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Abstract

Aim: To evaluate the association between liver fibrosis, investigated by non-invasive fibrosis scores and
measurement of stiffness, and diabetic peripheral neuropathy (DPN) in type 2 diabetes mellitus (T2DM).

Methods: We conducted a cross-sectional, retrospective study including individuals with T2DM and hepatic
steatosis who underwent a DPN examination. Liver fibrosis risk was estimated using the fibrosis-4 score (FIB-4),
non-alcoholic fatty liver disease fibrosis score (NFS), aspartate transaminase (AST)/alanine transaminase (ALT)
ratio, and the AST to platelet ratio index. Fibrosis was investigated using the vibration-controlled transient
elastography (Fibroscan®) in a subgroup of patients. Liver stiffness measurement (LSM) = 7.0 kPa defined
significant fibrosis.

Results: Eighty-six T2DM subjects (mean age 59.22 + 13.18 years; 69.8% male; DPN prevalence 43%) were
included. Higher risk scores of liver fibrosis (FIB-4 and AST/ALT) in subjects with DPN compared to those without
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DPN were detected (FIB-4:1.23 £ 0.66 vs. 1.63 £ 0.85; P = 0.018; AST/ALT: 0.89 £ 0.23 vs. 1.11 £ 0.61; P = 0.026).
The DPN group showed higher LSM values, and the Michigan Diabetic Neuropathy Score was directly related to
LSM (Rho: 0.304, P = 0.026). Moreover, a higher prevalence of alteration in vibration or reflexes was observed in
subjects with LSM =7 kPa (P = 0.025 and P = 0.042, respectively). Finally, the evaluation of vibration or reflexes in
individuals at high risk of liver fibrosis at FIB-4 and AST/ALT was associated with DPN (FIB-4 + abnormal
vibration: P = 0.047; FIB-4 + abnormal reflexes: P = 0.013; AST/ALT + abnormal vibration: P < 0.001; AST/ALT +
abnormal reflexes: P < 0.001).

Conclusion: The evaluation of vibration or reflexes would be useful in identifying DPN in T2DM with Metabolic
Dysfunction-Associated Steatotic Liver Disease at high risk of fibrotic evolution.

Keywords: Metabolic dysfunction-associated steatotic liver disease, hepatic fibrosis, diabetes mellitus, diabetic
peripheral neuropathy

INTRODUCTION

Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD) is defined by the presence of hepatic
steatosis in conjunction with one cardiometabolic risk factor'"), notably including type 2 diabetes mellitus
(T2DM), and encompasses a broad spectrum of liver disease, from simple steatosis to cirrhosis, including
liver fibrosis”. MASLD and T2DM share common pathological aspects, the most relevant of which is
insulin resistance and its related metabolic dysfunction”. In a recent study, the prevalence of MASLD in
subjects with T2DM was 64%, while the prevalence of significant fibrosis [defined as liver stiffness
measurement (LSM) 2 8.1 kiloPascals (kPa)], advanced fibrosis (defined as LSM = 12.1 kPa), and cirrhosis
due to MASLD was 17%, 11%, and 3%, respectively””. Indeed, T2DM is a recognized independent risk factor
for metabolic dysfunction-associated steatohepatitis (MASH) and for advanced liver fibrosis*
meta-analysis found that MASLD is associated with an increased risk of all-cause mortality among the
T2DM population'.

