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Abstract

Aims We investigated associations between serum levels
of glycated albumin (GA) and glycated hemoglobin
(HbAlc) and the presence of diabetic peripheral neuropa-
thy (DPN) in patients with type 1 diabetes mellitus
(T1DM).

Methods Between September 2009 and April 2015, we
evaluated 314 patients with TIDM in the Endocrinology
Department of Shengjing Hospital of China Medical
University. We divided the patients into the DPN group
(n = 72) and the non-DPN group (n = 242), on the basis
of the presence of DPN.

Results The DPN group had significantly higher GA val-
ues than the non-DPN group. After univariate logistic
regression, we selected several factors for further analysis:
HbAlc, GA, duration of TIDM, body mass index, smok-
ing, hypertension, and the presence of diabetic complica-
tions, including  nephropathy, retinopathy, and
cardiovascular disease. We performed a multivariate
logistic regression analysis to examine the association
between the presence of DPN and each of these variables.
We identified GA, HbAlc, hypertension, smoking,
retinopathy, and cardiovascular disease as independent
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variables for indicating the presence of DPN. Results of a
receiver operating characteristic curve analysis revealed
that the area under the curve of GA (0.771) was larger than
that of HbAlc (0.629). We defined the cutoff value of GA
as 23.5 % (sensitivity 0.764, specificity 0.661) and the
cutoff value of HbAlc as 8.45 % (sensitivity 0.667,
specificity 0.595) for predicting DPN in patients with
T1DM.

Conclusions GA may be a better indicative marker of DPN
in patients with T1IDM than HbAlc.

Keywords Diabetic peripheral neuropathy - Glycated
albumin - Hemoglobin Alc - Type 1 diabetes mellitus

Introduction

Diabetes mellitus (DM) is a prevalent disease world-
wide, and it currently affects more than 387 million
people globally. By 2035, DM is expected to affect
approximately 592 million people [1]. An estimated
60-70 % of patients with DM suffer from neuropathies
[2], and diabetic peripheral neuropathy (DPN) is the
most common form of neuropathy among diabetic
patients. DPN can lead to poor physical function, loss of
postural control, and impaired balance. These changes
affect activities of daily living and increase the risk of
falling, which can lead to morbidity and decreased
quality of life [3]. DPN also contributes to the worsening
of ischemic symptoms and foot ulcerations in patients
with peripheral arterial occlusive disease [4]. Therefore,
DPN is considered to be a primary cause of morbidity
and mortality among patients with DM [5]. The mech-
anisms for the development of neuropathies in DM
remain unclear, but they are likely multifactorial and
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involve environmental and lifestyle factors, as well as
genetic predispositions [6].

Glucose control is the only identified mean for effec-
tively preventing DPN and, as such, management of blood
glucose is important for patients with DM. Glycated
hemoglobin (HbAlc) is the gold standard for assessing
glycemic control, and research has shown that HbAlc is a
strong independent predictor of diabetic neuropathy.
However, the use of HbAlc has a significant limitation: It
only quantifies long-term glucose control over a 2-3-month
period.

Glycated albumin (GA) measures the amount of albu-
min that is bound to glucose as a percentage of total serum
albumin. The measurement of GA is not affected by the
serum albumin level. GA is a marker of short-term
(24 weeks) glycemic control. So, it complements infor-
mation obtained from HbA1c measurements for identifying
patients at risk for developing DM and complications of
DM, especially in angiopathies [4, 7-9]. In fact, GA may
be superior to HbAlc as a predictor of DPN. We investi-
gated the associations between serum levels of GA and
HbAlc and the presence of DPN in patients with type 1
DM (T1DM). We also aimed to determine whether GA is
more useful than HbAlc in predicting DPN.

