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Abstract The aim of this study is to investigate the
association between serum albumin concentrations and
nerve conduction (NC) parameters in Chinese patients
with type 2 diabetes (T2DM). A total of 409 T2DM pa-
tients were enrolled between October 2010 and April
2014. All participants underwent nerve conduction stud-
ies. The composite Z scores for NC parameters including
conduction velocity (CV), amplitude, and latency were
calculated as well. Serum albumin was measured by
Bromcresol Green dye-binding method. The composite
Z scores of CV and amplitude increased with the in-
creasing albumin tertiles (test for trend, both P < 0.001),
while the composite Z score of latency decreased with

Lu Li and Bo Liu have contributed equally to this study.

< Congrong Wang
crwang @sjtu.edu.cn

Department of Endocrinology and Metabolism, Shanghai Jiao
Tong University Affiliated Sixth People’s Hospital, Shanghai
Diabetes Institute, Shanghai Key Laboratory of Diabetes
Mellitus, Shanghai Clinical Center for Diabetes, 600 Yishan
Road, Shanghai 200233, People’s Republic of China

Department of Endocrinology and Metabolism, Shanghai Jiao
Tong University Affiliated Sixth People’s Hospital Jinshan
Branch, Shanghai, People’s Republic of China

Department of Electrophysiology, Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital, Shanghai,
People’s Republic of China

Center for Translational Medicine, Shanghai Key Laboratory
of Diabetes Mellitus, The Metabolic Diseases Biobank,
Shanghai Jiao Tong University Affiliated Sixth People’s
Hospital, Shanghai, People’s Republic of China

increasing albumin tertiles (test for trend, P < 0.001).
After adjusting for age, sex, duration, and HbAlc, higher
serum albumin concentrations were associated with higher
composite Z scores of CV (f = 0.314, P < 0.001), am-
plitude (f = 0.279, P < 0.001), and lower composite
Z score of latency (f =—0.279, P < 0.001). When par-
ticipants were stratified into albuminuria and normoalbu-
minuria group, we found the associations of serum
albumin with composite Z scores of NC parameters re-
mained significant only in the albuminuria group (CV
Z score: f =0.253, P =0.002; amplitude Z score:
f =0.233, P =0.006; latency Z score: f = —0.217
P = 0.013) after further adjustment for urinary albumin to
creatinine ratio. The optimal cutoff point of serum albu-
min to indicate abnormal peripheral nerve function was
36.75 g/L in T2DM patients with albuminuria, with a
sensitivity of 65.6 % and a specificity of 78.0 %. Serum
albumin was independently associated with peripheral
nerve function in T2DM patients, especially in those with
albuminuria. Serum albumin could be a potential
biomarker for diabetic peripheral neuropathy.

Keywords Type 2 diabetes - Serum albumin - Diabetic
peripheral neuropathy - Composite Z score - Nerve
conduction study

Abbreviations

T2DM  Type 2 diabetes

DPN Diabetic peripheral neuropathy
NCSs  Nerve conduction studies

NC Nerve conduction

cv Conduction velocity

ACR Urinary albumin to creatinine ratio
HbAlc Glycated hemoglobin
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Introduction

Prevalence of diabetes mellitus has reached epidemic pro-
portions worldwide [1]. Diabetic peripheral neuropathy
(DPN)—the most common chronic complication of dia-
betes, occurs in up to 50 % of all patients with diabetes [2]
and is widely considered as a main risk factor for foot ul-
ceration and lower limb amputation [3, 4]. Early detection
of DPN is of great importance because it can increase op-
portunities for both physicians and patients to benefit from
better glycemic control and to initiate strategies to prevent
its complications such us foot ulcers [5, 6]. Yet detection
and diagnosis of DPN can be complex. Consensus defini-
tions for distal symmetric polyneuropathy consistently
recommend a combination of neuropathic symptoms and
signs in addition to specific abnormalities in nerve con-
duction studies (NCSs) as criteria for diagnosis [7, 8]. NCSs
are considered to be the most sensitive, accurate, and reli-
able method for detecting DPN [9-11]. Despite the diag-
nostic benefits of NCSs in evaluation of DPN, they are not
widely utilized due to availability and complexity. Simple
and effective biomarkers are needed to detect the popula-
tion with diabetes who are at high risk of DPN.

