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Abstract 

Background: Diabetic complications may be associated with impaired time‑dependent glycemic control. Therefore, 
long‑term glycemic variability, assessed by variations in haemoglobin A1c (HbA1c), may be a potential risk factor for 
microvascular complications, such as diabetic peripheral neuropathy (DPN). We investigated the association of HbA1c 
variability with DPN in patients with type 2 diabetes.

Methods: In this cross‑sectional study, 563 type 2 diabetic patients who had been screened for DPN and undergone 
quarterly HbA1c measurements during the year preceding enrolment were recruited. DPN was confirmed in patients 
displaying both clinical manifestations of neuropathy and abnormalities in a nerve conduction evaluation. HbA1c 
variability was assessed by the coefficient of variation of HbA1c (CV‑HbA1c), and the mean of HbA1c (M‑HbA1c) was 
calculated. In addition, medical history and clinical data were collected.

Results: Among the recruited patients, 18.1% (n = 102) were found to have DPN, and these patients also presented 
with a higher CV‑HbA1c than the patients without DPN (p < 0.001). The proportion of patients with DPN increased sig‑
nificantly from 6.9% in the first to 19.1% in the second and 28.5% in the third tertile of CV‑HbA1c (p for trend < 0.001). 
After adjusting for initial HbA1c, M‑HbA1c and other clinical factors via multiple logistic regression analysis, the odds 
ratios (ORs) for DPN in the second and third versus those in the first CV‑HbA1c tertile were 3.61 (95% CI 1.62–8.04) 
and 6.48 (2.86–14.72), respectively. The area under the receiver operating characteristic (ROC) curve of CV‑HbA1c was 
larger than that of M‑HbA1c, at 0.711 (95% CI 0.659–0.763) and 0.662 (0.604–0.721), respectively. ROC analysis also 
revealed that the optimal cutoff value of CV‑HbA1c to indicate DPN was 15.15%, and its corresponding sensitivity and 
specificity were 66.67% and 65.73%, respectively.

Conclusions: Increased HbA1c variability is closely associated with DPN in type 2 diabetic patients and could be 
considered as a potent indicator for DPN in these patients.
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Background
Diabetic peripheral neuropathy (DPN), one of the most 
common microvascular complications, is closely con-
nected to morbidity and mortality in type 2 diabetic 
patients [1]. DPN can facilitate the ulceration and gan-
grene of feet, which in turn increase the risk of non-
traumatic amputation [1]. Furthermore, DPN is closely 

related to alterations in brain structure, especially a 
reduction in peripheral grey matter volume, which may 
be responsible for walking disabilities [2, 3]. Therefore, 
patients with DPN may be presented with an impaired 
quality of life and burdened with high costs of diabetes 
care [4].

The underlying pathogenesis of DPN is still under 
debate [5]. DPN is reported to be associated with gly-
cemic exposure, the duration of diabetes, insulin resist-
ance, visceral adiposity, dyslipidaemia, hypertension and 
so on [5]. However, evidence suggests that only tight gly-
cemic control monitored by haemoglobin A1c (HbA1c) 
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levels can ameliorate or prevent neuropathy [6]. Micro-
vascular complications of diabetes may be associated 
with impaired time-dependent glycemic control [7]. In 
addition, glycemic variability is currently recognized as a 
marker of impaired glycemic control, which is a poten-
tial predictor for diabetic complications [8, 9]. Therefore, 
long-term glycemic variability assessed by HbA1c vari-
ability over the course of several months may be a reliable 
risk factor for microvascular complications, including 
diabetic neuropathy. Jun et  al. [10] has demonstrated 
that HbA1c variability is significantly associated with the 
presence and severity of cardiovascular autonomic neu-
ropathy (CAN) in type 2 diabetic patients. However, the 
role of HbA1c variability in DPN is not well known.

Therefore, we designed a study to estimate the associa-
tion between the long-term glycemic variability assessed 
by HbA1c variability and DPN in type 2 diabetic patients.

Methods
Study design and participants
We performed a cross-sectional observational study of 
participants with type 2 diabetes who were followed up 
at the Second Affiliated Hospital of Nantong University 
between February 2011 and December 2016. Inclusion 
criteria were as follows: (1) type 2 diabetes diagnosed 
based on the statement of the American Diabetes Asso-
ciation (ADA) in 2011 [11]; (2) four HbA1c measurements 
(one every 3 months) over the year preceding enrolment; 
(3) 25–75  years old; (4) current hypoglycemic treatment 
for more than 3  months. Additionally, exclusion criteria 
included the following: (1) previous history of type 1 dia-
betes; (2) acute complications, i.e., ketoacidosis and hyper-
glycemic hyperosmolar status; (3) previous drugs uses that 
affect glycemic metabolism, i.e., steroids; (4) thyroid dys-
function; (5) excess alcohol intake defined by > 40 g/day for 
females and > 60  g/day for males; (6) previous malignant 
tumours; (7) chronic hepatitis and renal failure; (8) rheu-
matic diseases; (9) anaemia defined by a haemoglobin level 
< 110 g/L for females and < 120 g/L for males; (10) folate 
and vitamin B12 deficiency; (11) spinal canal stenosis. The 
study diagram is shown in Fig. 1. Finally, a total of 563 par-
ticipants with type 2 diabetes were included in the study. 
The study procedures conformed to the guidelines of the 
Declaration of Helsinki, and each patient agreed to par-
ticipate and signed the informed consent form. The study 
procedures were reviewed and approved by the medical 
research ethics committee of Second Affiliated Hospital of 
Nantong University.

Basic data collection
During enrolment, medical histories were taken and 
routine physical examinations of the participants were 
performed by experienced physicians. Medical history 

included age, sex, past illness (i.e., hypertension, malig-
nancy and spinal disease), personal behaviours (i.e., 
smoking and drinking), drug uses (i.e., antihypertensive 
agents and statins medications), current hypoglycemic 
treatments (i.e., lifestyle intervention, insulin injections, 
insulin secretagogues, metformin or thiazolidinediones 
use), and reported hypoglycemic events during the year 
preceding enrolment. Somatometric parameters were 
collected after physical examination, including body 
mass index, systolic blood pressure (BP), diastolic BP, etc. 
Hypertension was defined as a systolic BP ≥ 140 mmHg, 
a diastolic BP ≥ 90 mmHg or a history of hypertension or 
taking antihypertensive agents.

