.8%)
as the most frequent conditions; in addition, 81.1% earned monthly incomes of up to BRS 1,331.05.

In relation to the clinical aspects, all had a Type 2 Diabetes Mellitus diagnosis, with a mean time of 10 years
since the disease was detected and oral hypoglycemic agents as the most frequently used treatment (50%). There
was high incidence of comorbidities (83.3%), with Systemic Arterial Hypertension standing out (77.3%). As for life
habits, 61.4% stated being smokers or former smokers for a mean time of 13 years and 70.5% current or previous
alcohol consumption for nearly 15 years. The vast majority (92.4%) stated not having being diagnosed with
Peripheral Obstructive Arterial Disease; in turn, peripheral neuropathy was detected in 56.8% of the cases, with a
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mean evolution time of four years. It was also observed that 84.1% did not perform physical activity and that
74.2% presented altered blood glucose levels at hospital admission.

As for self-care, the mean evolution time of the foot ulcers as a consequence of Diabetes mellitus was three
years. Most of the participants (71.2%) had never attended Nursing appointments in Basic Health units and 77.3%
had not undergone any foot examination in this or other type of health care services. Foot care was aided in 87.9%
of the cases, mainly by family members (82.6%). In turn, 68.2% had never been provided professional self-care
guidelines, 99.2% did not use adapted shoes and 87.1% were not in the habit of walking barefoot (earthing).

In the physical examination, it was verified that 84.8% presented dry skin and cracks, 81.1% had
onychocryptosis or improperly cut nails and 74,2% presented callouses. Absence of interdigital maceration was
observed in 64.4% of the participants; in turn, 58.3% had no previous ulceration history. As for perfusion and color,
76.5% reported cold, cyanotic or ale feet and 56,8% presented erythema or edema. In addition, 83.3% had no
previous amputation history.

In relation to the sociodemographic aspects, the female gender represented a protection factor against
amputation (OR: 0.278; 95% Cl: 0.105-0.732). However, marital status, schooling, occupation/profession and
income were not associated with amputation (p>0.05). Regarding the clinical aspects, it was identified that
individuals with peripheral neuropathy were 24.32 times more likely to suffer amputations. However, type of
treatment, comorbidities, smoking habit, alcoholism, Peripheral Obstructive Arterial Disease, performing physical
activity and blood glucose at admission did not present any association with amputation (p>0,05), as shown in
Table 1.

Table 1: Association of the sociodemographic and clinical aspects of people with foot ulcers as a consequence of Diabetes Mellitus with
amputation (n=132). Teresina, Piaui, Brazil, 2025.

Amputation
Yes No
Variables n (%) n (%) Unadjusted OR 95% ClI p-value
Marital status With a partner 15(21.1) 56 (78.9) 0.64 0.290-1.413 0.268*
Without a partner 18 (29.5) 43 (70.5)
Gender Female 6(12.0) 44 (88.0) 0.278 0.105-0.732 0.007*
Male 27(329)  55(67.1)
Schooling level Illiterate 9(26.5) 25 (73.5) 0.326*
Can read and write 8(25.8) 23 (74.2)
Complete Elementary School 14 (30.4) 32 (69.6)
Complete High School 2 (9.5) 19 (90.5)
Occupation/Profession  Retired 21 (26.6) 58 (73.4) 1.237 0.548-2.793 0.608*
Active/Working 12 (22.6) 41 (77.4)
Income Up to one minimum wage 26 (24.3) 81 (75.7) 0.731%*
Up to two minimum wages 5(25.0) 15 (75.0)
From three to five minimum wages 2 (40.0) 3(60.0)
Type of treatment Insulin 3(21.4) 11 (78.6) 0.256**
Oral medications 13 (19.7) 53 (80.3)
Insulin and oral medications 17 (32.7) 35(67.3)
Comorbidities Yes 25 (22.7) 85 (77.3) 0.515 0.194-1.367 0.178*
No 8(36.4) 14 (63.6)
Which coorbiditie(s) Systemic Arterial Hypertension 24 (23.5) 78 (76.5) 0.317**
Others 1(12.5) 7 (87.5)
Not applicable 8(36.4) 14 (63.6)
Smoker Yes 21 (25.9) 60 (74.1) 1.138 0.503-2.572 0.757*
No 12(23.5)  39(76.5)
Alcohol consumption Yes 27 (29.0) 66 (71.0) 2.25 0.846-5.985 0.099*
No 6(15.4) 33 (84.6)
Peripheral Obstructive  Yes 3(30.0) 7 (70.0) 1.314 0.320-5.404 0.071%**
Arterial Disease No 30 (24.6) 92 (75.4)
Peripheral neuropathy  Yes 32 (42.7) 43 (57.3) 24.32 3.425-172.712 <0.001*
No 1(1.8) 56 (98.2)
Performs physical Yes 4(19.0) 17 (81.0) 0.665 0.207-2.141 0.492*
activity No 29 (26.1) 82 (73.9)
Blood glucose at Normal 8(25.0) 24 (75.0) 0.712%*
admission Altered 25 (25.5) 73 (74.5)
Not recorded 0(0.0) 2 (100.0)

