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Objective. Diabetic peripheral neuropathy (DPN) is a common complication of type 2 diabetes
mellitus (T2DM) that substantially impairs quality of life. This study aimed to assess the relation-
ship between metabolic parameters and DPN severity in T2DM patients.

Methods. A prospective observational study was conducted at PSG Institute of Medical Sci-
ences and Research (Peelamedu, Coimbatore, India) from August 2023 to August 2024, enrolling
90 adults with T2DM on oral hypoglycemic agents after ethical approval and informed consent.
Blood samples were analyzed for fasting glucose, HbAlc, lipid profile, and plasma insulin. The
LDL/HDL ratio and HOMA-IR were calculated to evaluate metabolic status. DPN severity was
measured using a biothesiometer.

Results. The higher HbAlc levels significantly correlated with increased neuropathy severity
(severe: 12.1+1.3% vs. mild: 8.4+2.0%; p=0.002). LDL/HDL ratio was elevated in patients with se-
vere DPN (3.6+1.8) compared to mild DPN cases (2.5+1.0), but this difference was not significant
(p=0.12). Severe DPN cases also showed higher HOMA-IR (10.2+2.8) suggesting a possible link to
insulin resistance though not statistically significant (p=0.23).

Conclusion. HbA1c strongly associates with DPN severity, while LDL/HDL ratio and HOMA-
IR showed no significant correlation. Further research is needed to clarify these metabolic relation-
ships and their clinical relevance.
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insulin resistance

According to the International Diabetes
Federation (IDF) Diabetes Atlas 11th Edition (2025),
the prevalence of diabetes (in adults aged 20-79 years)
in 2024 was 11.1% (588.7 million people) and it is
projected to be 13% by 2025. The mortality attributed
to diabetes is about 3.4 million as until 2024. The total
health expenditure due to diabetes mellitus (DM)
stands at around 1 trillion US Dollars (IDF Diabetes
Atlas 2025).

Diabetes mellitus is one of the most prevalent
metabolic illnesses worldwide with diabetic
peripheral neuropathy (DPN) as its most frequent
consequence. DPN is a microvascular consequence

of DM that results in irreversible anatomical and
functional alterations in the nerves due to demyelin-
ation, axonal atrophy, and diminished regeneration
(Uslu and Yilmaz 2025). A report by the International
Diabetes Federation in 2021 characterizes diabetes
as a rapidly expanding global pandemic of the 21st
century, projecting an increase in prevalence from
10.5% (536.6 million individuals) in 2021 to 12.2%
(783.2 million individuals) by 2045 (Atmaca et al.
2024).

Among the consequences of DM, neuropathy
results in the highest morbidity and significantly
diminishes the patient’s quality of life if inadequately
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controlled. DPN may manifest asymptomatically
and remain undiscovered or it may present with
gradually progressing signs and symptoms
potentially leading to severe problems. Moreover,
DPN is linked to gait irregularities and worse
balance, which can lead to impairment and diminish
the patient’s quality of life (Dhillon et al. 2023). The
pathophysiology is intricate, mostly associated with
the activation of the polyol pathway, oxidative stress,
chronic low-grade inflammation, immune system
impairment, excessive glycosylation of neural tissue,
and deficiency of neurotrophic factors (Sun et al.
2022; Ma 2023).

Insulin resistance quantified by Homeostatic
Model Assessment of Insulin Resistance (HOMA-IR)
intensifies neuropathy by various mechanisms.
Hyperinsulinemia diminishes neurotrophic factors
such as nerve growth factor (NGF) and insulin-like
growth factor-1 (IGF-1) hindering axonal regen-
eration. Furthermore, insulin resistance impairs
microvascular function by diminishing nitric
oxide (NO) bioavailability resulting in persistent
neuronal hypoxia. Clinically, each 1-unit increment
in HOMA-IR is associated with a 56% increased
probability of DPN in obese diabetic patients.
Individuals with prediabetes exhibiting HOMA-IR
values exceeding 2.8 demonstrate a 43% prevalence of
neuropathy in contrast to 18% among insulin-sensi-
tive individuals indicating that metabolic dysregula-
tion predates overt diabetes in contributing to nerve
injury (Han et al. 2015; Singh et al. 2019; Gonzalez-
Gonzalez et al. 2022; Mehta et al. 2024).

