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Introduction: This study examines middle-aged individuals (mean 
age 56.4 years) with type 2 diabetes mellitus (T2DM) and diabetic 
foot ulcers (DFU), focusing on demographic factors and their links 
to complications. Chronic hyperglycemia and genetic predisposition 
significantly contribute to disease progression. 

Aim: The study aims to assess baseline characteristics, evaluate 
neuropathy severity using the Michigan Neuropathy Screening 
Instrument (MNSI), investigate autonomic dysfunction, and explore 
correlations between these factors.

Method: A cohort of 300 participants was evaluated for demographic and 
clinical variables, including MNSI scores, Wagner ulcer classification, and 
autonomic function tests such as heart rate variability (HRV), Valsalva 
ratio, postural hypotension, heart rate response to deep breathing, 
and sympathetic skin response. Pearson’s correlation coefficients were 
calculated to analyze variable relationships.

Results: Participants exhibited moderate neuropathy (mean MNSI 
score: 7.2) and predominantly Grade 2 or 3 ulcers (60%). Autonomic 
tests revealed reduced HRV (30.2), impaired Valsalva ratio (1.21), 
diminished parasympathetic activity (heart rate response: 14.5), and 
widespread sympathetic dysfunction (95%). Significant correlations 
included: advanced age with higher MNSI scores (p < 0.05), prolonged 
diabetes duration with higher Wagner grades (p < 0.05), and reduced 
HRV and parasympathetic activity with higher MNSI scores (p < 0.01).

Conclusion: The interplay between demographic factors, clinical 
variables, and autonomic dysfunction influences neuropathy and DFU 
severity in T2DM. Targeted interventions are essential for managing 
complications and improving diabetic foot care.
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Introduction
Diabetic foot ulcers (DFU) are a severe complication of 
type 2 diabetes mellitus (T2DM), significantly impacting 
global health outcomes.1 Middle-aged adults, typically 
aged 45-64 years, are particularly susceptible to T2DM and 
its complications due to prolonged exposure to chronic 
hyperglycaemia.1

The development of DFU in T2DM is closely linked to 
chronic hyperglycaemia, which precipitates peripheral 
neuropathy characterised by sensory deficits, pain, and 
diminished protective sensation, thereby escalating DFU 
risk.2,3 This neuropathy arises from complex metabolic 
dysregulations and microvascular impairments exacerbated 
by comorbidities like obesity and hypertension.4,5

Moreover, diabetic neuropathy often presents with 
autonomic dysfunction, compromising cardiovascular 
reflexes and blood pressure regulation, heightening the 
susceptibility to cardiovascular events and other diabetic 
complications.6,7 Objective assessments of autonomic 
function, such as heart rate variability (HRV) and postural 
blood pressure changes, are crucial for understanding the 
systemic impact of diabetes on neurovascular integrity and 
overall health outcomes.

Effective preventive strategies and interventions for 
DFU hinge on a comprehensive understanding of the 
demographic profiles and associated risk factors among 
middle-aged T2DM patients. Key factors influencing disease 
progression include age, gender, diabetes duration, family 
history, socio-economic status, and family structure, 
underscoring the critical role of socio-economic factors 
in disease management.8

The escalating prevalence of T2DM globally, driven by 
ageing populations, urbanisation, and lifestyle changes 
contributing to obesity and sedentary behaviours, intensifies 
the burden of diabetes-related complications, including 
DFU, on healthcare systems.9,10 Middle-aged adults bear a 
significant portion of this burden due to prolonged exposure 
to elevated blood glucose levels and subsequent vascular 
and neurological complications associated with T2DM 
onset during early adulthood or midlife.11

Given the multifaceted nature of DFU, investigating its 
demographic correlates, neuropathy severity using tools 
like the Michigan Neuropathy Screening Instrument (MNSI), 
and autonomic dysfunction through objective measures is 
crucial.12 This study aims to elucidate these associations, 
paving the way for targeted interventions, optimised 
treatment strategies, and improved clinical outcomes for 
middle-aged adults managing T2DM and DFU.