Estimation of glycemic parameters
Four HbA1c values (one every 3  months) of the par-
ticipants during the year preceding enrolment were 
obtained from the Hospital Information System. HbA1c 
variability was assessed by the coefficient of variation of 
HbA1c (CV-HbA1c). The initial HbA1c value was also 
documented for further analysis. In addition, long-term 
hyperglycaemia over the year preceding enrolment was 
assessed by the mean of HbA1c (M-HbA1c).

DPN assessment
DPN screening was conducted by endocrinologists in a 
quiet and secluded room. Confirmed DPN was diagnosed 
in patients displaying both the presence of neurological 
symptoms/signs and abnormalities in nerve conduction 
evaluations [12]. Neuropathic symptoms included numb-
ness, tingling, unsteadiness, prickling or burning pain in the 
legs and/or feet. Neuropathic signs were defined as reduced 
or absent ankle reflexes (using an appropriate reflex ham-
mer) and reduced or absent distal sensation, including 
vibration perception (using a 128-Hz tuning fork), touch 
sensation (using a 10-g monofilament), thermal discrimi-
nation (using cold and warm objects), pinprick sensation 
(using a pin) and proprioception. Signs were evaluated 
through careful neurologic examinations. An evaluation 
of nerve conduction in each patient was performed using 
an electromyogram (MEB-9200K, Nihon Kohden). Nerve 
conduction of the common peroneal, posterior tibial and 
sural nerves was assessed on both sides. Nerve conduction 
abnormalities were identified when the electromyogram 
presented with at least one abnormal nerve parameter, 
including delayed latency, decreased amplitude, slowed 
nerve conduction velocity and abnormal F-wave. For all 
assessments, the patients were kept relaxed, and the skin of 
the extremities was kept warm (30 °C).

Laboratory tests
The next morning after enrolment, venous blood sam-
ples were obtained from each participant to determine 
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the biochemical indicators. The level of serum insulin 
was determined using a chemiluminescence method 
with an immunoassay system (DxI 800, Beckman Coul-
ter), and the serum glucose (using the oxidase method), 
uric acid (using the uricase-peroxidase method), triglyc-
eride (using colorimetry), total cholesterol (using the 

cholesterol oxidase method), low-density lipoprotein 
(LDL) cholesterol (using the selective melt method) and 
high-density lipoprotein (HDL) cholesterol (using the 
chemistry modify enzyme method) levels were deter-
mined with an automated biochemical instrument 
(Model 7600, Hitachi). The HbA1c level was determined 

Fig. 1 The study diagram
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using ionic exchange HPLC (IE-HPLC) in the D-10 hae-
moglobin analysis system (Bio-Rad). Homeostasis model 
assessment (HOMA) was applied to calculate the index 
of insulin resistance (IR). During the morning, urine 
samples were also obtained to detect urinary albumin 
(unit: mg) and creatinine (unit: g), and the urinary albu-
min-to-creatinine ratio (UACR) was evaluated. The level 
of urinary albumin was determined using immunoturbi-
dimetry (Immage 800, Beckman Coulter).

Statistical analyses
Clinical variables are shown for all participants and the 
two subgroups (those with and without DPN). Nor-
mally distributed continuous variables were described 
as the means ± SDs, while skewed continuous variables 
were described as the medians (25 and 75% interquar-
tile). Categorical variables were described as frequen-
cies (percentages). To compare the differences in clinical 
variables between the two subgroups, we used Student’s 
t-tests, Mann–Whitney U tests or Chi square tests as 
appropriate.

Both CV-HbA1c and M-HbA1c may be closely associ-
ated with DPN. To evaluate the independent impact of 
CV-HbA1c and M-HbA1c on the risk of DPN, we applied 
two multivariate logistic regression analysis models to 
adjust for the other clinical covariates of DPN, and the 
corresponding odds ratios (ORs) and 95% CI are pro-
vided. The first model explored the associations of the 
second and third tertiles (T2 and T3, respectively) of CV-
HbA1c with DPN relative to that of the first tertile (T1). 
Second, the associations of the T2 and T3 of M-HbA1c 
with DPN relative to that of the T1 were also assessed. 
Furthermore, receiver operating characteristic (ROC) 
analysis was conducted to compare the ability of CV-
HbA1c and M-HbA1c to indicate confirmed DPN cases, 
and the cutoff value of CV-HbA1c to indicate confirmed 
DPN is provided. Data management and analyses were 
performed using SPSS statistical software 19.0 (IBM 
SPSS Statistics). In addition, a value of p < 0.05 was con-
sidered to be statistically significant.

Results
The clinical characteristics of the participants
The clinical parameters of all participants are summa-
rized in Table 1. Among the recruited 563 type 2 diabetic 
patients, 102 (18.1%) had confirmed DPN. When com-
pared to the patients without DPN, patients with DPN 
presented with a higher age, diabetic duration, hyperten-
sion prevalence, insulin resistance index, initial HbA1c 
and UACR. However, there were no differences in body 
mass index, females ratio, systolic/diastolic BP, preva-
lence of hypoglycaemia, ratio of drinking and smoking, 
lipid profile or serum uric acid between the patients with 

and without DPN (p > 0.05). Comparisons of hypogly-
cemic treatments showed that lifestyle intervention and 
treatment with insulin injection, insulin secretagogues, 
metformin or thiazolidinediones were similar between 
the two subgroups (p > 0.05). In addition, statins medica-
tions were also comparable between the two subgroups. 
With regard to the glycemic parameters, patients with 
DPN tended to have a higher M-HbA1c and CV-HbA1c 
than patients without DPN (p < 0.001).

