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Purpose: This study aimed to examine the correlation between fibrinogen/albumin (FAR) and diabetic peripheral neuropathy (DPN).
Patients and Methods: A total of 342 patients were included and categorized into either the DPN group or the Non-DPN (NDPN)
group based on their DPN status. The FAR index was determined by calculating the ratio of fibrinogen (FIB) to serum albumin (ALB),
multiplied by 100. The participants were then divided into a High-FAR group and a Low-FAR group using the median FAR value as
the threshold. Neurophysiological data were collected from the participants, which included motor conduction velocity (MCV) and
sensory conduction velocity (SCV).

Results: The DPN group displayed higher FAR levels [(DPN vs NDPN:6.72 (5.89,7.74) vs 5.94+1.14], in addition to slower SCV and
MCYV data compared to the NDPN group. The high FAR group had a higher prevalence of DPN (78.9% vs 55.6%) (P<0.05). There
was a negative correlation between FAR and NCV, including bilateral median nerve SCV, left ulnar nerve SCV, bilateral median nerve
MCYV, bilateral common peroneal nerve MCV, bilateral tibial nerve MCV, and left ulnar nerve MCV. FAR was revealed to be an
independent risk factor for the development of DPN in patients and demonstrated a greater predictive value for DPN development in
Type 2 diabetes mellitus (T2DM) compared with FIB, HbAlc.

Conclusion: The results suggest that monitoring FAR levels in patients with T2DM could identify those at higher risk for developing
DPN, making the FAR index a valuable predictor of DPN development. Furthermore, since FAR has an inverse relationship with NCV,
it stands to reason that high FAR levels may indicate nerve damage and slower conduction velocities. Thus, managing FAR could
prove beneficial in both preventing and delaying the onset of DPN in T2DM patients.
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Introduction
Type 2 diabetes mellitus (T2DM) is a chronic disease characterized by high blood glucose levels due to defects in insulin
secretion or action.' Studies show that there are about 130 million people with diabetes in China, and the number of
people with diabetes ranks first in the world.> Diabetic peripheral neuropathy (DPN) is a common complication of
diabetes that can significantly impact the quality of life of patients, and it affects about 50% of people with type 2
diabetes.® A recent study showed that diabetic polyneuropathy affects approximately one in five Danish patients with
recently diagnosed T2DM.* DPN is characterized by a decrease or loss of sensory and/or motor nerve function, which
can lead to disability and other complications.’ Thakore’s study found a significant association between pain in DPN and
an increased risk of vascular events and mortality.® Early detection, diagnosis and treatment of DPN are important for
managing the condition and preventing its progression. It is also essential to control blood glucose levels and manage
other risk factors to prevent the development of DPN in patients with T2DM.

Fibrinogen (FIB) is a protein involved in blood clotting and its levels increase during inflammation, leading to an
increase in blood viscosity.”* Studies have shown that high levels of FIB are associated with complications of diabetes.’
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Albumin (ALB) is a protein that serves as an indicator of the body’s nutritional status, and low levels of albumin can

promote the development of diabetes and its complications.'® The fibrinogen/albumin ratio (FAR) is a new inflammatory

' that has been studied primarily in cardiovascular disease and tumorigenesis.'>'? Studies have found

14

biomarker
a correlation between FAR and diabetic nephropathy, ™ and there is little information on its relationship with DPN.
This is the first article that goes to evaluate the relationship between FAR and DPN. The study aimed to explore
differences in clinical indicators and nerve conduction velocity between T2DM patients with and without DPN. It also
looked for a correlation between FAR and NCV, and evaluated the predictive value of FAR for DPN. The study involved

