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Abstract
Background Evidence on the efficacy of glycemic control for diabetic peripheral neuropathy (DPN) is limited in patients 
with type 2 diabetes mellitus. Despite the known relationship between hemoglobin A1c (HbA1c) and DPN, the parameters 
(e.g., mean values or variability) that play an important role have not been elucidated.
Objective The objective of this study was to explore factors associated with DPN, including long-term HbA1c parameters, 
among patients with type 2 diabetes, in a large-scale longitudinal study.
Methods We conducted a case-control study using a medical claims database. We extracted data of patients with type 2 
diabetes and disease records of DPN (indicating that they received treatment for DPN) and those without DPN records 
(controls), and matched for age, sex, index year, and duration since the first type 2 diabetes record. A logistic regression 
analysis was performed to explore factors associated with DPN, and a receiver-operating characteristic analysis to estimate 
the optimal mean HbA1c target.
Results Of 1,792,037 patients with type 2 diabetes, data from 1632 patients (816 per group) were analyzed. The mean HbA1c 
levels in the 3-year observation period were 7.2 ± 1.0% in the DPN group and 6.9 ± 1.1% in the control group. Elevated 
3-year mean HbA1c levels were significantly associated with DPN records (adjusted odds ratio: 1.23, 95% confidence interval 
1.06–1.42), while HbA1c variability was not significantly associated. The mean HbA1c levels that discriminated between 
patients with and without DPN records were 6.5% (unadjusted) and 7.1% (adjusted).
Conclusions The development or progression of DPN in patients with type 2 diabetes was associated with the 3-year mean 
HbA1c level in real-world data.
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Key Points 

This longitudinal real-world data study explored various 
factors associated with diabetic peripheral neuropathy 
in patients with type 2 diabetes mellitus, using a large 
sample size of more than 800 patients per group.

Higher 3-year mean hemoglobin A1c levels were sig-
nificantly associated with diabetic peripheral neuropathy 
records (indicating the receipt of diabetic peripheral 
neuropathy treatment).

A mean hemoglobin A1c level of approximately 6.5–
7.0% was the optimal cut-off discriminating between 
with and without the development or progression of 
diabetic peripheral neuropathy in patients with type 2 
diabetes.

1 Introduction

Diabetic peripheral neuropathy (DPN) is a common 
microvascular complication of diabetes and is present 
in 27.6‒35.8% of diabetic patients in Japan [1]. Diabetic 
peripheral neuropathy is a contributing factor in the develop-
ment of foot ulceration, which can result in foot amputation 
[2], and is associated with increased mortality in diabetic 
patients [3]. Although approximately half of the patients 
may be asymptomatic [1], some can present symptoms and 
signs of DPN, including allodynia, hyperalgesia, and pain 
described as “burning, electric, and stabbing sensations with 
or without numbness” [4], and patients with painful DPN 
experience an impaired quality of life and depressive state 
[5, 6]. Although the pathogenesis of DPN is complex, sev-
eral factors have been reported to contribute to its pathogen-
esis by causing cellular stress/damage, including hyperglyce-
mia, dyslipidemia, and impaired insulin signaling, ultimately 
leading to nerve dysfunction [4].

Glycemic control is considered an important strategy for 
the prevention of DPN; the current guidelines for the man-
agement of diabetes in Japan recommend strict glycemic 
control to suppress the onset or progression of DPN [7]. 
However, a previous systematic review reported that while 
intensive glycemic control significantly reduced the devel-
opment of DPN in patients with type 1 diabetes mellitus 
(T1DM), the effect was not significant in patients with type 2 
diabetes mellitus (T2DM) [8]. Rather than focusing only on 
achieving normal hemoglobin A1c (HbA1c) levels, differ-
ent approaches, such as control of blood pressure and lipid 

levels or reduction of glucose fluctuations, may be required 
for the prevention of DPN in patients with T2DM [9].

A previous study suggested that glycemic variability was 
a significant risk factor for DPN in patients with T2DM, 
even among those with well-controlled HbA1c [10]. This 
may be partly explained by the fact that glucose fluctua-
tions contribute more to DNA damage and oxidative stress, 
which would lead to endothelial cell damage, compared with 
sustained hyperglycemia [11, 12]. More recent studies have 
suggested that long-term glycemic variability was also asso-
ciated with DPN in patients with T2DM [13, 14]. Long-term 
glycemic variability, or HbA1c variability, may be a better 
predictor of some macro-vascular and micro-vascular dia-
betic complications than mean HbA1c levels [15], although 
its relationship with the development of DPN has yet to be 
established. To date, the specific glycemic parameters such 
as mean HbA1c value, area under the curve (AUC) of mean 
HbA1c, and HbA1c variability, which play important roles 
in the development of DPN, have not been elucidated.