Proportion and ORs of DPN according to CV‑HbA1c tertiles
The proportion of participants with DPN increased sig-
nificantly from 6.9% in the T1 to 19.1% in the T2 and 
28.5% in the T3 of CV-HbA1c (p for trend < 0.001). 
Table 2 also shows the ORs of DPN according to the CV-
HbA1c tertiles. When compared to the OR of DPN for 
the participants in the T1 of CV-HbA1c, the ORs for the 
participants in the T2 and T3 of CV-HbA1c were 3.21 
(95% CI 1.64–6.27) and 5.40 (2.83–10.30), respectively. 
After adjusting for initial HbA1c, M-HbA1c and other 
clinical risk factors via multiple logistic regression, the 
corresponding ORs of DPN for the participants in the T2 
and T3 versus those in the T1 of CV-HbA1c were 3.61 
(1.62–8.04) and 6.48 (2.86–14.72), respectively.

Proportion and ORs of DPN according to M‑HbA1c tertiles
The proportion of participants with DPN increased 
significantly from 9.6% in the T1 to 17.0% in the T2 
and 27.8% in the T3 of M-HbA1c (p for trend < 0.001). 
Table  3 also shows the ORs of DPN according to the 
M-HbA1c tertiles. When compared to the OR of DPN 
for the participants in the T1 of M-HbA1c, the ORs for 
the participants in the T2 and T3 of M-HbA1c were 
1.94 (1.05–3.59) and 3.64 (2.03–6.51), respectively. After 
adjusting for initial HbA1c, CV-HbA1c and other clini-
cal risk factors via multiple logistic regression, the corre-
sponding ORs of DPN for the participants in the T2 and 
T3 versus those in the T1 of M-HbA1c were 3.63 (1.45–
9.09) and 4.05 (1.49–11.01), respectively.

ROC analysis to compare the ability of CV‑HbA1c 
and M‑HbA1c values to indicate confirmed DPN
ROC analysis was used to compare the ability of CV-
HbA1c and M-HbA1c values to indicate confirmed 
DPN. The area under the curve (AUC) of CV-HbA1c 
and M-HbA1c was 0.711 (95% CI 0.659–0.763) and 0.662 
(0.604–0.721), respectively. CV-HbA1c was better than 
M-HbA1c in the discrimination between those with and 
without confirmed DPN. The ROC analysis also showed 
that the optimal cutoff value of CV-HbA1c to indi-
cate confirmed DPN was 15.15%, with a Youden index 
of 0.324, sensitivity of 66.67%, and specificity of 65.73% 
(Fig. 2).
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Discussion
In the present study, we investigated the association of 
CV-HbA1c with DPN in type 2 diabetic patients. More-
over, we also compared the impact of CV-HbA1c and 
M-HbA1c on the risk of DPN. The strengths of the study 
are the following: first, this medium-sized sample of the 
Chinese population with type 2 diabetes presented with 
a considerably high prevalence of DPN at 18.1%; second, 
increased HbA1c variability was shown to be a significant 
independent contributor to DPN; third, compared with 
patients in the first CV-HbA1c tertile, those in the sec-
ond and third CV-HbA1c tertiles were associated with 
an increased risk for DPN, with multiple-adjusted ORs 
of 3.61 (1.62–8.04) and 6.48 (2.86–14.72), respectively; 
fourth, the ability of CV-HbA1c to indicate confirmed 
DPN was superior to that of M-HbA1c; fifth, the optimal 
cutoff value of CV-HbA1c to indicate DPN was 15.15%, 

and its corresponding sensitivity and specificity were 
66.67% and 65.73%, respectively.

Glycemic variability and diabetic complications
The short-term glycemic variability index, especially the 
mean amplitude of glycemic excursions (MAGE) from 
continuous glucose monitoring, is indicative of a more 
adverse effect on the pathogenesis of diabetic vascular 
complications than indicators of mean hyperglycaemia 
[8, 13]. However, the relationship between short-term gly-
cemic variability assessed by MAGE and the presence of 
macrovascular and microvascular complications are still 
controversial. Su et  al. [14] found that MAGE was asso-
ciated with the presence and severity of coronary artery 
disease in type 2 diabetes, and Xu et al. [15] revealed that 
MAGE was a significant indicator for detecting CAN 
in newly diagnosed type 2 diabetes. However, Caprnda 
et  al. [16] failed to show an association of MAGE with 

Table 1 Clinical characteristics of the participants

p-values were determined using Student’s t-tests, Mann–Whitney U tests or Chi square tests as appropriate