324 T2DM patients and aimed to provide useful information for the diagnosis and treatment of DPN.

Materials and Methods
The Study Population

This study selected clinical data from 342 cases of T2DM patients who were hospitalized in the Department of
Endocrinology, Hebei General Hospital from September 2021 to August 2022. The patients were divided into DPN
and NDPN groups based on whether they had DPN or not. The FAR index was calculated based on the ALB and FIB
levels and divided into low and high groups using the median as the boundary. The Hebei General Hospital’s ethics
committee gave its approval before the research was conducted in accordance with the Declaration of Helsinki’s criteria.
The study objectives were explained to the patients and they signed informed consent forms. Participants in the study had
to meet the 1999 World Health Organization diagnostic criteria for diabetes mellitus. And the diagnosis of DPN was
based on the 2009 Chinese Clinical Diagnostic and Treatment Guidelines for Diabetic Peripheral Neuropathy: (1) A clear
history of diabetes or a basis for a diagnosis of diabetes; (2) Development of neuropathy at or after diagnosis of diabetes;
(3) Clinical signs and symptoms of limb movement, sensory or autonomic neuropathy; DPN is diagnosed if two or more
of the following five tests are abnormal: Abnormal temperature sensations; Nylon wire examination shows reduced or
absent sensation in the foot; Vibronic abnormalities; Loss of ankle reflex; Slowing of two or more NCV tests. Exclusion
criteria included patients with type 1 diabetes, acute complications of type 2 diabetes, pregnancy, severe hepatic or renal
insufficiency, abnormal thyroid function, malignant tumors, lumbar spine disease, sequelae of cerebrovascular disease,

previous surgery, trauma, or use of drugs affecting nerve conduction.

Clinical Assessment and Biochemical Measurements

Participants filled out a questionnaire about basic information, and their blood pressure, weight and height were measured.
Blood indicators including ALB, Alanine aminotransferase (ALT), Aspartate transaminases (AST), Fasting blood glucose
(FBG), Total cholesterol (TC), Triglycerides (TG), High-density cholesterol (HDL-C), Low-density cholesterol (LDL-C),
Blood urea nitrogen (BUN), Serum creatinine (Scr), Uric acid (UA), Glomerular filtration rate (GFR), and FIB were
collected from overnight fasted subjects and measured by laboratory physicians. Glycosylated hemoglobin (HbAlc) was
measured using high-pressure liquid chromatography in the hospital’s laboratory. Neurologists performed neuroelectrophy-
siological examinations which included measuring the motor nerve conduction velocity of the bilateral median nerve, ulnar
nerve, tibial nerve, and common peroneal nerve. Additionally, they measured the sensory nerve conduction velocities of the

bilateral median nerve, ulnar nerve, superficial peroneal nerve, and sural nerve, and recorded the test results.

Calculation of Parameters

Body Mass Index (BMI)= Body weight (kg)/Hight* (m?)
FAR = FIB(g/L)/ALB(g/L)*100

GFR = 175"Scr(mg/dL)—1.234* Age(Year) "’ (women*0.79)
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Statistical Analysis

The researchers used SPSS 25.0 software to analyze the collected data. They used different statistical tests depending on
the distribution of the data. For continuous data, they either presented the mean and standard deviation or the median
with 25th and 75th percentiles. Categorical data was presented as numbers and percentages. Different statistical tests
were used to compare groups. The relationship between FAR and clinical indicators and nerve conduction velocity was
analyzed using Spearman correlation. Binary logistic regression analysis was applied to explore the correlation between
FAR and DPN. Statistical significance was set at P<0.05 and ROC and AUC were used to calculate the predictive value
of FAR for DPN development in patients with T2DM.

Results

Comparison of Clinical Characteristics Between the NDPN Group and the DPN
Group

This study included a total of 342 patients with T2DM, of which 67.3% (230/342) had DPN. The FAR index was higher in the
DPN group compared to the NDPN group, as shown by Figure 1. The DPN group had higher Diabetic Retina (DR) prevalence,
and patients were older with longer T2DM duration, higher SBP, HbA1c, and FIB, and lower ALB, AST, GFR, TC, and LDL-C

levels compared to the NDPN group (P<0.05). However, there were no significant differences in gender (see Figure 2), smoking,
drinking, DBP, BMI, ALT, FBG, BUN, Scr, UA, TG, or HDL-C levels between the two groups (P>0.05) (see Table 1).

Comparison of NCV in the NDPN Group and the DPN Group

Table 2 shows that patients in the DPN group had slower individual SCV and MCV in various nerves compared to the
NDPN group (p<0.05). This included SCV of bilateral median nerve, superficial peroneal nerve, sural nerve, ulnar nerve,
and MCYV of bilateral median nerve, common peroneal nerve, tibial nerve, and ulnar nerve.