Materials and methods
Experiment design

We selected 314 patients with TIDM between September
2009 and April 2015 from the Endocrinology Department
of Shengjing Hospital of China Medical University. We
divided the patients on the basis of the presence of DPN
into the DPN group and the non-DPN group. We collected
and recorded general medical conditions, biochemical
profiles, DPN-related indexes, medical histories, and
HbAlc and GA levels for each patient. We analyzed each
of these factors by univariate logistic regression analysis to
select variables associated with the presence of DPN. We
selected related variables for further analysis by multi-
variate logistic regression analysis. Finally, we performed a
receiver operating characteristic (ROC) curve analysis to
compare the utility of GA and HbAlc as indicators of the
presence of DPN. The protocol for this study was approved
by the ethics committee of Shengjing Hospital of China
Medical University, and all patients provided written
informed consent for participation.

We excluded patients with infectious diseases, inflam-
matory diseases, liver failure, malignancies, history of
neurodegenerative diseases, history of cerebrovascular
diseases, history of diseases in the cervical or lumbar spine,
history of serious trauma to the limbs, use of neurotoxic
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medication within the last 3 months, vitamin B12 defi-
ciency, and excessive alcohol consumption.

DPN diagnosis

The diagnosis of diabetic peripheral neuropathy was made
according to clinical symptoms, neurologic examination,
and electrophysiologic investigation. Nerve conduction
studies were performed with standard electromyography
equipment.

Symptoms of DPN included decreased sensation, posi-
tive neuropathic sensory symptoms (“asleep numbness”,
prickling or stabbing, burning or aching pain, etc.) pre-
dominantly in the toes, feet, or legs. Signs included sym-
metric decrease in distal sensation or unequivocally
decreased or absent ankle reflexes. Touch sensation was
tested with a 10-g monofilament on four sites per foot, pain
sensation was revealed with a pin, reflexes were examined
with a tendon hammer, and vibration sensation was tested
with a standard 128-Hz tuning fork [10, 11].

The motor nerve conduction velocity (MCV) and the
sensory nerve conduction velocity (SCV) of each patient
were measured by EMG (EMG/EP 6200A Systems, Cad-
well Laboratories Inc., Kennewick, WA, USA). Generally
speaking, stimuli were added at both the distal end and the
proximal end. The MCV and SCV values were the quotient
of the distance between the two stimulation points divided
by the latency difference between the two points.

Measurement of GA

GA was measured using an enzymatic method (Lucica GA-L
protocol, Asahi Kasei Corp., Beijing, China). Generally
speaking, this assay included separated measurement of total
albumin and glycated albumin. Glycated albumin measure-
ment utilized ketoamine oxidase and an albumin-specific
protease. The result was expressed as the percentage of
serum glycated albumin to total albumin.

Assessment of general condition

We evaluated several risk factors for DPN in all patients: age,
sex, body mass index (BMI), duration of DM, levels of GA
and HbAlc, insulin dose, systolic blood pressure (SBP),
diastolic blood pressure (DBP), urinary albumin-to-creatinine
ratio(UACR), levels of total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C) and low-
density lipoprotein cholesterol (LDL-C),smoking status, the
presence of retinopathy, and cardiovascular disease.

BMI was calculated as weight (kg)/height (m)®. Blood
pressure was determined as the mean of two measurements
obtained in an office setting by a conventional cuff method
using a mercury sphygmomanometer after atleast 5 min of rest.
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Patients with an SBP >140 mmHg and/or a DBP >90 mmHg
or who were receiving antihypertensive drugs were considered
to have hypertension. Information on the duration of DM and
medication use was obtained from medical records.

Assessment of diabetic complications

Diabetic nephropathy (DN) status was determined on the
basis of questionnaires, clinical features, and laboratory
data. The urinary albumin-to-creatinine ratio (UACR)
>300 mg/g, or UACR between 30 and 300 mg/g in the
presence of diabetic retinopathy, or microalbuminuria with
at least 10-year duration was used to diagnose DN [12].

The presence and severity of diabetic retinopathy were
assessed from retinal photographs (two fields per eye)
obtained with a wide-angle camera and scored centrally by
an expert in evaluating changes in retinopathy.

Cardiovascular disease was defined as either a history of
physician-diagnosed cardiovascular disease (e.g., previous
myocardial infarction, angina, coronary artery bypass
grafting, or stroke) or ischemic changes detected on a
12-lead electrocardiogram [13].