Materials and Method
Study Design and Setting

This prospective longitudinal study aimed to observe 
changes in autonomic function and foot ulcer status over 
time in patients with T2DM, providing insights into DFU 
and autonomic dysfunction progression and management. 
The study took place at Vinayaka Mission’s Kirupananda 
Variyar Medical College Hospitals in Salem, Tamil Nadu, 
India. Purposive sampling identified 300 eligible participants 
with both DFU and T2DM. Inclusion criteria were patients 
attending the diabetic clinic, diagnosis of T2DM, and a 
history of more than one hospitalisation for DFU during 
the study period. Exclusion criteria were a history of foot 
ulcers and hospitalisation exceeding 30 days during data 
collection and absence of prior hospital admissions or 
other complicating illnesses. The study was conducted 
from March 2021 to February 2023.

Ethical Considerations

The study received approval from the institutional review 
board of Vinayaka Mission’s Kirupananda Variyar Medical 
College Hospitals, Salem. Informed consent was obtained 
from all participants.

Data Collection
Baseline Characteristics

Demographic data including age, sex, education, occupation, 
family type, family history of diabetes mellitus (DM), and 
diabetes duration were extracted from hospital records.

Assessment of Foot Ulcer and Neuropathy

• Michigan Neuropathy Screening Instrument: A 15-
item self-administered questionnaire assessing foot 
sensation, including pain, numbness, and temperature 
sensitivity.

• Wagner Classification System for Foot Ulcers: Classifies 
ulcers by depth and presence of osteomyelitis or 
gangrene into six grades (0–5).

Autonomic Function Tests
• Heart Rate Variability (HRV): Measures the variation 

in time intervals between heartbeats
• Valsalva Ratio: Evaluates heart rate changes during 

deep breathing and bearing down
• Postural Hypotension Test: Assesses blood pressure 

changes upon standing
• Heart Rate Response to Deep Breathing: Measures 

heart rate variation during deep breaths
• Sympathetic Skin Response (SSR): Assesses changes 

in skin electrical conductance due to sympathetic 
nervous system activity
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Statistical Analysis
Data consistency was verified before analysis. Continuous 
variables were presented as mean ± standard deviation (SD) 
or median with interquartile range (IQR), while categorical 
variables were expressed as frequencies and percentages. 
Chi-squared tests compared dependent and demographic 
variables. Regression and correlation analyses evaluated 
relationships between foot ulcers and neuropathy. A 
significance level of p < 0.05 was used.

Results
The study population had a mean age of 56.4 years, indicating 
a middle-aged group primarily affected by DFU and T2DM. 
A higher proportion of male participants (63.3%) suggested 
either a gender predispsosition or higher clinic attendance 
among males. The average duration of diabetes was 12.5 
years, underscoring the chronic nature of their condition. 
More than half of the participants (52%) had a family history 
of diabetes, pointing to a possible genetic predisposition. In 
terms of education and occupation, most participants had 
completed secondary education, and 46.7% were employed, 
reflecting a mix of socio-economic backgrounds. Additionally, 
a majority (60%) belonged to nuclear families, which could 
influence their care and support systems (Table 1).

The average MNSI score was 7.2, indicating a moderate level 
of neuropathy among the participants. According to the 
Wagner Classification System, most ulcers were classified 
as Grade 2 and 3, accounting for 60% of cases, highlighting 
significant ulcer depth and the need for intensive treatment 
(Table 2).Table 1.Baseline Characteristics of Participants

DM: Diabetes Mellitus

Table 2.Assessment of Foot Ulcer and Neuropathy

Test Result (Mean ± 
SD or n (%))

Michigan Neuropathy Screening 
Instrument (MNSI) Score 7.2 ± 2.5

Wagner Classification System Grades

Grade 0 0 (0.0)

Grade 1 30 (20.0)

Grade 2 50 (33.3)

Grade 3 40 (26.7)

Grade 4 20 (13.3)

Grade 5 10 (6.7)

Table 3.Autonomic Function Tests

Test Result 
(Mean ± SD)

Heart Rate Variability (HRV) 30.2 ± 5.7
Valsalva ratio 1.21 ± 0.12

Postural hypotension test
Systolic BP change (mmHg) -15.6 ± 8.4
Diastolic BP change (mmHg) -6.2 ± 3.5