15 All Patients
*

10

FAR

I I
NDPN DPN

Figure | Comparison of FAR index between NDPN group and DPN group.
Note: *Denotes significance at a P value of <0.05.
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Figure 2 Comparisons of DPN morbidity in the men group and women group.
Note: *Denotes significance at a P value of <0.05.

Comparison of Clinical Characteristics of Patients in the Low-FAR and High-FAR

Groups
The High-FAR group had a higher incidence of DR and DPN than the Low-FAR group (P<0.05) (see Figure 3). Patients
in the High-FAR group were older, had longer disease duration, higher SBP, HbAlc, FIB, and FAR levels, had a smaller

Table | Comparison of Indicators Between NDPN and DPN Groups

Variable NDPN (n=112) DPN (n=230) P-value
Men (%) 80 (71.4%) 153 (66.5%) 0.361
Smoking (%) 54 (48.2%) 101 (43.9%) 0.453
Drinking (%) 55 (49.1%) 93 (40.4%) 0.129
DR (%) 25 (22.3%) 83 (36.1%) 0.01*
Age 51 (44,61.75) 60 (51.75,66) <0.001*
DM duration 7 (3,11) 10 (4.75,17) <0.001*
SBP (mmHg) 128.61£15.43 134.75£19.74 0.002*
DBP (mmHg) 82.54+10.88 80.67+11.63 0.155
BMI (kg/m?) 26.7+3.86 25.72 (23.98,27.82) 0.082
ALB (g/L) 42.82+3.59 41.4 (38.57,43.4) <0.001*
ALT (U/L) 21.1 (14.95,32.68) 18.5 (14.1,25) 0.051
(Continued)
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Table | (Continued).
Variable NDPN (n=112) DPN (n=230) P-value
AST (U/L) 19.95 (16.23,26.33) 18.95 (15.4,23.73) 0.046*
FBG (mmol/L) 7.8 (6.25,10.38) 7.95 (6.31,10.84) 0.668
BUN (mmol/L) 5.1 (4.5,5.8) 5.23 (4.4,6.33) 0.158
Scr (mmol/L) 68.22+13.09 66.55 (58.9,75.43) 0.392
UA (mmol/L) 309.8 (254.85,401.83) 298.6 (244.68,360.2) 0.185
GFR (mL/min/1.73m?) 100.69£15.17 97.5 (89.76,104.5) 0.005*
TC (mmol/L) 4.84+1.24 4.47 (3.64,5.1) 0.019*
TG (mmol/L) 1.66 (0.93,2.71) 1.41 (0.99,2.06) 0.11
HDL-C (mmol/L) 1.03 (0.90,1.26) 1.03 (0.88,1.18) 0.393
LDL-C (mmol/L) 3.174£0.92 2.94 (2.39,3.41) 0.039*
HbAIC (%) 7.85 (6.8,9.6) 8.7 (7.3,10.23) 0.001*
FIB (g/L) 2.53+0.45 2.76 (2.42,3.07) <0.001*
FAR 5.94+1.14 6.72 (5.89,7.74) <0.001*

Note: *Denotes significance at a P value of <0.05.

Table 2 Comparison of NCV Between NDPN and DPN Groups
Variable (m/s) NDPN (n=112) DPN (n=230) P-value
Sural SCV (L) 52.2 (49.33,55.98) 48.63+5.94 <0.001*
Sural SCV (R) 52.85+4.95 49.22+6.06 <0.001*
Median SCV (L) 61.5 (56,64.68) 56 (51.45,60) <0.001*
Median SCV (R) 60.03+8.74 55.47+8.85 <0.001*
Ulnar SCV (L) 60.86x6.1 | 55.7 (52.1,60.53) <0.001*
Ulnar SCV (R) 58.25+4.96 55.8 (52,60) <0.001*
Superficial SCV (L) 51.64+5.13 49 (44.18,52.5) <0.001*
Superficial SCV (R) 51.1 (47.03,54.28) 47.75 (43.8,50) <0.001*
Median MCV (L) 57.85%3.99 54.8614.76 <0.001*
Median MCV (R) 58.1 (55.15,60.5) 55.02+4.88 <0.001*
Common peroneal MCV (L) 46.6 (45,48.6) 43.7 (39.9,45.83) <0.001*
Common peroneal MCV (R) 46.95 (45.4,49.8) 43.8 (40.7,46.2) <0.001*
Tibial MCV (L) 45.85 (43.9,48.88) 43.15 (39.7,45.33) <0.001*
Tibial MCV (R) 46.35 (44.43,47.9) 43.3 (39.8,44.93) <0.001*
Ulnar MCV (L) 59.15 (55.6,62.73) 56.45 (53.48,59.7) <0.001*
Ulnar MCV (R) 58.7 (55.3,61.58) 55.35 (52.4,59.33) <0.001*