Given that the pathophysiological mechanism of DPN 
has not been fully elucidated, it is important to understand 
the characteristics of patients with DPN and identify the risk 
factors. Although a number of studies to date have explored 
the factors associated with an increased risk of DPN among 
patients with T2DM, these were mostly cross-sectional 
studies with small sample sizes [16]. Thus, there is lack of 
evidence that is based on high-quality longitudinal studies 
with sufficient sample size. Given the long-term hypergly-
cemic state in diabetes, it is indispensable to evaluate the 
impact of long-term glycemic exposure longitudinally rather 
than cross-sectionally. Therefore, to address this need, we 
explored various factors potentially associated with the dis-
ease records of DPN in patients with T2DM, with a particu-
lar focus on, but not limited to, long-term HbA1c param-
eters, in this longitudinal real-world study using a large-scale 
claims database.

2  Methods

2.1  Study Design and Data Source

This was a case-control study of DPN in patients with 
T2DM, using de-identified administrative and claims data 
from Japanese hospitals, compiled by Medical Data Vision 
Co., Ltd. (MDV, Tokyo, Japan). The MDV database is a 
large-scale hospital-based database, which contained data 
of more than 27 million patients in hospitals using the Diag-
nosis Procedure Combination/Per-Diem Payment System 
(DPC hospitals), as of March 2019. The database contains 
both inpatient and outpatient data, including patient demo-
graphics (age and sex), diagnosis, procedures, prescriptions, 
inpatient/outpatient status, and laboratory data (for a limited 
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number of hospitals). This healthcare claims database has 
been used in many studies on T2DM in Japan [17]. The data 
of patients with T2DM included in this database from April 
2008 (database launch) to March 2019 were analyzed in the 
present study.

The institutional review board’s ethical approval and 
patients’ informed consent were not obtained because the 
study used secondary data that were fully anonymized and 
collected from a commercial database provided by MDV. 
Thus, the Japanese Ethical Guidelines for Medical and 
Health Research Involving Human Subjects do not apply 
to this study. Nonetheless, the Ethics Committee at Aichi 
Medical University was consulted, and the committee 
decided evaluation by the committee was unnecessary. This 
study was conducted in accordance with guidelines includ-
ing Good Pharmacoepidemiology Practices issued by the 
International Society for Pharmacoepidemiology.

2.2  Study Population

Patients with T2DM were identified using the International 
Statistical Classification of Diseases and Related Health 
Problems, 10th Revision (ICD-10) codes of E11. Diabetic 
peripheral neuropathy was defined using the Japanese 
Disease Name Code 8845100 (type 2 diabetic peripheral 
neuropathy), 2505018 (diabetic peripheral neuropathy), or 
8848768 (diabetic neuropathic pain).

Among patients with T2DM, those with a record of DPN 
and with HbA1c data at intervals of ≤6 months for at least 
3 years before the first DPN diagnosis record were assigned 
as the DPN group in this study. Patients without a DPN 
record and with HbA1c data at intervals of ≤6 months for 
at least 3 years after the T2DM diagnosis were assigned 

as controls. Patients were excluded if they had (1) T1DM 
diagnosis (ICD-10 code: E10) prior to the T2DM diagnosis 
or first DPN diagnosis, whichever occurred first; (2) cancer 
diagnosis (ICD-10 codes: C00‒C97 and D00–D09) prior 
to the T2DM diagnosis or first DPN diagnosis, whichever 
occurred first; or (3) suspicious DPN identified by the uncer-
tain disease flag.

Patients in the DPN group were matched to the patients 
in the control group for age, sex, calendar year of index date 
(defined below), and duration since the first T2DM record 
(i.e., duration from the earliest diagnosis record of T2DM 
in the patient’s record at the institution to index date), using 
the coarsened exact matching method [18]. In this method, 
each variable is first coarsened into several strata, and then 
an exact match is performed on the data in these strata (1:1 
matching); after the data are matched, the original (uncoars-
ened) values for the variable are passed on for analysis.

Index date was defined as the date of the first DPN diag-
nosis record for the DPN group and the date of the latest 
HbA1c record for the control group (Fig. 1). Baseline was 
defined as the earliest timepoint (month) within the 3-year 
HbA1c observation period.

2.3  HbA1c and Other Variables

The HbA1c data during the 3-year observation period were 
extracted from the database. For glycemic exposure, in addi-
tion to the mean HbA1c level during the 3-year observa-
tion period, the AUC of mean HbA1c levels, measured at 
≤6-month intervals over the 3-year observation period, was 
also assessed using Tai’s formula [19].