Albumin, the most abundant circulating protein in
plasma, possesses many important physiological and
pharmacological functions [12]. Among the various func-
tions, the anti-oxidative and anti-inflammatory properties
are of paramount importance [13—15]. As oxidative stress
and inflammation are considered to be important con-
tributors to the development of diabetic microvascular
complication including neuropathy [16-26], serum albu-
min concentrations may be associated with peripheral
nerve function. Therefore, by performing NCSs, the current
study sought to investigate the cross-sectional association
between serum albumin concentrations and nerve conduc-
tion (NC) parameters in patients with type 2 diabetes
(T2DM).

Materials and methods
Study subjects

The study enrolled a total of 424 T2DM inpatients from
Shanghai Jiao Tong University Affiliated Sixth People’s
Hospital Jinshan Branch between October 2010 and April
2014. All participants underwent NCSs. Diabetes mellitus
was diagnosed in accordance with the 1999 World Health
Organization criteria (fasting plasma glucose >7.0 mmol/
L, 2 h plasma glucose >11.1 mmol/L, or both). Subjects
were excluded if they had other severe illness, such as
acute infectious disease, progressive malignancy, or severe
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renal impairment. In addition, 15 patients were excluded
because of lack of data on serum albumin. Thus, final
analyses were performed on 409 subjects (214 men and
195 women), who were divided into tertiles according to
albumin levels.

This study was approved by the institutional review
board of Shanghai Jiao Tong University Affiliated Sixth
People’s Hospital and in accordance with the principle of
the Helsinki Declaration II. Written informed consent was
obtained from each participant.

Clinical and laboratory measurements

Body height and body weight were measured with light
clothes and bare feet, and body mass index (BMI) was
calculated by dividing weight in kilograms by the square of
height in meters. Patients’ information was obtained by
interviews during medical examinations.

Blood samples were obtained after an overnight fast for
at least 8 h. Serum albumin was measured by Bromcresol
Green (BCG) dye-binding method, using a Hitachi 7600
analyzer. Lipid profiles [including total cholesterol,
triglycerides, high-density lipoprotein (HDL), and low-
density lipoprotein (LDL)], were measured on a Hitachi
7600 analyzer using an enzymatic assay. Glycated he-
moglobin (HbAlc) was estimated by high-performance
liquid chromatography using an analyzer (HLC-723 G7,
Tosoh, Japan).

A first morning spot urine sample was collected at the
survey. The concentrations of urinary albumin and urinary
creatinine were measured by Hitachi 7600 biochemistry
autoanalyzer (albumin: immune turbidimetric assay; crea-
tinine: enzymatic assay). Urinary albumin to creatinine
ratio (ACR) was calculated by dividing the urinary albumin
concentration in micrograms by the urinary creatinine
concentration in milligrams. Individuals were classified
into two groups as “Normoalbuminuria” or “Albumin-
uria” based on whether they were above or below the ACR
cutoff point of 30 pg/mg. Normoalbuminuria was defined
as ACR < 30 pg/mg, and albuminuria was defined as
ACR > 30 pg/mg [27].

Fundus photography was performed following a stan-
dardized protocol at the Department of Ophthalmology,
Shanghai Jiao Tong University Affiliated Sixth People’s
Hospital Jinshan branch. Retinopathy was defined accord-
ing to the International Classification of Diabetic
Retinopathy [28].

Cardiovascular disease (CVD) was considered to be
present if the patients had ever experienced one or more
cardiovascular events including ischemic heart disease,
heart failure, cerebrovascular accident, or peripheral arte-
rial disease [29].
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Electrophysiological assessments were performed prior
to knowledge of the laboratory results using EMG Myto,
EBNeuro (Esaote, Florence, Italy). Examinations were
performed by trained electrophysiologists with extensive
experience in recording and interpreting clinical data.
Sensory and motor nerves of the nondominant side were
tested. Motor nerve studies were performed using
stimulation of the median, ulnar, and tibial nerves. For
each motor nerve, distal latency, compound muscle action
potential (CMAP) amplitude, and conduction velocity
(CV) were obtained or calculated. Sensory nerve studies
were performed using the median, ulnar, and sural nerves.
The following parameters were measured: onset latency,
sensory nerve action potential (SNAP) amplitude, and
CV. Temperatures were maintained at >35 °C for the
upper and >32 °C for the lower extremities during test-
ing. All data obtained were compared with reference
values from our laboratory. Abnormal peripheral nerve
function is defined as abnormality of one or more pa-
rameters in two or more anatomical nerves tested [30]. In
addition, we constructed composite Z scores for CV,
amplitude and latency, respectively. For each individual,
every CV value was transformed into a Z score using the
formula: Z score = (individual value of patient—mean
value of control group)/SD of control group. A composite
CV Z score was then calculated as [(Z score motor me-
dian CV) + (Z score sensory median CV) + (Z score
motor ulnar CV) 4 (Z score sensory ulnar CV) +
(Z score tibial CV) + (Z score sural CV)]/6. The composite
Z scores for amplitude and latency were calculated similarly.

