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Bilirubin is an antioxidant and plays a protective role against cardiovascular and microvascular disease. The aim of this study is to
explore the possible protective effect of bilirubin on small nerve function. A total of 265 Chinese patients with type 2 diabetes
mellitus (T2DM) were enrolled in the study. Both SUDOSCAN and other traditional diabetic neuropathy examinations
including neuropathy symptom score (NSS), the neuropathy disability score (NDS) and Michigan Neuropathy Screening
Instrument (MNSI) scores were performed in all patients with T2DM. Blood bilirubin levels were tested in the study. Spearman
correlation analysis and multivariate regression analysis were performed to determine the relation between bilirubin level and
hands and feet ESC values. Spearman correlation analysis demonstrated a correlation between total bilirubin and ESC levels
including hands (r=0.165, P <0.05) and feet (r=0.122, P <0.05) as well as between UCBil and ESC levels including both
hands (r=0.172, P < 0.05) and feet (r = 0.175, P < 0.05). Multivariate regression linear analyses showed both total bilirubin and
UCBIl level were independently associated with hands and feet ESC levels. All these results suggested a positive association
between bilirubin level and ESC level, indicating a possible protective role of bilirubin in peripheral small nerve dysfunction of

type 2 diabetes mellitus.

1. Introduction

Bilirubin, as the end product of heme catabolism, has been
regarded merely as a waste with potential toxicity for a
long time until year 1987 when it was identified as an
antioxidant of possible physiological importance [1]. Both
autonomic and peripheral nerve functions were found to
be correlated with serum bilirubin after autonomic and
peripheral nerve functions were examined in a group of
patients with primary biliary cirrhosis by using standard
cardiovascular reflex tests and peripheral nerve conduction
studies [2].

In the year 1996, low level of serum bilirubin concentra-
tion was first reported to be closely related to increased
chronic vascular disease (CVD) risk factors in a large Chinese
population [3]. Later in other studies, bilirubin, recognized as
an antioxidant and anti-inflammatory metabolic molecule,

has been further proved to be significantly inversely corre-
lated with the incidence of coronary artery disease [1, 4, 5],
stroke [6], and peripheral artery disease [6, 7] independent
of conventional risk factors in general population and
higher levels of bilirubin would reduce susceptibility to
vascular diseases. A higher level of serum total bilirubin
(TBil) level was found to be associated with a lower inci-
dence of T2DM [8], and also low TBil level was associated
with diabetic microvascular complications including dia-
betic retinopathy [9-13] and microalbuminuria [9, 14] as
well as subclinical atherosclerosis such as an increased risk
of amputation [10].

However, few studies have focused on the relationship
between TBil levels and diabetic peripheral neuropathy
(DPN) in T2DM patients. DPN is one of the common
chronic complications of type 2 diabetes, with an estimated
prevalence of 50%-70% depending on different diagnostic
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methods [15]. Despite many different factors including oxi-
dative stress and inflammation caused by long-term exposure
to hyperglycemia that have already been implicated in its
pathogenesis, the underlying mechanism of DPN is still not
tully understood. Evaluation of sweating has the appeal of
quantifiable noninvasive determination of the integrity of
the peripheral autonomic nervous system and can now be
accomplished rapidly at point of care clinics with the
determination of ESC level [16]. The SUDOSCAN, a new
screening device for early detection of DPN, has been
developed based on different electrochemical principles
(reverse iontophoresis and chronoamperometry) to measure
sudomotor function through ESC level of hands and feet
[17-19]. It provides a more practical and precise perfor-
mance profile as a tool for the early detection of peripheral
small nerve dysfunction. Low ESC level produced by the
SUDOSCAN indicated an impairment of small nerve in the
early stage of T2DM.

In this study, we aim to evaluate the association between
serum bilirubin concentration and the extent of peripheral
small nerve dysfunction by using ESC level detected by the
SUDOSCAN in Chinese patients with type 2 diabetes.

