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ABSTRACT
Aims/Introduction: Non-alcoholic fatty liver disease and type 2 diabetes mellitus are
closely related, and often occur simultaneously in patients. Type 2 diabetes increases the
risk of diabetic peripheral neuropathy, resulting in intolerable pain and extremity amputa-
tion that reduces the quality of life. However, the role of non-alcoholic fatty liver disease
in the pathogenesis of diabetic peripheral neuropathy remains unclear. Thus, we evaluated
the correlation of liver fibrosis and steatosis, which are representative histological mor-
phologies of non-alcoholic fatty liver disease, with diabetic peripheral neuropathy in
type 2 diabetes patients.
Materials and Methods: Five hundred twenty individuals with type 2 diabetes were
recruited. All the patients were detected nerve conduction study for diabetic peripheral
neuropathy and fibro touch for liver steatosis and fibrosis. Correlation of DPN with liver
steatosis and fibrosis were analysed with binary logistic analysis.
Results: Among the 520 patients, the prevalence of liver steatosis, fibrosis and diabetic
peripheral neuropathy was 63.0% (n = 328), 18.1% (n = 94) and 52.1% (n = 271), respec-
tively. The prevalence of diabetic peripheral neuropathy was significantly elevated in
patients with liver steatosis (55.7 vs 44.9%, P = 0.03) and fibrosis (61.5 vs 50%, P = 0.04),
and it increased as liver stiffness measurement increased. Additionally, both hepatic steato-
sis (odds ratio 1.48, 95% confidence interval 1.04–2.11, P = 0.03) and fibrosis (odds ratio
1.60, 95% confidence interval 1.02–2.51, P = 0.04) were correlated with diabetic peripheral
neuropathy. After adjusting for age, sex, weight, height, body mass index, waist hip ratio,
duration of type 2 diabetes, blood glucose, homeostatic model assessment of insulin resis-
tance, blood pressure, serum lipid, liver enzyme, urea, uric acid, creatinine and inflamma-
tory factors, liver fibrosis remained associated with diabetic peripheral neuropathy (odds
ratio 2.24, 95% confidence interval 1.11–4.53, P = 0.02).
Conclusions: The prevalence of diabetic peripheral neuropathy was elevated in
patients with liver steatosis and fibrosis. Liver fibrosis was also independently associated
with an increased risk of diabetic peripheral neuropathy.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most common
chronic liver disease worldwide, with a global prevalence of 22–
28% in the general population1. It refers to the excessive accu-
mulation of triglyceride in the liver in the absence of competing

liver disease etiologies, such as substantial alcohol consumption,
chronic viral hepatitis and use of medications that induce
steatosis. With the progression of steatosis, lobular inflamma-
tion and pericellular fibrosis would occur, which is known as
non-alcoholic steatohepatitis, leading to cirrhosis and hepatocel-
lular cancer, and eventually to death2. Except for liver-related
complications, increasing epidemiological studies have claimed
a correlation between other metabolic disorders and NAFLD.Received 25 January 2021; revised 24 March 2021; accepted 16 April 2021
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For example, the incidence of cardiovascular disease (CVD)
mortality in the NAFLD population is much higher than that
of liver-related mortality2. Additionally, a meta-analysis with a
sample size of 8,515,431 from 22 countries showed CVD-
specific and liver-specific mortalities of 4.79/1,000 person-years
and 0.77/1,000 person-years, respectively, in NAFLD patients.
Given that CVD is one of the most common chronic com-

plications of type 2 diabetes mellitus, and the prevalence of
NAFLD in type 2 diabetes mellitus patients is almost threefold
that in the general population3,4, tremendous epidemiological
studies on the relationship between NAFLD and chronic vascu-
lar complications of diabetes have emerged5. Currently, NAFLD
has been comprehensively reported to correlate with an increase
in the incidence of CVD and chronic kidney disease in individ-
uals with type 2 diabetes mellitus5,6. However, just a few studies
have evaluated the relationship between NAFLD and diabetic
peripheral neuropathy (DPN) in patients with type 2 diabetes
mellitus and have produced conflicting results7-12.
Furthermore, DPN is a significant microvascular complica-