Variables Type 2 diabetes t/x2 p

Total Without DPN With DPN

n (%) 563 461 (81.9) 102 (18.1) – –

Age (year) 56.4 ± 9.8 56.0 ± 9.9 58.4 ± 9.1 2.254 0.025

Female, n (%) 264 (46.9) 213 (46.2) 51 (50.0) 0.483 0.487

Body mass index (kg/m2) 25.4 ± 3.6 25.3 ± 3.7 25.9 ± 3.3 1.533 0.126

Systolic BP (mmHg) 134 ± 17 134 ± 17 137 ± 19 1.623 0.105

Diastolic BP (mmHg) 82 ± 11 82 ± 11 83 ± 10 0.688 0.492

Diabetic duration (year) 5.6 (4.5–8.5) 5.3 (4.4–8.0) 6.7 (4.9–9.6) – < 0.001

Hypoglycemic treatments

 Lifestyle intervention alone, n (%) 65 (11.5) 56 (12.1) 9 (8.8) 0.904 0.342

 Insulin injections, n (%) 161 (28.6) 127 (27.5) 34 (33.3) 1.369 0.242

 Insulin‑secretagogues, n (%) 254 (45.1) 212 (46.0) 42 (41.2) 0.781 0.377

 Metformin, n (%) 252 (44.8) 199 (43.2) 53 (52.0) 2.612 0.106

 Thiazolidinediones, n (%) 294 (52.2) 247 (53.6) 47 (46.1) 1.883 0.170

Hypoglycemia, n (%) 72 (12.8) 58 (12.6) 14 (13.7) 0.098 0.754

Hypertension, n (%) 127 (33.8) 143 (31.0) 46 (45.1) 7.423 0.006

Statins medication, n (%) 209 (37.1) 170 (36.9) 39 (38.2) 0.066 0.797

Smoking, n (%) 144 (25.6) 116 (25.2) 28 (27.5) 0.230 0.632

Drinking, n (%) 116 (20.6) 98 (21.3) 18 (17.6) 0.666 0.415

Triglyceride (mmol/L) 1.74 (1.09–2.79) 1.71 (1.08–2.75) 1.86 (1.19–2.97) – 0.355

Total cholesterol (mmol/L) 4.85 ± 1.42 4.83 ± 1.32 4.93 ± 1.82 0.646 0.519

HDL cholesterol (mmol/L) 1.06 ± 0.27 1.07 ± 0.27 1.06 ± 0.28 –  0.207 0.836

LDL cholesterol (mmol/L) 2.66 ± 0.83 2.67 ± 0.82 2.60 ± 0.86 – 0.766 0.444

Serum uric acid (μmol/L) 285 ± 98 286 ± 94 277 ± 113 – 0.886 0.376

HOMA‑IR 2.86 (2.35–3.49) 2.72 (2.25–3.34) 3.41 (2.89–4.13) – < 0.001

Initial HbA1c (%) 8.43 ± 1.15 8.34 ± 1.11 8.81 ± 1.27 3.461 0.001

UACR (mg/g) 20.1 (12.5–36.4) 17.2 (11.1–29.5) 37.2 (25.6–78.8) – < 0.001

M‑HbA1c (%) 8.85 ± 1.20 8.71 ± 1.16 9.51 ± 1.14 6.309 < 0.001

CV‑HbA1c (%) 14.65 ± 3.32 14.22 ± 3.19 16.58 ± 3.20 6.739 < 0.001
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micro- and macrovascular complications in type 2 diabe-
tes. This discrepancy may be because short-term glycemic 
variability is not sufficient to explain the diabetic vascu-
lar complications, which are characterized by a chronic 
course. Therefore, long-term glycemic variability may be a 
reliable predicator for vascular complications in diabetes. 
Long-term glycemic variability commonly refers to the 
glycemic variability over several months or years, which is 
usually assessed by the annual variability of fasting plasma 
glucose (FPG) levels, glycated albumin (GA) or HbA1c. 
Annual FPG variability was found to be a significant risk 

factor for renal disease [17], ischaemic stroke [18], Alz-
heimer disease [19], occurrence of cancers [20], and all-
cause and cardiovascular mortality [21] in type 2 diabetic 
patients, as well as hip fracture in older type 2 diabetic 
patients [22]. Moreover, a higher HbA1c variability was 
associated with a higher risk of microalbuminuria [23], 
diabetic retinopathy, adverse cardiovascular events and 
mortality [24] in type 2 diabetic patients. With respect 
to diabetic neuropathy, two studies by Jun et  al. [10, 25] 
have shown that both annual GA variability and HbA1c 
variability contribute to CAN in type 2 diabetic patients. 
Although our previous study showed that short-term gly-
cemic variability assessed by MAGE was associated with 
DPN in a small sample of type 2 diabetic patients with 
well-controlled average glucose levels [26], the association 
between short-term glycemic variability and DPN is still 
under debate [27]. Short-term glycemic variability may 
not be sufficient to explain the occurrence of DPN, and 
long-term glycemic variability may play an important role 
in the development of DPN. A recent study by Yang et al. 
[28] revealed that annual FPG variability was a potent 
predictor for DPN in type 2 diabetes. In the present study, 
we found that increased HbA1c variability evaluated by 
CV-HbA1c is a significant independent contributor to 
DPN, which adds to the evidence that long-term glycemic 
variability is associated with a high risk of DPN in type 2 
diabetic patients.

Table 2 Proportion and odds ratios (ORs) of DPN accord-
ing to CV-HbA1c tertiles (95% CI)

Model 1: unadjusted model

Model 2: adjusted for age, female ratio, body mass index, systolic/diastolic BP

Model 3: additionally adjusted for diabetic duration, smoking, drinking, statins 
medications, hypertension and hypoglycaemia

Model 4: additionally adjusted for serum uric acid, lipid profile, HOMA-IR, initial 
HbA1c, M-HbA1c and UACR

Model 5: additionally adjusted for hypoglycemic treatments

CV‑HbA1c tertiles p for trend

T1 
(≤ 12.9%)

T2 (13.0%–
15.7%)

T3 (≥ 15.8%)

n 189 188 186 –

DPN, n (%) 13 (6.9) 36 (19.1) 53 (28.5) < 0.001

Model 1 1‑reference 3.21 (1.64–6.27) 5.40 (2.83–10.30) < 0.001

Model 2 1‑reference 3.11 (1.57–6.16) 5.38 (2.80–10.35) < 0.001

Model 3 1‑reference 3.33 (1.65–6.73) 6.78 (3.33–13.81) < 0.001

Model 4 1‑reference 3.60 (1.64–7.91) 6.35 (2.83–14.19) < 0.001

Model 5 1‑reference 3.61 (1.62–8.04) 6.48 (2.86–14.72) < 0.001

Table 3 Proportion and odds ratios (ORs) of DPN accord-
ing to M-HbA1c tertiles (95% CI)

Model 1: unadjusted model

Model 2: adjusted for age, female ratio, body mass index, systolic/diastolic BP

Model 3: additionally adjusted for diabetic duration, smoking, drinking, statins 
medications, hypertension and hypoglycaemia

Model 4: additionally adjusted for serum uric acid, lipid profile, HOMA-IR, initial 
HbA1c, CV-HbA1c and UACR

Model 5: additionally adjusted for hypoglycemic treatments

M‑HbA1c tertiles p for trend

T1 
(≤ 8.42%)

T2 (8.43%–
9.33%)

