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It is known that Baba's diabetic neuropathy classification (BDC) is useful in
quantitative evaluation of Diabetic polyneuropathy (DPN). In this study, we
aimed to investigate the possible association between BDC and various diabetic
microvascular and macrovascular complications in patients whose neuropathy
was evaluated with BDC. As the results, BDC was significantly correlated with the
severity of diabetic retinopathy and nephropathy. BDC was also significantly
correlated with history of myocardial infarction or cerebral infarction, carotid
IMT, and ABI. These data suggest that BDC may be useful in predicting the
presence of various diabetic microvascular and macrovascular complications.
The data also support the idea that we should perform further investigation of
other diabetes-related complications in patients with severe DPN.

KEYWORDS

diabetes mellitus, diabetic polyneuropathy (DPN), complication, nerve conduction
test, intima and media thickness

Introduction

Diabetic polyneuropathy (DPN), a microvascular complication of diabetes, usually
occurs in a relatively early stage of diabetes compared to other microvascular
complications (1). DPN is characterized by polyneuropathy and autonomic
neuropathy, with negative (e.g., hypoesthesia) and/or positive (e.g., pain) symptoms
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that often reduce patients’ quality of life (2) (3). The diagnosis is
often delayed and clinically problematic in cases with only
negative symptoms or mild impairment compared to those
with positive symptoms. The golden standard in the diagnosis
of diabetic polyneuropathy is nerve conduction study (NCS) (4).
Baba’s diabetic neuropathy classification (BDC) has been
proposed to evaluate nerve conduction velocity in subjects
with DPN and is useful for quantitative evaluation of
neuropathy (5). Indeed, it was reported that cardiovascular
prognosis was significantly worsen in patients with moderate
to severe DPN assessed with this classification (6).

We use this method when diabetic patients are admitted to
our hospital to accurately assess neuropathy, and although it has
been suggested that DPN is associated with pathological
progression of atherosclerotic lesions, there are few reports on
the association between BDC and microvascular and
macrovascular complications of diabetes mellitus. In this
study, we aimed to investigate the possible association between
BDC and various diabetic microvascular and macrovascular
complications in patients whose neuropathy was evaluated
with BDC.

Materials and methods
Study population and patient preparation

This was a single-center, retrospective, cross-sectional study
of patients with type 2 diabetes. A total of 357 patients eligible
for the present study who were admitted to our hospital for
treatment of type 2 diabetes at Kawasaki Medical School
Hospital from April 1st, 2018, to March 31st, 2021. The
Institutional Review Board of Kawasaki Medical School (No.

10.3389/fendo.2022.1054934

5594-00) approved the study protocol, including opt-out
informed consent. This study was conducted by the principles
of the Declaration of Helsinki. The flow of participants in this
study is shown in Figure 1. Among the 357 eligible adults with
type 2 diabetes mellitus, 30 participants with malignancy and 6
participants who were taking corticosteroids and/or
immunosuppressive drugs were excluded from the study.
Subsequently, 33 participants whose nerve conduction velocity
was not assessed and 91 participants who were regular alcohol
drinkers were excluded. Finally, 197 type 2 diabetics whose nerve
conduction velocity was assessed using BDC were included. The
definition of BDC used in this study is shown in Figure 2:
sensory nerve conduction velocity (SCV) and sensory nerve
action potential (SNAP) in the sural nerve and motor nerve
conduction velocity (MCV) and compound muscle action
potential (CMAP) in the tibial nerve were evaluated (5, 6).
Based on the results, the patients were grouped into BDC 0
(normal), BDC 1 (mild), BDC 2 (moderate), BDC 3 (moderate to
severe) and BDC 4 (severe). BDC3 and BDC4 are both clinically
severely neurologically dysfunctional conditions and were
analyzed as the same group in this study. Consequently, 108
patients were grouped in BDC 0, 42 in BDC 1, 33 in BDC 2 and
14 in BDC 3-4.

Method of examination

Study participants’ age, duration of diabetes, history of
smoking, history of alcohol consumption, and current
medications were obtained at the time of admission. Cases
who consumed more than 20 g/day of ethanol three or more
times per week were excluded from the study. Smokers were
divided into current smoker, past smoker, and never smoker. All

Type 2 diabetes patients who were admitted to Kawasaki Medical School Hospital
from April 1, 2018, to March 31, 2021 (n=357)

———> | Exclusion of patients with malignancy (n=30) and using
corticosteroids and/or immunosuppressive agents (n=6)

——> | Exclusion of patients whose BDC was not evaluated (n=33)
and who were regular alcohol drinkers (n=91)

\4

Patients with type 2 diabetes whose BDC was evaluated (n=197)

BDC 0 BDC 1
(n=108) (n=42)

BDC 2 BDC 3-4
(n=33) (n=14)

FIGURE 1
The flowchart of the participants and exclusions in this study.
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FIGURE 2

How to evaluate Baba's diabetic classification by nerve conduction studies

patients were asked on admission by their physician whether
they had an old cerebral infarction and an old myocardial
infarction. Body weight, body mass index (BMI), abdominal
circumference, grip strength, blood pressure, and pulse rate were
measured upon admission. Blood glucose, HbAlc, lipids, and
liver and kidney function data were assessed by fasting blood
tests on the day following admission.