Patients were considered to have dyslipidemia if they
were receiving lipid-lowering therapy or if they met the
following criteria: LDL-C > 2.6 mmol/L for patients with
coronary heart disease or >1.8 mmol/L for patients without
coronary heart disease; TG > 1.7 mmol/L; and/or HDL-
C < 1.0 mmol/L for men or <1.3 mmol/L for women [14].

Statistical analysis

Statistical analysis was performed using SPSS 16.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Continuous variables
are presented as the mean =+ standard deviation. Categor-
ical and continuous variables were compared between the
groups by Chi-square analysis and independent ¢ test,
respectively. When continuous variables did not show a
normal distribution, a Wilcoxon rank-sum test was per-
formed. A multivariable logistic regression analysis was
used for the multivariate analysis to evaluate independent
indicators of DPN. An ROC curve analysis was used to
determine the cutoff values for GA and HbAlc. A value of
P < 0.05 was considered statistically significant.

Results

General patient characteristics

Patients in the DPN group were older, had a higher BMI,
had a longer duration of DM, and had higher levels of

HbAlc, GA, UACR, and blood lipids than patients in the
non-DPN group. Patients in the DPN group also had higher

incidences of diabetic nephropathy, retinopathy, and car-
diovascular disease (Table 1).

We analyzed all variables of DPN using univariate logistic
regression analysis. DPN was independently associated with
HbAlc [odds ratio (OR) = 1.54, 95 % confidence interval
(CI) = 1.14-1.85; P < 0.001] and GA (OR = 1.63, 95 %
CI = 1.23-1.91; P < 0.001). DPN was also associated with
duration of DM (OR = 1.76, 95 % CI = 1.23-1.96;
P = 0.013), smoking (OR = 1.43, 95 % CI = 1.05-1.74;
P < 0.001), hypertension (OR = 1.78,95 % CI = 1.25-2.53;
P < 0.001), dyslipidemia (OR = 1.28,95 % CI = 1.04-1.39;
P =0.03), and the presence of diabetic complications,
including nephropathy (OR = 1.65, 95 % CI = 1.08-2.14;
P = 0.02), retinopathy (OR = 1.48, 95 % CI = 1.05-2.12;
P = 0.004), and cardiovascular disease (OR = 1.84, 95 %
CI = 1.49-3.15, P < 0.001) (Fig. 1).These associated factors
were further analyzed by advanced multivariable logistic
regression.

Variables of DPN by multivariable logistic
regressions

On the basis of the results of the univariate logistic regression
analysis, we chose HbAlc, GA, duration of DM, smoking,
hypertension, dyslipidemia, and the presence of diabetic
complications, including nephropathy, retinopathy, and
cardiovascular disease, as indicators to be further evaluated
by multivariable logistic regression analysis. In the multi-
regression, we adjusted possible confounding by the two
major known variables related with DPN, age and duration.
After adjustment, the variables that remained significantly
associated with the presence of neuropathy were GA
(OR =148, 95 % CI =1.11-1.73; P <0.001), HbAlc
(OR = 1.39, 95 % CI = 1.12-1.60; P < 0.001), hyperten-
sion (OR =142, 95 % CI = 1.05-1.93; P <0.001),
smoking (OR = 1.37, 95 % CI = 1.08-1.74; P < 0.001),
retinopathy (OR = 1.85, 95 % CI = 1.35-2.01;
P < 0.001), and cardiovascular disease(OR = 1.64, 95 %
CI = 1.10-2.92; P < 0.001). (Table 2; Fig. 2).