T3 (≥ 9.34%)

n 188 188 187 –

DPN, n (%) 18 (9.6) 32 (17.0) 52 (27.8) < 0.001

Model 1 1‑reference 1.94 (1.05–3.59) 3.64 (2.03–6.51) < 0.001

Model 2 1‑reference 1.91 (1.02–3.53) 3.55 (1.96–6.40) < 0.001

Model 3 1‑reference 3.77 (1.61–8.84) 5.84 (2.49–13.64) < 0.001

Model 4 1‑reference 3.47 (1.42–8.50) 3.76 (1.41–9.98) < 0.001

Model 5 1‑reference 3.63 (1.45–9.09) 4.05 (1.49–11.01) < 0.001

Fig. 2 ROC analysis to compare the ability of CV‑HbA1c and 
M‑HbA1c to indicate confirmed DPN. AUC of CV‑HbA1c and 
M‑HbA1c was 0.711 (95% CI 0.659–0.763) and 0.662 (0.604–0.721), 
respectively. Optimal cutoff value of CV‑HbA1c was 15.15% to indi‑
cate DPN; Youden index = 0.324, sensitivity = 66.67% and specific‑
ity = 65.73%
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Potential risk factors and DPN
The incidence of DPN is based on the incidence of dia-
betes, and hyperglycaemia and coexisting metabolic 
risk factors may promote DPN. Previous studies identi-
fied clinical parameters, such as ageing, long duration 
of diabetes [29], high HbA1c and GA [30], raised body 
mass index, hypertension, dyslipidaemia [31], insulin 
resistance [32], low serum total bilirubin [33], elevated 
serum cystatin C [34], C-peptide and vitamin D defi-
ciency [35, 36], high thyroid-stimulating hormone [37], 
increased urinary albumin and decreased glomerular 
filtration rate (GFR) [38], anaemia [39] and arterial stiff-
ness [40], as potential risk factors for DPN. Moreover, 
inflammatory markers, i.e., white blood cell parameters 
[41], tumour necrosis factor-α [42], serum C-reactive 
protein (CRP) [42], etc., have been observed to be related 
to diabetic neuropathy. Furthermore, endoplasmic retic-
ulum stress also plays a vital role in the development of 
DPN [43]. In the present study, in addition to long-term 
hyperglycaemia assessed by M-HbA1c, long-term gly-
cemic variability assessed by CV-HbA1c was observed 
to be independently associated with DPN in type 2 dia-
betic patients. Furthermore, the ability of CV-HbA1c to 
indicate DPN was superior to that of M-HbA1c. We also 
used ROC analysis to determine that the optimal cutoff 
value of CV-HbA1c to indicate DPN was 15.15%.

Additionally, our present study also showed that 
patients with DPN had a higher age, diabetic dura-
tion, hypertension prevalence, insulin resistance index 
(HOMA-IR) and UACR than patients without DPN, in 
agreement with previous findings [29, 31, 32, 38]. These 
risk factors are modifiable, except for age and diabetic 
duration. Insulin resistance, the basis of the pathophysi-
ology of type 2 diabetes, is also a key factor underlying 
DPN [5, 32]. Insulin resistance causes impaired insulin 
signalling, primarily leading to inhibition of the phospho-
inositide 3-kinase (PI3K)/Akt signalling pathway, which 
in turn results in injury to the nervous systems. UACR, 
a potent indicator for diabetic nephropathy, is closely 
associated with DPN [44]. DPN may be driven or accom-
panied by diabetic nephropathy. Moreover, diabetic 
vascular complications do not always occur in isolation 
but are often found as a group in patients. Mohammedi 
et al. [45] demonstrated that the presence of microvascu-
lar (including peripheral neuropathy) or macrovascular 
disease at baseline is independently associated with an 
increased risk of major clinical micro- and macrovas-
cular events and death in patients with type 2 diabetes. 
Khandoker et  al. [46] revealed that peripheral neuropa-
thy and other microvascular complications could affect 
heart rate variability. The previous study and our present 
results imply that DPN and other diabetic vascular com-
plications are interconnected. Therefore, multi-approach 

targeting of HbA1c variability and other modifiable risk 
factors may improve DPN and its accompanying vascular 
complications in type 2 diabetic patients.

Unlike our study, some previous studies have reported 
associations between hypoglycemic treatments and 
DPN. Pop-Busui et al. [47] revealed that the occurrence 
of DPN in patients given insulin injections was more 
than in those taking insulin-sensitizing agents. Katu-
landa et al. [48] found that sulphonylureas treatment was 
an important risk factor for DPN. The reason for this 
discrepancy may be that the doses of the hypoglycemic 
agents and combination therapy used by the patients 
in our study were different from those in the previous 
studies.

Possible mechanisms linking HbA1c variability and DPN
Long-term glycemic variability, as assessed by HbA1c 
variability, may promote oxidative stress [49], which in 
turn may mediate tissue and cell damage through four 
main molecular pathways, including augmented flux 
through the polyol pathway, overproduction of precur-
sors of advanced glycation end products, overactivation 
of protein kinase C isoforms and enhanced activity of the 
hexosamine pathway [50]. Moreover, HbA1c variabil-
ity may also enhance expression of a marker of systemic 
inflammation [49], which is linked to vascular damage. 
Another important mechanism by which HbA1c variabil-
ity participates in diabetic complications is through cellu-
lar metabolic memory, which may differ from short-term 
glycemic variability [9]. Prolonged exposure to glycemic 
variability produces a detrimental condition involving 
excessive cellular markers of DNA damage and hyperac-
tivation of tumour suppressor transcription factor p53, 
which may lead to a greater metabolic memory effect 
than exposure to sustained hyperglycaemia [51]. These 
cell damages can occur in neurons and supporting tissue, 
including neuroglial cells and capillaries, all of which may 
result in nervous dysfunction and neuropathy [5]. There-
fore, HbA1c variability may be a potential factor associ-
ated with DPN risk.

Limitations
Our study has certain limitations that must be addressed. 
First, although a positive association between HbA1c 
variability and the presence of DPN was found in this 
cross-sectional observational study, whether the associa-
tion is causal is uncertain. A prospective study is required 
to compensate for this weakness. Second, the present 
study was performed in a Chinese population with type 2 
diabetes, and the generalizability of our results should be 
assessed. Third, we did not investigate HbA1c variability 
in relation to indices of oxidative stress, inflammation or 
endothelial dysfunction. Fourth, a 1-year period for the 
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evaluation of HbA1c variability is a relative short period 
of time when compared to that used in some previous 
studies [10, 25]. Fifth, we did not evaluate the relation-
ship between HbA1c variability and DPN severity.