Note: *Denotes significance at a P value of <0.05.

Abbreviation: L stands for left; R stands for right.
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Figure 3 Comparisons of DPN and DR morbidity in the Low-FAR group and High-FAR group.

Note: *Denotes significance at a P value of <0.05.

proportion of men, and lower ALB, ALT, AST, and GFR levels than the Low-FAR group. However, there were no

significant differences in other factors between the two groups (p>0.05) (see Table 3).

Comparison of NCV Between Patients in the Low-FAR and High-FAR Groups
The High-FAR group had slower right median nerve SCV, left ulnar nerve SCV, bilateral median nerve MCV, bilateral
common peroneal nerve MCYV, bilateral tibial nerve MCV, and bilateral ulnar nerve MCV than the Low-FAR group

Table 3 Comparison of Indicators Between the Low-FAR Group and High-FAR Group

Variable Low-FAR (n=171) High-FAR (n=171) P-value
Men (%) 126 (73.7%) 107 (62.6%) 0.027%*
Smoking (%) 80 (46.8%) 75 (43.9%) 0.587
Drinking (%) 76 (44.4%) 72 (42.1%) 0.662
Age 53.19£11.17 61 (53,66) <0.001*
DM duration 8 (4,13) 10 (4,19) 0.006*
SBP (mmHg) 129 (119,140) 135 (122,147) 0.008*
DBP (mmHg) 81.75+11.58 80.81£11.25 0.446
BMI (kg/m?) 26.15£3.16 25.78 (24,28.68) 0.88
ALB (g/L) 42.83+3.33 40.5 (38,43.2) <0.001*
ALT (U/L) 20.9 (15.3,29.2) 17.7 (13.7,26.5) 0.031*
AST (U/L) 19.9 (16.4,24.8) 18.8 (14.9,23.4) 0.028*
FBG (mmol/L) 7.94 (6.38,10.53) 7.85 (6.27,10.78) 0.795
BUN (mmol/L) 5.19 (4.53,5.9) 5.2 (4.3,6.2) 0.85
(Continued)
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Table 3 (Continued).

Variable Low-FAR (n=171) High-FAR (n=171) P-value
Scr (mmol/L) 67.33£12.78 65.7 (59,76.3) 0.661
UA (mmol/L) 310.9 (248.7,359.1) 294.4 (247.6,373.1) 0.861
GFR (mL/min/1.73m?) 101.19 (93.27,108.2) 95.55 (86.4,103.73) <0.001*
TC (mmol/L) 4.6xl.16 4.47 (3.71,5.22) 0.865
TG (mmol/L) 1.58 (0.98,2.39) 1.39 (0.95,2.08) 0.349
HDL-C (mmol/L) 1.04 (0.89,1.19) 1.01 (0.88,1.2) 0811
LDL-C (mmol/L) 3.01+0.86 2.96 (2.42,3.53) 0.86
HbAIC (%) 7.9 (6.7,9.7) 8.7 (74,10.4) <0.001*
FIB (g/L) 2.35+0.27 2.99 (2.8,3.43) <0.001*
FAR 5.59 (5.05,6.04) 7.39 (6.83,8.43) <0.001*

Note: *Denotes significance at a P value of <0.05.

(P<0.05). However, there were no significant differences in other nerve conduction parameters between the two groups
(P>0.05) (see Table 4).