Cutoff values for GA and HbAlc

We performed an ROC curve analysis to calculate the areas
under the curves (AUC) of GA and HbA c for the presence
of DPN. GA had a larger AUC than HbAlc
(AUC = 0.771, 95 % CI = 0.711-0.832; P < 0.000 and
AUC =0.629, 95 % CI = 0.557-0.701; P = 0.001,
respectively). The cutoff values of GA and HbAlc that
provided the highest sensitivity and specificity for the
diagnosis of DPN in patients with TIDM were 23.5 %
(sensitivity = 0.764, specificity = 0.661) and 8.45 %
(sensitivity = 0.667, specificity = 0.595), respectively
(Fig. 3).
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Table 1 Characters of all the

patients in DPN group and non- Variables DPN group Non-DPN group P value
DPN group Number of patients 72 242
Age (year) 325+£9.7 279 £9.1 <0.001
Male sex (%) 45.8 52.5 0.36
BMI 23.1 £28 224 £23 <0.001
Duration of diabetes (year) 152 +£9.2 12.1 &+ 84 <0.001
HbAlc (%) 89 21 78 £ 1.6 <0.001
GA (%) 23.8 £ 6.1 173 £ 6.2 <0.001
Insulin dose (U/kg) 0.7 £ 0.1 0.7+ 0.2 0.7
SBP (mmHg) 123 (92, 156) 118 (94, 143) 0.37
DBP (mmHg) 77 (54, 92) 74 (57, 94) 0.43
Hypertension (%) 27.8 13.6 <0.001
UACR (mg/g) 1326.8 £+ 1012.1 1063.4 + 764.8 0.03
Diabetic nephropathy (%) 29.2 32.6 <0.001
TG (mmol/L) 2.88 £ 1.36 2.54 £ 1.26 <0.001
TC (mmol/L) 5.05 £ 1.12 492 +1.03 <0.001
HDL-C(mmol/L) 1.38 £ 0.32 1.36 £ 0.40 0.15
LDL-C(mmol/L) 294 £ 0.74 2.75 £ 0.81 <0.001
Dyslipidemia (%) 70.8 69.4 <0.001
Retinopathy (%) 48.6 31.8 <0.001
Smoking (%) 51.4 41.3 <0.001
Cardiovascular disease(%) 13.9 6.2 <0.001
BMI body mass index, HbAIc hemoglobin Alc, GA glycated albumin, SBP systolic blood pressure,
DBP diastolic blood pressure, UACR urinary albumin-to-creatinine ratio, 7G triglycerides, 7C serum
levels of total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein
cholesterol
Variables Table 2 Result of multivariable logistic regressions
Cardiovascular disease ————— Variables OR 95%CI  Pvalue J
Smoking ——
Retinopathy GA 1.48 1.11-1.73 0.028 0.685
Dyslipidemia — HbAlc 1.39 1.12-1.60 0.032 0.615
Diabetic nephropathy BMI 1.07 0.92-1.24 0.068 -
Hypertension I . . Hypertension 1.42 1.05-1.93 0.028 0.621
Insulin dose o Smoking 1.37 1.08-1.74 0.042 0.513
GA ——i Dyslipidemia 1.17 0.92-1.65 0.184 -
HbAle ——i Retinopathy 1.85 1.35-2.01 0.038 0.713
BMI —e— Nephropathy 1.07 0.89-1.28 0.245 -
Duration of DM I o Cardiovascular disease 1.64 1.10-2.92 0.013 0.692
Male sex H—— Duration 1.94 1.364.21 0.004 0.847
Age ' ® " Age 1.14 0.83-1.38 0.062 -
0 1 2 3 4 GA glycated albumin, HbAIc hemoglobin Alc, BMI body mass
Odds Ratio index, f standardized regression coefficient, OR odds ratio, CI con-

Fig. 1 Variables of diabetic peripheral neuropathy (DPN) in patients
with type 1 diabetes mellitus (T1DM) according to univariate logistic
regression analysis. DPN was independently associated with levels of
glycated hemoglobin(HbAlc) and glycated albumin (GA), as well as
duration of DM, body mass index (BMI), smoking, hypertension,
dyslipidemia, and the presence of diabetic complications, including
nephropathy, retinopathy, and cardiovascular disease
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fidence interval
Discussions
In this study, we aimed to detect whether GA is a better and

a more clinically significant parameter than HbAlc in
predicting the risk of DPN. We found that GA, HbAlc,
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Variables
Cardiovascular disease i L {
Nephropathy He—
Retinopathy —
Dyslipidemia H-—
Smoking —e—
Hypertension —e—
BMI He-
HbAlc —e—
GA —e—
0 1 2 3 '
Odds Ratio