Conclusions
In summary, increased HbA1c variability is closely asso-
ciated with DPN in type 2 diabetic patients and could be 
considered a potent indicator for DPN in these patients. 
In addition, clinical strategies targeting HbA1c variability 
may provide therapeutic methods to ameliorate DPN in 
these patients.

Abbreviations
DPN: diabetic peripheral neuropathy; BP: blood pressure; LDL: low‑density 
lipoprotein; HDL: high‑density lipoprotein; UACR: urinary albumin‑to‑
creatinine ratio; HOMA: homeostasis model assessment; IR: insulin resistance; 
HbA1c: glycosylated haemoglobin A1c; CV‑HbA1c: coefficient of variation of 
four HbA1c values over the year preceding enrolment; M‑HbA1c: mean of four 
HbA1c values over the year preceding enrolment; ROC: receiver operating 
characteristic; T1: first tertile; T2: second tertile; T3: third tertile; CAN: cardio‑
vascular autonomic neuropathy; FPG: fasting plasma glucose; MAGE: mean 
amplitude of glycemic excursions; GA: glycated albumin.

Authors’ contributions
JS and LZ participated in the conception and design of the study. All authors 
took part in the collection and analyses of the data. LZ drafted the initial 
manuscript and JS revised the manuscript. All authors read and approved the 
final manuscript.

Author details
1 Department of Endocrinology, The Second Affiliated Hospital of Nantong 
University and First People’s Hospital of Nantong City, No. 6, Haierxiang North 
Road, Nantong 226001, China. 2 Department of Clinical Laboratory, The 
Second Affiliated Hospital of Nantong University and First People’s Hospital 
of Nantong City, No. 6, Haierxiang North Road, Nantong 226001, China. 
3 Department of Geriatrics, The Second Affiliated Hospital of Nantong Univer‑
sity and First People’s Hospital of Nantong City, No. 6 North Haierxiang Road, 
Nantong 226001, China. 

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The data from this study can be acquired from the corresponding author 
upon reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This study conformed to the guidelines of the Declaration of Helsinki, and the 
study procedures were reviewed and approved by the medical research ethics 
committee of Second Affiliated Hospital of Nantong University. Each patient 
agreed to participate and signed the informed consent form.

Funding
The study was supported by the Medical Research Projects of Nantong Tech‑
nology Bureau (HS2012028, MS22015065) and the Medical Research Project of 
Health and Family Planning Commission of Jiangsu (QNRC2016408).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 28 January 2018   Accepted: 24 March 2018

References
 1. Vinik AI, Park TS, Stansberry KB, Pittenger GL. Diabetic neuropathies. 

Diabetologia. 2000;43(8):957–73.
 2. Manor B, Newton E, Abduljalil A, Novak V. The relationship between brain 

volume and walking outcomes in older adults with and without diabetic 
peripheral neuropathy. Diabetes Care. 2012;35(9):1907–12.

 3. Selvarajah D, Wilkinson ID, Maxwell M, Davies J, Sankar A, Boland E, 
Gandhi R, Tracey I, Tesfaye S. Magnetic resonance neuroimaging study of 
brain structural differences in diabetic peripheral neuropathy. Diabetes 
Care. 2014;37(6):1681–8.

 4. Ebata‑Kogure N, Nozawa K, Murakami A, Toyoda T, Haga Y, Fujii K. Clinical 
and economic burdens experienced by patients with painful diabetic 
peripheral neuropathy: an observational study using a Japanese claims 
database. PLoS ONE. 2017;12(10):e0187250.

 5. Callaghan BC, Cheng HT, Stables CL, Smith AL, Feldman EL. Diabetic neu‑
ropathy: clinical manifestations and current treatments. Lancet Neurol. 
2012;11(6):521–34.

 6. The Diabetes Control and Complications Trial Research Group. The effect 
of intensive diabetes therapy on the development and progression of 
neuropathy. The diabetes control and complications trial research group. 
Ann Intern Med. 1995;122(8):561–8.

 7. Takao T, Ide T, Yanagisawa H, Kikuchi M, Kawazu S, Matsuyama Y. The 
effects of fasting plasma glucose variability and time‑dependent 
glycemic control on the long‑term risk of retinopathy in type 2 diabetic 
patients. Diabetes Res Clin Pract. 2011;91(2):e40–2.

 8. Monnier L, Mas E, Ginet C, Michel F, Villon L, Cristol JP, Colette C. Activa‑
tion of oxidative stress by acute glucose fluctuations compared with 
sustained chronic hyperglycemia in patients with type 2 diabetes. JAMA. 
2006;295(14):1681–7.

 9. Gorst C, Kwok CS, Aslam S, Buchan I, Kontopantelis E, Myint PK, Heatlie G, 
Loke Y, Rutter MK, Mamas MA. Long‑term glycemic variability and risk of 
adverse outcomes: a systematic review and meta‑analysis. Diabetes Care. 
2015;38(12):2354–69.

 10. Jun JE, Jin SM, Baek J, Oh S, Hur KY, Lee MS, Lee MK, Kim JH. The associa‑
tion between glycemic variability and diabetic cardiovascular autonomic 
neuropathy in patients with type 2 diabetes. Cardiovasc Diabetol. 
2015;14:70.

 11. American Diabetes Association. Diagnosis and classification of diabetes 
mellitus. Diabetes Care. 2011;34(Suppl 1):S62–9.

 12. Tesfaye S, Boulton AJ, Dyck PJ, Freeman R, Horowitz M, Kempler P, Lauria 
G, Malik RA, Spallone V, Vinik A, et al. Diabetic neuropathies: update on 
definitions, diagnostic criteria, estimation of severity, and treatments. 
Diabetes Care. 2010;33(10):2285–93.

 13. Ohara M, Fukui T, Ouchi M, Watanabe K, Suzuki T, Yamamoto S, Yamamoto 
T, Hayashi T, Oba K, Hirano T. Relationship between daily and day‑to‑day 
glycemic variability and increased oxidative stress in type 2 diabetes. 
Diabetes Res Clin Pract. 2016;122:62–70.