For the HbA1c variability, the following metrics were 
used: standard deviation (SD) of HbA1c, adjusted SD 

Fig. 1  Definitions of data period. Index date was defined as the date 
of the first diabetic peripheral neuropathy (DPN) diagnosis record for 
the DPN group and the date of the latest hemoglobin A1c (HbA1c) 

record for the control group. Baseline was defined as the earli-
est timepoint (month) within the 3-year HbA1c observation period. 
T2DM type 2 diabetes mellitus
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of HbA1c, and adjusted coefficient of variation (CV) of 
HbA1c. The CV was defined as the SD of HbA1c divided 
by the mean HbA1c. The adjusted SD (or CV) of HbA1c 
was calculated by multiplying the SD (or CV) by the cor-
rection coefficient (i.e., 

√

(n − 1)∕n , where n is the number 
of HbA1c measurements of each patient).

For other patient characteristics, data at index date 
(month) for age, sex, test for DPN (e.g., nerve conduction 
study), and duration since the first T2DM record, and the 
following data at baseline were extracted from the database: 
smoking experience, body mass index (BMI), diabetic medi-
cines, diabetes guidance management, and comorbidities/
complications. Laboratory data (i.e., blood glucose level, tri-
glyceride level, and low-density lipoprotein and high-density 
lipoprotein cholesterol levels) within 3 months before and 
after baseline and hospitalization during the 3-year observa-
tion period were also assessed.

2.4  Statistical Analyses

To examine whether glycemic exposure (e.g., elevated 
HbA1c levels) and other patient characteristics differed 
between the DPN and control groups in this study, the 
demographic and clinical characteristics of patients were 
descriptively summarized for each group. To explore the fac-
tors associated with DPN, a univariate conditional logistic 
regression analysis was performed in the case-control pairs, 
using DPN diagnosis as the dependent variable and HbA1c 
metrics or other patient variables as independent variables. 
Multivariate logistic regression analysis was also conducted 
using DPN diagnosis as the dependent variable and various 
patient variables, including HbA1c, as independent varia-
bles. For each variable, the odds ratio (OR) for DPN and its 
corresponding 95% confidence interval (CI) were calculated.

Furthermore, to identify a target mean HbA1c goal for 
the prevention of DPN, the potential of the mean HbA1c 
level to discriminate patients with and without a DPN record 
was evaluated by plotting a receiver operating characteristic 
(ROC) curve and calculating the AUC. Then, the optimal 
mean HbA1c cut-off level for discriminating for DPN, which 
can be considered as the optimal target HbA1c goal, was 
calculated based on the Youden Index [20]. For the sensitiv-
ity analysis, the adjusted ROC curve was also plotted using 
the multivariate logistic regression model adjusted for the 
background characteristics of patients (i.e., diabetic medi-
cines, guidance on diabetes, comorbidities/complications, 
and hospitalization). Statistical analyses were performed 
using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) 
and R version 3.4.0 (R Foundation for Statistical Computing, 
Vienna, Austria).

3  Results

3.1  Background Characteristics of Patients

Of the 27,567,797 patient records in the MDV database, 
1,792,037 patients with T2DM were identified. Of these, 
79,584 patients had confirmed diagnostic records of DPN 
(indicating that they received treatment for DPN), whereas 
1,712,453 patients did not. Of each, 1126 patients with a 
DPN record and 18,592 patients without a DPN record met 
the inclusion and exclusion criteria and were eligible for 
matching. Ultimately, we obtained data of 816 patients each 
in the DPN and control groups, matched for age, sex, index 
year, and duration since the first T2DM record (Fig. 2).

The mean age ± SD of the overall study population was 
67.0 ± 11.6 years, and 61.8% were male. The mean dura-
tion since the first T2DM record was 4.1 ± 1.2 years. The 
mean HbA1c levels in the 3-year observation period were 
7.2 ± 1.0% in the DPN group and 6.9 ± 1.1% in the control 
group; 48.0% and 62.5% of patients had a mean HbA1c level 
of <7.0% (Table 1). For HbA1c variability, all metrics were 
similar between groups.

The majority of the patients used diabetic medicines at 
baseline, but 25.1% of the DPN group and 37.0% of the 
control group did not use these medications. The types of 
medications used were basically similar between the two 
groups, but the proportion of patients receiving biguanides 
was higher in the DPN group (39.5% vs 22.9%). Insulin was 
prescribed to 29.2% of the patients in the DPN group and 
22.7% of those in the control group. At baseline, the pro-
portion of patients with cardiovascular diseases was mar-
ginally lower in the DPN group than in the control group: 
coronary heart disease (17.2% vs 24.5%) and angina (16.2% 
vs 22.5%), with the exception of peripheral arterial disease 
[PAD] (17.4% vs 15.9%). For microvascular complications, 
retinopathy was present in 13.5% of the patients in the DPN 
group and 11.4% of those in the control group, and nephrop-
athy was present in 8.8% and 12.7%, respectively.