2. Materials and Methods

2.1. Study Population. The study was conducted in Huashan
Hospital, Shanghai, from September 2014 to September
2015. The ethics committee of Huashan Hospital approved
the study. Voluntary outpatients diagnosed with type 2
diabetes between 18 and 80 years of age, with or without
symptoms of neuropathy, were continually enrolled in the
study. The aims of the study were explained to the partici-
pants, and the fact that they could withdraw from the study
at any time during the study was informed to them. Exclu-
sion criteria included undiagnosed hyperglycemia, type 1
diabetes mellitus (T1DM), treatment with drugs that could
have an effect on the sympathetic system such as beta
blockers and antineoplastic drugs, implantation of electrical
implantable devices, history of seizures or epilepsy, lumbar
sciatic nerve lesion, severe varices of the lower limbs, other
metabolic diseases including thyroid disease or vitamin B12
deficiency, and any other advanced systemic condition
including severe hepatic and renal dysfunction as reported
by our groups before [20].

2.2. Physical Examination. One trained nurse examined all
patients and recorded the results. Basic physical characteris-
tics (height, weight, and waist and hip circumference) were
measured using standard methods, and body mass index
(BMI) and waist-hip ratio (WHR) were calculated. Blood
pressure was recorded in the supine position following
5min of rest. Medical history of diabetes was recorded
completely for each patient.

2.3. Laboratory Examination. Blood samples were collected
for plasma HbAlc level determined by high-pressure liquid
chromatography and liquid enzymatic assay. Blood samples
were also collected for serum aspartate aminotransferase
(AST), alanine aminotransferase (ALT), total cholesterol
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(TC), high-density lipoprotein cholesterol (HDL-C), triglyc-
erides (TG), low-density lipoprotein cholesterol (LDL-C),
serum total bilirubin (TBiL) level, conjugated bilirubin level
(CBil), and unconjugated bilirubin (UCBil) level which were
measured by using an automatic analyzer (AU640; Olympus
Corporation, Tokyo, Japan) after at least 8 hours of fasting.

2.4. SUDOSCAN Test Procedure. The SUDOSCAN device is
composed of two sets of electrodes for the feet and hands,
both of which are connected to a computer for recording
and data analysis. The procedure of measurement was
described in previously published studies in detail. The
device can measure electrochemical skin conductance
(ESC) values expressed in micro-Siemens (uS) for the hands
and the feet (both right and left sides). Higher ESC level
stands up for less possibility of neuropathy.

The SUDOSCAN detection was accepted by all the
subjects without any complaint of discomfort, and no safety
events were ever reported as described in early studies [20].

As for the diagnostic criteria of the SUDOSCAN test, we
used 60 uS of mean foot ESC as the cut-oft for the diagnosis
of DPN according to previous studies [19, 21].

2.5. Peripheral Neuropathy Examination. Symptoms and
signs of lower limbs were recorded, respectively. The assess-
ments of the DPN were performed by one expert nurse using
three different questionnaires including the neuropathy
symptom score (NSS) [22], the neuropathy disability score
(NDS) [22], and Michigan Neuropathy Screening Instru-
ment (MNSI score) [23, 24] as have been used before in our
group. A composite score was calculated separately for neu-
ropathic symptoms using the NSS score questionnaire and
for clinical examination using the NDS score. Neurological
symptoms and signs based on the neuropathy symptom
score (NSS) and the neuropathy disability scores (NDS)
were evaluated. Neurological symptoms included burning,
numbness, tingling, fatigue, cramping, or aching, and neu-
rological signs included vibration sense (128Hz tuning
fork at the great toe), pain (pinprick sensation at the great
toe), temperature sensation (cold tuning fork at the great
toe), and ankle reflex.