, and a recent

Moreover, this coexistence also contributes to the higher risk of T2DM-related chronic vascular
complications"”. Regarding macro-vascular complications, MASLD (especially in the stage of fibrosis) is a
recognized risk factor for major adverse cardiovascular events and for cardiovascular disease (CVD)
morbidity and mortality. On the other hand, the effect of MASLD on the development of microvascular
complications in individuals with T2DM has been less frequently investigated, and the results are
conflicting. In detail, a meta-analysis of nine observational longitudinal studies involving non-hospitalized
subjects with T2DM (96,595 adult individuals, 34.1% with MASLD) reported an increased risk of incident
chronic kidney disease (CKD) in individuals with MASLD [Hazard ratio (HR): 1.37]". Moreover, a recent
prospective cohort study found an association between MASLD and nephropathy and neuropathy in
subjects with T2DM", and a retrospective study found that MASLD increases the risk of end-stage renal
disease in subjects with T2DM and diabetic nephropathy"'.. Anyway, the data remains conflicting, since, in
other studies, this association was not found"?. Similarly, MASLD was found to be associated with an
increased prevalence of proliferative/laser-treated retinopathy in T2DM individuals in the cross-sectional
evaluation from the Valpolicella Study"”, even if in other studies this association was not proven"?.
Considering diabetic peripheral neuropathy (DPN), a significantly increased DPN prevalence among T2DM
subjects with MASLD was observed in a meta-analysis including thirteen cross-sectional studies (9,614
participants)"*. Recently, using the outpatient part of the nationwide Swedish Patient Register, Ebert et al.
have collected individuals with a first MASLD diagnosis [number (N) = 6,785] and matched these with up to
ten reference individuals from the general population (N = 61,136)"". The authors demonstrated that, over a
median follow-up of 5.7 years, the incidence rate of microvascular diseases was more than twofold higher in
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subjects with MASLD {10.8 per 1000 person-years [95% confidence interval (CI): 9.9-11.8]} vs. reference
individuals [4.7 per 1,000 person-years (95%Cl: 4.5-4.9)]""). When analyzed separately, MASLD was related
to a 46% and 38% increased rate of CKD and retinopathy, respectively"”. For neuropathy, very few
outcomes were observed; therefore, the regressions are not considered reliable and the results were
inconclusive'.

Focusing on liver fibrosis, the association between liver fibrosis and macrovascular complications is well
established: as noted above, liver fibrosis is linked to an increased risk of fatal or non-fatal CVD events'.
However, the association between liver fibrosis and microvascular complications has been less extensively
investigated. Furthermore, several practical non-invasive scores have been developed and validated to detect
or exclude advanced liver fibrosis. Among these, the non-alcoholic fatty liver disease (NAFLD) fibrosis
score (NFS) and the fibrosis-4 (FIB-4) score are the most commonly used scoring systems, and they have
been endorsed by international guidelines"**. The studies conducted so far have demonstrated that NFS
and FIB-4 scores are able to predict mortality!
complications in MASLD individuals”"*?. Focusing on DPN, there are few studies that have evaluated the

19-22]

, cardiovascular events, CKD and liver-related

10,23,24]

association with these risk indicators showing inconclusive findings! .

Therefore, the association between DPN and liver fibrosis is an emerging finding while the association
between fibrosis risk indicators and DPN still has inconclusive evidence. Since the results of the previous
studies are controversial, the present study aimed to investigate the association of liver fibrosis, evaluated by
non-invasive fibrosis scores and measurement of stiffness, and DPN.

METHODS

An observational, cross-sectional, retrospective study was conducted evaluating the data of subjects
followed for T2DM at the diabetes services of Modena University Hospital (Italy) between January 2022 and
February 2024. The study enrolled subjects with T2DM and an ultrasound diagnosis of hepatic steatosis
who underwent a clinical examination for DPN. Thus, specific inclusion criteria included: age = 18 years,
previous diagnosis of T2DM according to American Diabetes Association (ADA) guidelines™, hepatic
steatosis, and previous evaluation of DPN. Exclusion criteria were nondiabetic peripheral neuropathies,
excessive alcohol consumption, serious disorders and any clinically relevant disease preventing an adequate
understanding of the questionnaires used for neuropathy assessment.

Study design

We collected data on previous biochemical assessment, evaluation of DPN, and evaluation of liver fibrosis.
The maximum length of time between biochemical assessment, evaluation of DPN and evaluation of liver
fibrosis was three months. Demographic (age and sex), anthropometric (height, weight, waist and hip
circumference), clinical (smoking, physical activity, diabetes duration, macro- and microvascular
complications of T2DM, comorbidities) and pharmacological data were collected.

Biochemical assessment

The following biochemical parameters were collected: fasting glucose (mg/dL), glycosylated hemoglobin
(HbA1c, mmol/mol), aspartate transaminase (AST, U/L), alanine transaminase (ALT, U/L), gamma-
glutamyl transferase (gGT, U/L), albumin (g/dL), total cholesterol (mg/dL), high-density lipoprotein (HDL,
mg/dL), low-density lipoprotein (LDL) (mg/dL), triglycerides (mg/dL), creatinine (mg/dL), estimated
glomerular filtration rate (eGFR) (mL/min), complete blood count.