Heart rate response to deep breathing 14.5 ± 3.2

Sympathetic Skin Response (SSR)
Present 

in 95% of 
patients

Table 4.Statistical Analysis and Correlations

Variable p Value

Age vs MNSI score < 0.05

Duration of diabetes vs Wagner grade < 0.05

Family history of DM vs MNSI score 0.07

HRV vs Wagner grade < 0.01

Valsalva ratio vs MNSI score < 0.05

Postural hypotension vs Wagner grade < 0.05

HR response to deep breathing vs MNSI 
score < 0.01

Variable Mean ± SD or Median 
(IQR)

Age (years) 56.4 ± 10.2
Duration of diabetes 

(years) 12.5 ± 7.3

Years of suffering from 
DM 12.5 ± 7.3

Variable Frequency (%)
Sex (male) 95 (63.3)

Sex (female) 55 (36.7)

Family history of DM 78 (52.0)
Educational level

Primary 60 (40.0)
Secondary 65 (43.3)

Tertiary 25 (16.7)

Occupation

Employed 70 (46.7)

Unemployed 50 (33.3)
Retired 30 (20.0)

Type of family

Nuclear 90 (60.0)

Joint 60 (40.0)
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The autonomic function tests revealed that the average 
heart rate variability (HRV) was 30.2, suggesting autonomic 
dysfunction, as lower HRV is associated with higher 
morbidity. The mean Valsalva ratio was 1.21, indicating 
reduced autonomic reflexes. The postural hypotension test 
showed significant drops in blood pressure on standing, 
reflecting autonomic instability. The heart rate response to 
deep breathing had a mean value of 14.5, demonstrating 
decreased parasympathetic function. Sympathetic skin 
response was present in 95% of patients, indicating 
prevalent sympathetic dysfunction (Table 3).

MNSI: Michigan Neuropathy Screening 
Instrument
Statistical analysis showed a significant correlation between 
age and MNSI scores (p < 0.05), suggesting that older 
patients tend to have higher neuropathy scores. The 
duration of diabetes was significantly associated with 
Wagner grades (p < 0.05), with longer diabetes duration 
correlating with more severe ulcers. HRV was significantly 
correlated with Wagner grades (p < 0.01), highlighting the 
impact of autonomic dysfunction on ulcer severity. The 
Valsalva ratio was significantly related to MNSI scores (p 
< 0.05), indicating that reduced autonomic reflexes are 
associated with higher neuropathy scores. The postural 
hypotension test results were significantly correlated 
with Wagner grades (p < 0.05), emphasising the role of 
autonomic instability in ulcer progression. Lastly, a strong 
correlation (p < 0.01) was found between the heart rate 
response to deep breathing and MNSI scores, suggesting 
that reduced parasympathetic activity is linked with higher 
neuropathy scores (Table 4).

Discussion
Baseline Characteristics

The study cohort, with a mean age of 56.4 years, reflects 
a middle-aged population predominantly affected by DFU 
and T2DM. This demographic profile is consistent with 
typical onset and complications associated with T2DM, 
including DFU.13 The higher representation of male 
participants (63.3%) in our study may indicate either a 
gender predisposition to diabetes complications or a 
greater likelihood of males seeking medical care in diabetic 
settings.14

The average diabetes duration of 12.5 years underscores the 
chronic management challenges faced by the participants. 
Chronic hyperglycaemia is a well-established risk factor 
for diabetic complications such as neuropathy and DFU, 
highlighting the critical role of disease duration in disease 
progression and severity.15

A notable proportion (52%) of participants reported a family 
history of diabetes, suggesting a genetic predisposition 
to T2DM. Genetic factors significantly influence the 

pathogenesis of diabetes, impacting disease susceptibility 
and the progression of complications like neuropathy and 
DFU.16

Regarding socio-economic factors, most participants had 
completed secondary education (a common educational 
level in the study region), and nearly half (46.7%) were 
employed. This socio-economic diversity underscores 
the varied economic backgrounds influencing disease 
management and outcomes in T2DM patients.17 Moreover, 
a majority (60%) of participants belonged to nuclear 
families. Family structure plays a crucial role in patient 
support and disease management adherence, which are 
pivotal in the effective management and prevention of 
complications such as DFU.18