Comparison of FAR with Clinical Indicators in Patients with T2DM

The research found that in patients with T2DM, FAR was positively correlated with the prevalence of both DPN
(r=0.336, P<0.001) and DR (r=0.156, P=0.004), as well as age (r=0.332, P<0.001), disease duration (r=0.184,
P=0.001), SBP (r=0.16, P=0.003), HbA1C (r=0.174, P=0.001), and FIB (r=0.889, P<0.001) levels. In contrast, FAR
was negatively correlated with ALB (r=—0.424, P<0.001), ALT (r=—0.173, P=0.001), AST (r=—0.115, P=0.033), and
GFR (r=—0.256, P<0.001) levels. However, there was no statistically significant correlation between FAR and factors
such as smoking, drinking, DBP, BMI, FBG, BUN, Scr, UA, TG, TC, HDL-C, or LDL-C (P>0.05) (see Table 5 and
Figure 4).

Correlation Analysis of FAR and NCV in Patients with T2DM

The research found that FAR was negatively correlated with left median nerve SCV (r=—0.121, P=0.025), right median
nerve SCV (r=—0.184, P=0.001), left ulnar nerve SCV (r=—0.166, P=0.002), left median nerve MCV (r=—0.245,
P<0.001), right median nerve MCV (r=—0.181, P=0.001), left common peroneal nerve MCV (r=—0.148, P=0.006),
right common peroneal nerve MCV (r=—0.166, P=0.002), left tibial nerve MCV (r=—0.22, P<0.001), right tibial nerve
MCV (r=—0.169, P=0.002), and left ulnar nerve MCV (r=—0.124, P=0.022). However, there was no significant correla-
tion between FAR and bilateral peroneal nerve SCV, bilateral superficial peroneal nerve SCV, right ulnar nerve SCV, and
right ulnar nerve MCV (P>0.05) (see Table 6 and Figure 5).

Logistic Regression Indicated an Independent Association Between FAR and DPN
The findings showed that FAR had an independent correlation with the development of DPN when T2DM was
considered as the dependent variable and age, duration of diabetes, SBP, LDL-C, GFR, and HbA1C were used as
independent variables. Moreover, every additional unit increase in FAR contributed to a 1.597-fold increase in the risk of
DPN occurrence (see Table 7).
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Table 4 Comparison of NCV Between Patients in the Low-FAR and High-FAR Groups
Variable (m/s) Low-FAR (n=171) High-FAR (n=171) P-value
Sural SCV (L) 50.00+6.40 49.8146.15 0.782
Sural SCV (R) 50.64+5.70 50.18+6.22 0.471
Median SCV (L) 58 (52.8,63.3) 56.8 (52.6,61.3) 0.069
Median SCV (R) 58.01+9.22 55.92+8.8 0.033*
Ulnar SCV (L) 59.4 (54.1,63.5) 56.6 (52.2,60.5) 0.003*
Ulnar SCV (R) 58.1 (53.1,61.5) 56.3 (52.3,61) 0.203
Superficial SCV (L) 50.1+5.8 49 (45.5,53.2) 0.264
Superficial SCV (R) 49.2 (44.6,52.9) 48 (44.4,51.1) 0.096
Median MCV (L) 56.8 (53.9,60.1) 54.9+4.67 <0.001*
Median MCV (R) 56.85+4.36 55.22+5.23 0.002*
Common peroneal MCV (L) 45.3 (43.4,47.5) 44 (40.7,46.5) 0.002*
Common peroneal MCV (R) 45.8 (43.4,48.5) 44.5 (40.9,46.8) 0.002*
Tibial MCV (L) 44.9 (43,48.2) 43.5 (40.2,45.4) <0.001*
Tibial MCV (R) 44.6 (41.8,46.8) 43.5 (40.1,45.5) 0.002*
Ulnar MCV (L) 57.9 (54.4,61.8) 56.5 (53.9,60) 0.01*
Ulnar MCV (R) 57.1 (54,60.3) 55.6 (52.7,59.5) 0.039*
Note: *Denotes significance at a P value of <0.05.
Abbreviation: L stands for left; R stands for right.
Table 5 Correlation Between FAR and Clinical
Characteristics in T2DM
Variable r-value P-value
Smoking —0.072 0.181
Drinking —0.076 0.159
DPN% 0.336 <0.001*
DR% 0.156 0.004*
Age 0.332 <0.001*
DM duration 0.184 0.001*
SBP (mmHg) 0.16 0.003*
DBP (mmHg) —0.07 0.194
BMI (kg/m?) 0 0.994
ALB (g/L) —0.424 <0.001*
ALT (U/L) -0.173 0.001*
(Continued)
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Table 5 (Continued).