According to previous standards, an NSS score of 3-4
points was considered a mild neuropathy symptom, 5-6
points as medium neuropathy symptom, and 7-9 points
as severe neuropathy symptom. The results of the NDS
score were divided into three classes as well. A patient
with an NDS of 3-5 points was considered with mild neu-
ropathy signs, 6-8 points as medium neuropathy signs,
and 9-10 points as severe neuropathy signs. The golden
diagnosis standard of DPN is dependent on both the NSS
and the NDS scores (with an NDS score of >6 or an NDS
score of 3-5 associated with an NSS score of >5) as has been
used before in our previous study.

The MNSI score consists of two parts: the appearance of
the feet (deformity, dry skin, callus, infection, or fissures) and
examination of foot ulceration, ankle reflex, and vibration
perception with a 128 Hz tuning fork. The evaluation of each
parameter was made at both sides with a maximum score
of 8 points.
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2.6. Statistical Analysis. Results of continuously measured
characteristics were expressed as mean + standard deviation
(SD), and distributions of categorical variables are expressed
as percentages and absolute numbers. Analysis of vari-
ance was used to compare mean differences of clinical
factors between the DPN group and the non-DPN group,
and y? analyses were used to assess differences between
categorical variables.

Spearman correlation analysis was performed on both
hand and foot ESC values and bilirubin level including total
bilirubin, conjugated and unconjugated bilirubin levels. The
association between hand ESC values as well as foot ESC
values with bilirubin levels was analyzed by multivariable
linear regression models adjusted for age, BMI, and SBP.
For all multivariable analyses, a P value of <0.05 was consid-
ered statistically significant. All analyses were performed
using Stata v11.1 (Stata Corp., College Station, TX).

3. Results

We studied a total of 265 patients with type 2 diabetes melli-
tus (163 males and 102 females) in the study. Among those
265 patients with type 2 diabetes, mean age is 59.64 +12.83
years, mean duration of type 2 diabetes is 9.20 +7.84 years,
and mean HbA1C% level is 8.67 +2.18%. Clinical and bio-
chemical characteristics of the 265 patients are described in
Table 1. We divided the patients into two different groups
by DPN using SUDOSCAN results as diagnostic criteria. As
indicated in Table 2, both hand and foot ESC levels are much
lower in both DPN diagnosed by the MNSI and NSS/NDS
scores (P <0.01). T2DM patients in the study with DPN
diagnosed by the SUDOSCAN had a longer duration of
T2DM (P < 0.05), higher WHR level (P < 0.05), higher NSS
score (P < 0.001), higher NDS score (P < 0.001), and MNSI
score (P <0.001).

Spearman correlation analysis demonstrated significant
correlation coefficients between total bilirubin and ESC levels
including hands (r=0.165, P<0.05) and feet (r=0.122,
P <0.05) as well as between UCB and ESC levels including
both hands (r=0.172, P<0.05) and feet (r=0.175, P<
0.05). (Table 3) However, we did not detect any significant
correlation between CB with hand or foot ESC levels. On
multiple linear regression analysis, we found that higher
total bilirubin level was independently associated with
higher hand (B coeflicient=0.757, P <0.05) and foot ESC
levels (B coefficient=0.757, P <0.05). UCB but not CB
level was independently correlated with hand ESC levels
(B coeflicient=0.613, P<0.05) and foot ESC levels (3
coefficient=0.764, P < 0.05); the result of which was con-
sistent with previous spearman correlation analysis (as
we can see in Table 4 and Figure 1).

4. Discussion

In the present study, we found that both TBil and UCBIil
levels were highly correlated with both hand and foot ESC
levels detected by the SUDOSCAN; the result of which indi-
cated that elevation of bilirubin level might have a protective
role in the development of diabetic neuropathy.

TaBLE 1: Baseline characteristics of 265 T2DM patients enrolled in
the study.