Statistical analysis

For continuous variables, results were presented as
mean =+ standard deviation or median (25th-75th per-
centiles), and differences among groups were evaluated by
one-way ANOVA (normally distributed data) or the
Kruskal-Wallis test (Skewly distributed data). Categorical
variables were presented as n (%), and intergroup com-
parisons were analyzed using a y” test. Skewly distributed
quantitative traits (such as albumin and ACR) were
logarithmically transformed to approximate normality. The
differences of composite Z scores of CV, amplitude, and
latency across the tertiles of albumin were analyzed with
Bonferroni method and test for trend. Multiple linear
regression analysis was performed with the composite
Z scores of CV, amplitude, and latency designated as the
dependent variables, and serum albumin concentration,
age, sex, duration of diabetes, HbAlc, and ACR designated
as independent variables. Furthermore, receiver-operating
characteristic (ROC) analysis was conducted to identify the
optimal cutoff point of albumin for indicating abnormal

peripheral nerve function. All statistical analyses were
performed with the SPSS version 19. All tests were two-
sided and performed at a 5 % significance level.

Results

The characteristics of the study subjects by tertiles of
serum albumin are given in Table 1. The serum albu-
min concentration cutoff value between the low and the
medium albumin groups was 34.7 g/L. The cutoff value
between the medium and the high albumin groups was
37.6 g/L. The age of the enrolled subjects ranged from 21
to 88 years, with a mean age of 62.07 + 11.82 years. The
proportions of men and women were comparable among
the three groups (53.3 % men vs. 51.8 % men vs. 51.9 %
men, P = 0.963). Age, BMI, duration of diabetes, HbAlc,
LDL-C, triglyceride, total cholesterol, ACR, and almost all
NC parameters tested were significantly different among
the three tertiles (P < 0.05).

Figure 1 illustrates that the composite Z scores of CV
and amplitude increased (the higher the better) with in-
creasing albumin tertiles (test for trend, both P < 0.001),
while the composite Z score of latency decreased (the
lower the better) with increasing albumin tertiles (test for
trend, P < 0.001). Bonferroni corrections revealed sig-
nificant differences in all composite Z scores of three pa-
rameters between the low versus the high albumin groups
(all P < 0.01) and the medium versus high albumin groups
(all P < 0.01).

To assess the independent correlation between serum
albumin levels and peripheral nerve function, we carried
out multiple linear regression analysis adjusted for poten-
tial confounders. As shown in Table 2, after adjusting for
age, sex, duration, and HbAlc, higher serum albumin
concentrations were associated with higher composite
Z scores of CV (ff = 0.314, P < 0.001), amplitude (f =
0.279, P < 0.001), and lower composite Z score of latency
(p = —0.279, P < 0.001).

Since it was reported by previous studies that serum
albumin was inversely associated with urinary albumin
level [31-33], ACR was additionally included in the mul-
tivariate linear regression model for adjustment. The results
revealed that the associations of serum albumin with the
composite Z scores of CV (f = 0.197, P < 0.001), am-
plitude (f = 0.161, P = 0.004), and latency (f = —0.177,
P = 0.003) remained significant (Table 2). All individuals
were further classified into two groups as “Normoalbu-
minuria” or “Albuminuria” based on ACR levels. As
depicted in Table 3, in the normoalbuminuria group, there
was no significantly association between serum albumin
and the composite Z scores of NC parameters (all
P > 0.05) after adjusting for age, sex, duration, and
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Table 1 Characteristics of the 409 participants according to the tertiles of serum albumin