 14. Su G, Mi S, Tao H, Li Z, Yang H, Zheng H, Zhou Y, Ma C. Association of gly‑
cemic variability and the presence and severity of coronary artery disease 
in patients with type 2 diabetes. Cardiovasc Diabetol. 2011;10:19.

 15. Xu W, Zhu Y, Yang X, Deng H, Yan J, Lin S, Yang H, Chen H, Weng J. Glyce‑
mic variability is an important risk factor for cardiovascular autonomic 
neuropathy in newly diagnosed type 2 diabetic patients. Int J Cardiol. 
2016;215:263–8.

 16. Caprnda M, Mesarosova D, Ortega PF, Krahulec B, Egom E, Rodrigo L, 
Kruzliak P, Mozos I, Gaspar L. Glycemic variability and vascular compli‑
cations in patients with type 2 diabetes mellitus. Folia Med (Plovdiv). 
2017;59(3):270–8.

 17. Lin CC, Chen CC, Chen FN, Li CI, Liu CS, Lin WY, Yang SY, Lee CC, Li TC. 
Risks of diabetic nephropathy with variation in hemoglobin A1c and fast‑
ing plasma glucose. Am J Med. 2013;126(11):1017–21.



Page 9 of 9Su et al. Cardiovasc Diabetol  (2018) 17:47 

 18. Lin CC, Yang CP, Li CI, Liu CS, Chen CC, Lin WY, Hwang KL, Yang SY, Li TC. 
Visit‑to‑visit variability of fasting plasma glucose as predictor of ischemic 
stroke: competing risk analysis in a national cohort of Taiwan diabetes 
study. BMC Med. 2014;12:165.

 19. Li TC, Yang CP, Tseng ST, Li CI, Liu CS, Lin WY, Hwang KL, Yang SY, Chiang 
JH, Lin CC. Visit‑to‑visit variations in fasting plasma glucose and HbA1c 
associated with an increased risk of alzheimer disease: Taiwan diabetes 
study. Diabetes Care. 2017;40(9):1210–7.

 20. Lin CC, Li CI, Liu CS, Lin WY, Chen CC, Yang SY, Lee CC, Li TC. Annual 
fasting plasma glucose variation increases risk of cancer incidence and 
mortality in patients with type 2 diabetes: the Taichung Diabetes Study. 
Endocr Relat Cancer. 2012;19(4):473–83.

 21. Lin CC, Li CI, Yang SY, Liu CS, Chen CC, Fuh MM, Chen W, Li TC. Variation 
of fasting plasma glucose: a predictor of mortality in patients with type 2 
diabetes. Am J Med. 2012;125(4):e416–9.

 22. Chiang JI, Li TC, Li CI, Liu CS, Meng NH, Lin WY, Yang SY, Chen HJ, Lin 
CC. Visit‑to‑visit variation of fasting plasma glucose is a predictor of hip 
fracture in older persons with type 2 diabetes: the Taiwan diabetes study. 
Osteoporos Int. 2016;27(12):3587–97.

 23. Wei F, Sun X, Zhao Y, Zhang H, Diao Y, Liu Z. Excessive visit‑to‑visit glyce‑
mic variability independently deteriorates the progression of endothelial 
and renal dysfunction in patients with type 2 diabetes mellitus. BMC 
Nephrol. 2016;17(1):67.

 24. Hirakawa Y, Arima H, Zoungas S, Ninomiya T, Cooper M, Hamet P, Mancia 
G, Poulter N, Harrap S, Woodward M, et al. Impact of visit‑to‑visit glycemic 
variability on the risks of macrovascular and microvascular events and 
all‑cause mortality in type 2 diabetes: the ADVANCE trial. Diabetes Care. 
2014;37(8):2359–65.

 25. Jun JE, Lee SE, Lee YB, Ahn JY, Kim G, Jin SM, Hur KY, Lee MK, Kim JH. 
Glycated albumin and its variability as an indicator of cardiovascular auto‑
nomic neuropathy development in type 2 diabetic patients. Cardiovasc 
Diabetol. 2017;16(1):127.

 26. Xu F, Zhao LH, Su JB, Chen T, Wang XQ, Chen JF, Wu G, Jin Y, Wang XH. The 
relationship between glycemic variability and diabetic peripheral neu‑
ropathy in type 2 diabetes with well‑controlled HbA1c. Diabetol Metab 
Syndr. 2014;6(1):139.

 27. Jin HY, Lee KA, Park TS. The impact of glycemic variability on diabetic 
peripheral neuropathy. Endocrine. 2016;53(3):643–8.

 28. Yang CP, Li CI, Liu CS, Lin WY, Hwang KL, Yang SY, Li TC, Lin CC. Variability 
of fasting plasma glucose increased risks of diabetic polyneuropathy in 
T2DM. Neurology. 2017;88(10):944–51.

 29. Jaiswal M, Divers J, Dabelea D, Isom S, Bell RA, Martin CL, Pettitt DJ, 
Saydah S, Pihoker C, Standiford DA, et al. Prevalence of and risk factors for 
diabetic peripheral neuropathy in youth with type 1 and type 2 diabetes: 
search for diabetes in youth study. Diabetes Care. 2017;40(9):1226–32.

 30. Wang N, Guo C, Han P, Li T. Glycated albumin indicates peripheral dia‑
betic neuropathy. Acta Diabetol. 2016;53(6):973–9.

 31. Tesfaye S, Chaturvedi N, Eaton SE, Ward JD, Manes C, Ionescu‑Tirgoviste C, 
Witte DR, Fuller JH. Vascular risk factors and diabetic neuropathy. N Engl J 
Med. 2005;352(4):341–50.

 32. Kim B, Feldman EL. Insulin resistance in the nervous system. Trends Endo‑
crinol Metab. 2012;23(3):133–41.

 33. Kim ES, Lee SW, Mo EY, Moon SD, Han JH. Inverse association between 
serum total bilirubin levels and diabetic peripheral neuropathy in 
patients with type 2 diabetes. Endocrine. 2015;50(2):405–12.