Mean + SD
Age (years) 59.64+12.83
Male/female 163/102
Duration of T2DM (years) 9.20+7.84
SBP (mmHg) 129.53 +14.07
DBP (mmHg) 80.28 +9.20
HbAlc (%) 8.67+2.18
BMI (kg/m?) 24.53+4.10
WHR 0.93+£0.07
ALT (U/L) 30.35+20.77
AST (U/L) 22.97 +14.08
TG (mmol/L) 1.81+1.93
CHO (mmol/L) 449+1.23
LDL-C (mmol/L) 2.58 +0.88
HDL-C (mmol/L) 1.22+2.91

Smokers (%)
Alcohol consumption (%)

76 (28.7%)
31 (11.7%)

Total bilirubin (gmol/L) 12.54+4.48
Conjugated bilirubin (ymol/L) 3.34+3.44
Unconjugated bilirubin (gmol/L) 9.27£4.81
MNSI score 3.04+2.31
NSS score 3.07+2.78
NDS score 2.89£2.59
DPN by SUDOSDCAN (%) 148 (53.0%)
Foot ESC (uS) 59.14 +21.95
Hand ESC (uS) 59.51+21.95

Data are means (SD) and percentage (%). T2DM: type 2 diabetes
mellitus; BMI: body mass index; SBP: systolic blood pressure; DBP:
diastolic blood pressure; DPN: diabetic peripheral neuropathy; WHR:
waist-hip ratio; HbAlc: glycated hemoglobin; LDL-C: low-density
lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; CHO:
cholesterol; TG: triglyceride; ALT: alanine aminotransferase; AST:
aspartate aminotransferase; TBil: total bilirubin; CBil: conjugated bilirubin;
UCBIl: unconjugated bilirubin; NSS: neuropathy symptom score; NDS:
neuropathy disability score; MNSI: Michigan Neuropathy Screening
Instrument; ESC: electrochemical skin conductance.

Bilirubin (including TBil, UCBIil, and CBil), a metabolite
of heme and has been shown as a potent endogenous anti-
oxidant, is traditional liver function index. Serum UCBIl is
carried by albumin to the liver where the hepatic enzyme
UDP-glucuronyl transferase 1A1 converts UCBil to CBil.
When TBil is in a normal range, higher CBil indicates
hepatocellular injury.

In the year 2010, the National Health and Nutrition
Examination Survey (NHANES) performed to evaluate the
overall health and nutrition status of the United States
population showed that increased TBil level was associated
with 26% reduction in diabetes risk (OR=0.74, 95% CI
0.64-0.88) [25]. Multivariate analysis results also confirmed
this association (OR =0.80, 95% CI 0.67-0.95) after adjusting
for all diabetes risk factors. Additionally, several cross-
sectional and cohort studies also reported an inverse associa-
tion between serum TBil and T2DM [8, 26].



TaBLE 2: Characteristics of 265 T2DM patients enrolled in the study divided by DPN diagnosed by the SUDOSCAN.
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DPN group (N = 148) Non-DPN group (N =117) P value
Age (years) 60.53 +13.05 58.79+12.21 0.257
Female (%) 89 (60.1%) 79 (67.5%) 0.902
Duration of T2DM (years) 10.25+7.90 8.24+7.61 0.048*
SBP (mmHg) 130.62 + 14.57 128.17 +13.82 0.158
DBP (mmHg) 80.71+£9.51 80.06 £8.29 0.558
HbAlc (%) 8.62+2.00 8.76 £2.39 0.634
BMI (kg/rnz) 24.36 +£4.05 24.59 +4.09 0.642
WHR 0.94+0.07 0.92 +£0.06 0.030*
ALT (U/L) 30.71+£20.85 30.07 £20.89 0.800
AST (U/L) 23.38+13.90 22.66 +14.39 0.672
CHO (mmol/L) 4.39+1.05 4.63+1.39 0.124
TG (mmol/L) 1.56 +0.88 2.11+2.64 0.130
LDL-C (mmol/L) 2.61+0.89 2.56 +0.87 0.742
HDL-C (mmol/L) 1.06 +0.39 1.05+0.36 0.809
Smokers (%) 89 (89/133) 80 (80/115) 0.864
Alcohol consumption (%) 115 (87.8%) 99 (86.1%) 0.708
TBil (umol/L) 13.90+9.78 16.33 £14.83 0.105
CBil (umol/L) 512+£9.76 6.84£16.14 0.279
UCBIl (umol/L) 8.97+4.47 9.48 +6.05 0.423
MNSI score 3.54+2.46 2.44 +1.96 0.000"*
NSS score 3.30+2.71 229+2.26 0.000**
NDS score 3.38+2.71 229+2.26 0.000"*
Foot ESC (uS) 44.98 £19.89 75.68 £9.05 0.000""
Hand ESC (uS) 47.75+£17.54 73.27 £9.67 0.000**