Variable Total Albumin tertiles P value
Low albumin Medium albumin High albumin
(19.4-34.7 g/L) (34.7-37.6 g/L) (37.6-49.6 g/L)

Samples (n) 409 137 137 135

Age (years) 62.07 £ 11.82 66.23 + 11.17 63.12 £ 10.11 56.79 + 12.16 <0.001
Sex (male/female) 214/195 73/64 71/66 70/65 0.963
BMI (kg/m?) 22.88 (21.26-25.39) 21.97 (20.31-23.66) 22.77 (21.26-24.61)  24.28 (21.97-26.91)  <0.001
Duration of diabetes (years) 6.00 (1.00-11.00) 10.00 (1.75-15.00) 6.00 (2.00-11.50) 5.00 (0.50-10.00) 0.010
HbAlc (%) 10.02 £ 2.71 10.57 £ 3.09 10.19 £ 2.71 9.22 + 2.04 0.002
HDL-C (mmol/L) 1.09 (0.93-1.27) 1.04 (0.86-1.26) 1.12 (0.96-1.29) 1.08 (0.92-1.27) 0.082
LDL-C (mmol/L) 2.54 (1.99-3.17) 2.30 (1.85-3.06) 2.54 (2.06-3.07) 2.78 (2.20-3.11) 0.008
Triglyceride (mmol/L) 1.22 (0.81-1.82) 1.06 (0.78-1.50) 1.12 (0.76-1.71) 1.60 (1.01-2.65) <0.001
Total cholesterol (mmol/L) 4.23 (3.58-4.87) 3.90 (3.18-4.63) 4.19 (3.62-4.83) 4.52 (3.90-5.14) <0.001
ACR (pg/mg) 21.76 (10.44-113.13)  59.54 (15.62-285.42)  18.05 (8.83-82.35) 16.85 (9.97-43.80) <0.001
CVD, n (%) 71 (17.4) 22 (16.1) 25 (18.3) 24 (17.8) 0.881
Diabetic retinopathy, n (%) 99 (24.2) 37 (27.0) 36 (26.3) 26 (19.3) 0.258
Motor median CV (m/s) 50.00 (48.00-53.00) 50.00 (46.00-52.00) 50.00 (48.00-52.00)  52.00 (50.00-55.00)  <0.001
Motor median amplitude (mv) 6.97 + 2.49 6.29 + 2.42 6.87 + 2.36 775 £ 2.48 <0.001
Motor median latency (ms) 3.90 (3.50-4.40) 4.00 (3.60-4.70) 3.90 (3.50-4.40) 3.70 (3.20-4.20) <0.001
Sensory median CV (m/s) 52.00 (43.50-57.00) 48.00 (26.00-55.00) 51.00 (44.00-57.50)  54.00 (50.00-59.00)  <0.001
Sensory median amplitude (mv)  20.00 (11.00-28.00) 14.00 (2.00-24.50) 20.00 (13.50-27.00)  23.00 (16.00-35.00)  <0.001
Sensory median latency (ms) 2.40 (2.20-2.80) 2.60 (2.30-4.60) 2.40 (2.20-2.80) 2.30 (2.10-2.60) <0.001
Motor ulnar CV (m/s) 52.00 (49.00-56.00) 50.00 (47.00-53.00) 52.00 (49.00-56.00)  53.00 (50.00-58.00)  <0.001
Motor ulnar amplitude (mv) 6.50 (5.60-7.70) 6.10 (5.20-7.40) 6.50 (5.45-7.90) 6.80 (5.90-8.10) 0.001
Motor ulnar latency (ms) 2.60 (2.40-2.90) 2.70 (2.50-2.90) 2.70 (2.40-2.90) 2.50 (2.30-2.70) <0.001
Sensory ulnar CV (m/s) 50.00 (44.00-56.00) 47.00 (24.00-53.00) 50.00 (44.00-56.00)  54.00 (48.00-58.00)  <0.001
Sensory ulnar amplitude (mv) 21.00 (10.50-30.00) 16.00 (4.00-28.00) 20.00 (10.50-28.50)  25.00 (20.00-36.00)  <0.001
Sensory ulnar latency (ms) 2.00 (1.80-2.40) 2.10 (1.90-4.10) 2.00 (1.80-2.30) 1.90 (1.80-2.20) <0.001
Motor tibial CV (m/s) 40.00 (37.00-43.50) 38.00 (35.00-41.00) 40.00 (37.00-44.00)  42.00 (39.00-45.00)  <0.001
Motor tibial amplitude (mv) 6.70 (4.40-8.60) 5.20 (2.75-7.60) 7.00 (4.65-8.75) 7.30 (5.80-8.90) <0.001
Motor tibial latency (ms) 5.10 (4.50-6.00) 5.20 (4.50-6.10) 5.30 (4.60-6.00) 5.00 (4.30-5.70) 0.058
Sensory sural CV (m/s) 27.00 (27.00-43.00) 27.00 (27.00-30.50) 27.00 (27.00-42.00)  42.00 (27.00-47.00)  <0.001
Sensory sural amplitude (mv) 2.00 (2.00-14.00) 2.00 (2.00-5.00) 2.00 (2.00-13.00) 12.00 (2.00-18.00) <0.001
Sensory sural latency (ms) 4.70 (2.50-4.70) 4.70 (3.60-4.70) 4.00 (2.60-4.70) 2.70 (2.30-4.70) <0.001