Variable r-value P-value
AST (U/L) —0.115 0.033*
FBG (mmol/L) —0.045 0.403
BUN (mmol/L) 0.008 0.876
Scr (mmol/L) —0.036 0.51
UA (mmol/L) —0.024 0.655
GFR (mL/min/1.73m?) —0.256 <0.001*
TC (mmol/L) 0 0.997
TG (mmol/L) —0.036 0.501
HDL-C (mmol/L) —0.014 0.798
LDL-C (mmol/L) 0.009 0.865
HbAIC (%) 0.174 0.001*
FIB (g/L) 0.889 <0.001*

Note: *Denotes significance at a P value of <0.05.

Receiver Operating Characteristic (ROC) Curves Show That FAR Predicts DPN

In light of the logistic regression analysis that investigated the relationship between T2DM and DPN, FAR was used to
construct the ROC curve. The resulting Area Under Curve (AUC) for FAR was 0.707. These outcomes suggest that FAR

r-value
All Patients
FAR 1
Age | x B 08
DM duration | x * B .
BMI *
SBP | x x * 0.6
DBP * x x |8
ALB % % x % - 0.4
ALT | * * * x * % B L 0.2
AST | * B .
FBG B * 2 [ * 0
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BUN * * L 0.2
UA * * * % k% % * % -0.
GFR |« B} * x ok k% * [l * L 0.4
TC * % * % x % * s
TG * % % * ok x % k % % * 0.6
HDL-C * * [ * * * * * * B e
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Figure 4 Correlation Between FAR and Clinical Characteristics in T2DM.
Note: *Denotes significance at a P value of <0.05.
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Table 6 Correlation Between FAR and Nerve Conduction
Velocities in T2DM

Variable (m/s) r-value P-value
Sural SCV (L) -0.018 0.74
Sural SCV (R) —0.007 0.895
Median SCV (L) —0.121 0.025*
Median SCV (R) —0.184 0.001*
Ulnar SCV (L) —0.166 0.002*
Ulnar SCV (R) —0.089 0.1
Superficial SCV (L) —0.062 0.25
Superficial SCV (R) —0.073 0.178
Median MCV (L) —0.245 <0.001*
Median MCV (R) —0.181 0.001*
Common peroneal MCV (L) —0.148 0.006*
Common peroneal MCV (R) —0.166 0.002*
Tibial MCV (L) —0.220 <0.001*
Tibial MCV (R) —0.169 0.002*
Ulnar MCV (L) —0.124 0.022*
Ulnar MCV (R) —0.092 0.089

Note: *Denotes significance at a P value of <0.05.
Abbreviation: L stands for left; R stands for right.

has potential predictive value for DPN presence in T2DM patients. Moreover, FAR demonstrated a sensitivity of 70.9%,
specificity of 58.9%, Youden index of 0.298, and cut-off value of 6.06 (P<0.05) (see Table 8 and Figure 6).

Discussion
The incidence of diabetes is increasing due to the improvement of living standards and changes in working patterns. The
International Diabetes Federation (IDF) predicts that by 2045, the global number of people with diabetes will reach
783 million, with China accounting for 174.4 million patients.'> In T2DM patients, DPN is a common microvascular
complication that often presents as nerve dysfunction, including limb numbness, hypoesthesia, pain sensitivity, motor
nerve weakness, movement limitations,” and even a higher risk of amputation.'® The prevalence of DPN observed in this
study was 67.3%, which aligns with previous national studies.'” The diagnostic criteria for DPN were determined
according to the 2009 Chinese Clinical Diagnostic and Treatment Guidelines for Diabetic Peripheral Neuropathy. As for
the reference range of neuromuscular electromyography, it was also addressed in Li’s study.'®

However, diagnosing DPN using clinical presentation and physical examination is highly subjective and poorly
reproducible, whereas electromyography serves as the gold standard but can be cumbersome and expensive. Therefore,
this study aimed to identify an objective, reproducible, easy-to-use, and affordable index for early DPN diagnosis to help
guide clinical practice.