 34. Hu Y, Liu F, Shen J, Zeng H, Li L, Zhao J, Zhao J, Lu F, Jia W. Association 
between serum cystatin C and diabetic peripheral neuropathy: a cross‑
sectional study of a Chinese type 2 diabetic population. Eur J Endocrinol. 
2014;171(5):641–8.

 35. Qiao X, Zheng H, Zhang S, Liu S, Xiong Q, Mao F, Zhang Z, Wen J, Ye H, 
Li Y, et al. C‑peptide is independent associated with diabetic peripheral 
neuropathy: a community‑based study. Diabetol Metab Syndr. 2017;9:12.

 36. He R, Hu Y, Zeng H, Zhao J, Zhao J, Chai Y, Lu F, Liu F, Jia W. Vitamin D 
deficiency increases the risk of peripheral neuropathy in Chinese patients 
with type 2 diabetes. Diabetes Metab Res Rev 2017;33:e2820.

 37. Zhao W, Zeng H, Zhang X, Liu F, Pan J, Zhao J, Zhao J, Li L, Bao Y, Liu F, 
et al. A high thyroid stimulating hormone level is associated with diabetic 
peripheral neuropathy in type 2 diabetes patients. Diabetes Res Clin 
Pract. 2016;115:122–9.

 38. Jaiswal M, Fufaa GD, Martin CL, Pop‑Busui R, Nelson RG, Feldman EL. 
Burden of diabetic peripheral neuropathy in pima Indians with type 2 
diabetes. Diabetes Care. 2016;39(4):e63–4.

 39. Wu F, Jing Y, Tang X, Li D, Gong L, Zhao H, He L, Li Q, Li R. Anemia: an inde‑
pendent risk factor of diabetic peripheral neuropathy in type 2 diabetic 
patients. Acta Diabetol. 2017;54(10):925–31.

 40. Kim ES, Moon SD, Kim HS, Lim DJ, Cho JH, Kwon HS, Ahn CW, Yoon KH, 
Kang MI, Cha BY, et al. Diabetic peripheral neuropathy is associated with 
increased arterial stiffness without changes in carotid intima‑media thick‑
ness in type 2 diabetes. Diabetes Care. 2011;34(6):1403–5.

 41. Liu S, Zheng H, Zhu X, Mao F, Zhang S, Shi H, Li Y, Lu B. Neutrophil‑to‑
lymphocyte ratio is associated with diabetic peripheral neuropathy in 
type 2 diabetes patients. Diabetes Res Clin Pract. 2017;130:90–7.

 42. Ge S, Xie J, Zheng L, Yang L, Zhu H, Cheng X, Shen F. Associations of 
serum anti‑ganglioside antibodies and inflammatory markers in diabetic 
peripheral neuropathy. Diabetes Res Clin Pract. 2016;115:68–75.

 43. Lupachyk S, Watcho P, Stavniichuk R, Shevalye H, Obrosova IG. Endo‑
plasmic reticulum stress plays a key role in the pathogenesis of diabetic 
peripheral neuropathy. Diabetes. 2013;62(3):944–52.

 44. Zhang Y, Jiang Y, Shen X, Yan S. Can both normal and mildly abnor‑
mal albuminuria and glomerular filtration rate be a danger signal for 
diabetic peripheral neuropathy in type 2 diabetes mellitus? Neurol Sci. 
2017;38(8):1381–90.

 45. Mohammedi K, Woodward M, Marre M, Colagiuri S, Cooper M, Harrap S, 
Mancia G, Poulter N, Williams B, Zoungas S, et al. Comparative effects of 
microvascular and macrovascular disease on the risk of major outcomes 
in patients with type 2 diabetes. Cardiovasc Diabetol. 2017;16(1):95.

 46. Khandoker AH, Al‑Angari HM, Khalaf K, Lee S, Almahmeed W, Al Safar 
HS, Jelinek HF. Association of diabetes related complications with heart 
rate variability among a diabetic population in the UAE. PLoS ONE. 
2017;12(1):e0168584.

 47. Pop‑Busui R, Lu J, Brooks MM, Albert S, Althouse AD, Escobedo J, Green 
J, Palumbo P, Perkins BA, Whitehouse F, et al. Impact of glycemic control 
strategies on the progression of diabetic peripheral neuropathy in the 
bypass angioplasty revascularization investigation 2 diabetes (BARI 2D) 
cohort. Diabetes Care. 2013;36(10):3208–15.

 48. Katulanda P, Ranasinghe P, Jayawardena R, Constantine GR, Sheriff 
MH, Matthews DR. The prevalence, patterns and predictors of diabetic 
peripheral neuropathy in a developing country. Diabetol Metab Syndr. 
2012;4(1):21.

 49. Chang CM, Hsieh CJ, Huang JC, Huang IC. Acute and chronic fluctuations 
in blood glucose levels can increase oxidative stress in type 2 diabetes 
mellitus. Acta Diabetol. 2012;49(Suppl 1):S171–7.

 50. Brownlee M. The pathobiology of diabetic complications: a unifying 
mechanism. Diabetes. 2005;54(6):1615–25.

 51. Schisano B, Tripathi G, McGee K, McTernan PG, Ceriello A. Glucose 
oscillations, more than constant high glucose, induce p53 activation 
and a metabolic memory in human endothelial cells. Diabetologia. 
2011;54(5):1219–26.


	HbA1c variability and diabetic peripheral neuropathy in type 2 diabetic patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and participants
	Basic data collection
	Estimation of glycemic parameters
	DPN assessment
	Laboratory tests
	Statistical analyses

	Results
	The clinical characteristics of the participants
	Proportion and ORs of DPN according to CV-HbA1c tertiles
	Proportion and ORs of DPN according to M-HbA1c tertiles
	ROC analysis to compare the ability of CV-HbA1c and M-HbA1c values to indicate confirmed DPN

	Discussion
	Glycemic variability and diabetic complications
	Potential risk factors and DPN
	Possible mechanisms linking HbA1c variability and DPN

	Limitations
	Conclusions
	Authors’ contributions
	References