Assessment of Foot Ulcer and Neuropathy
The average MNSI score of 7.2 indicates a moderate level 
of neuropathy among the study participants. The MNSI 
is a validated tool for assessing peripheral neuropathy in 
diabetic patients, with higher scores correlating with more 
severe neuropathic symptoms like pain and numbness.19 
According to the Wagner Classification System, Grades 
2 and 3 ulcers accounted for 60% of cases in our study. 
These grades signify significant tissue involvement and 
potential complications such as osteomyelitis and gangrene, 
necessitating intensive management to prevent limb 
amputations.19

Autonomic Function Tests
The autonomic function tests conducted in this study 
provided insights into the autonomic dysfunction prevalent 
in T2DM patients with DFU. The average heart rate variability 
(HRV) of 30.2 indicates reduced HRV, which is associated 
with increased morbidity and mortality in diabetic 
patients.19 Reduced HRV reflects impaired autonomic 
nervous system function, contributing to cardiovascular 
complications and poor prognosis. A mean Valsalva ratio 
of 1.21 suggests impaired autonomic reflexes, particularly 
in response to changes in intrathoracic pressure during 
deep breathing. This finding underscores the involvement 
of parasympathetic nervous system dysfunction in diabetic 
autonomic neuropathy.19 The postural hypotension test 
revealed significant drops in blood pressure upon standing, 
indicating autonomic instability among participants. 
Autonomic dysfunction can lead to impaired blood pressure 
regulation, posing additional cardiovascular risks in diabetic 
patients with DFU.19

The mean heart rate response to deep breathing of 14.5 
reflects decreased parasympathetic function, which is 
characteristic of diabetic autonomic neuropathy. Impaired 
parasympathetic activity contributes to dysregulation 
of heart rate and cardiovascular function in diabetic 
patients.20 Sympathetic skin response was present in 95% 
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of patients, indicating widespread sympathetic nervous 
system dysfunction. Sympathetic dysfunction is common 
in diabetic neuropathy and can impair vascular responses 
critical for wound healing in DFU patients.21

Statistical analyses demonstrated several significant 
correlations among clinical variables in our study cohort:

• There was a significant positive correlation (p < 0.05) 
between older age and higher MNSI scores, suggesting 
that older patients tend to experience more severe 
neuropathic symptoms.19

• A longer duration of diabetes was significantly 
associated (p < 0.05) with higher Wagner grades, 
indicating that chronic hyperglycaemia exacerbates 
foot ulcer severity.20

• Lower HRV was significantly correlated (p < 0.01) 
with higher Wagner grades, highlighting the impact of 
autonomic dysfunction on ulcer severity and wound 
healing processes.20

• Reduced Valsalva ratio showed a significant correlation 
(p < 0.05) with higher MNSI scores, indicating that 
impaired autonomic reflexes are associated with more 
severe peripheral neuropathy.19

• Significant correlations (p < 0.05) between postural 
hypotension and Wagner grades underscore the role 
of autonomic instability in exacerbating DFU severity.19

• A strong correlation (p < 0.01) between reduced 
parasympathetic activity (HR response to deep 
breathing) and higher MNSI scores suggests that 
parasympathetic dysfunction contributes to peripheral 
neuropathy severity in T2DM patients with DFU.19

Implications
Clinical Implications 

This study provides crucial insights into the clinical 
characteristics of DFU among middle-aged individuals 
with T2DM. The significant prevalence of moderate to 
severe neuropathy, as indicated by scores from the MNSI 
and Wagner Classification System grades, underscores the 
urgent need for early detection of neuropathy and prompt 
intervention strategies in clinical practice.12,13

Autonomic Dysfunction 
Findings from autonomic function tests highlight widespread 
dysfunction within the autonomic nervous system among 
T2DM patients with DFU. Reduced heart rate variability 
(HRV), impaired Valsalva ratio, and postural hypotension 
indicate substantial cardiovascular risks associated with 
diabetic autonomic neuropathy. These results stress 
the importance of integrating autonomic function 
assessments into routine diabetic foot care protocols to 
mitigate cardiovascular complications and enhance patient 
outcomes.6,14

Socio-Economic and Genetic Factors 
The study identifies socio-economic factors such as 
education, employment status, and family structure 
as influential in disease management and outcomes. 
Additionally, the high prevalence of familial history of 
diabetes suggests a genetic predisposition to T2DM, 
emphasising the necessity for personalised approaches in 
diabetes management to address genetic susceptibilities.8,9