Page 4 of 12 Zanni et al. Metab Target Organ Damage. 2025;5:56 | https://dx.doi.org/10.20517/mtod.2025.89

Evaluation of DPN

Neurological assessment included evaluation of neuropathic symptoms and deficits using validated scoring
systems, i.e., the Questionnaire of the Michigan Neuropathy Screening Instrument (MNSI-Q), the Michigan
Diabetic Neuropathy Score (MDNYS) and Diabetic Neuropathy Index (DNI). MNSI-Q, MDND, and DNI
are defined according to standardized scores”*”. The definition of DPN required the presence of at least
one abnormality among neuropathic symptoms or signs*, in terms of MNSI-Q cut off > 4 and/or signs in
terms of DNI cut off > 2 or MDNS cut oft > 7.

Evaluation of liver fibrosis

Risk of advanced fibrosis was estimated using non-invasive tests (NITs): the FIB-4 score™, the NFS™, the
AST/ALT ratio, and the AST to platelet ratio index (APRI)". Finally, the presence of fibrosis was
investigated using vibration-controlled transient elastography (VCTE) (Fibroscan®). Two Fibroscan® probes
are available: the M probe and the XL probe; the latter has been designed specifically for use in subjects with
obesity. LSMs were performed after at least 3 h of fasting, by two highly experienced operators (> 500
exams). Measurements were conducted on the right lobe of the liver in an area without focal lesions.
Results, automatically generated by the software, are expressed in LSM as kPa. The LSMs were considered
reliable only if ten successful measurements were obtained corresponding to the median of ten valid
measurements. According to literature consensus, LSM value 2 7.0 kPa" defined the presence of significant
liver fibrosis (= F2).

Statistical analysis

Continuous and categorical data were compared using the Mann-Whitney test and Fisher’s exact test,
respectively. Bivariate correlation analyses were performed by Rho’s Spearman combining DPN scores, risk
indexes for liver fibrosis and those variables that changed between subjects with or without DPN. Values are
reported as mean + standard deviation (SD). Statistical analysis was performed using the “Statistical Package
for the Social Sciences” software for Windows (version 27.0; SPSS Inc., Chicago, IL, USA). For all
comparisons, P < 0.050 was considered statistically significant.

RESULTS

Clinical characteristics of the study population

A total of 86 individuals with T2DM were enrolled in the present study, including 61 men (70.9%) and 25
women (29.1%). The mean age at baseline was 59.22 + 13.18 years, ranging from 21 to 85 years. All basic
clinical characteristics, including age, body mass index (BMI), duration of T2DM, glycaemic control,
presence of diabetes complications, blood lipid, kidney and liver function indicators, therapy, etc., are
presented in Table 1 and in Supplementary Table 1.

Prevalence and clinical characteristics of subjects with DPN

DPN was detected (DPN") in 43% of the overall cohort (37 subjects). DPN* subjects were older (P < 0.001)
and had a longer duration of diabetes (P = 0.009). Moreover, DPN* individuals showed a lower BMI (P =
0.034), and a higher presence of diabetic complications, in particular retinopathy (P = 0.021), impaired
urinary albumin excretion (P = 0.011), and CKD (P = 0.038) [Table 1]. No significant differences were also
observed in other biohumoral assessments such as lipid profile and liver function [Supplementary Table 2]
and in the current use of any antidiabetic drugs between subjects with and without DPN [Supplementary
Table 3].

Associations between fibrosis indices and LSM, and the presence of DPN
Among fibrosis scores, FIB-4 and AST/ALT ratio scores were higher in DPN* vs. DPN" (P = 0.018 and P =
0.026, respectively). LSM by VCTE has been investigated in 54 subjects (62.8%); in this cohort, the
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Table 1. Clinical characteristics of 86 subjects with T2DM and hepatic steatosis, overall and according to the presence of DPN