The following is a brief description of the complications of
diabetes mellitus and how to test them. NCS was performed by
skilled technicians using MEB-2306 or MEB-2312 (NIHON
KOHDEN Corp., Tokyo). NCS was performed in the upper and
lower extremities on one side and, in the presence of DPN
symptoms, on the more symptomatic side. The data obtained
were analyzed by a neurologist. Modified Davis staging was used
to evaluate diabetic retinopathy (7), and ophthalmoscopy was
used to classify into non-diabetic retinopathy (NDR), simple
diabetic retinopathy (SDR), pre-proliferative retinopathy
(PPDR), and proliferative diabetic retinopathy (PDR). SDR was
diagnosed when retinal hemorrhage, retinal capillary varicoceles,
and hard leukocoria were observed; PPDR was diagnosed when
the above findings plus soft leukocoria were observed; PDR was
diagnosed when neovascularization, vitreous hemorrhage, and
tractional retinal detachment were observed in addition to the
above findings. Diabetic nephropathy was evaluated by dividing
the patients into 5 stages based on eGFR and albuminuria
according to the disease stage in the Japan Diabetes Society as
follows: Stage 1 was defined as eGFR >30 mL/min/1.73 m* and
urinary albumin <30 mg/gCr; Stage 2 was defined as eGFR >30
mL/min/1.73 m? and urinary albumin; Stage 3: eGFR > 30 mL/
min/1.73 m” and urinary albumin > 300 mg/gCr, and Stage 4:
eGFR < 30 mL/min/1.73 m> Referring to the Current Chronic
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Kidney Disease (CKD) Nomenclature Used by KDIGO,
participants were categorized by eGFR as follows: G1 - >90mL/
min/1.73m% G2 - 60-89mL/min/1.73m? G3a - 45-59 mL/min/
1.73 m* G3b - 30-44 mL/min/1.73 m* G4 - 15-29 mL/min/1.73
m?. Participants were also categorized by creatinine-converted
albuminuria as follows: Al - <30 mg/gCr; A2 - 30-300 mg/gCr; A3
- >300 mg/gCr. Participants in this study did not include dialysis
patients. CVR-R was evaluated using a twelve-lead
electrocardiogram measuring device. CVR-R at rest was
calculated by measuring the interval between the apexes of the
R wave in 100 consecutive heartbeats in the resting supine
position. CVR-R at deep breath was calculated from the interval
variability of the R wave of 100 consecutive heartbeats during deep
breathing. Three patients with atrial fibrillation were excluded
when assessing CVR-R because it is impossible to assess CV-RR in
these patients. For vibration sensation, a C128 tuning fork was
applied to the endocondyle of the tibia, the vibration sensing time
was measured on both sides, and the average value was calculated.
Carotid IMT was assessed by an ultrasound technician with
ultrasonographic equipment, Aplio series (CANON MEDICAL
SYSTEMS, Tochigi, Japan). The carotid IMT was evaluated in the
common carotid artery wall 10 mm centrally from the carotid
sinus. Two IMT points were measured within a 10 mm area, and
the mean value was defined as mean IMT. The maximum
diameter in the same measurement range was defined as max
IMT. Ankle brachial index (ABI) was calculated by measuring
blood pressure at the bilateral upper arm and ankle in the supine
position and by the ratio of the blood pressure at the higher upper
arm to the blood pressure at the respective ankles on the right and
left sides. In this study, the lower values of the left and right ABIs
were included in the analysis.
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Statistical analysis

The primary endpoint was the correlation between BDC and
atherosclerotic lesions, and secondary endpoints were diabetes-
related parameters on admission and factors that could correlate
with BDC. Analysis between BDC groups was performed by chi-
square test and ANOVA. ANOVA adjusted for age, gender,
disease duration, smoking history, HbAlc, BMI,
hypercholesterolemia medication, and hypertension
medication was used to evaluate mean IMT, max IMT, and
ABI among BDC groups. Post hoc testing was performed by the
Tukey method. Mean IMT, max IMT, and ABI were evaluated
by natural logarithm. JMP (16.0.1) was used for analysis and
EXCEL for Mac (16.58) for table creation.