tion of type 2 diabetes mellitus that contributes to pain, numb-
ness, ulceration and amputation of the distal extremities,
leading to compromised quality of life. The prevalence of DPN
in the adult type 2 diabetes mellitus population varied signifi-
cantly from 20 to 60% due to diverse detection methods and
ethnicities. In China, the prevalence reached up to 61.8%13.
Considering the high prevalence and high disability tendency,
the etiology and potential treatment of DPN are worth explor-
ing. Currently, the most effective treatments are glucose control
and pain management. Nevertheless, the 7.8-year intensive ther-
apy achieving glycemic control compared with conventional
therapy showed a decrease in the incidence of autonomic neu-
ropathy, but not a decrease in the incidence of DPN in type 2
diabetes mellitus patients14. Thus, an early diagnosis of DPN is
also of necessity.
As mentioned previously, NAFLD directly or indirectly

results in many liver-irrelated disorders. Given the high cluster-
ing of NAFLD and type 2 diabetes mellitus, the high prevalence
of DPN in type 2 diabetes mellitus patients, and the ambiguous
connection between NAFLD and DPN, we evaluated the rela-
tionship between NAFLD and DPN in individuals with type 2
diabetes mellitus for better management of DPN.

MATERIALS AND METHODS
Study population
Patients aged >18 years and diagnosed with type 2 diabetes
mellitus according to the World Health Organization criteria
from the Wujing community, Shanghai, China, were enrolled
in the present study using the cluster sampling method. All
enrolled patients were admitted to one center for all clinical
and laboratory assessments. Patients with excessive alcohol con-
sumption (daily alcohol intake >20 g in women and >30 g in
men), viral hepatitis B and C, autoimmune hepatitis, steatosis-
inducing drug utilization and hepatocellular carcinoma history
were excluded from the study. In total, 520 adult type 2

diabetes mellitus patients were included. Written informed con-
sent was obtained from all participants, and the study was
approved by the Ethical Committee of Huashan Hospital.

Demographic and laboratory evaluation
All participants were gathered from the same community cen-
ter. Age, sex, bodyweight, height, waist circumference, hip cir-
cumference and blood pressure were recorded by one doctor.
Additionally, fasting serum samples were collected for measure-
ment of blood glucose, glycated hemoglobin, C-peptide, insulin,
lipid profile, liver and kidney function, and inflammatory
factors.

Evaluation of DPN
Nerve conduction study (NCS) is the most reliable method,
except for biopsy, of studying DPN in clinical trials. Hence,
NCSs (NDI-097; Shanghai Haishen Medical Electronic Instru-
ment Co., Shanghai, China) were carried out on the motor
ulnar, median and peroneal nerves, and the sensory ulnar,
median and sural nerves in one community center with tem-
peratures maintained at 22–26°C in the present study. Distal
motor latency, motor nerve conduction velocity, motor com-
pound muscle action potential, sensory nerve conduction veloc-
ity and sensory nerve action potential amplitude were
evaluated. Distal motor latency prolonging, motor nerve con-
duction velocity slowing or compound muscle action potential
descending of the motor nerves was defined as motor nerve
dysfunction. Meanwhile, sensory nerve conduction velocity
slowing or sensory nerve action potential amplitude descending
of the sensory nerves was defined as sensory nerve dysfunction.
At least two nerve dysfunctions, with at least one belonging

to the lower extremity nerves, were deemed to have DPN. The
cut-off value of each parameter shown in Table S1 was evalu-
ated by Huashan Hospital, Shanghai, China, because the varia-
tion in different laboratories and ethnicities was large.
The detailed protocol was carried out, as described in a pre-

vious study15. Surface electrodes were used in the present study.
The recording electrodes were fixed to the skin of the patients
using adhesive tape; the skin was prepared by disinfecting the
surface. The stimulation and recording sites are listed in
Table S2. The length of each nerve was measured using a flexi-
ble measuring tape. Finally, a ground electrode was placed
between the stimulating and recording electrodes for safety.