Lipid  abnormalities, especially = modified
low-density lipoprotein/high-density lipoprotein
(LDL/HDL) ratios, have become significant indicators
of microvascular problems. This ratio integrates both
atherogenic (LDL) and protective (HDL) elements
offering a comprehensive perspective on cardiovas-
cular and neurological risk in contrast to standalone
lipid measures. Increased LDL/HDL ratios are
associated with endothelial dysfunction in the vasa
nervorum leading to diminished nerve perfusion and
facilitating ischemia. The anti-inflammatory effects of
HDL encompassing its function in reverse cholesterol
transport and the suppression of LDL oxidation are
essential for preserving brain health (Sun et al. 2022).

The combined effect of dyslipidemia and insulin
resistance markedly increases the risk of neuropathy.
The effect of lipid-lowering medications on the course
of neuropathy, independent of diabetic management,
remains inadequately investigated. The present
therapy is predominantly glucocentric, frequently
neglecting the dysmetabolic origins of nerve injury.

However, there is a lack of evidence on the effect of
LDL/HDL ratio and HOMA-IR on DPN severity.

The present study was conducted to examine the
individual and combined effects of the LDL/HDL
ratio and HOMA-IR on the severity of neuropathy.
This study aimed to assess the correlation between
the LDL/HDL ratio, insulin resistance (measured by
HOMA-IR), and the severity of peripheral neuropathy
in a diabetic cohort.

Subjects and Methods

Subjects. The present study was a prospective
observational study, which was conducted among
patients with type 2 diabetes mellitus (T2DM)
who attended the outpatient department of the
Department of General Medicine of the PSG Institute
of Medical Sciences and Research (Peelamedu,
Coimbatore, India) or were admitted to the hospital
between August 2023 and August 2024. The study
was conducted after obtaining clearance from the
Institutional Human Ethics Committee (IHEC) with
reference number PSG/THEC/2023/Appr/Exp/FB/041
as well as informed consent from the participants.

Patients aged >18 years diagnosed with T2DM and
on oral hypoglycemic agents for glycemic control
were included in the present study. Patients on insulin
therapy and diagnosed with type 1 diabetes mellitus
(T1DM) were excluded from the present study.

A consecutive sampling technique was
employed, wherein all eligible patients attending
the PSG Institute of Medical Sciences and Research
(Peelamedu, Coimbatore, India) during the study
period were approached for inclusion in the study
until the required sample size was achieved. The
participants were included after they satisfied both
the inclusion and exclusion criteria.

Ethical approval. The study was conducted after
obtaining clearance from the IHEC with reference
number PSG/THEC/2023/Appr/Exp/FB/041 as well
as informed consent from the participants.

Sample size estimation. The sample size was
calculated based on the prevalence of diabetes in
India, which is approximately 9% as per the National
Noncommunicable Disease Monitoring Survey
(NNMS). The sample size was calculated using the
formula n=4pq/d2 where p=9%, q=100-p=91%,
d=absolute precision=7%. The initial calculated
sample size was 67. Anticipating a 20% non-response
rate and 10% loss to follow-up, the required sample
size was calculated to be 88 participants. Finally,
the data was collected from a total of 90 study
participants.
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Procedure. Participants underwent blood sample
collection for fasting plasma glucose, glycated
hemoglobin (HbAI1C), lipid profile, and plasma
insulin levels. The LDL/HDL ratio was derived from
the lipid profile, and HOMA-IR was calculated to
assess insulin resistance. The severity of DPN was
graded using a biothesiometer, which measures the
vibration perception threshold (VPT) on the patient’s
foot. Data were collected using a structured data sheet
that included demographic details, clinical history,
and laboratory results. The HOMA-IR was calculated
using the following formula: (fasting insulin (mU/L)
x fasting glucose (mg/dL))/405.