The study found that the DPN group was older with longer disease duration, consistent with earlier research.'®°
A 2019 study showed that female gender was the only significant predictor of neuropathic pain among T2DM
participants (p<0.01 with an OR (95% CI) of 2.45 (1.29 to 4.67)).>! Studies on gender and the occurrence of diabetic
peripheral neuropathy have been controversial, and the present study showed that the prevalence of DPN was higher in
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Figure 5 Correlation Between FAR and NCV in T2DM.
Note: *Denotes significance at a P value of <0.05.
Abbreviation: L stands for left; R stands for right.

women than in men, but not statistically different. It may be related to the diagnostic criteria and sample size, which need
to be confirmed by further studies. Nonetheless, there was no significant difference in alcohol consumption, requiring
further investigation. Although no significant difference in fasting blood glucose between the groups was noted, HbAlc
was markedly different, attributed to the inherent randomness of single fasting blood glucose measurements and
emphasizing the importance of utilizing HbAlc as a more stable indicator of glucose control.

Table 7 Logistic Regression Analysis of T2DM Patients with DPN

Factor B Wald OR (95% CI) P

FAR 0.468 19.035 1.597 (1.282,1.99) <0.001*
LDL-C (mmol/L) —0.351 5.835 0.704 (0.519,0.955) 0.024*
HbAlc (%) 0.246 .13 1.279 (1.103,1.483) 0.001*

Note: *Denotes significance at a P value of <0.05.

Table 8 The ROC Curve of FAR, FIB and HbAlc in Patients of T2DM with DPN

Factor AUC (95% CI) P Cut-off Sensitivity Specificity Youden Index
FAR 0.707 (0.641,0.758) <0.001* 6.06 0.709 0.589 0.298
FIB 0.653 (0.592,0.714) <0.001* 261 0.6 0.643 0.243
HbAIc 0.608 (0.545,0.67) 0.001 8.65 0.509 0.727 0.232

Note: *Denotes significance at a P value of <0.05.
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Figure 6 The ROC Curve of FAR, FIB and HbAlc in patients of T2DM with DPN.
Note: *Denotes significance at a P value of <0.05.

FIB is a hexamer consisting of Aa-chain, BB-chain and y-chain linked by a disulfide bond, with a molecular weight of
approximately 340,000 Daltons.*? Upon thrombin action, FIB is released, leading to the formation of fibrin monomers,
which subsequently polymerize and create soluble fibrin aggregates. These aggregates are then covalently linked by Ca2
+ and activated factor XIIIa to produce insoluble fibrin clots;> these clots actively participate in the body’s coagulation
process. High FIB levels increase blood viscosity, promote clotting, thrombosis formation, and even induce microcircu-
latory ischemia and hypoxia.** As a marker of inflammation, FIB contributes to the pathogenesis of numerous illnesses
primarily by damaging the vascular endothelium, altering blood rheology, and participating in thrombosis.>> The
relationship between FIB and T2DM and its related complications has been well documented.**?” Notably, FIB levels
were higher in the DPN group than the NDPN group, as reported in previous research.”® This can be explained by FIB’s
effects on altered blood flow velocity, thrombosis, impaired microcirculation, and axonal damage.”® ALB is a crucial
liver biomarker with potent metal ion binding and antioxidant scavenging properties that are essential for protecting the
body against oxidative stress.”” Changes in ALB levels or structure caused by factors such as hyperglycemia or oxidative
stress can lead to increased oxidative stress,’® which contributes to the development of diseases. ALB levels are strongly
associated with clinical disease prognosis, emphasizing its value as a diagnostic tool. Previous studies have shown
a significantly increased prevalence of DPN in T2DM with Nonalcoholic Fatty Liver Disease (NAFLD).?! This may be
related to the fact that patients with NAFLD have enhanced pro-inflammatory and pro-atherosclerotic effects. Both ALB
and FIB selected for this study are produced by the liver, and the combination of the two amplifies the inflammatory
response in the body and is a more sensitive indicator of response to inflammation.