Overall (n = 86) no-DPN (n = 49) DPN (n =37) P
General characteristics
Male (%) 61(70.9) 36 (73.5) 25(67.6) 0.551
Age (years) 59.22 +13.18 (21-85) 54,76 £13.04 65.14 +10.97 <0.001
Duration of diabetes (years) 9.61+8.87 (1-42) 7.49+7.60 125+9.71 0.009
Body weight (Kg) 93.01+ 23.69 9730+ 2512 87.17+20.53 0.051
BMI (Kg/m®) 32.60 +7.45 (18-53) 34.07 +8.08 30.62+6.06 0.034
With obesity (%) 52 (60.5) 32(65.3) 20 (54.1) 0.291
Waist circumference (cm) 111.24 £15.88 (65-145) 12.86+15.74 109.19 £16.08 0.341
HbA1c (mmol/mol) 57.71+£14.28 (33-95) 57.76 £15.55 57.65+12.61 0.973
Complications and comorbidities
Diabetic retinopathy (%) 7/79 (8.9) 1(2.3) 6 (17.1) 0.021
DPN (%) 37(43)
Albuminuria (%) 24/83 (28.9) 9 (18.4) 15 (44.1) 0.01
CKD - lowe GFR (%) 13 (15.1) 4(8.2) 9(24.3) 0.038
Hypertension (%) 69 (80.2) 36 (73.5) 33(89.2) 0.070
Dyslipidemia (%) 78 (90.7) 43(87.8) 35(94.6) 0.280
Ischemic heart disease (%) 28 (32.6) 15 (30.6) 13(35.D 0.658
Heart failure (%) 11(12.8) 4(8.2) 7(18.9) 0.139
Cerebrovascular disease (%) 30(34.9) 15 (30.6) 15 (40.5) 0.339
Peripheral vascular disease (%) 8/54 (14.8) 3(10.3) 5(20) 0.319

Bold P-values indicate statistically significant. BMI: Body mass index; T2DM: type 2 diabetes mellitus; CKD: chronic kidney disease; DPN: diabetic
peripheral neuropathy; eGFR: estimated glomerular filtration rate; HbAlc: glycated haemoglobin.

prevalence of significant liver fibrosis was 25.9%. Although significant fibrosis by VCTE appeared more
prevalent in DPN* vs. DPN" (40% vs. 17.5%), the small sample size did not allow statistical significance to be
reached (P = 0.073) [Table 2].

Associations between fibrosis indices and LSM, and the neurological clinical evaluation performed
with MNSI-Q, DNI, and MDNS

Then, we stratified the neurological clinical evaluation (performed with MNSI-Q, DNI, MDNS) according
to FIB-4, AST/ALT ratio risk scores and LSM [Table 3]. Subjects with LSM > 7 kPa had higher MNSI-Q
scores (P = 0.05) and MDNS scores (P = 0.006), as well as a higher prevalence of abnormal MDNS results (P
= 0.05), abnormal vibration sensation at the great toe (P = 0.025), and abnormal reflex testing of the upper
and lower limbs (P = 0.042). Moreover, we studied the prevalence of the combination of high risk of having
liver fibrosis (evaluated by FIB-4 score and AST/ALT ratio) and one abnormal neurological examination
according to the clinical diagnosis of DPN [Table 4]. DPN" individuals showed higher risk FIB-4 score +
abnormal vibration sensation (P = 0.047), higher risk FIB-4 + abnormal reflexes (P = 0.013), higher risk
AST/ALT ratio + abnormal vibration sensation (P < 0.001), higher risk AST/ALT ratio + abnormal reflexes
(P < 0.001), and finally higher prevalence of LSM > 7 kPa + abnormal reflexes (P = 0.02) [Figure 1].

Correlation between fibrosis indices and symptoms and signs of DPN

Finally, MNSI score was significantly directly related to AST/ALT ratio (Rho: 0.27, P = 0.013), while MDNS
was significantly directly related to LSM (Rho: 0.304, P = 0.026) [Table 5]. Given the relationship between
most NITs and age, BMI, duration of diabetes and HbA1c, a multivariate regression analysis was also
performed including these measurements as independent variables. In this analysis, the correlation between
the MNSI-Q score and the AST/ALT ratio remained significant [Table 5].
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Table 2. Non-invasive biomarkers of liver fibrosis (86 subjects) and liver stiffness measurement (54 subjects) in the whole