Data are means (SD) and percentage (%). T2DM: type 2 diabetes mellitus; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure;
DPN: diabetic peripheral neuropathy; WHR: waist-hip ratio; HbAlc: glycated hemoglobin; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density
lipoprotein cholesterol; CHO: cholesterol; TG: triglyceride; ALT: alanine aminotransferase; AST: aspartate aminotransferase; TBil: total bilirubin; CBil:
conjugated bilirubin; UCBIl: unconjugated bilirubin; NSS: neuropathy symptom score; NDS: neuropathy disability score; MNSI: Michigan Neuropathy
Screening Instrument; ESC: electrochemical skin conductance. P value was calculated after adjustment for age, sex except for itself. *P < 0.05; **P < 0.01.

TABLE 3: Spearman correlation between traditional screening scores
including NSS, NDS, and MNSI and hand and foot ESC level
detected by the SUDOSCAN and bilirubin level (total,
unconjugated, and conjugated).

Total bilirubin ~ Unconjugated Conjugated
(TBil) bilirubin (UCBil)  bilirubin (CBil)
NSS -0.003 0.052 -0.092
NDS -0.046 -0.067 0.027
MNSI 0.024 0.075 -0.097
Hand ESC 0.165" 0.172" 0.053
Foot ESC 0.122* 0.175* -0.050

TBil: total bilirubin; CBil: conjugated bilirubin; UCBil: unconjugated
bilirubin; NSS: neuropathy symptom score; NDS: neuropathy disability
score; MNSL  Michigan Neuropathy Screening Instrument; ESC:
electrochemical skin conductance. *P < 0.05.

Apart from T2DM, there is also a growing body of
literature which shows that higher total bilirubin levels are
protective against cardiovascular disease, stroke, and periph-
eral arterial disease. In the year 2008, Fukui et al. [27] showed
a significant inverse correlation between the serum bilirubin

concentration and pulse wave velocity, while a significant
positive correlation was found to the ankle brachial index
in a subgroup of 386 patients. They also found that serum
bilirubin level is associated with microalbuminuria and
subclinical atherosclerosis in patients with type 2 diabetes.
Concerning the role bilirubin might play in diabetic compli-
cations, evidence from a recent meta-analysis showed a neg-
ative nonlinear association between bilirubin concentration
and the risk of diabetic complications (OR=0.77, 95% CI
0.73-0.81) [9]. They found that there was a negative
association between bilirubin concentration and the risk of
diabetic nephropathy, diabetic retinopathy, and diabetic
neuropathy indicating that bilirubin may play a protective
role in the occurrence of diabetic complications. The possible
underlying mechanism might be due to a potent antioxidant
property of bilirubin by inhibiting lipid peroxidation and
attenuating low-density lipoprotein (LDL) oxidation in dia-
betic patients. In recent years, the number of studies on the
relationship between bilirubin concentration and the risk of
diabetic complications has increased; some studies have indi-
cated that high bilirubin concentration has a protective effect
on diabetic complications, but some studies did not find this
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TaBLE 4: Multiple linear regression analysis of association between bilirubin level and NSS, NDS, and MNSI scores and ESC levels detected by

the SUDOSCAN.