Notes: *Pearson's chi-square test; **Fisher's exact test.
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In relation to self-care and foot complications, not evaluating the feet in the Nursing appointments (OR: 2.571;
95% Cl: 1.073-.6,162), onychocryptosis or improperly cut nails (OR: 10.24; 95% Cl: 1.328-78,968), interdigital maceration
(OR: 4.103; 95% Cl: 1.795-9,376), previous ulcer history (OR: 7.188; 95% Cl: 2.910-17.753), callouses (OR: 3.152;
95% Cl: 1.018-9.757) and presence of erythema/edema (OR: 3.657; 95% Cl: 1.590-8.411) presented more amputation
chances. In addition to that, having a previous amputation history increases the amputation chances 74.615 times. On
the other hand, not presenting dry skin and/or cracks (OR:0.705; 95% Cl: 0.626-0,795) and not having
cold/cyanotic/pale feet (OR: 0.673; 95% Cl: 0.588-0.771) proved to be protective factors against amputation, as
indicated in Table 2.

Table 2: Association between the aspects related to self-care and to foot complications in people with foot ulcers because of Diabetes Mellitus and
amputation. Teresina, Piaui, Brazil, 2025. (n=132)

Amputation
Yes No

Variables n (%) n (%) Unadjusted OR 95% ClI p-value

Attended a Nursing appointment at the BHU Yes 26 (27.7) 68(72.3) 1.693 0.664-4.319 0.267*
No 7(18.4) 31(81.6)

Foot evaluation in the Nursing appointment Yes 12 (40.0) 18(60.0) 2.571 1.073-6.162 0.031*
No 21(20.6) 81(79.4)

Has help with foot care Yes 31(26.7) 85(73.3) 2.553 0.549-11.880  0.356**
No 2(12.5) 14 (87.5)

Who helps with foot care Family members 29 (26.6) 80(73.4) 0.309**
Friends 0(0.0) 1(100.0)
Caregiver 1(16.7) 5(83.3)
Health institution 1(100.0) 0(0.0)
Self-Care 2(13.3) 13(86.7)

Self-care guidance from some health Yes 11(26.2) 31(73.8) 1.097 0.474-2.538 0.829*

professional No 22(24.4) 68(75.6)

Dry skin and/or cracks Yes 33(29.5) 79(70.5) 0.705 0.626-0.795 0.005*
No 0(0.0) 20(100.0)

Onychocryptosis or improperly cut nails Yes 32(29.9) 75(70.1) 10.24 1.328-78.968 0.007*
No 1(4.0) 24(96.0)

Interdigital maceration Yes 20(42.6) 27 (57.4) 4.103 1.795-9.376 <0.001*
No 13 (15.3) 72 (84.7)

Previous ulcer history Yes 25 (45.5) 30(54.5) 7.188 2.910-17.753  <0.001*
No 8(10.4) 69 (89.6)

Callouses Yes 29 (29.6) 69 (70.4) 3.152 1.018-9.757 0.039*
No 4(11.8) 30(88.2)

Cold/Cyanotic/Pale feet Yes 33(32.7) 68(67.3) 0.673 0.588-0.771 <0.001*
No 0(0.0) 31(100.0)

Presence of erythema/edema Yes 22 (38.6) 35(61.4) 3.657 1.590-8.411 0.002*
No 11(14.7) 64 (85.3)

Used and/or uses adapted shoes Yes 1(100.0) 0(0.0) 4.094 3.029-5.533 0.250**
No 32(24.4) 99 (75.6)

Has the habit of walking barefoot (earthing) Yes 7(41.2) 10(58.8) 2.396 0.830-6.917 0.132%*
No 26 (22.6) 89(77.4)

Previous amputation history Yes 20(90.9) 2(9.1) 74.615 15.602-356.710 <0.001*
No 13 (11.8) 97(88.2)

Notes: *Pearson's chi-square test; **Fisher's exact test.