population and according to the DPN diagnosis

Non-invasive biomarkers of fibrosis (n=86) no-DPN (n = 49) DPN (n =37) P
FIB-4 score (mean + SD) 1.41+0.77 1.23+0.66 1.63+0.85 0.018
FIB-4 higher risk score (%) 325 12 (26.7) 14 (38.9) 0.242
NFS (mean + SD) -0,09+1.37 -0,37+143 0.19+1.20 0.086
NFS higher risk score (%) 89.7 33(86.8) 30 (93.8) 0.337
AST/ALT ratio (mean = SD) 0.97+0.43 0.89+0.23 1.11+0.61 0.026
AST/ALT ratio higher risk score (%) 723 34 (69.4) 29 (78.4) 0.473
APRI score (mean + SD) 0.34+0.26 0.33+£0.27 0.34+0.22 0.935
APRI higher risk score (%) 19 5(10.9) 5(13.5) 0.713
Instrumental evaluation of fibrosis (n=54) no-DPN (n =34) DPN (n = 20) P
Mean LSM (kPa) 6.83+4.04 (2.8-22) 6.56 = 4.23 7.12+358 0.619
With LSM > 7 kPa (%) 259 17.5 40 0.073

‘Intermediate and high risk. Bold P-values indicate statistically significant. APRI: Aspartate aminotransferase to platelet ratio index; AST/ALT:
aspartate aminotransferase/alanine aminotransferase ratio; DPN: diabetic peripheral neuropathy; FIB-4: fibrosis-4; kPa: kilopascal; LSM: liver
stiffness measurement; NFS: NAFLD fibrosis score; NAFLD: non-alcoholic fatty liver disease.

Table 3. Neurological clinical evaluation stratified by FIB-4 and AST/ALT risk scores and liver stiffness measurement

. . . g . . . gt <
Low risk Higher risk Low risk Higher risk tﬁgﬂ 7 LSM>7
FIB-4 score FIB-4score P AST/ALT AST/ALT P (n= kPa P
(n =55) (n=26) (n=23) (n=63) 40) (n=14)
With DPN (%) 22 (40) 14 (53.8) 0336 8(34.8) 29 (46) 0.629 12(30) 8(57.1) 0.073
MNSI-Q score 1024149  1.68+184 096 0.7+110 145177 0.061 1.05+ 100+  0.050
139 124
MNSI-Q abnormal (%) 4(73) 4(15.4) 0.263 1(43) 8(12.7) 0239 3(75) 1(71) 0484
DNI score 1.81+1.69 2204177 0.351 1.85+188 195+1.74 0815 142+ 221+ 0.6l
176 1.87
DNI abnormal (%) 18 (32.7) 12 (46.15) 0.259 8(34.8) 23(36.5) 0765 10(25) 6(42.9) 0.083
MDNS 481+520  6.40+5.87 0231 509+530  535+5.46 0.843 363+ 793+  0.006
4.38 6.14
MDNS abnormal (%) 14(2545)  10(385) 0.246 7(30.4) 18 (28.6) 0969 7(175) 6(429) 0.050
Abnormal vibration 23 (41.8) 12 (46.15) 0.756 10 (43.5) 26 (41.3) 0.990 11(27.5) 8(57.1) 0.025
sensation at great toe (%)
Abnormal ‘|0g monofilament 6 (1N 4(15.4) 0.586 2(8.7) 8 (12.7) 0.561 2(5) 4(28.6) 0.063
test at great toe (%)
Abnormal pinprick test (%) 5 (9.1 2(7.7) 0.817 4(17.4) 4(6.3) 0.138 2(5) 2(4.3) 0301
Abnormal strength 6 (1) 4(15.4) 0.586 3(13) 8(12.7) 0.972 2(5) 2(114.3) 0401
evaluation (%)
Abnormal reflex test at 30 (54.5) 17 (65.4) 0.385 17 (73.9) 33(52.4) 0.115 18 (45) 10 (71.4) 0.042

upper and lower limbs (%)

‘Intermediate and high risk. Bold P-values indicate statistically significant. AST/ALT: Aspartate aminotransferase/alanine aminotransferase ratio;
DNI: diabetic neuropathy index; DPN: diabetic peripheral neuropathy; FIB-4: fibrosis-4; LSM: liver stiffness measurement; MDNS: Michigan
Diabetic Neuropathy Score; MNSI-Q: Questionnaire of the Michigan Neuropathy Screening Instrument.