Total bilirubin P value Unconjugated bilirubin P value Conjugated bilirubin P value
NSS -0.018 (-0.103 to 0.067) 0.680 0.003 (—0.081 to 0.087) 0.939 —0.056 (—0.191 to 0.078) 0.411
NDS —0.029 (-0.111 to 0.054) 0.494 —0.056 (-0.137 to 0.025) 0.175 0.035 (—0.096 to 0.165) 0.596
MNSI 0.014 (-0.031 to 0.059) 0.537 0.010 (—0.034 to 0.054) 0.659 —0.023 (—0.146 to 0.100) 0.712
Hand ESC 0.757 (0.159 to 1.355) 0.013* 0.613 (0.018 to 1.208) 0.044* 0.110 (-0.827 to 1.047) 0.817
Foot ESC 0.757 (0.066 to 1.449) 0.032* 0.764 (0.076 to 1.451) 0.030* —0.254 (-1.329 to 0.821) 0.642

NSS: neuropathy symptom score; NDS: neuropathy disability score; MNSI: Michigan Neuropathy Screening Instrument; ESC: electrochemical skin

conductance. *P < 0.05.
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FiGure 1: Multiple linear regression analysis of association between total and unconjugated bilirubin levels and hand and foot ESC levels

detected by the SUDOSCAN.

relationship. Age and race might be two main factors con-
tributing to these inconsistent findings. However, among
these related clinical studies, very few of them have focused
on diabetic neuropathy. In the year 2014, Chung et al. [28]
first showed that serum TBil levels were significantly associ-
ated with cardiovascular autonomic neuropathy (OR =0.36;
95% CI 0.21-0.63 for the highest versus the lowest bilirubin
tertile, P <0.001) suggesting that TBil level might be
inversely associated with the prevalence of cardiovascular
autonomic neuropathy in patients with type 2 diabetes. Later
in the year 2015, Kim et al. [29] also found that TBil level was
inversely associated with the presence of DPN in 1207
patients aged more than 30 years with type 2 diabetes in

Korea. In the study, they found that low serum bilirubin
levels were significantly associated with DPN, independently
of classic risk factors and other microvascular complications.
In a study in the year 2015, Jian Liu et al. [30] found
that unconjugated bilirubin mediated heme oxygenase-1-
induced vascular benefits which suggested bilirubin as a
potential therapeutic target for clinical intervention of
diabetic vasculopathy.

In our study, we decided to use the SUDOSCAN as a tool
for the early detection of diabetic neuropathy to evaluate the
relationship between bilirubin and neuropathy. We detected
a relatively high correlation between both hand and foot ESC
levels with total and unconjugated bilirubin levels by using



multiple linear regression analysis. However, we do have
some limitations in this study. First, this cross-sectional study
only provided a relationship but failed to provide any causal
effect between bilirubin and the occurrence of peripheral
small nerve dysfunction. Secondly, the sample size of this
study is not large enough to be further divided according to
HbAlc or levels of other clinical factors. Thirdly, in this
study, we did not perform other diabetic microvascular
complication including diabetic retinopathy and automatic
cardiovascular disease to provide a comprehensive under-
standing of how bilirubin level correlates with all diabetic
microvascular complications.

As far as we know, this study is a pilot study on
understanding a possible relation between bilirubin level
and ESC value which has been used to detect early peripheral
small nerve fiber dysfunction caused by overproduction of
oxidative products.

To conclude, high total and unconjugated serum biliru-
bin levels are inversely associated with DPN, independently
of classic risk factors. Further investigations are necessary
on the underlying mechanism that links bilirubin to neuro-
protection and the prognostic significance of serum bilirubin
on DPN as well as considering elevating bilirubin metabo-
lism as a potential therapeutic target to ameliorate a variety
of conditions.
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