Statistical analysis. The collected data were
entered into Microsoft Excel for initial tabulation.
Data were analyzed using SPSS software version 24.0.
Categorical variables are presented in a frequency
table and continuous variables are presented as
Mean * SD or Median (Min, Max). For continuous
variables, the normality of data was assessed using
the Kolmogorov-Smirnov test, then independent
t-test or Mann-Whitney U test were used to assess a
significance between two groups. For more than two
groups, the one-way analysis of variance (ANOVA)
or Kruskal-Wallis test were used to assess a signifi-
cance between the groups. For categorical variables,
Pearson’s chi-square test verified the relationship
between the characteristics in two groups. When this
test did not meet its requirements (n>20, all expected
values in the table are greater than 1 and at least
80% of these are greater than or equal to 5), we used
Fisher’s exact test. The p<0.05 was considered statisti-
cally significant.

Results

The study population had a mean age of 57.2+11.8
years with a slight male predominance (53.3%).
Duration of diabetes varied with 52.2% having DM
for <5 years and 47.8% for more than 5 years. The
mean fasting blood sugar (FBS) was 161.3£62.5 mg/
dL and the postprandial blood sugar (PPBS) was
222.4+85.2 mg/dL suggesting poor glycemic control.
HbA1lc levels averaged 8.4+2.0% reinforcing chronic
hyperglycemia and suboptimal disease management.
Lipid profiles indicated a mean total cholesterol of
161.4+47.2 mg/dL, triglycerides at 153.9+81.5 mg/dL,
and an LDL/HDL ratio of 3.0£1.3. The HOMA-IR
index (8.6+6.4) reflected significant insulin resistance
(Table 1).

The highest proportion of patients (29%) had
diabetes for 2-5 years followed closely by those with
a 6-10-year history (27%) (Figure 1). Peripheral

Table 1
Demographic characteristics of the study sample
Variables Sub-category 2:;:;]:: ((:,2)
Age (years) Mean + SD 57.2+11.8
Gender Male 48 (53.3%)
Female 42 (46.7%)
Comorbidities
Diabetes duration 0-5 Years 47 (52.2%)
>5 Years 43 (47.8%)
Other comorbidities No 29 (32.2%)
Yes 61 (67.8%)
Smoker No 72 (80.0%)
Yes 18 (20.0%)
Alcoholic No 72 (80.0%)
Yes 18 (20.0%)
FBS (mg/dL) Mean + SD 161.3 + 62.5
PPBS (mg/dL) Mean + SD 2224+ 85.2
HbA1C (%) Mean + SD 8.4+2.0
Total cholesterol (mg/dL) Mean + SD 161.4 +47.2
Triglycerides (mg/dL) Mean + SD 153.9 + 81.5
LDL/HDL ratio Mean + SD 30+1.3
HOMA-IR Mean + SD 8.6 6.4
Severity of peripheral Normal 6 (6.7%)
neuropathy Mild 55 (61.1%)
Moderate 24 (26.7%)
Sever 5 (5.6%)

Abbreviations: FBS - fasting blood sugar; HDL - high-density
lipoprotein; HOMA-IR - Homeostatic Model Assessment of
Insulin Resistance; LDL - low-density lipoprotein; PPBS -
postprandial blood sugar.
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Figure 1. Duration of the diabetes and patient outcomes of the
study sample.

neuropathy severity varied with mild cases being the
most prevalent (61.1%) followed by moderate (26.7%)
and severe neuropathy (5.6%), while 6.7% had no
neuropathy (Figure 2).
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Among the 90 diabetic patients, mild neuropathy
was more common in females (71.4%) than males
(52.1%), whereas moderate (33.3%) and severe (8.3%)
neuropathy was more prevalent in males. The results
indicate that males had a higher proportion of
moderate and severe neuropathy, but the association
was not statistically significant (p=0.214) (Table 2).
Patients with diabetes for more than 5 years had
higher rates of moderate (32.6%) and severe (9.3%)
neuropathy than those with diabetes for 0-5 years
(21.3% moderate, 2.1% severe). Mild neuropathy
was more frequent in patients with shorter diabetes

. Normal Moderate

. Mild - Severe

Figure 2. Patients’ outcomes severity of peripheral neuropathy
of the study sample.

duration (70.2%). Although there was a trend of
worsening neuropathy with prolonged diabetes
duration, the association was not statistically
significant (p=0.216) (Table 2). Patients with other
comorbidities had a higher proportion of moderate
neuropathy (31.1%) compared to those without
(17.2%), but the association was not statistically
significant (p=0.471). Smokers and alcohol users had
higher rates of mild neuropathy (72.2% and 66.7%,
respectively) though severe cases remained relatively
low (5.6%). No statistically significant association
was found between neuropathy severity and smoking
(p=0.738) or alcohol consumption (p=0.892)
(Table 2).