3.2  Factors Positively Associated with DPN Records

Among all patient characteristics in Table 1 except for 
smoking experience, the univariate analysis revealed that 
patients with elevated 3-year mean HbA1c level (OR: 1.36, 
95% CI 1.22–1.51), 3-year mean HbA1c level of ≥7.0% [vs 
<7.0%] (OR: 1.38, 95% CI 1.24–1.54), higher AUC of mean 
HbA1c level (OR: 1.05, 95% CI 1.03–1.06), use of any dia-
betic medicines (OR: 1.75, 95% CI 1.41–2.17), use of glin-
ides (OR: 1.55, 95% CI 1.05–2.28), use of biguanides (OR: 
2.23, 95% CI 1.78–2.79), and use of insulin (OR: 1.40, 95% 
CI 1.12–1.74) were significantly more likely to have DPN 
records (Table S1 of the Electronic Supplementary Material 
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[ESM]). However, in this analysis, none of the parameters 
used to measure the HbA1c variability was significantly 
associated with DPN records.

Among the HbA1c parameters, we chose to include the 
mean HbA1c level (continuous value) in the multivariate 
logistic regression model, in addition to all the remaining 
variables except for matching factors (age, sex, and duration 
since the first T2DM record), test for DPN, and BMI. Body 
mass index was excluded because data were available only 
for a limited number of hospitalized patients. The results of 
the multivariate analysis showed that patients with elevated 
3-year mean HbA1c level (OR: 1.23, 95% CI 1.06–1.42), use 
of biguanides (OR: 1.67, 95% CI 1.25–2.22), and PAD (OR: 
1.45, 95% CI 1.01–2.07) were significantly more likely to 
have DPN records than those without these factors (Table 2).

3.3  HbA1c Cut‑Off Level for the Discrimination 
for DPN

In the ROC curve in Fig. 3, the true-positive rate (sensitiv-
ity) and the false-positive rate (1 − specificity) of the mean 
HbA1c level to detect the presence of DPN records were 
plotted at each possible HbA1c cut-off level. The AUC was 
0.602. The optimal HbA1c cut-off levels as indices for pre-
venting DPN were 6.54% and 6.55%, respectively, with the 
former having a sensitivity and a specificity of 73.8% and 
43.3%, and the latter having a sensitivity and a specificity of 
73.4% and 43.6%, respectively.

After adjusting for the background characteristics of 
patients in our sensitivity analysis, the AUC was 0.680 (Fig. 
S1 of the ESM). In the adjusted ROC analysis, the optimal 
HbA1c cut-off level was 7.12%, with a sensitivity of 68.4% 
and a specificity of 60.4%.

Fig. 2  Flow diagram of the patient selection process. DPN diabetic peripheral neuropathy, HbA1c hemoglobin A1c, MDV Medical Data Vision 
Co., Ltd., T1DM type 1 diabetes mellitus, T2DM type 2 diabetes mellitus
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Table 1  Demographic and 
clinical characteristics of 
patients in the matched DPN 
and control groups

Variables DPN  groupa, (n = 816) Control group, (n = 816)
N (%) N (%)

Age, years 66.9 ± 11.6 67.2 ± 11.7
 ≤29 0 (0.0) 0 (0.0)
 30–39 14 (1.7) 13 (1.6)
 40–49 51 (6.3) 47 (5.8)
 50–59 134 (16.4) 139 (17.0)
 60–69 268 (32.8) 261 (32.0)
 ≥70 349 (42.8) 356 (43.6)

Sex
 Male 504 (61.8) 504 (61.8)
 Female 312 (38.2) 312 (38.2)

Duration since the first T2DM  recordb, years 4.1 ± 1.3 4.1 ± 1.2
Body mass  indexc, kg/m2 25.0 ± 4.7 24.9 ± 4.8
Smoking experience
 Yes 42 (5.1) 56 (6.9)
 No 54 (6.6) 76 (9.3)
 Missing 720 (88.2) 684 (83.8)

Glycemic exposure
Mean HbA1c  leveld, % 7.2 ± 1.0 6.9 ± 1.1
 <7.0 392 (48.0) 510 (62.5)
 ≥7.0 424 (52.0) 306 (37.5)

AUC of HbA1c 41.3 ± 6.1 39.6 ± 6.6
HbA1c variability
 SD of HbA1c 0.5 ± 0.4 0.5 ± 0.4
 Adjusted SD of HbA1c 0.5 ± 0.4 0.5 ± 0.4
 Adjusted CV of HbA1c 0.1 ± 0.1 0.1 ± 0.0

Blood glucose, mg/dL 161.6 ± 81.3 157.7 ± 64.4
Triglyceride, mg/dL 144.2 ± 101.8 162.4 ± 134.9
LDL, mg/dL 109.6 ± 29.6 107.6 ± 34.0
HDL, mg/dL 53.9 ± 15.3 52.0 ± 15.8
Diabetic  medicinee

 No 205 (25.1) 302 (37.0)
 Yes 611 (74.9) 514 (63.0)