Evaluation of liver steatosis and fibrosis
FibroTouch (FT5000), which was as valid as FibroScan, was
used to evaluate liver steatosis and fibrosis in the present
study16,17. The liver stiffness measurement (LSM) value in
FibroTouch showed a high coincidence rate with hepatic fibro-
sis staging according to the liver biopsy, which is the gold stan-
dard for diagnosis of cirrhosis and staging of fibrosis or
steatosis18,19. Transient elastography was carried out by a certi-
fied physician who was blinded to the patients’ clinical data,
and manipulated according to the operations manual. Briefly,
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patients were placed in a standard supine position, with their
right hands beneath their heads to broaden the intercostal
space. Then, the probe was applied to the skin of the seventh
to ninth intercostal spaces in a vertical position where the cou-
pling agent was smeared. The controlled attenuation parameter
(CAP) was expressed as dB/m, and liver LSM was expressed in
kPa.
The CAP and LSM were considered reliable only if 10 suc-

cessful measurements were obtained, with an interquartile
range/median of <30% and a success rate of ≥60%. The cut-off
points of CAP and LSM were set at 240 dB/m and 9.5 kPa,
respectively, according to Chinese thresholds19,20. Therefore,
individuals with CAP ≥240 dB/m and LSM ≥9.5 kPa were
assigned to steatosis and fibrosis, respectively.

Statistical analysis
Continuous variables are presented as the mean – standard
deviation when normally distributed, and as the median (in-
terquartile range) when skewedly distributed. In contrast, cate-
gorical variables are presented as percentages. Comparisons
between two groups were carried out using Student’s t-test for
continuous variables, and the v2-test for categorical variables.
The risk of liver fibrosis and steatosis in the presence of DPN
was estimated using binary logistic analysis. Missing data were
eliminated. All statistical analyses were carried out using SPSS
for Windows (version 21.0; IBM Corp., Armonk, NY, USA).

RESULTS
Clinical characteristics of the study population
A total of 520 patients with type 2 diabetes mellitus were
enrolled in the present study. All basic clinical characteristics,
including age, sex, body mass index (BMI), duration of type 2
diabetes mellitus, glycemic control, b-cell function, blood lipid,
blood pressure, inflammatory indicators, liver function and kid-
ney function indicators, are presented in column 2 of Table 1.

Prevalence and clinical characteristics of patients with liver
steatosis and fibrosis
Among the 520 patients with type 2 diabetes mellitus, 63.0%
(n = 328) and 18.1% (n = 94) had liver steatosis and fibrosis,
respectively (Figure 1). Patients with liver steatosis (CAP
≥240 dB/m) were heavier than those with CAP <240 dB/m
and were prone to abdominal obesity. Fasting insulin, C pep-
tide, homeostatic model assessment of insulin resistance and
blood pressure levels were also much higher in patients with
liver steatosis. The liver enzyme levels of patients with liver
steatosis were elevated. In addition, serum uric acid levels were
significantly increased. Neither creatinine nor urea levels were
found to be altered. Furthermore, serum high-sensitivity C-
reactive protein levels were elevated in patients with liver
steatosis (columns 2–4, Table 2).
Similarly, patients with liver fibrosis (LSM ≥9.5 kPa) were

prone to abdominal obesity, and their fasting insulin, C-
peptide, homeostatic model assessment of insulin resistance and

blood pressure levels were also higher. Liver enzyme levels in
patients with liver fibrosis were elevated. Additionally, their
serum uric acid levels increased, but without statistical signifi-
cance. Neither creatinine nor urea levels were found to be
altered. Serum high-sensitivity C-reactive protein levels were
also elevated in patients with liver fibrosis (columns 5–7,
Table 2).