DISCUSSION

In this study, we investigated the association between liver fibrosis (evaluated by fibrosis indices and

measurement of stiffness) and DPN. Liver fibrosis detected by LSM seems more prevalent in DPN" subjects,
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Table 4. Prevalence of combination of high risk of liver fibrosis (evaluated by FIB-4 score and AST/ALT ratio)/LSM > 7 kPa and
abnormal neurological examination according to the clinical diagnosis of DPN

no-DPN DPN P
Higher risk FIB-4 + abnormal vibration sensation (%) 0 8.83 0.047
Higher  risk FIB-4 + abnormal reflex (%) 1.6 353 0.013
Higher' risk AST/ALT + abnormal vibration sensation (%) 12.8 55.6 <0.001
Higher' risk AST/ALT+ abnormal reflex (%) 21.3 63.9 <0.001
LSM>7 kPa + abnormal vibration sensation (%) 8.8 25 0.126
LSM>7 kPa + abnormal reflex (%) 5.9 40 0.02

“Intermediate and high risk. Bold P-values indicate statistically significant. AST/ALT: Aspartate aminotransferase/alanine aminotransferase ratio;
DPN: diabetic peripheral neuropathy; FIB-4: fibrosis-4; LSM: liver stiffness measurement; kPa: kilopascals.

Table 5. Correlation between liver fibrosis indices and LSM, and symptoms and signs of DPN

MNSI score DNI score MDNS score FIB-4 score AST/ALT score LSM

MNSI score Rho 0.243 0.413 0.184 0.270 0.043
P-value  --- 0.024 <0.001 0.109 0.013 0.760
DNI score Rho 0.243 --- 0.731 0.158 0.094 0.108
P-value  0.024 --- <0.001 0.170 0.399 0.439
MDNS score Rho 0.413 0.731 --- 0.183 0.120 0.304
P-value  <0.001 <0.001 0.mz2 0.281 0.026
FIB-4 score Rho 0.184 0.158 0.183 - 0.615 0.197
P-value  0.109 0.170 0.12 - <0.001 0.185
AST/ALT score Rho 0.270 0.094 0.120 0.615 - 0.277
P-value  0.013 0.399 0.281 <0.001 - 0.049
LSM Rho 0.043 0.108 0.304 0.197 0.277 ---
P-value  0.760 0.439 0.026 0.185 0.049 ---

"The correlation persisted after correction for age, diabetes duration, HbAlc, and BMI. Bold P-values indicate statistically significant. AST/ALT:
Aspartate aminotransferase/alanine aminotransferase ratio; DNI: diabetic neuropathy index; DPN: diabetic peripheral neuropathy; FIB-4: fibrosis-
4; LSM: liver stiffness measurement; MDNS: Michigan Diabetic Neuropathy Score; MNSI-Q: Questionnaire of the Michigan Neuropathy Screening
Instrument; HbAlc: glycosylated hemoglobin; BMI: body mass index.

even if this result is not statistically significant, maybe because of the small sample size (40% vs. 17.5%, P =
0.073). Moreover, the fibrosis indices (FIB-4 score and AST/ALT ratio) were higher in DPN* population,
suggesting an association between risk of fibrosis and DPN. Indeed, higher MNSI-Q score (P = 0.05) and
MDNS (P = 0.006), abnormal result in MDNS (P = 0.05), abnormal vibration sensation at the great toe (P =
0.025), and abnormal reflexes test at upper and lower limbs (P = 0.042) were associated with an LSM >
7 kPa, suggestive of liver fibrosis. Given these results, in subjects with T2DM and liver fibrosis, assessing the
signs of DPN - particularly vibratory sensation at the great toe and reflexes in the upper and lower limbs - is
more useful for detecting DPN, as these indicate large nerve fiber involvement. Then, we evaluated the
different signs of DPN in combination with the fibrosis indices FIB-4 score and AST/ALT ratio, and LSM 2
7 kPa. We demonstrated that DPN* individuals show higher risk FIB-4 score + abnormal vibration
sensation (P = 0.047), higher risk FIB-4 + abnormal reflexes (P = 0.013), higher risk AST/ALT ratio +
abnormal vibration sensation (P < 0.001), higher risk AST/ALT ratio + abnormal reflexes (P < 0.001), and
finally higher prevalence of LSM > 7 kPa + abnormal reflexes (P = 0.02). The meaning of these results is
important because the simple qualitative evaluation of vibration perception or tendon reflexes would be
useful and effective in identifying DPN in T2DM with MASLD at high risk of fibrotic evolution. Finally,
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Figure 1. Prevalence of combination of high risk of liver fibrosis (evaluated by FIB-4 score and AST/ALT ratio)/ LSM > 7 kPa and
abnormal neurological examination (vibration perception and tendon reflexes) according to the clinical diagnosis of DPN. Statistical
method: Fisher's exact test. FIB-4: Fibrosis-4; AST/ALT: aspartate aminotransferase/alanine aminotransferase ratio; DPN: diabetic
peripheral neuropathy; LSM: liver stiffness measurement; kPa: kilopascals.