The mean age across all groups was similar with
no significant difference (p=0.94) indicating that age
alone may not be a determining factor for neuropathy
progression. FBS was significantly higher in the severe
neuropathy group (218.4+77.0mg/dL) compared to
milder cases (p=0.03) suggesting that poor fasting
glucose control may contribute to neuropathy
progression. PPBS was also highest in the severe
group (348.2£106.2 mg/dL) indicating worsening
neuropathy with poor post-meal glucose regulation
(p=0.05) (Table 3). HbAlc levels were significantly
elevated in severe cases (12.1+1.3%) highlighting
chronic hyperglycemia as a major risk factor for
advanced neuropathy (p=0.002). Total cholesterol,
triglycerides, and LDL/HDL ratio did not show
statistically significant associations with neuropathy

Table 2
Association between severity of peripheral neuropathy and demographic factors used in this study

Severity of peripheral neuropathy

Variables Categories p-value
Normal Mild Moderate Severe

Gender Male 3 (6.3%) 25 (52.1%) 16 (33.3%) 4 (8.3%) 0.214
Female 3(7.2%) 30 (71.4%) 8 (19.0%) 1 (2.4%)

Diabetes duration 0-5 Year 3 (6.4%) 33 (70.2%) 10 (21.3%) 1(2.1%) 0.216
>5 Year 3 (7.0%) 22 (51.2%) 14 (32.6%) 4(9.3%)

Other comorbidities No 3(10.3%) 19 (65.5%) 5(17.2%) 2 (6.9%) 0.471
Yes 3 (4.9%) 36 (59.0%) 19 (31.1%) 3 (4.9%)

Smoker No 5(6.9%) 42 (58.3%) 21 (29.2%) 4 (5.6%) 0.738
Yes 1 (5.6%) 13 (72.2%) 3 (16.7%) 1 (5.6%)

Alcoholic No 5(6.9%) 43 (59.7%) 19 (26.4%) 5(6.9%) 0.892
Yes 1 (5.6%) 12 (66.7%) 5 (27.8%) -

Data are presented as number (%) and were statistically analyzed by Fisher’s exact test; # indicates statistical significance.
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severity (p>0.05). However, patients with severe
neuropathy had higher LDL/HDL ratios (3.6£1.8).
HOMA-IR values were highest in severe neuropathy
cases (10.2+2.8) indicating a strong association
between insulin resistance and neuropathy
progression although not statistically significant
(p=0.23) (Table 3).

Table 4 provides the results of multinomial logistic
regression analysis examining predictors of peripheral
neuropathy severity. Since the “severe” category had
insufficient observations, results for that category are
not available. All variables did not show significant
associations (p<0.05), meaning none of the predictors
have a confirmed strong association with mild or

Table 3

Effect between metabolic parameters with severity of peripheral neuropathy used in this study

Severity of peripheral neuropathy

Parameter

Normal Mild Moderate Severe
Age (years)
Mean+SD 57.0+£10.8 56.7+12.2 58.8+12.2 55.2+5.9
Median (Min, Max) 54.0 (44, 76) 57.0 (28, 83) 57.0 (41, 94) 57.0 (48, 61)

value = 0.384; p-value = 0.94**

FBS (mg/dL)
Mean+SD 146.2+39.7 158.3+61.8 151.4+50.5 218.4£77.0

Median (Min, Max)

PPBS (mg/dL)
Mean+SD
Median (Min, Max)

141.5 (90, 203)

221.0+76.3
251.0 (99, 291)

144.0 (77, 369) 138.0 (94, 283)
value = 8.74; p-value = 0.03**#

212.9480.6 218.4+77.0
197.0 (86, 479) 195.0 (129, 401)
value = 7.75; p-value = 0.05**#