Prevalence and clinical characteristics of patients with DPN
Among the patients with type 2 diabetes mellitus, 52.1%
(n = 271) were diagnosed with DPN according to NCS

Table 1 | Basic clinical characteristics of whole population

Characteristics Overall (n = 520)

Sex (male), n (%) 227 (43.6%)
Age (years) 64.82 – 6.51
Weight (kg) 64.66 – 10.09
Height (m) 1.62 – 0.08
BMI (kg/m2) 24.47 – 3.03
WHR 0.91 – 0.06
Duration of T2DM (years) 8.21 – 5.59
HbA1c (%) 7.01 – 1.20
FBG (mmol/L) 7.39 – 2.16
Fasting insulin (pmol/L) 16.60 (8.89–26.57)
Fasting C-peptide (pg/mL) 155.41 (66.79–247.13)
HOMA-IR 0.74 (0.41–1.24)
Systolic pressure (mmHg) 130 – 9
Diastolic pressure (mmHg) 80 – 6
LDL (mmol/L) 2.36 – 1.00
HDL (mmol/L) 1.01 – 0.40
TC (mmol/L) 4.30 – 1.29
TG (mmol/L) 1.60 (1.05–2.36)
ALT (U/L) 9 (7–12)
AST (U/L) 16 (11.25–20)
GGT (U/L) 19.5 (13–28)
Creatinine (µmol/L) 65.76 – 21.50
Urea (mmol/L) 5.34 – 1.55
Uric acid (µmol/L) 284.30 – 90.62
hsCRP (ng/mL) 3.25 (1.43–6.76)
TNF-a (pg/mL) 33.85 (18.93–98.01)
IL-6 (pg/mL) 10.63 (6.39–18.94)
LSM 5.95 (4.70–8.20)
CAP 259.71 – 41.63

Cohort size, n = 520. Continuous variables are expressed as the
mean – standard deviation for normal distributed variables, and the
median (interquartile range) for skewed distributed data or as absolute
and relative frequencies for categorical variables. ALT, alanine amino-
transferase; AST, aspartate aminotransferase; BMI, body mass index; CAP,
fat attenuation parameter; FBG, fasting blood glucose; GGT, gamma-
glutamyl transferase; HbA1c, glycated hemoglobin; HDL, high-density
lipoprotein; HOMA-IR, homeostatic model assessment of insulin resis-
tance; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; LDL,
low-density lipoprotein; LSM, liver stiffness measurement; T2DM, type 2
diabetes mellitus; TC, total cholesterol; TG, triglyceride; TNF-a, tumor
necrosis factor-a; WHR, waist-to-hip ratio.
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(Figure 1). Patients with DPN were older, heavier and taller.
The number of diabetic courses was longer, and both fasting
plasma glucose and glycated hemoglobin levels were higher.
Additionally, both systolic and diastolic blood pressures were
higher. Liver enzymes, kidney function, lipid patterns and
inflammatory indicators were not significantly different between
patients with and without DPN. The LSM of DPN patients also
tended to be higher (interquartile range) (5.80 [4.70–7.70] vs
6.25 [4.80–8.58], P = 0.09; columns 8–10, Table 2).

Prevalence of DPN stratified by LSM and CAP
The prevalence of DPN was significantly elevated in patients
with liver steatosis (55.7 vs 44.9%, P = 0.03, Figure 2c) and
liver fibrosis (61.5 vs 50%, P = 0.04, Figure 2a). After grouping
by quartile values, the prevalence of DPN was elevated as LSM
increased (Figure 2b), but a positive relationship did not exist
as the CAP increased (Figure 2d).

Associations of hepatic steatosis and fibrosis with the
presence of DPN in patients with type 2 diabetes mellitus
The univariate logistic regression analysis showed that both
hepatic steatosis (odds ratio 1.48, P = 0.03) and fibrosis (odds
ratio 1.60, P = 0.04) were correlated with DPN. After adjusting
for age, sex, weight, height, BMI, waist hip ratio, blood glucose,
homeostatic model assessment of insulin resistance, blood pres-
sure, inflammatory indicators and all other risk factors, only
fibrosis remained associated with the presence of DPN (odds
ratio 2.24, P = 0.02; Table 3).