Sulfonylureas 153 (18.8) 153 (18.8)
Glinides 73 (8.9) 50 (6.1)
DPP-4 inhibitors 202 (24.8) 180 (22.1)
Biguanides 322 (39.5) 187 (22.9)
Thiazolidinediones 60 (7.4) 70 (8.6)
Alpha-glucosidase inhibitors 91 (11.2) 111 (13.6)
SGLT2 inhibitors 1 (0.1) 1 (0.1)
GLP-1 receptor agonists 12 (1.5) 9 (1.1)
Insulin 238 (29.2) 185 (22.7)
Test for DPN
 No 258 (31.6) 816 (100.0)
 Yes 558 (68.4) 0 (0.0)

Diabetes guidance  managementf

 No 812 (99.5) 809 (99.1)
 Yes 4 (0.5) 7 (0.9)

Comorbidities/complications
 Hypertension 475 (58.2) 541 (66.3)
 Retinopathy 110 (13.5) 93 (11.4)
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4  Discussion

Targeting normal HbA1c levels has long been considered 
the main strategy for preventing the development of DPN in 
patients with diabetes. However, relevant recommendations 
depend largely on the evidence on the efficacy of intensive 
insulin therapy in patients with T1DM [21–24], and evi-
dence for T2DM is relatively scarce [25, 26]. Moreover, the 
currently available data on factors associated with DPN in 
patients with T2DM are mostly based on cross-sectional 
studies conducted at a single center or with a small sample 
size. Thus, to obtain additional evidence from a higher qual-
ity study, these factors were explored in the present longitu-
dinal study using a large sample size, with each study group 
comprising >800 patients. Among various background 
factors, the long-term elevated mean HbA1c level was an 
important factor in the present analysis, whereas HbA1c 
variability was not a significant factor.

The baseline characteristics of our overall study popula-
tion were similar to those reported in previous cohort studies 
in patients with T2DM at hospitals or clinics specializing 
in diabetes in Japan, in terms of age, sex, BMI, and HbA1c 
levels [27, 28]. The proportion of patients with hypertension 
was also similar between this study and previous reports 
(62.3% vs 59.7–63.0%) [28, 29]. Our DPN group had a 
median duration since the first T2DM record at the DPC 
hospital of 3.8 years. Although it is the duration after match-
ing, it seems short given the median duration of diabetes in 
patients with DPN reported in a recent Japanese study (15.9 
years) [27]. However, the definition of this variable does not 
necessarily indicate the actual diabetes duration, and many 
patients in our study population were probably referred from 
clinics or non-diabetes-specialized hospitals; thus, the actual 
duration of T2DM was probably much longer.

As in any diabetes study, the accurate diabetes duration 
was unknown. However, the time from onset to diagnosis 

Table 1  (continued) Variables DPN  groupa, (n = 816) Control group, (n = 816)
N (%) N (%)

 Proteinuria 4 (0.5) 5 (0.6)
 Coronary heart disease 140 (17.2) 200 (24.5)
 Ischemic stroke 69 (8.5) 86 (10.5)
 Nephropathy 72 (8.8) 104 (12.7)
 Angina 132 (16.2) 184 (22.5)
 Myocardial infarction 9 (1.1) 13 (1.6)
 Periodontal disease 1 (0.1) 1 (0.1)
 Diabetic foot 0 (0.0) 0 (0.0)
 Peripheral arterial disease 142 (17.4) 130 (15.9)
 Dementia 3 (0.4) 9 (1.1)
 Nonalcoholic fatty liver disease 1 (0.1) 4 (0.5)
 Osteoporosis 32 (3.9) 65 (8.0)
 Spinal disorder 125 (15.3) 178 (21.8)

Hospitalization
 No 530 (65.0) 428 (52.5)
 Yes 286 (35.0) 388 (47.5)

Data are presented as mean ± SD or n (%)
AUC  area under the curve, CV coefficient of variation, DPN diabetic peripheral neuropathy, DPP-4 dipep-
tidyl peptidase-4, GLP-1 glucagon-like peptide-1, HbA1c hemoglobin A1c, HDL high-density lipoprotein, 
LDL low-density lipoprotein, SD standard deviation, SGLT2 sodium-glucose cotransporter-2, T2DM type 2 
diabetes mellitus
a DPN was defined using the diagnostic codes for DPN in patient claims data. Therefore, the patients in the 
DPN group were those who had received DPN treatment
b Duration from the earliest record of T2DM diagnosis in the patient’s record at the institution
c Data of 718 (88.0%) patients in the DPN group and 684 (83.8%) patients in the control group were miss-
ing
d Mean of HbA1c levels measured at ≤6-month intervals over the 3-year observation period
e Patients may have received multiple diabetic medications. For a fixed-dose compound, the number of 
patients was calculated for each ingredient of the compound
f The provision of guidance on diet, exercise, anti-smoking education, and lifestyle, as well as other neces-
sary guidance
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would not vary vastly among individuals in Japan because 
of mandatory regular health check-ups and high medical 
care access owing to the universal health insurance system. 
Of course, their first T2DM diagnostic records may not 
be their first diagnosis if they were patients referred from 
clinics; however, given that the DPN group did not have a 