HbAIC (%)

Mean+SD 8.0£1.5 8.0£1.6 8.81£2.1

Median (Min, Max) 8.1 (6.0, 9.6) 7.7 (4.9, 12.6) 8.3 (5.5, 13.6)
value = 14.61; p-value = 0.002**#

TC (mg/dL)

Mean+SD 169.7£55.2 158.8+40.5 158.9+£54.8

Median (Min, Max)

TGs (mg/dL)
Mean+SD
Median (Min, Max)

160.0 (107, 234)

145.2+75.4
130.0 (67, 279)

156.0 (98, 271) 159.0 (85, 282)
value = 2.27; p-value = 0.519**

150.9+80.3 157.2+90.5
130.0 (66, 418) 143.0 (52, 484)
value = 1.77; p-value = 0.622**

LDL/HDL ratio

Mean+SD 2.9+1.2 2.8+1.2 3.1£1.5

Median (Min, Max) 3.1(1.1,42) 2.8 (1.0,7.5) 3.1(0.5, 5.9)
value = 1.47; p-value = 0.689**

HOMA-IR

Mean+SD 12.6+£10.4 8.0£6.5 8.5£5.6

Median (Min, Max) 9.4 (3.6, 28.8) 6.3 (0.7, 31.0) 8.7 (0.8, 27.9)

value = 4.21; p-value = 0.239**

195.0 (129, 401)

348.2+106.2
300.0 (232, 483)

12.1+1.3
12.0 (10.5, 13.9)

191.6+71.2
209.0 (76, 261)

182.0+£71.3
200.0 (73, 260)

3.6t1.8
4.5 (1.0, 5.1)

10.22.8
9.0 (7.3, 14.3)

Abbreviations: FBS - fasting blood sugar; HDL - high-density lipoprotein; HOMA-IR - Homeostatic Model Assessment of Insulin
Resistance; LDL - low-density lipoprotein; PPBS - postprandial blood sugar; TC - total cholesterol; TGs - triglycerides. Data were
statistically analyzed by *one-way ANOVA or **Kruskal-Wallis H Test; #indicates statistically significant differences at p<0.05.
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moderate peripheral neuropathy. HbA1C [1.10 (0.41,
2.94 for mild and 2.33 (0.81, 6.69) for moderate] and
LDL/HDL ratio [0.97 (0.28, 3.39) for mild and 2.54
(0.67, 9.66) for moderate] showed potential trends
toward significance suggesting that they may play
a role in peripheral neuropathy severity. HOMA-IR
had a protective effect in mild neuropathy, but was
not significant.

Discussion

Diabetic peripheral neuropathy is a condition
characterized by damage to peripheral nerves

leading to symptoms such as pain, numbness, and
paralysis. The etiology of DPN is complex with
chronic hyperglycemia, dyslipidemia, and insulin
resistance playing key roles in its development and
progression (Ma 2023). This study investigates the
relationship between metabolic parameters and the
severity of peripheral neuropathy in diabetic patients.
The findings aim to elucidate the roles of glycemic
control, lipid profiles, and insulin resistance in the
progression of neuropathy.

With a mean age of 57.2+11.8 years and a male
predominance of 53.3% the study cohort conforms
to high-risk diabetic groups due to aging and male

Multinominal logistic regression analysis for predictors ogzgjzr?ty of peripheral neuropathy among the study participants
Variables B p-value OR (95% CI)
Mild peripheral Age -0.008 0.86 0.99 (0.91, 1.09)
neuropathy Gender (female) 1.60 0.22 4.96 (0.38, 64.93)
Duration of diabetes mellitus (0 - 5 years) 0.35 0.74 1.42(0.18, 11.02)
Other comorbidities (No) -0.40 0.71 0.67 (0.08, 5.54)
Smoker (No) -1.12 0.55 0.33 (0.008, 12.90)
Alcoholic (No) -0.81 0.62 0.45 (0.02, 11.38)
FBS 0.03 0.16 1.03 (0.99, 1.07)
PPBS -0.013 0.31 0.99 (0.96, 1.01)
HbAIC 0.097 0.85 1.10 (0.41, 2.94)
Total cholesterol -0.015 0.35 0.99 (0.95, 1.02)
Triglycerides 0.004 0.60 1.004 (0.99, 1.02)
LDL/HDL ratio -0.036 0.96 0.97 (0.28, 3.39)
HOMA-IR -0.14 0.054 0.87 (0.76, 1.003)
Constant 4.70 0.35