DISCUSSION
In this large cohort of type 2 diabetes mellitus patients in the
community sampled by cluster sampling, we found that liver
fibrosis diagnosed by FibroTouch was associated with DPN
diagnosed by NCS independently of BMI, plasma glucose, lipid
profile, insulin resistance, blood pressure, serum liver enzymes,
inflammatory factors and other DPN risk factors. The risk of
DPN in patients with LSM ≥9.5 kPa was more than twice of
that in patients with LSM <9.5 kPa. Meanwhile, liver steatosis
was also correlated with DPN, but was not statistically signifi-
cant after adjusting for BMI and other risk factors. In addition,
we found a high prevalence of liver steatosis (63.0%), fibrosis
(18.1%) and DPN (52.1%) in the type 2 diabetes mellitus popu-
lation, which is consistent with previous epidemiological
studies21,22.
Although the relationship between NAFLD and diabetic

microvascular complications, including diabetic kidney disease
and retinopathy, has been researched comprehensively, just six
currently available studies referred to DPN and drew contradic-
tory conclusions. As shown in Table S3, five of the studies were
unicentric cross-sectional studies from Italy, Australia, Korea,
China and India8-12, while the other one was a multicenter
cross-sectional study from Italy7. Among them, Mantovani
et al.8 showed positive correlations between the prevalence of
NAFLD diagnosed by ultrasonography and DPN assessed by
the Michigan Neuropathy Screening Instrument method in
adult outpatients with type 1 diabetes, but Vendhan et al.11

reported no difference in the risk of neuropathy (evaluated by
vibratory perception threshold) stratified by NAFLD in young
outpatients with type 1 diabetes. Distinct ethnicities, ages and
neuropathy diagnostic methods might have caused the inconsis-
tency. Contradictions were also found in studies involving
type 2 diabetes mellitus patients. Kim et al.7 and Lombardi
et al.10 reported that both liver steatosis and fibrosis were not
correlated with DPN in outpatients with type 2 diabetes melli-
tus. Another study from China claimed negative correlations
between the prevalence of NAFLD and the duration of diabetes
and DPN in inpatients with type 2 diabetes mellitus, which
was not comprehensively discussed in that article. From our
perspective, subjective bias of the diagnosis by ultrasound, the
neuropathy symptoms and strict lifestyle interventions of
patients with longer diabetic duration might be the explana-
tions12. In contrast, Williams et al.9 discovered a higher vibra-
tory perception threshold associated with liver fibrosis due to
NAFLD in inpatients with type 2 diabetes mellitus. In sum-
mary, currently, the effects of NAFLD on DPN have been elu-
sive because of divergent diagnostic methods, ethnicity and
single-centered origin of the recruited population. Thus, further
research is necessary.
The present results are valuable, as the correlation of DPN

and liver steatosis and fibrosis secondary to NAFLD in a large
cohort using FibroTouch and NCS simultaneously have been
evaluated for the first time. FibroTouch is a valid and sensitive
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Figure 1 | Prevalence of non-alcoholic fatty liver disease and diabetic
peripheral neuropathy (DPN) in type 2 diabetes mellitus patients.
Cohort number: 520 type 2 diabetes mellitus patients; liver steatosis:
controlled attenuation parameter ≥240 dB/m; liver fibrosis: liver stiffness
measurement ≥9.5Kpa. Dysfunction of at least two nerves, among
which at least one belonged to lower extremities nerves, was deemed
as DPN.
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non-invasive approach to assess steatosis and fibrosis, similar to
FibroScan17,23. According to previous studies, the use of FibroS-
can in the prediction of DPN was applied in just two studies in
which the diagnosis of DPN was mainly dependent on symp-
toms rather than NCS. In the present study, thorough detection
of nerves by NCS provided an objective evaluation of the extent
of injury to large fiber nerves. Therefore, the correlation
between liver fibrosis and DPN shown by the present results
was credible and objective.
Pathways implicated in DPN include the hexosamine path-