MNSI-Q, the tool used to evaluate DPN symptoms, is significantly related to AST/ALT ratio (Rho: 0.27, P =
0.013), and MDNS, the tool used to detect DPN signs, is directly related to LSM (Rho: 0.304, P = 0.026),
suggesting that DPN symptoms and signs correlate with fibrosis indices and LSM.

The association between liver fibrosis and DPN was already described in literature: a multicenter study on
442 subjects with T2DM demonstrated that significant liver fibrosis is associated with an increased
likelihood of having myocardial infarction [adjusted-odds ratio (OR) 6.61, 95%CI: 1.66-37.4], peripheral
polyneuropathy (adjusted-OR 4.55, 95%CI: 1.25-16.6), CKD (adjusted-OR 4.54, 95%CI: 1.24-16.6), or
retinopathy (adjusted-OR 1.81, 95%CI: 1.62-1.97), independently of cardiometabolic risk factors, diabetes-
related variables, and other potential confounders™'. Moreover, Williams et al. (2015) reported an
association between elevated lower-limb vibration perception threshold (VPT) and non-invasive measures
of liver fibrosis®”. In detail, higher VPT was associated with high risk NFS in type 1 diabetes mellitus
(T1DM) and T2DM and with liver fibrosis evaluated by LSM in T2DM"". This result is in line with our
findings. Furthermore, Huang et al. confirmed the correlation between DPN and liver fibrosis in a cohort of
520 individuals with T2DM undergoing a nerve conduction study for neuropathy and FibroTouch for liver
steatosis and fibrosis diagnosis””. Finally, an Italian study demonstrated that liver fibrosis is associated with
macrovascular and microvascular complications (in particular CKD and retinopathy)".

Considering possible etiopathological implications, pathogenetic pathways implicated in DPN share with
metabolic liver disease risk factors and etiological aspects including hyperglycaemia, insulin resistance and
dyslipidaemia. Further, liver fibrosis per se might also be involved in DPN pathogenesis. In detail, bile acids,
synthesized from cholesterol in the liver, may function as signaling molecules through various receptors to
regulate their own synthesis and other metabolic processes, including glucose, lipid, and energy
homeostasis, and have been implicated in the development of liver fibrosis””. Takeda G-protein-coupled
receptor 5 (TGR5), one of the receptors of bile acid, is widely distributed and expressed in neurons””, and
might mediate its role in the pathogenesis of DPN through inflammation. Indeed, TGR5 plays a key role in
different cellular functions by affecting multiple pathways including extracellular signal-regulated kinases
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(ERK), nuclear factor kB (NF-kB), signal transducer and activator of transcription 3 (STAT3), and protein
kinase B (Akt)®*). Indeed, interacting with TGRS, bile acids would inhibit NF-kB activation, leading to an
anti-inflammatory effect””. Besides, TGR5 activation stimulates cyclic adenosine monophosphate (cAMP)-
related pathways'**/, resulting in a promising agent for inducing myelination in the development of
peripheral nerves or remyelination'””. In an experimental model in vivo, treatment with a TGR5 agonist
markedly improved nerve regeneration and functional recovery in sciatic nerve crush-injured mice'.