As for the patients' current clinical condition, 63.6% had been hospitalized for more than 30 days, 25% had been
subjected to foot amputation procedures (totaling 33 amputations as a consequence of foot ulcers), 73.5% did not
present neuropathy in the other limb and 22% had their limb partially healed. The mean hospitalization time was
10.5 days (SD+19.2). In addition to that, a statistically significant difference was noticed between amputation and time
since the Diabetes Mellitus diagnosis (p=0.005), as well as with time since peripheral neuropathy was
detected (p=0.002), in the individuals with foot ulcers as a consequence of Diabetes Mellitus. In addition to that, having
had the current problem for one month at the most (OR: 0.381; 95% Cl: 0.151-0.961; p=0.037) was a protective factor
for not being subjected to amputation procedures. In turn, having the other foot affected by neuropathy (OR: 368.125;
95% Cl: 4.283-2,108.103; p<0.001) presented 368.125 more amputation chances. In addition to that, the foot healing
stage at the collection moment was associated with amputation (p<0.001).

Table 3 shows the results fot multivariate analysis.
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Table 3: Logistic regression corresponding to the differences between sociodemographic/clinical variables, self-care and foot
complications in people with foot ulcers as a consequence of Diabetes Mellitus in relation to amputation (n=132). Teresina,
Piaui, Brazil, 2025.

Variables Adjusted OR  95% CI p-value
Gender

Female 0.15 0.02-0.99 0.049
Peripheral neuropathy

Yes 34.98 2.90-421.22 0.005
Foot evaluation in the Nursing appointment

No 0.86 0.14-5.32 0.877
Dry skin and/or cracks

No 0 0.00-0.00 0.998
Onychocryptosis or improperly cut nails

Yes 63.96 0.28-1.47 0.292
Interdigital maceration

Yes 0.23 0.26-2.15 0.202
Previous ulcer history

Yes 0.79 0.08-7.73 0.843
Callouses

Yes 0.39 0.04-3.79 0.418
Cold/Cyanotic/Pale feet

No 0 0.00-0.00 0.997
Presence of erythema/edema

Yes 1.22 0.19-7.88 0.829
Previous amputation history

Yes 869.8 19.02-397.57 <0.001
Time since onset of the current problem

One month at the most 3.85 0.71-20.82 0.117
Time since DM diagnosis (in years) 0.961 0.87-1.05 0.398
Time with ulcer(s) as a consequence of Diabetes Mellitus (in years) 1.04 0.81-1.33 0.744

Female gender represented a protection factor against amputations due to foot ulcers as a consequence of
Diabetes Mellitus (ORa: 0.15; 95% IC: 0.02-0.99). In addition to that, the individuals with peripheral neuropathy were
34.98 times more likely to suffer amputations, whereas those with a previous amputation history presented 869.8 more
chances of being subjected to another amputation.

DISCUSSION

In the multivariate model, female gender represented a protection factor against amputations in the foot as a
consequence of ulcers. The higher amputation prevalence among men reflects differences in the self-care patterns
between the genders, as women seek health services more frequently and adhere more to self-care measures whereas
men tend to present more hospitalizations due to neglect. In this sense, a study analyzed the gender-related differences
in clinical outcomes among patients with foot ulcers as a consequence of Diabetes Mellitus treated in a tertiary-level
reference center and verified that belonging to the male gender was a negative predictive factor for healing time and
mortality; in addition, men presented higher prevalence of comorbidities, previous ulcers and revascularization
procedures?®.

Not undergoing a foot evaluation in the Nursing appointment was one of the risk factors for amputation due to
foot ulcers as a consequence of Diabetes Mellitus in the bivariate analysis, reinforcing the need to include this care
measure in the assistance routine for people with Diabetes Mellitus. The International Work Group on foot ulcers as a
consequence of Diabetes Mellitus recommends that people with diabetes and very low risk of foot ulcers are examined
once a year for loss of plantar protective sensitivity and peripheral arterial disease; in turn, those at higher risk need to
be evaluated more frequently depending on the risk factors for ulcers identified in the anamnesis and in the clinical foot
examination®,

The association between peripheral neuropathy and amputation evidenced in this study reinforces recent findings
that identify the former as one of the main predictors of foot ulcers as a consequence of Diabetes Mellitus. Peripheral
neuropathy favors the loss of the protective sensation, resulting in repeated micro-traumas and ulceration.
Systematized screening programs to identify plantar protective sensitivity, vascular evaluations and pressure relief
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interventions (consisting in “off-loading”) are all recommended strategies to reduce the incidence of ulcers and of
progression to amputation and are supported by international guidelines?’.