BMI body mass index, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, ACR urinary albumin to
creatinine ratio, CVD cardiovascular disease, HbAIc glycated hemoglobin, CV conduction velocity

HbAlc. However, in the albuminuria group, serum albu-

min was positively associated with the composite Z scores

of CV (f = 0253, P=0.002), amplitude (f = 0.233,
P = 0.006), and reversely associated with that of latency
(p = —0.217, P = 0.013) even after adjustment for age,

sex, duration, HbAlc, and ACR.

Finally, in T2DM patients with albuminuria, ROC analysis
revealed that the optimal cutoff point of serum albumin to
indicate abnormal peripheral nerve function was 36.75 g/L.
Youden in-
dex = 0.436; sensitivity, 65.6 %; specificity, 78.0 %) (Fig. 2).

(AUC = 0.735;
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95 % (I,

0.643-0.828;

Discussion

In this study, we analyzed the NCSs data of 409 T2DM
participants to investigate the association between serum
albumin and peripheral nerve function. Our study had two

major findings. First, a lower serum albumin level was

significantly related to worse nerve conduction outcomes
even after controlling for age, sex, duration, HbAlc, and
ACR. Second, those associations of serum albumin with
NC parameters were only significant among T2DM pa-
tients with albuminuria.
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Fig. 1 Composite Z scores of nerve conduction parameters across serum albumin tertiles. a Composite CV Z score across serum albumin tertiles.
b Composite amplitude Z score across serum albumin tertiles. ¢ Composite latency Z score across serum albumin tertiles

Table 2 Multivariate linear regression analysis of the relationships
between serum albumin and nerve conduction parameters

Variable Serum albumin
p P value
Model 1
Composite CV Z score 0.314 <0.001
Composite amplitude Z score 0.279 <0.001
Composite latency Z score —-0.279 <0.001
Model 2
Composite CV Z score 0.197 <0.001
Composite amplitude Z score 0.161 0.004
Composite latency Z score —0.177 0.003

Model 1, adjusted for age, sex, duration of diabetes, and HbAlc
Model 2, Model 1 + ACR

Skewly distributed quantitative traits such as serum albumin and ACR
were logarithmically transformed to approximate normality prior to
statistical analyses

Albumin, the most abundant protein in human plasma,
has important antioxidant properties resulting from its
transition metal ion-binding activity and its reactive oxygen
intermediate scavenging activity [34-38]. For example,
Lang et al. reported that treatment of bovine aortic en-
dothelial cells with human albumin in vitro attenuated
HOCl-induced oxidative damage in a dose-dependent