DPN diagnosis within 3 years from the first T2DM diag-
nosis record, such hospital transfers would have occurred 
for reasons not directly related to DPN (i.e., the conditions 
were the same in both groups). Altogether, there would have 
been no large differences between the groups in the time 
from onset to the first T2DM diagnosis record at the DPC 
hospital. Therefore, matching by “duration since the first 
T2DM record” was considered valid, even if it may not be 
an accurate diabetes duration.

As described above, the characteristics of the overall 
T2DM population in this study were similar to those in 
previous studies [27–29]. However, the present study used 
claims data from DPC hospitals, and disease identification 
was performed based on disease records documented for 
reimbursement purposes. In Japan, most of the standard 
treatments, in principle, are covered by health insurance; 
thus, a disease code is recorded in the patient’s claims data 
when physicians administer treatments for the disease. 
Therefore, patients identified as having DPN in this study 
(n = 79,584) were practically those who received treatment 
for DPN, and not all patients with T2DM who had DPN. By 
contrast, the control group may have contained patients with 
DPN, but without the need for treatment. Our results were 
comparisons between these two groups of patients, rather 
than between patients with and without DPN. Our defini-
tion of the DPN group may seem strict, but it enabled us to 
assess factors associated with DPN requiring treatment. The 
examination of these factors is clinically important because, 

Table 2  Multivariate logistic regression analysis of factors positively 
associated with DPN records

Bold case indicates a significant  positive association with DPN 
records.
The model included the mean HbA1c level (continuous value) 
selected among various HbA1c metrics, in addition to all baseline 
variables except for matching factors (age, sex, and duration since 
the first type 2 diabetes mellitus record), test for DPN, and body mass 
index. For diabetic medicines, only the variables for each medication 
type were included
CI confidence interval, DPN diabetic peripheral neuropathy, DPP-4 
dipeptidyl peptidase-4, GLP-1 glucagon-like peptide-1, HbA1c hemo-
globin A1c, HDL high-density lipoprotein, LDL low-density lipopro-
tein, SGLT2 sodium-glucose cotransporter-2

Variables Odds ratio 95% CI

Mean HbA1c level, % 1.23 1.06–1.42
Blood glucose, mg/dL 1.00 1.00–1.00
Triglyceride, mg/dL 1.00 1.00–1.00
LDL, mg/dL 1.00 1.00–1.00
HDL, mg/dL 1.01 1.00–1.01
Sulfonylureas 0.96 0.67–1.39
Glinides 1.18 0.74–1.90
DPP-4 inhibitors 0.95 0.70–1.29
Biguanides 1.67 1.25–2.22
Thiazolidinediones 0.69 0.44–1.07
Alpha-glucosidase inhibitors 0.65 0.44–0.98
SGLT2 inhibitors 0.81 0.05–14.39
GLP-1 receptor agonists 0.63 0.17–2.33
Insulin 1.30 0.95–1.78
Diabetes guidance management (yes vs no) 0.36 0.06–2.15
Hypertension 0.78 0.59–1.01
Retinopathy 0.89 0.59–1.33
Proteinuria 1.41 0.20–9.86
Coronary heart disease 0.51 0.16–1.59
Ischemic stroke 1.31 0.83–2.06
Nephropathy 0.55 0.35–0.87
Angina 1.32 0.42–4.11
Myocardial infarction 1.09 0.36–3.33
Periodontal disease 0.49 0.02–10.64
Diabetic foot – –
Peripheral arterial disease 1.45 1.01–2.07
Dementia 0.96 0.14–6.43
Nonalcoholic fatty liver disease 0.56 0.05–6.58
Osteoporosis 0.71 0.39–1.29
Spinal disorder 0.61 0.43–0.86
Hospitalization (yes vs no) 0.74 0.57–0.97

Fig. 3  Receiver-operating characteristic curve for mean hemoglobin 
A1c as an indicator of diabetic peripheral neuropathy



411Association Between HbA1c and Diabetic Peripheral Neuropathy in Patients with Type 2 Diabetes

in clinical practice, it is crucial to prevent progression so 
that patients with T2DM do not have to undergo treatment 
for DPN. As for the data size, of 79,584 patients identified 
as having DPN (i.e., those who received DPN treatment), 
816 were finally analyzed. This sample size was obtained 
by extracting the maximum data from the utilized database 
according to pre-specified criteria and methods, such as 
the availability of long-term HbA1c data and matching by 
baseline variables. Given the purpose of this study, longitu-
dinal data acquisition was more important than increasing 
the sample size. In addition, matching by baseline factors 
was essential to minimize bias in observational studies using 
real-world data.