Fig. 2 Indicators of diabetic peripheral neuropathy (DPN) in patients
with type 1 diabetes mellitus (T1DM) according to multivariable
logistic regression analysis.Glycated albumin (GA), glycated hemo-
globin (HbAlc), duration of DM, body mass index (BMI), hyperten-
sion, smoking, and the presence of cardiovascular disease were
independent variables of DPN

hypertension, smoking, retinopathy, and cardiovascular
disease were independent indicators of the presence of
DPN in all patients. We also concluded that GA may be
superior to HbAlc as a marker for evaluating the presence
of DPN in patients with TIDM.

The half-life of serum albumin is shorter than that of
erythrocytes. Therefore, GA represents glycemic control
over a short period of 2-3 weeks; in comparison, HbAlc
represents glycemic control over a period of 8-12 weeks
[15-18]. Research has shown that GA is superior to HbAlc
in monitoring glucose control [19] and GA is more closely
related to glycemic fluctuations than HbAlc in diabetic
patients with poor glycemic control who use a continuous
glucose monitoring system [20].

However, the linkage to average glucose and their
prognostic significance of glycated albumin is not as clear
as for A1C [21], and some recent research on GA has
shown its relationship with diabetic complications. Selvin
et al. reported that GA is a more useful predictor for the
presence of microangiopathy, including nephropathy and
retinopathy, than HbAlc [22]. Research has also shown
that HbAlc is a strong predictor of diabetic neuropathy
[23-26], but, until now, there has been no investigation of
the relationship between GA and diabetic neuropathy.

ROC Curve
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Fig. 3 Receiver operating characteristic curve analysis for glycated
albumin (GA) and glycated hemoglobin (HbAlc) for the presence of
DPN in patients with type 1 diabetes mellitus. The area under the
curve (AUC) of GA was 0.771, and the AUC of HbAlc was 0.629

Accumulating data indicate that GA provides a better
representation of glycemic fluctuation, so GA may be a
better index for predicting DPN. Here, we observed that, in
fact, GA was a better indicator of DPN than HbAlc. Our
finding suggests that GA, as an assessment of glycemic
control, is more useful for indicating the presence of DPN
than HbAlc.

Previous studies reported that neuropathy is associated
with other diabetic complications, such as diabetic
nephropathy and proliferative retinopathy [27, 28]. But,
others suggested that these complications are not neces-
sarily related to diabetic neuropathy. We included glyco-
sation indicators, biochemical indexes, and disease-related
complications as part of the analysis in this study, and our
findings suggest that diabetic nephropathy is not indepen-
dent variables for DPN. This agrees with the findings of
Tesfaye et al. [13] who found that the relationship between
nephropathy and DPN was insignificant when changes in
the HbAlc value were included in model.

From our study, we found GA had a better ability than
HbAlc to discriminate between individuals with and
without DPN. This gives us some enlightenment that GA
could be used in clinic for the evaluation of glucose control
and DPN, although its clinical relevance is not completely
clear yet. It can reflect recent glucose fluctuations and
complications better than HbAlc. So, it can add data in
clinical care and used as a complementary index of HbAlc.

Our study has several limitations. First, we only included
314 patients from a single hospital. Second, we did not have
follow-up data for patients, so we were not able to observe
the effects of GA on the progression of DPN. However,
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measurement of GA began only recently in a few hospitals in
China, so GA data are difficult to collect. This is the first
study to evaluate the presence of DPN according to glyco-
sation indicators in Asian patients with T1DM. Further large-
scale, prospective studies are needed to determine whether
GA is a suitable indicator for predicting DPN.

In conclusion, we investigated the association between
glycemic-related variables and the presence of DPN in
patients with TIDM. Our findings suggest that GA is an
independent variable for the presence of DPN in patients
with TIDM and that the indicative value of GA is stronger
than that of HbAlc.
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