manner [35]. On the other hand, there is increasing evidence
supporting the anti-inflammatory property of albumin [15,
39, 40]. In a rat endotoxemia model [40], for instance, al-
bumin decreased myocardial nitric oxide synthase II mes-
senger RNA and protein expression, thereby ameliorating
intramyocardial inflammatory response. Given that oxida-
tive stress and inflammation play important roles in diabetic
microvascular complications [16-26], it is possible that
serum albumin levels may be associated with the develop-
ment of these complications. Indeed, a cohort study of 343
T2DM patients demonstrated that hypoalbuminemia was
independently associated with progression of nephropathy as
evaluated by rate of decline of estimated glomerular filtra-
tion rate [41]. Additionally, in a Japanese study comprising
130 T2DM patients [42], Iwasaki et al. reported that serum
albumin was significantly associated with the severity of
neuropathy, retinopathy, and nephropathy. With respect to
neuropathy, it is notable that serum albumin was indepen-
dently related to median motor nerve CV after adjusting for
three variables (age, sex, serum C-reactive protein). Con-
sistent with their study, the association of serum albumin
with median motor nerve CV was also observed in our study
(data not shown). Besides, for the first time to our best
knowledge, we constructed composite Z scores of CV, am-
plitude, and latency respectively for six nerves including
both sensory (median, ulnar, and sural) and motor nerves
(median, ulnar, and tibial nerves), which can provide more

Table 3 Multivariate linear
regression analysis of the
relationship between serum

albumin and composite Z scores
for nerve conduction parameters
in normoalbuminuria group and
albuminuria group, respectively

Variable Normoalbuminuria® (n = 198) Albuminuria® (n = 159)
p P value p P value
Composite CV Z score 0.151 0.063 0.253 0.002
Composite amplitude Z score 0.057 0.488 0.233 0.006
Composite latency Z score —0.108 0.201 —-0.217 0.013

Normoalbuminuria was defined as ACR < 30 pg/mg; albuminuria was defined as ACR > 30 pg/mg

Skewly distributed quantitative traits such as serum albumin and ACR were logarithmically transformed to
approximate normality prior to statistical analyses

? Adjusted for age, sex, duration of diabetes, and HbAlc
b Adjusted for age, sex, duration of diabetes, HbAlc, and ACR
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Fig. 2 ROC analysis of albumin to indicate abnormal peripheral
nerve function in T2DM patients with albuminuria. AUC = 0.735;
95 % CI 0.643-0.828; identified albumin cutoff value = 36.75 g/L;
Youden index = 0.436; sensitivity: 65.6 %; specificity: 78.0 %

global representation of peripheral neuropathy function [43].
Results obtained in the current study demonstrated that
serum albumin concentrations were independently associ-
ated with composite Z scores of all NC parameters, implying
that serum albumin might affect peripheral nerve function in
an extensive way.

It is noteworthy that the association of serum albumin
with peripheral nerve function was significant only in T2DM
patients with albuminuria but not in those with normoalbu-
minuria. Interestingly, there are ample evidences that com-
pared to those without albuminuria, patients with
albuminuria could have more severe oxidative stress and
inflammation [44-46], which are all important contributors
in the development of DPN [23, 24, 26]. For instance, a
previous study by Aslan et al. showed that oxidative stress, as
evaluated by total oxidant status (TOS) and oxidative stress
index (OSI), increases in patients with diabetic nephropathy
compared to diabetic patients without nephropathy, they also
found that this increase in oxidative stress seems to be related
to the severity of microalbuminuria levels [45]. Furthermore,
another study observed that patients with microalbuminuria
or proteinuria had greater concentrations of high-sensitivity
C-reactive protein (hs-CRP) and tumor necrosis factor-o
(TNF-a) (both parameters of inflammation) than normoal-
buminuric patients with diabetes [46]. Therefore, it is rea-
sonable to postulate that albumin, as an antioxidant and anti-
inflammatory agent, might play a greater role in this subset of
patients. In accord with this hypothesis, we found that serum
albumin was not associated with the composite Z scores of
NC parameters among healthy controls (data not shown).
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Our observations implied that serum albumin could be a
potential biomarker for DPN especially in T2DM patients
who had albuminuria. We found that the optimal cutoff point
of serum albumin to indicate abnormal peripheral nerve
function was 36.75 g/L in T2DM patients with albuminuria. It
is well established that NCSs are the most sensitive, accurate,
and reliable method for detecting DPN [9-11]. Despite that
NCSs have considerable diagnostic benefits in evaluation of
DPN, the routine referral of patients with diabetes for NCSs is
not practical and would impose a high cost on patients. While
serum albumin is easily measurable, making it a potentially
simple and efficient method in screening for specific indi-
viduals who are at high risks of DPN.

In conclusion, our data suggests that serum albumin is
independently associated with peripheral nerve function in
T2DM patients, especially in those with albuminuria.
Serum albumin levels could be a potential biomarker for
DPN. Further larger and prospective studies are needed to
confirm our findings.
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