The FAR index is a reliable metric for assessing the inflammatory status of the body, based on serum ALB and FIB
levels, which has proven useful in predicting the prognosis of numerous illnesses, including cardiovascular disease and
oncology.**** Research has shown that FAR is also strongly associated with the development of rheumatic disorders and
the prognosis of patients with cerebral infarction.”**> In T2DM patients, FAR is correlates with renal diseasel2. The
present study found significantly higher FAR values in the DPN group than the NDPN group, suggesting a close link
between FAR and DPN. This is likely due to an increased inflammatory response in the body, which may exacerbate
oxidative stress and microcirculatory ischemia and hypoxia in T2DM patients. This might damage axons and impede the
normal neural conduction functions, leading to the onset of DPN.**7 Logistic regression analysis established that FAR,
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in addition to LDL-C and HbAlc, was an independent risk factor for DPN, further highlighting the key role of
inflammatory response in the development and progression of the condition. In this study, the predictive value of FAR
on DPN was higher than that of LDL-C and HbAlc.

The DPN group had slower sensory and motor nerve conduction velocities than the NDPN group. The patients were
divided into low FAR and high FAR groups based on median FAR. In the high FAR group, the right median SCV, left
ulnar SCV, and all MCV were slower than in the low FAR group. A negative correlation was found between FAR and
several NCVs. The sensory and motor nerve conduction velocities in the lower limb nerves were slower than those in the
upper limb due to the length-dependent nature of DPN nerve damage,*® resulting in slower nerve conduction velocities in
the lower limb than in the upper limb. The high FAR group had slower peroneal nerve conduction velocity associated
with neuropathy affecting the lower limb first, while no significant difference was observed in sensory conduction
velocity between the left and right peroneal nerve groups, suggesting that neuropathy may have affected only the
unilateral lower limb nerve. Recent evidence indicates that inflammation plays a crucial role in the formation and
development of DPN.?* FAR, as an indicator of inflammation, has a close relationship with NCV. Although neuromyo-
graphy is typically used to detect conduction velocities in large nerve fibers,* studies have suggested that early lesions of
DPN involve both small and large fiber nerves simultaneously.”® As such, measuring large fiber nerve conduction
velocities early on in patients with early-onset diabetes is essential. Given the expensive and specialized nature of
neuromyography, FAR can serve as an indicator for early prediction of nerve conduction velocity in outpatient or clinical
settings, providing advance warning of the onset and progression of DPN.

In summary, there is a significant negative correlation between FAR levels and DPN nerve conduction velocity. The
ROC curve was the first study to compare the predictive function of FIB, HbAlc, and FAR for DPN, and the predictive
value of FAR was found to be superior.

And FAR is an independent risk factor for DPN. The optimal threshold corresponding to FAR is 6.06, therefore, when
FAR is greater than 6.06, it indicates a significant increase in the incidence of DPN and the need for early clinical
intervention.

Although calculating the FAR is a relatively simple process that can be derived from blood indicators, this study has
some limitations. It is cross-sectional, so we cannot confirm a causal relationship between DPN and FAR. The patients
included were only those who had EMG measurements, so there might be some bias. Also, Vitamin D and Glycated
hemoglobin were not collected. Edward’s research shows a strong correlation between vitamin D deficiency and the
development of DPN. Whereas loss of nociception accelerates the appearance of diabetic foot, vitamin
D supplementation may improve ulcer healing in diabetic foot patients.*' The data of this study did not un vitamin
D level, which is a shortcoming of this paper, in the future work, should be improved as much as possible related
research. In recent studies focused on evaluating early diabetic peripheral neuropathy (DPN), there has been a growing
emphasis on assessing the sensitivity of small sensory nerves and examining their morphology in the skin and cornea.**
Nevertheless, it is important to note that this particular experiment is deficient in terms of corneal confocal data and other

relevant information that could be further investigated in future research endeavors.

Conclusion

To conclude, the DPN group presented with a higher FAR index, as well as slower NCV when compared to the NDPN
group. Moreover, the high FAR group showcased a greater prevalence of DPN, and some of them exhibited slower NCVs
when compared to the low-FAR group. Our correlation analysis revealed that FAR is inversely proportional to NCV.
Therefore, being an independent risk factor, FAR is predictive of DPN development, specifically in T2DM patients. In
addition, its predictive ability surpasses that of FIB, HbAlc.
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