Moderate peripheral Age 0.018 0.73 1.018 (0.92, 1.13)

neuropathy Gender (female) -0.99 0.49 0.37 (0.023, 6.00)
Duration of diabetes mellitus (0 - 5 years) -0.78 0.50 0.46 (0.05, 4.31)
Other comorbidities (No) -1.82 0.14 0.16 (0.015, 1.79)
Smoker (No) 1.84 0.39 6.30 (0.099, 399,79)
Alcoholic (No) 0.37 0.83 1.44 (0.05, 43.26)
FBS 0.003 0.90 1.003 (0.96, 1.04)
PPBS -0.009 0.49 0.99 (0.97, 1.02)
HbAIC 0.85 0.12 2.33(0.81, 6.69)
Total cholesterol -0.032 0.09 0.97 (0.93, 1.005)
Triglycerides 0.013 0.13 1.013 (0.99, 1.03)
LDL/HDL ratio 0.93 0.17 2.54 (0.67, 9.66)
HOMA-IR -0.094 0.24 0.91 (0.78, 1.07)
Constant -4.19 0.46

Abbreviations: FBS - fasting blood sugar; HDL - high-density lipoprotein; HOMA-IR - Homeostatic Model Assessment of Insulin
Resistance; LDL - low-density lipoprotein; PPBS - postprandial blood sugar. # indicates statistically significant differences at p<0.05.



NISINTHA, et al. 223

sex being recognized risk factors for DPN due to
cumulative microvascular injury and gender-specific
metabolic variations (Amour et al. 2019). Long-term
diabetes (>5 years in 47.8%) and poor glycemic control
(HbAlc 8.4%+2.0%, FBS 161.3+62.5 mg/dL, PPBS
222.4+85.2 mg/dL) may have accelerated neuropathy
by promoting advanced glycation end-products and
oxidative stress, increasing the odds of DPN by 7.8
times per year (Nisar et al. 2015). Due to impaired
vasa nervorum perfusion and adipokine-mediated
inflammation, comorbidities and lifestyle factors like
smoking and alcohol intake worsen neurovascular
injury (Mokhtarpour et al. 2024).

The study population exhibited mild dyslipid-
emia characterized by a mean total cholesterol of
161.4+47.2 mg/dL, triglycerides at 153.94+81.5mg/dL,
and an elevated LDL/HDL ratio of 3.0+1.3. Dyslipid-
emia is a recognized contributor to DPN as elevated
LDL and triglycerides exacerbate oxidative stress,
inflammation, and lipotoxicity, while reduced HDL
impedes reverse cholesterol transport and anti-
inflammatory mechanisms (Dinh Le et al. 2022;
Ponirakis et al. 2022). The mean HOMA-IR index
of 8.6£6.4 signifies considerable insulin resistance,
which is intricately associated with DPN through
processes such as oxidative stress and cytokine
production (Dinh Le et al. 2022). Insulin resistance
exacerbates dyslipidemia by increasing very
low-density lipoprotein (VLDL) production, hence
exacerbating atherogenic lipid profiles (Dinh Le et al.
2022; Liu et al. 2022; Yu et al. 2024).

This study indicated that mild peripheral
neuropathy was the most common affecting 61.1% of
participants followed by moderate instances at 26.7%
and severe cases at 5.6%, while 6.7% exhibited no
neuropathy. This distribution highlights the persistent
character of DPN, wherein mild symptoms frequently
precede more severe manifestations, consistent with
other research indicating a cumulative increase in
neuropathy severity correlated with the duration of
diabetes (Zhu et al. 2024).