Prevention and early treatment of foot complications such as dry skin and/or cracks, onychocryptosis, interdigital
maceration, cold/cyanotic/pale feet and presence of erythema and edema are fundamental to reduce lower limb ulcers
and amputations in people with Diabetes Mellitus, as foot complications were associated with amputation in the
bivariate analysis. This evidences the importance of intensifying the self-care guidelines provided to these people, as a
population-based study identified that 37.8% and 6% of the individuals with Diabetes Mellitus had complications and
foot ulcers or amputations, respectively®®,

Callouses are pre-ulcerative lesions that increased 3.15 times de amputation chances in the bivariate analysis.
Thus, pressure relief techniques such as pressure redistribution shoes, load relief dressings, felt foam or padding, callous
debridement, rest, using crutches, gait retraining, foot-related physical exercises and patient education are essential to
prevent and treat callouses in people with Diabetes Mellitus®®. Consequently, these technologies and care measures
need to be accessible to the entire population to prevent and treat callouses, which would contribute to reducing foot
ulcers.

Previous history of foot ulcers was associated with amputation, emphasizing that the monitoring strategies for
these individuals with Diabetes Mellitus in Primary Health Care needs to be effective (including foot evaluations, risk
stratification and screening of foot complications) for the assistance provided to these people can be suitable, timely,
fast and resolute. A systematic review conducted in China found that a history of ulcers presenting Wagner grades over
3 and peripheral vascular disease were the main risk factors associated with the incidence of amputation in Chinese
patients with diabetes, reinforcing the need for preventive care measures?.

In Guatemala, age, time since the diabetes diagnosis and previous ipsilateral amputations were associated with
lower limb amputation procedures related to infections in foot ulcers as a consequence of Diabetes Mellitus,
corroborating the results of this study, where time since the Diabetes Mellitus diagnosis and amputation history were
associated with amputation, evidencing the urgent need to implement programs for Diabetes Mellitus control
adherence and foot care?,

Early treating foot ulcers is indispensable to prevent complications, as having had the current problem for
one month at the most was a protective factor against being subjected to an amputation procedure in the bivariate
analysis. A study conducted in Finland identified that major amputations, wound ischemia and advanced age
reduced overall survival after a foot ulcer as a consequence of Diabetes Mellitus and that survival after five years
of a major amputation was 8.3%; this underscores the importance of early managing wounds and ischemia to
prevent severe complications, which contributes to improving life expectancy and quality in people with Diabetes
Mellitus?2.

Time since the peripheral neuropathy diagnosis and having the other foot affected by this condition were
associated with amputation in the bivariate analysis, which evidences the severity of peripheral neuropathy as a
risk factor for more severe complications. Oftentimes silent, neuropathy leads to a significant sensitivity loss in
the feet, increasing the probability of lesions that result in amputations if not properly treated. A study evidenced
that neuropathy, peripheral arterial disease, high post-prandial blood glucose and low hemoglobin were more
significant predictive factors for amputation, showing the relevance of periodic examinations for the clinical
monitoring of people with Diabetes Mellitus?3.

The foot healing stage at the collection moment was associated with amputation in the bivariate analysis,
reinforcing that inadequate or slow ulcer healing is a predictor of more severe complications, such as the need for
amputations. The healing process quality is directly influenced by glycemic control, presence of infections and
adequate care measures; as such, constant monitoring is crucial to improve clinical outcomes. A study conducted
in Piaui in the Primary Health Care context identified that fewer foot complications were a protective factor against
developing foot ulcers as a consequence of Diabetes Mellitus and that inadequate control of the capillary blood
glucose levels, unwillingness to take care of the feet and not undergoing frequent foot examinations were risk
factors for developing ulcers, underscoring the importance of self-care?*.

The treatment for foot ulcers as a consequence of Diabetes Mellitus requires interdisciplinary assistance. In
addition to that, the evolution in the healing process for these ulcers requires systematized assistance, duly
qualified professionals and availability of resources like special supplies and dressings suitable to the
characteristics of the lesions and to the healing process stages, which contributes to reducing healing times and
to enhancing full healing, rendering hospitalization time shorter and lowering costs. A retrospective cohort study
that analyzed the patients' evolution after a toe amputation related to foot ulcers as a consequence of Diabetes
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Mellitus found that patients with this disease require fast would treatment and prioritization of the vascular
evaluation to verify if blood flow is sufficient for wound healing, with the purpose of optimizing and easing healing
of foot ulcers in people with Diabetes Mellitus and prevent amputation?®.