Recommendations
Early Screening and Intervention 

Healthcare providers should prioritise early screening 
for neuropathy using validated tools like the MNSI and 
implement aggressive treatment strategies to prevent the 
progression of DFU to severe stages. Regular monitoring of 
autonomic function through tests such as HRV and Valsalva 
ratio should be standard practice in diabetic care to mitigate 
cardiovascular risks linked with autonomic dysfunction.22

Patient Education and Support 
Recognising the impact of socio-economic factors on 
disease outcomes, healthcare teams should develop 
tailored education and support programs based on patients’ 
educational and employment backgrounds. Strengthening 
patient understanding of diabetes management and 
cultivating family support systems can enhance treatment 
adherence and reduce the incidence of complications such 
as DFU.23,24

Multidisciplinary Approach 
Collaboration among podiatrists, endocrinologists, nurses, 
and psychologists is essential for comprehensive diabetic 
foot care. A multidisciplinary approach facilitates early 
detection, timely intervention, and holistic management 
of DFU, thereby optimising patient outcomes and 
alleviating healthcare burdens associated with diabetic 
complications.25,26

Limitations
Cross-Sectional Design 

The study’s cross-sectional design limits the ability to 
establish causal relationships among clinical variables 
observed. Future longitudinal studies are necessary to 
determine temporal associations and validate the predictive 
value of neuropathy severity and autonomic dysfunction 
in the progression of DFU.

Sample Size and Generalisability 
The size and demographic characteristics of the study 
cohort may restrict the generalisability of findings to 
broader populations. Future research should include larger 
and more diverse samples to enhance the external validity 
of results and account for potential confounding factors.
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Measurement Tools 
Despite the utilisation of validated tools such as the MNSI 
and autonomic function tests, variations in measurement 
techniques and inter-rater reliability could introduce biases. 
Standardising assessment protocols across multiple centres 
would enhance the comparability and reliability of results.

Data Collection Challenges 
Variability in patient-reported outcomes and clinical 
data collection methodologies may introduce biases or 
result in missing data. Robust data collection protocols 
and stringent quality assurance measures are essential to 
mitigate these limitations and ensure the integrity of data 
for comprehensive analysis and interpretation.

Conclusion
This study provides comprehensive insights into the 
baseline characteristics, neuropathy assessment, autonomic 
function, and their correlations in T2DM patients with 
DFU. The findings underscore the multifaceted nature 
of diabetic complications, emphasising the roles of age, 
disease duration, genetic predisposition, socio-economic 
factors, and autonomic dysfunction in influencing the 
severity of DFU and neuropathy. These insights are crucial 
for developing targeted interventions aimed at mitigating 
complications, improving patient outcomes, and optimising 
management strategies for diabetic foot ulcers. Future 
research should focus on longitudinal studies to further 
elucidate these relationships and enhance therapeutic 
approaches in diabetic foot care.

Acknowledgements
I would like to acknowledge the management, colleagues, 
and participants for their entire support and cooperation 
in the completion of this study.

Source of Funding: None

Conflict of Interest: None

References
1. Armstrong DG, Boulton AJ, Bus SA. Diabetic foot ulcers 

and their recurrence. N Engl J Med. 2017;376(24):2367-
75. [PubMed] [Google Scholar]

2. Ministry of Health and Family Welfare, Government 
of India. National Health Policy. Government of India; 
2017. 

3. Boulton AJ, Armstrong DG, Albert SF, Frykberg RG, 
Hellman R, Kirkman MS, Lavery LA, Lemaster JW, Mills 
Sr JL, Mueller MJ, Sheehan P, Wukich DK; American 
Diabetes Association; American Association of Clinical 
Endocrinologists. Comprehensive foot examination 
and risk assessment: a report of the Task Force of the 
Foot Care Interest Group of the American Diabetes 
Association, with endorsement by the American 

Association of Clinical Endocrinologists. Diabetes Care. 
2008;31(8):1679-85. [PubMed] [Google Scholar]

4. Jeffcoate WJ, Harding KG. Diabetic foot ulcers. Lancet. 
2003;361(9368):1545-51. [PubMed] [Google Scholar]

5. International Diabetes Federation. IDF Diabetes Atlas. 
9th ed. Brussels, Belgium: International Diabetes 
Federation; 2019. p. 34-5.