Between patients in the DPN and control groups, matched 
for age, sex, duration since the first T2DM record, and index 
year, no remarkable differences were observed in various 
baseline variables, including BMI, comorbidities/com-
plications, and lipid profiles. A Japanese study previously 
reported a higher prevalence of retinopathy in patients with 
DPN than in those without DPN (43.1% vs 19.2%) [27], but 
such a trend was not observed in the present study, probably 
because of the above-mentioned definition of groups and 
differences in the timing of assessment (whether a cross-
sectional study or not). In the present study, the only notable 
difference between the two groups was the level of glycemic 
exposure for 3 years; the proportion of patients with a mean 
HbA1c level of ≥7.0% was 14.5% higher in the DPN group 
(52.0% vs 37.5%). Patients subsequently requiring treatment 
for DPN might have needed more intensive glucose lowering 
at baseline, which probably explained the slightly greater use 
of insulin or biguanides at baseline among this group than 
among the control group.

In the multivariate analysis, we found that patients with 
an elevated 3-year mean HbA1c level, use of biguanides, 
and PAD at baseline were significantly more likely to have 
DPN records (indicating that they received treatment for 
DPN). The association between biguanides and DPN may 
be the result of peripheral neuropathy due to vitamin  B12 
deficiency induced by metformin treatment [30]. However, 
this result probably reflects the severity of the patients at 
baseline. Unlike in Europe and the USA where biguanides 
are the first-line therapy [31, 32], no first-line glucose-low-
ering agent is specified in the Japanese guidelines [7]; there-
fore, biguanides are less frequently used in primary care in 
Japan [33] because of their difficulty in use due to the risk 
of lactic acidosis [34]. By contrast, experienced specialists 
at DPC hospitals would more aggressively use biguanides 
at higher doses in patients whose glycemic control is diffi-
cult to achieve. Therefore, patients treated with biguanides 
at baseline were considered to have poor glycemic control. 
That is, the observed association in this analysis probably 
reflected the association between poor glycemic control 
and DPN. Contrastingly, alpha-glucosidase inhibitors were 

significantly negatively associated with DPN (OR: 0.65, 
95% CI 0.44–0.98). Given that alpha-glucosidase inhibitors 
are relatively safe considering their mild adverse effects and 
that they are commonly used in primary care, patients who 
received this medication at baseline presumably had bet-
ter glycemic control status. This result may indicate that 
patients with mild T2DM who do not require aggressive 
glycemic control have a lower chance of progressing to treat-
ment-requiring DPN. Taken together, these results suggest 
the importance of adequate glycemic control in delaying the 
onset or worsening of DPN.

Given the significant association between DPN and PAD 
(including arteriosclerosis obliterans) [35, 36], it is possi-
ble that these two have frequently coexisted. However, the 
observed association between PAD and DPN in this study 
probably reflected the treatment for progressive diabetic con-
ditions at baseline in the DPN group. For the treatment of 
diabetic ulcers or gangrene, vasodilators such as prostaglan-
din  E1, lipo-prostaglandin  E1, and prostaglandin  E2 are used 
in clinical practice [37], but only some (e.g., alprostadil) 
are indicated as treatment for PAD-based or diabetic ulcers 
in order to be covered by insurance. Thus, there might have 
been cases where physicians made a disease record of PAD 
in order to prescribe these medications to patients with pro-
gressive neurological damage or blood flow disturbance due 
to diabetes at baseline. This may be one reason why patients 
with a disease record of PAD at baseline were more likely to 
have DPN records in this study.

Furthermore, although the association of HbA1c with 
DPN in patients with T2DM has not necessarily been une-
quivocal in the existing literature [38], the elevated 3-year 
mean HbA1c level was significantly associated in the present 
analysis. This finding was compatible with those of previ-
ous studies suggesting that HbA1c is an important modifi-
able risk factor for DPN in patients with T2DM [16, 39, 
40]. In addition, this finding supports the current preventive 
approaches focusing on strict glycemic control, with addi-
tional emphasis on the importance of long-term adequate 
glycemic control.

In this study, however, the HbA1c variability over the 
3-year observation period, which was assessed using vari-
ous metrics, namely, the SD, adjusted SD, and adjusted 
CV of HbA1c, was not significantly associated with DPN 
in patients with T2DM. This result was in contrast to the 
results of recent studies showing the association between 
long-term glycemic variability and DPN in patients with 
T2DM in Taiwan and China, although causality was not 
determined [13, 14]. However, the observation period for 
glycemic exposure and the measures of glycemic variability 
in these previous studies differed from those in our study. 
In this study, HbA1c data at intervals of ≤6 months for ≥3 
years were used to evaluate the long-term glycemic variabil-
ity, but a possible long-term interval, such as 6 months, may 
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have been inappropriate to adequately capture the HbA1c 
variability. In addition, the differences in the definition of 
DPN among studies might also be responsible for this dis-
crepancy. Although the accumulated evidence suggests that 
long-term glycemic variability may be a predictor of renal 
diseases and retinopathy [15, 41–43], there is still a paucity 
of relevant data on DPN in patients with T2DM. Hence, fur-
ther research is warranted to determine its relationship with 
the development of DPN in patients with T2DM.