The risk factors for amputation in patients with foot ulcers as a consequence of Diabetes Mellitus are multiple and
frequently inter-related, such as peripheral neuropathy, peripheral arterial disease and previous ulcer history as
consistent predictors of unfavorable outcomes, including amputation. In this context, the loss of plantar protective
sensitivity caused by peripheral neuropathy eases the appearance of micro-traumas, which can evolve to ulceration,
infection and amputation if not identified early in time. The IWGDF guidelines reinforce the importance of systematically
screening plantar protective sensitivity and peripheral arterial disease as part of the risk stratification strategy to prevent
foot ulcers and, consequently, reduce the number of lower limb amputations?®.

In the multivariate model, the patients with peripheral neuropathy had 34.98 more amputation chances,
emphasizing the relevance of clinical foot examinations to screen plantar protective sensitivity, deformities and
skin dryness, which are signs and symptoms of impairment in the autonomic, motor and sensitive fibers in
peripheral diabetic polyneuropathy. In this context, when assessing the foot ulcer risk in people with Diabetes
Mellitus in Primary Health Care, a study identified that the patients with dry skin, deformities and altered ankle
reflexes and vibration perceptions in the hallux were more likely to presenting foot ulcers?’.

In addition to the association between neuropathy and amputation, amputation history and long-standing pre-
existing ulcers are predictors of subsequent amputations in patients with foot ulcers as a consequence of Diabetes
Mellitus, highlighting the need for early interventions and ongoing monitoring in individuals with previous
complications?. The presence of peripheral neuropathy combined with systemic factors such as extended time since
the diabetes diagnosis and vascular comorbidities intensify the risk of progression to amputation, which demands a
more detailed analysis of these risk factors, emphasizing the importance of Nursing assistance in Primary Health Care in
early identifying risk factors, during longitudinal follow-up, in health education and in implementing preventive
strategies targeted at reducing the number of foot complications in people with Diabetes Mellitus®°.

Having a previous amputation history also increased the reamputation chances 869.8 times in the
multivariate model, which underscores the importance of paying attention to healing of the surgical wound and
of rehabilitating these people resorting to orthoses, prostheses, adapted shoes and self-care guidelines. In this
sense, a systematic review with meta-analysis verified that educational technologies (especially the soft-hard and
hard ones) were a protective factors to prevent the incidence of lower limb amputations in people with Diabetes
Mellitus and that they can be a powerful health education resource for self-care, with the objective of preventing
foot complications3°,

Proper and ongoing management of foot ulcers should encompass integrated ulcer prevention strategies,
structured health education programs and adaptation of therapeutic devices such as adapted shoes, orthoses and
insoles, aiming at reducing plantar pressure and at improving gait, which would contribute to reducing the number
of recurrent foot complications and lower the incidence of amputations. Thus, these care measures need to be
implemented in a comprehensive and multiprofessional way, including vascular evaluation, skin care and ongoing
self-care education3!, with the objective of reducing the incidence of ulcers and amputations in the feet as a
consequence of Diabetes Mellitus.

Study cross-sectional design stands out as a limitation, as it precludes causal inferences between exposure
instances and outcome. In addition to that, the for convenience sampling and the fact that the study was
conducted in an Emergency hospital that is a reference in Traumatology may have influenced sample composition,
for having patients with more severe cases and higher amputation chances. Thus, the results may not be totally
representative of the entire population with foot ulcers treated in Primary Health Care or in outpatient services.
It is recommended to conduct longitudinal studies with more robust sampling strategies and in other health care
contexts, with the aim of ensuring greater representativeness and understanding about the factors associated
with amputations due to foot ulcers as a consequence of Diabetes Mellitus complications.

CONCLUSION

The factors associated with amputation in people with foot ulcers as a consequence of Diabetes Mellitus in the
bivariate analysis were as follows: biological sex; presenting peripheral neuropathy, not having undergone a foot
evaluation in the Nursing appointment; having dry skin and/or cracks; onychocryptosis or improperly cut nails;
interdigital maceration, callouses, cold/cyanotic/pale feet; presence of erythema and edema; previous ulcer and
amputation history; time since the diabetes and peripheral neuropathy diagnoses; time with the current problem;
having the other foot affected by neuropathy; and healing stage at the collection moment. This emphasizes the need to
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evaluate the feet in the care routine for people with Diabetes Mellitus, as well as to intensify self-care guidelines and
early treatment of foot complications.

In the multivariate model, amputation was associated with biological sex, peripheral neuropathy and previous
amputation history. This reinforces the importance of screening plantar protective sensitivity loss and vasculopathies in
people with Diabetes Mellitus in Primary Health Care, in addition to proper monitoring these individuals and to
longitudinal care according to the ulcer risk stratification, with the objective of preventing skin injuries and,
consequently, lower limb amputations.
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