The results demonstrate that mild neuropathy
occurred more frequently in females (71.4%) than
in males (52.1%), although intermediate (33.3%)
and severe neuropathy (8.3%) were more prevalent
in males. Nevertheless, these differences lacked
statistical significance (p=0.214). This corresponds
with other research indicating that although males
may exhibit more severe manifestations of DPN,
gender disparities in neuropathy severity frequently
lack statistical significance (Javed et al. 2014; Abosrea
et al. 2020). Furthermore, patients with diabetes
for over five years demonstrated elevated rates of

moderate (32.6%) and severe neuropathy (9.3%)
relative to those with a shorter duration of diabetes
reinforcing the hypothesis that extended hypergly-
cemia leads to nerve damage. However, this trend
did not achieve statistical significance (p=0.216).
The significant occurrence of mild neuropathy in
individuals with a shorter period of diabetes (70.2%)
indicates early-stage nerve impairment underscoring
the necessity for prompt diagnosis and care to avert
development (Vinik et al. 2006). Lifestyle factors
including smoking and alcohol intake were linked
to increased instances of mild neuropathy, but did
not exhibit significant relationships with severity
(p=0.738 and p=0.892, respectively). These findings
underscore the intricate interactions among gender,
diabetes duration, comorbidities, and lifestyle
factors in the onset of DPN necessitating additional
research to elucidate these connections and enhance
management options.

The study indicates that age did not significantly
affect the course of neuropathy (p=0.94), suggesting
that age alone may not be a decisive factor for DPN.
FBS levels were markedly elevated in the severe
neuropathy group (218.4+77.0 mg/dL) relative to
milder cases (p=0.03) indicating that inadequate
fasting glucose regulation exacerbates neuropathy
severity. PPBS was highest in the severe group
(348.2£106.2 mg/dL) underscoring the contribu-
tion of post-meal hyperglycemia to the exacerbation
of neuropathy (p=0.05). In severe cases, elevated
HbAlc values (12.1+1.3%) underscore chronic hyper-
glycemia as a significant risk factor for progressive
neuropathy (p=0.002). A retrospective analysis
conducted between 2016 and 2021 demonstrated a
significant correlation between HbAlc levels and
hematological parameters, suggesting that effective
glycemic control may prevent or delay neuropathy
in diabetic patients (AlShareef et al. 2024). Similarly,
a prospective cohort study revealed that long-term
glycemic variability, measured by HbAlc coefficient
of variation (CV), is linked to painful DPN with
higher HbA1c-CV tertiles showing increased odds
ratios for neuropathic pain (Su et al. 2018). This
also resonated with the real-world data reported
by Nozawa et al. (2022), who have shown that the
development or progression of DPN in patients with
T2DM was associated with the 3-year mean HbAlc
level in real-world data. Conversely, a 6-year follow up
study by Chang et al. (2024) reported that HbAlc-CV
did not show a significant association with the risk of
painful DPN. While another 10-year follow up study
reported that individuals who developed neuropathy
had significantly higher mean levels of glycemic
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indices (HbAlc, FBS, and PPBS), urinary albumin
excretion, mean creatinine levels, and a longer
duration of diabetes (Firouzabadi et al. 2023).These
findings correspond with previously published data
which states that prolonged hyperglycemia interferes
with nerve-associated metabolic pathways, resulting
in oxidative stress, inflammation, and neuroisch-
emia, which collectively facilitate the evolution of
DPN (Mayeda et al. 2020; Jia et al. 2024; Wang et al.
2024).