6. Singh N, Armstrong DG, Lipsky BA. Preventing foot ulcers 
in patients with diabetes. JAMA. 2005;293(2):217-28. 
[PubMed] [Google Scholar]

7. Centers for Disease Control and Prevention. National 
Diabetes Statistics Report, 2020. Atlanta, GA: Centers 
for Disease Control and Prevention; 2020.

8. Vinik AI, Maser RE, Ziegler D. Autonomic imbalance: 
prophet of doom or scope for hope? Diabet Med. 
2003;20(6):368-81. [Google Scholar]

9. American Diabetes Association. 2. Classification and 
diagnosis of diabetes: standards of medical care in 
diabetes-2021. Diabetes Care. 2021 Jan;44(Suppl 
1):S15-33. [PubMed] [Google Scholar]

10. Apelqvist J, Larsson J. What is the most effective way 
to reduce incidence of amputation in the diabetic 
foot? Diabetes Metab Res Rev. 2000;16(S1):S75-83. 
[PubMed] [Google Scholar]

11. Frykberg RG, Armstrong DG, Giurini J, Edwards A, 
Kravette M, Kravitz S, Ross C, Stavosky J, Stuck R, 
Vanore J; American College of Foot and Ankle Surgeons. 
Diabetic foot disorders: a clinical practice guideline. 
American College of Foot and Ankle Surgeons. J Foot 
Ankle Surg. 2000;39(5 Suppl):S1-60. [PubMed] 

12. Lavery LA, Armstrong DG, Wunderlich RP, Mohler 
MJ, Wendel CS, Lipsky BA. Risk factors for foot 
infections in individuals with diabetes. Diabetes Care. 
2006;29(6):1288-93. [PubMed] [Google Scholar]

13. Mayfield JA, Reiber GE, Sanders LJ, Janisse D, Pogach 
LM; American Diabetes Association. Preventive foot 
care in diabetes. Diabetes Care. 2004;27 Suppl 1:S63-4. 
[PubMed] [Google Scholar]

14. Mueller MJ, Sinacore DR, Hastings MK, Strube MJ, 
Johnson JE. Effect of Achilles tendon lengthening on 
neuropathic plantar ulcers: a randomized clinical trial. 
J Bone Joint Surg Am. 2003;85(8):1436-45. [PubMed] 
[Google Scholar]

15. Pecoraro RE, Reiber GE, Burgess EM. Pathways to 
diabetic limb amputation: basis for prevention. 
Diabetes Care. 1990;13(5):513-21. [PubMed] [Google 
Scholar]

16. Prompers L, Schaper N, Apelqvist J, Edmonds M, Jude 
E, Mauricio D, Uccioli L, Urbancic V, Bakker K, Holstei 
P, Jirkovska A, Piaggesi A, Ragnarson-Tennvall G, Reike 
H, Spraul M, Van Acker K, Van Baal J, Van Merode 
F, Ferreira I, Huijberts M. Prediction of outcome in 
individuals with diabetic foot ulcers: focus on the 