Considering a retrospective and observational design of this study, it cannot produce generalisable or
transferable findings. Indeed, our clinical observations are not able to prove the causality of the association
between PDN and liver fibrosis. However, the findings may indicate trends and associations and can be
used to generate hypotheses. A further limitation of this study is the small size of the sample. Considering
the prevalence of liver fibrosis and PND in people with T2DM based on previous literature, the sample size
was calculated from n = 62 to n = 100 using a sample size calculator set to a two-sided alpha cutoff of 5%
(0.05) and a power of 80% and a two-sided alpha cutoff of 5% (0.05) and a power of 95%, respectively.
However, the non-significant difference in LSM 2 7 kPa between the DPN+ and DPN- groups (40% vs.
17.5%, P = 0.073) in this cohort of 86 subjects may partly reflect the need for a larger sample size,
particularly in the subgroup that underwent FibroScan, which so far includes only 54 measurements.
Further consideration should be made regarding the LSM cutoff for the definition of liver fibrosis.
According to recent ADA and EASD guidelines"*, individuals with an LSM 2 8.0 kPa should be
considered for referral to liver specialty clinics (gastroenterology or hepatology) for additional assessment,
including imaging-based methods such as magnetic resonance elastography (MRE) or multi-parametric
magnetic resonance imaging (MRI)-derived iron-corrected T1 (cT1). On the other hand, liver biopsy is
generally considered when non-invasive assessments are inconclusive or when alternative diagnoses are
suspected. However, in our clinical practice, we commonly adopt a lower cutoff of LSM (> 7 kPa) to early
identify patients who could benefit from management by a specific interprofessional team, more intensive
treatment of risk factors and more active monitoring of the condition of fibrosis and comorbidities. Given
this clinical bias, we used the lowest LSM value as the screening cutoff in our analyses. Using an LSM value
> 8 kPa led to a further reduction in the sample size, making the trend in the results even more inconsistent.
Other limitations are the absence of data about autonomic neuropathy and the lack of liver biopsy (gold
standard for the diagnosis of liver fibrosis).

The strength of our study is the well-characterized T2DM population. Moreover, among the strengths of the
study, we report the adequate exclusion of possible liver disease from excessive alcohol consumption.
Indeed, in the anamnesis collection, alcohol consumption habits were appropriately investigated in order to
exclude subjects with a likely alcohol-related liver disease (ALD). Specifically, alcohol consumption of less
than 20 g per day in females or less than 30 g per day in males is typically considered acceptable*’. Another
strength of the study is represented by the accurate investigation according to the standard procedures for
the clinical diagnosis of PND. Regarding the clinical diagnosis of DPN, it required the presence of at least
one abnormality, defined as symptoms with an MNSI-Q cutoff > 4 and/or signs with a DNI cutoff > 2 or an
MDNS cutoft > 7. Altered vibration perception or abnormal reflexes alone, although important components
of the clinical assessment, are not sufficient for a DPN diagnosis in the absence of overall positivity on the
DNI and/or MDNS. On the other hand, the analysis of our observations highlights that in subjects at high
risk of liver fibrosis, even a single detected alteration in vibratory sensitivity and/or osteotendinous reflexes
is sufficient and accurate to identify the neurological complication.

Despite these limitations, this study suggests the need for special attention to DPN in individuals with
T2DM and liver disease. This finding requires validation in larger cohorts, and future studies investigating
the molecular mechanisms underlying the association between liver fibrosis and DPN are necessary.
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In conclusion, we documented an association between higher fibrosis indices and the presence of DPN;
specifically, higher FIB-4 scores and AST/ALT ratios were associated with DPN. The presence of liver
fibrosis was particularly associated with signs of DPN, especially abnormal vibration sensation at the great
toe and abnormal reflex testing of the upper and lower limbs, indicative of large nerve fiber involvement.
Moreover, an indeterminate or high risk on the FIB-4 score or AST/ALT ratio, or an LSM > 7 kPa, in
combination with at least one sign of DPN - either abnormal vibration sensation at the great toe or
abnormal reflex testing of the upper and lower limbs - was associated with the presence of DPN. In clinical
practice, for subjects with T2DM and liver fibrosis or at risk of liver fibrosis (as assessed by the FIB-4 score
or AST/ALT ratio), it can be useful to assess vibration sensation at the great toe and reflexes to identify
individuals with DPN.

Therefore, this cross-sectional study systematically investigates, for the first time, the screening value of
combining non-invasive liver fibrosis indicators (FIB-4 and AST/ALT ratio) with vibration perception or
reflex tests for DPN in T2DM patients with MASLD. These findings support the proposal of a combined
screening model of “high-risk liver fibrosis + abnormal simple neurological signs,” which may have
potential clinical utility.
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