While total cholesterol, triglycerides, and LDL/
HDL ratio did not correlate with neuropathy
severity (p>0.05) individuals with severe neuropathy
had elevated ratios (3.6+1.8) suggesting vascular
issues affecting nerve health. Despite low statistical
significance (p=0.23), severe neuropathy cases had
elevated HOMA-IR values (10.2+2.8) suggesting
a link between insulin resistance and neuropathy
progression  warranting  additional  research.
Research suggests that dyslipidemia, particularly
high triglycerides, and insulin resistance may cause
and progress DPN (Vincent et al. 2009; Afshinnia et
al. 2022). Although numerous studies have not found
a direct link between all lipid markers and diabetic
neuropathy, increased LDL/HDL ratios may signal
nerve health issues due to vascular malfunction
(Vincentetal. 2009). A prior study found that patients
without DPN had lower LDL-C levels than those
with DPN (p=0.052) (Zhang et al. 2023). Another
study found that lower HDL-C was linked to DPN,
but not LDL-C, total cholesterol, or triglycerides.
After controlling for sex, age, and BMI, the signifi-
cance decreased, although factors like lipid-lowering
drug reduction were excluded (Sanchez-Pozos et al.
2021). In another study, diabetics with neuropathy
had greater HDL-C values than healthy controls and
diabetics without neuropathy. In general, diabetics
without neuropathy had the lowest HDL-C. Although
not statistically significant, diabetics with neuropathy
had greater mean total cholesterol than controls
and those without neuropathy. The diabetic group
without neuropathy had a higher mean LDL-C value
than those with neuropathy and the control group,
but the difference was not significant. All lipid profile
variables were negligible between diabetics with and
without neuropathy (Huma et al. 2021). Although not
statistically significant, severe instances of diabetic
nephropathy had raised HOMA-IR suggesting that
insulin resistance, possibly mediated by oxidative
stress and inflammation, is essential (Afshinnia et al.
2022; Kristensen et al. 2024). Further research should
use larger sample sizes and more complete lipidomic
profiling to identify lipid species that cause nerve

damage in diabetes (Cai et al. 2021; Afshinnia et al.
2022). The multinomial logistic regression analysis
found no significant associations between mild or
moderate peripheral neuropathy and any of the
evaluated predictors (p<0.05) suggesting that factors
like HbA1lc and LDL/HDL ratio may not be a reliable
predictor. HbAlc readings show that prolonged
hyperglycemia may affect neuropathy consistent with
prior findings on the negative effects of high blood
glucose on nerve health (Barbosa et al. 2019). The
higher LDL/HDL ratio in severe neuropathy patients
suggests circulatory issues affecting nerve function,
but more research is needed. Although not statisti-
cally significant (p=0.23), severe neuropathy cases
had higher HOMA-IR values suggesting a protective
effect in mild neuropathy. This finding may be under-
powered due to broad confidence intervals (0.78,
1.07) and should be investigated. Insulin resistance
may play multiple roles in diabetic complications like
neuropathy (Cho et al. 2014; Eid et al. 2023). Wide
confidence intervals in regression results show that
low event counts in the severe neuropathy category
may limit statistical power. Larger cohort studies with
balanced severity distribution are needed. Although
no significant associations were found, the observed
trends suggest deeper inquiry into their potential role
in neuropathy severity.

Despite existing limitations, this study sheds light
on metabolic indicators and DPN severity. The cross-
sectional methodology makes causal inferences about
glycemic management, lipid profiles, and neuropathy
progression difficult and the sample size may limit
generalizability. ~ Self-reported lifestyle factors
including smoking and alcohol intake may be biased
and longitudinal data is needed to evaluate neuropa-
thy’s progression. Subgroup analysis for age, BMI and
comorbidities would have given better clarity. Some
of these studies did not adequately address relevant
confounders like statin or metformin use raising the
likelihood of residual bias. Confounding variable
adjustments are not stated in regression model
results. Despite these limitations, the study’s use of
particular neuropathy evaluation tools improves
reliability and the identification of HbAlc and LDL/
HDL ratio changes as neuropathy severity markers is
clinically noteworthy.

The findings highlight the importance of improving
glycemic control and managing dyslipidemia to
reduce the incidence of severe neuropathy. Prompt
evaluation for neuropathy in persons with prolonged
diabetes duration or insufficient metabolic control is
crucial for preventing complications. Future research
should focus on comprehensive longitudinal studies
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to determine causal relationships and investigate
specific lipid species that may influence neuron
health. Examining lifestyle interventions for glucose
regulation and cholesterol management is crucial for
developing comprehensive solutions to alleviate DPN.

indicating implications for HbAlc and LDL/HDL
ratios. The results emphasize the importance of early
screening of DPN and comprehensive therapeutic
approaches aimed at metabolic factors to prevent
the development of DPN and improve patient

outcomes. Larger prospective studies are required to
establish the predictive value of LDL/HDL ratio and
HOMA-IR.

Conclusion

The present study emphasizes the significant
correlation between glycemic management and the
degree of peripheral neuropathy in diabetic patients
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