https://pubmed.ncbi.nlm.nih.gov/28614678/
https://scholar.google.com/scholar?q=Armstrong,+D.+G.,+Boulton,+A.+J.+M.,+Bus,+S.+A.+(2017).+Diabetic+foot+ulcers+and+their+recurrence&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/18663232/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Boulton+AJ%2C+Armstrong+DG%2C+Albert+SF%2C+et+al.+%282008%29.+Comprehensive+foot+examination+and+risk+assessment%3A+a+report+of+the+Task+Force+of+the+Foot+Care+Interest+Group+of+the+American+Diabetes+Association%2C+with+endorsement+by+the+American+Association+of+Clinical+Endocrinologists&btnG=
https://pubmed.ncbi.nlm.nih.gov/12737879/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jeffcoate+WJ%2C+Harding+KG.+%282003%29.+Diabetic+foot+ulcers&btnG=
https://pubmed.ncbi.nlm.nih.gov/15644549/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Singh+N%2C+Armstrong+DG%2C+Lipsky+BA.+%282017%29.+Preventing+foot+ulcers+in+patients+with+diabetes&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vinik+AI%2C+Maser+RE%2C+Ziegler+D.+%282003%29.+Autonomic+imbalance%3A+prophet+of+doom+or+scope+for+hope%3F+&btnG=
https://pubmed.ncbi.nlm.nih.gov/33298413/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.2337%2Fdc21-S002&btnG=
https://pubmed.ncbi.nlm.nih.gov/11054894/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Apelqvist+J%2C+Larsson+J.+%282000%29.+What+is+the+most+effective+way+to+reduce+incidence+of+amputation+in+the+diabetic+foot%3F+&btnG=
https://pubmed.ncbi.nlm.nih.gov/11280471/
https://pubmed.ncbi.nlm.nih.gov/16732010/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lavery+LA%2C+Armstrong+DG%2C+Wunderlich+RP%2C+.+%282006%29.+Risk+factors+for+foot+infections+in+individuals+with+diabetes&btnG=
https://pubmed.ncbi.nlm.nih.gov/14693928/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mayfield%2C+J.+A.%2C+Reiber%2C+G.+E.%2C+Sanders%2C+L.+J.%2C+et+al.+%281995%29.+Preventive+foot+care+in+diabetes&btnG=
https://pubmed.ncbi.nlm.nih.gov/12925622/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mueller%2C+M.+J.%2C+Sinacore%2C+D.+R.%2C+Hastings%2C+M.+K.%2C+et+al.+%282003%29.+Effect+of+Achilles+tendon+lengthening+on+neuropathic+plantar+ulcers%3A+a+randomized+clinical+trial&btnG=
https://pubmed.ncbi.nlm.nih.gov/2351029/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pecoraro%2C+R.+E.%2C+Reiber%2C+G.+E.%2C+Burgess%2C+E.+M.+%281990%29.+Pathways+to+diabetic+limb+amputation%3A+basis+for+prevention&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pecoraro%2C+R.+E.%2C+Reiber%2C+G.+E.%2C+Burgess%2C+E.+M.+%281990%29.+Pathways+to+diabetic+limb+amputation%3A+basis+for+prevention&btnG=


102
Naganandini R 
Chettinad Health City Med. J. 2024; 13(4)

ISSN: 2278-2044 
DOI: https://doi.org/10.24321/2278.2044.202465

differences between individuals with and without 
peripheral arterial disease. The EURODIALE Study. 
Diabetologia. 2008;51(5):747-55. [PubMed] [Google 
Scholar]

17. Reiber GE, Vileikyte L, Boyko EJ, del Aguila M, Smith 
DG, Lavery LA, Boulton AJ. Causal pathways for incident 
lower-extremity ulcers in patients with diabetes from 
two settings. Diabetes Care. 1999;22(1):157-62. 
[PubMed] [Google Scholar]

18. Reiber GE. The epidemiology of diabetic foot problems. 
Diabet Med. 1996;13(S1):S6-11. [PubMed] [Google 
Scholar]

19. Schaper NC, Apelqvist J, Bakker K. The international 
consensus and practical guidelines on the management 
and prevention of the diabetic foot. Curr Diab Rep. 
2003;3(6):475-9. [PubMed] [Google Scholar]

20. Sheehan P, Jones P, Caselli A, Giurini JM, Veves A. 
Percent change in wound area of diabetic foot ulcers 
over a 4-week period is a robust predictor of complete 
healing in a 12-week prospective trial. Diabetes Care. 
2003;26(6):1879-82. [PubMed] [Google Scholar]

21. Smith DG, Boone DA, Taylor KB. The effects of ankle 
position on the diagnosis of peripheral arterial disease 
in diabetic patients. J Bone Joint Surg. 1997;79(3):400-1. 