Based on our findings that the mean HbA1c level may be 
an important factor associated with DPN in patients with 
T2DM, we further explored the mean HbA1c cut-off level 
that can best discriminate for the presence of DPN records 
in order to identify a target HbA1c goal for its prevention. 
Consequently, we obtained the optimal mean HbA1c cut-
off level of 6.5%, which was in accordance with the tar-
get HbA1c level previously proposed for the prevention 
of microangiopathy development or progression [25]. The 
HbA1c level of 6.5% also coincided with the threshold above 
which the risk of microvascular complications (nephropathy 
and retinopathy) is considered to increase [44]. An AUC 
of 0.602 indicated that the ability of this mean HbA1c to 
discriminate for the presence of DPN records was not suf-
ficiently high; however, its performance slightly increased 
after adjusting for various patient characteristics (AUC of 
0.680), with an optimal mean HbA1c cut-off level of 7.12%. 
Taken together, although the mean HbA1c may not be the 
best predictor, at least at this moment where the pathophysi-
ological mechanism of DPN has yet to be fully elucidated, 
glycemic control with a target mean HbA1c level of around 
6.5–7.0% would be the best strategy for the prevention of 
DPN progression in patients with T2DM. This target level 
is in line with the recommended glycemic target for the pre-
vention of diabetic complications in the current guidelines 
in Japan [7]. However, this recommended glycemic target 
is based on evidence of retinopathy and nephropathy, not 
DPN [25]. The guidelines even state that the effectiveness of 
strict glycemic control for the suppression of DPN is appar-
ent in T1DM but has not been thoroughly tested in T2DM. 
Therefore, our findings would serve as complementary data.

With some reports that patients often predominantly have 
small-fiber neuropathy in prediabetes [45], DPN during the 
prediabetic stage has been an important topic in this field. 
Unfortunately, the present study did not consider DPN at this 
stage because our focus was on patients already diagnosed 
with T2DM. In addition, this topic could not be investigated 
with this database because data on patients with prediabetes 
were unavailable as there is no insurance-covered treatment 
indicated for prediabetes. However, it is clinically important 
to be cautious regarding DPN in this stage. Therefore, DPN 
in prediabetes, including its relationship with HbA1c val-
ues and other factors such as smoking, alcohol abuse, and 

metabolic syndrome during this stage, should be investigated 
in future studies.

The present study has several limitations. First, the 
generalizability of the results may be limited because this 
study only included patients with longitudinal data, that is, 
patients who regularly visited hospitals for diabetes treat-
ment. For example, patients with regular outpatient visits 
to DPC hospitals may have different characteristics than 
those treated at clinics. Second, because the database was 
hospital based and not linked to a patient’s medical chart, a 
complete medical/treatment history could not be obtained. 
We may not have captured all comorbidities/complications 
because they are input in claims data only when some medi-
cal care is provided for them during the observation period. 
This characteristic of claims data probably explains the low 
prevalence of some complications such as the diabetic foot. 
In this study, no patient had a record of diabetic foot, which 
may be because most of the cases with diabetic foot were 
not treated as diabetic foot on claims data, and hence, the 
disease was not recorded. Although we might have missed 
some true cases, the impact of such misclassification on our 
results was not considered significant because medical con-
ditions demanding treatment were captured in claims data, 
and therefore considered in our analysis. Third, in this data-
base, data on smoking status and BMI were available for 
only a limited number of hospitalized patients, which made 
it impractical to evaluate the association of these factors with 
DPN in this study. As these may be modifiable risk fac-
tors, further research is needed to evaluate the relationship 
between these factors and DPN. Despite these limitations, 
the present study, which had a longitudinal study design and 
a large sample size, corroborated and confirmed the findings 
of previous cross-sectional studies, and provided important 
evidence on the factors associated with DPN in patients with 
T2DM.

5  Conclusions

The results of this real-world study demonstrated that the 
development or progression of DPN in patients with T2DM 
was associated with the 3-year mean HbA1c level, suggest-
ing the important role of long-term mean HbA1c levels, 
among the various HbA1c parameters, in DPN in patients 
with T2DM. Although further research is needed to confirm 
our findings, targeting HbA1c levels of 6.5–7.0% may be 
beneficial for patients with T2DM to prevent the develop-
ment or progression of DPN.
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