way, advanced glycation end-products accumulation, excess
reactive oxygen species, inflammation and insulin resistance24.
Patients with liver steatosis and fibrosis in the present study
were more likely to have abdominal obesity and to be in an
insulin-resistant state. Furthermore, blood pressure and plasma
lipid patterns were worse. All the aforementioned factors are
widely accepted risk factors for NAFLD and DPN25. In line
with previous studies, elevated serum uric acid levels were
observed in patients with liver steatosis. Uric acid is known to
play an important role in metabolic diseases, including NAFLD,
type 2 diabetes mellitus and DPN, by triggering inflammation,
mitochondrial oxidative stress and insulin resistance26. Thus, it

is likely that their common etiologies contribute to DPN and
NAFLD. In contrast, liver fibrosis per se, which increases the
risk of DPN regardless of confounding factors, might also be
involved in DPN pathogenesis. Bile acid is an amphipathic ster-
oid molecule synthesized from cholesterol in the liver. Studies
over the past two decades have suggested that bile acid might
function as a signaling molecule through a variety of receptors
to regulate their own synthesis and other metabolic processes,
such as glucose, lipid and energy homeostasis, and was impli-
cated in the occurrence of liver fibrosis27,28. TGR5, one of the
receptors of bile acid, is widely distributed and expressed in
neurons27, which might mediate its role in the pathogenesis of
DPN through inflammation. Interacting with TGR5, bile acid
would inhibit nuclear factor-jB activation29,30. Apart from
DPN, liver fibrosis, but not steatosis, was independently associ-
ated with albuminuria31, and regardless of the presence or
severity of other histological features, fibrosis stage indepen-
dently is the most relevant liver biopsy feature associated with
overall and liver-related mortality or liver transplantation32.
Furthermore, inhibiting triglyceride synthesis improves hepatic
steatosis, but exacerbates liver damage and fibrosis. In other
words, triglyceride synthesis actually helps to protect
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Figure 2 | Prevalence of diabetic peripheral neuropathy (DPN) stratified by liver stiffness measurement (LSM) and controlled attenuation parameter
(CAP). Cohort number: 520 type 2 diabetes mellitus patients. Patients were grouped by cut-off values of (a) LSM and (c) CAP. Patients were
grouped by quartile values of (b) LSM and (d) CAP. Dysfunction of at least two nerves, among which at least one belonged to lower extremities
nerves, was deemed as DPN.
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hepatocytes from lipotoxicity by buffering the accumulation of
free fatty acids33. However, the mechanism by which only
fibrosis is independently associated with DPN remains obscure.
Currently, the most effective treatments for DPN are glucose

control and pain management34. However, the Action to Con-
trol Cardiovascular Risk in Diabetes (ACCORD) randomized
trial showed that intensive glucose control did not reduce the
risk of advanced measures of microvascular outcomes, and
caused higher mortality, although it delayed the onset of neu-
ropathy35. Thus, the relationship between liver fibrosis and
DPN provides new insights into the etiology and early diagno-
sis of DPN, and the development of a potential therapy.
However, the present study had several limitations. Due to

the cross-sectional design of the study, the causal relationship
between NAFLD and DNP cannot be determined, but the pre-
liminary correlation of NAFLD and the presence of DPN in
type 2 diabetes mellitus individuals is still significant. Thus,
future prospective studies and the underlying mechanism of the
correlation between DPN and fibrosis requires further analysis.
Furthermore, all recruited patients were from communities in
Shanghai, China; therefore, generalization to patients with other
ethnicities is inappropriate.
In conclusion, we found that the prevalence of DPN was

higher in patients with liver steatosis and fibrosis secondary to
NAFLD in the type 2 diabetes mellitus population from

communities. Additionally, liver fibrosis is an independent risk
factor for the presence of DPN after adjusting for all other con-
founding indicators.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Table S1 | Cut-off values for parameters of nerve conduction studies.
Table S2 | Sites for stimulation and recording of different nerves.
Table S3 | Summaries of published studies about the correlation between non-alcoholic fatty liver disease and diabetic peripheral
neuropathy.
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