22. Tentolouris N, Al-Sabbagh S, Walker MG, Boulton 
AJ, Jude EB. Mortality in diabetic and nondiabetic 
patients after amputations performed from 1990 to 
1995: a 5-year follow-up study. Diabetes Care. 2004 
Jul;27(7):1598-604. [PubMed] [Google Scholar]

23. Vileikyte L, Rubin RR, Leventhal H. Psychological 
aspects of diabetic neuropathic foot complications: 
an overview. Diabetes Metab Res Rev. 2004 May-
Jun;20(Suppl 1):S13-8. [PubMed] [Google Scholar]

24. Zgonis T, Stapleton JJ, Girard-Powell VA, Hagino RT. 
Surgical management of diabetic foot infections 
and amputations. AORN J. 2008 May;87(5):935-46. 
[PubMed] [Google Scholar]

25. Ziegler D, Rathmann W, Dickhaus T, Meisinger C, Mielck 
A; KORA Study Group. Prevalence of polyneuropathy 
in pre-diabetes and diabetes is associated with 
abdominal obesity and macroangiopathy: the MONICA/
KORA Augsburg Surveys S2 and S3. Diabetes Care. 
2008;31(3):464-9. [PubMed] [Google Scholar]

26. Chen L, Magliano DJ, Zimmet PZ. The worldwide 
epidemiology of type 2 diabetes mellitus—present and 
future perspectives. Nat Rev Endocrinol. 2012;8(4):228-
36. [PubMed] [Google Scholar]

https://pubmed.ncbi.nlm.nih.gov/18297261/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prompers+L%2C+Schaper+N%2C+Apelqvist+J%2C+et+al.+%282007%29.+Prediction+of+outcome+in+individuals+with+diabetic+foot+ulcers%3A+focus+on+the+differences+between+individuals+with+and+without+peripheral+arterial+disease.+The+EURODIALE+Study&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prompers+L%2C+Schaper+N%2C+Apelqvist+J%2C+et+al.+%282007%29.+Prediction+of+outcome+in+individuals+with+diabetic+foot+ulcers%3A+focus+on+the+differences+between+individuals+with+and+without+peripheral+arterial+disease.+The+EURODIALE+Study&btnG=
https://pubmed.ncbi.nlm.nih.gov/10333919/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reiber+GE%2C+Vileikyte+L%2C+Boyko+EJ%2C+et+al.+%281999%29.+Causal+pathways+for+incident+lower-extremity+ulcers+in+patients+with+diabetes+from+two+settings&btnG=
https://pubmed.ncbi.nlm.nih.gov/8741821/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reiber+GE.+%282001%29.+The+epidemiology+of+diabetic+foot+problems&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reiber+GE.+%282001%29.+The+epidemiology+of+diabetic+foot+problems&btnG=
https://pubmed.ncbi.nlm.nih.gov/14611743/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Schaper+NC%2C+Apelqvist+J%2C+Bakker+K.+%282003%29.+The+international+consensus+and+practical+guidelines+on+the+management+and+prevention+of+the+diabetic+foot&btnG=
https://pubmed.ncbi.nlm.nih.gov/12766127/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sheehan+P%2C+Jones+P%2C+Giurini+JM%2C+et+al.+%282003%29.+Percent+change+in+wound+area+of+diabetic+foot+ulcers+over+a+4-week+period+is+a+robust+predictor+of+complete+healing+in+a+12-week+prospective+trial&btnG=
https://pubmed.ncbi.nlm.nih.gov/15220234/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Tentolouris+N%2C+Al-Sabbagh+S%2C+Walker+MG%2C+et+al.+Mortality+in+diabetic+and+nondiabetic+patients+after+amputations+performed+from+1990+to+1995%3A+a+5-year+follow-up+study&btnG=
https://pubmed.ncbi.nlm.nih.gov/15150807/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vileikyte+L%2C+Rubin+RR%2C+Leventhal+H.+Psychological+aspects+of+diabetic+neuropathic+foot+complications%3A+an+overview&btnG=
https://pubmed.ncbi.nlm.nih.gov/18512303/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zgonis+T%2C+Stapleton+JJ%2C+Girard-Powell+VA%2C+et+al.+Surgical+management+of+diabetic+foot+infections+and+amputations&btnG=
https://pubmed.ncbi.nlm.nih.gov/18039804/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ziegler%2C+D.%2C+Rathmann%2C+W.%2C+Dickhaus%2C+T.%2C+et+al.+%281999%29.+Prevalence+of+polyneuropathy+in+pre-diabetes+and+diabetes+is+associated+with+abdominal+obesity+and+macroangiopathy%3A+the+MONICA%2FKORA+Augsburg+Surveys+S2+and+S3&btnG=
https://pubmed.ncbi.nlm.nih.gov/22064493/
https://www.nature.com/articles/nrendo.2011.183