Results

Clinical characteristics of
study participants

The clinical characteristics of the patients in this study are
summarized in Table 1. The age of all participants was 60.6 + 15.1
years (mean + standard deviation), HbAlc was 10.3 + 2.3%, and
duration of diabetes was 12.2 + 11.7 years. BDC and vibration
sensation, CVR-R at rest, and CVR-R at deep breathing were all
significantly correlated (p<0.005, p<0.05, and p<0.05,
respectively). Smoking history, BMI, blood pressure, and HbAlc
were not significantly different in each group. Prevalence of
previous myocardial infarction increased with increasing BDC
grade (p<0.05). Compared to BDC-0, BDC-3/4 were older, had a
longer history of diabetes, and were more likely to take insulin
injections, alpha-glucosidase inhibitors, and medications for
hypercholesterolemia and hypertension.

Correlation between BDC and diabetes
microvascular complications

The correlation between BDC and diabetic retinopathy is
shown in Figure 3A. the percentage of patients with retinopathy
with SDR or higher in the modified Davis staging was 20.4% in
BDC-0, 38.1% in BDC-1, 51.5% in BDC-2 and 57.1% in BDC-3/
4. The correlation between BDC and diabetic nephropathy is
shown in Figure 3B. 26.9% of BDC-0, 35.7% of BDC-1, 66.7% of
BDC-2, and 78.6% of BDC-3/4 had Stage 2 or higher (p<0.0005,
respectively). In Figure 3C, the correlation between eGFR
categories and BDC was evaluated and there were no
significant differences among the groups. On the other hand,
BDC and severity of albuminuria categories were significantly
correlated (Figure 3D).
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Correlation of BDC with atherosclerosis

The correlation between BDC and carotid intima-media
thickness (IMT) and ankle-brachial index (ABI), a measure of
atherosclerotic lesions, was evaluated. Mean IMT was 0.84 + 0.07
for BDC-0, 0.94 + 0.03 for BDC-1, 0.89 + 0.11 for BDC-2, and
1.13 + 0.16 for BDC-3/4 (Figure 4A). Max IMT was 1.11 £ 0.10
for BDC-0, 1.20 + 0.14 for BDC-1, 1.23 + 0.16 for BDC-2, and
1.63 + 0.24 for BDC-3/4 (Figure 4B). Mean and max IMT was
significantly greater for BDC-3/4 than for BDC-0 (p<0.05,
P<0.005, respectively). ABI was 1.18 + 0.06 for BDC-0, 1.08 +
0.09 for BDC-1, 1.15 + 0.10 for BDC-2, and 1.02 + 0.15 for BDC-
3/4 (Figure 4C). ABI was significantly smaller for BDC-3/4 than
for BDC-0 (p<0.05).

Discussion

These retrospective data indicate that BDC is useful in the
evaluation of diabetic neuropathy and that the severity of various
diabetes-related complications is associated with that of
neuropathy. While no studies have contrasted BDC with
atherosclerotic lesions, the data in this study indicate that
BDC is associated with microvascular and macrovascular
complications other than diabetic neuropathy. Also, the data
in this study indicate that BDC may be useful in predicting the
risk of diabetic microvascular and macrovascular complications.

The incidence of diabetic microvascular complications
increases with hyperglycemia, while the incidence of
macrovascular complications such as myocardial infarction has
been reported to increase before the onset of diabetes and at
relatively low HbAlc levels (5-7%) (8). In this study, BDC was
significantly correlated with the prevalence of microvascular and
macrovascular complications, despite no difference in HbAlc
levels between groups. Vibration sensation cannot be performed
in patients with amputated feet (9), and CVR-R is difficult to
evaluate due to atrial fibrillation (10). The advantage of BDC is
that it can be performed in such patients.

Previous studies on Baba classification showed an increased
frequency of macrovascular complications such as myocardial
infarction, stroke, and diabetic foot gangrene in patients with
BDC 3-4, but there were concerns about bias due to other
atherosclerotic factors (6). There have been no previous
reports on the correlation between BDC and quantitative
atherosclerotic factors such as mean IMT. In the present
study, BDC 3-4 patients had an increased prevalence of both
old myocardial infarction and old cerebral infarction. After
adjustment for factors related to arterial stiffness (age, gender,
BMI, history of diabetes, smoking, statins, fibrates, and systolic
blood pressure), BDC was significantly correlated with mean
IMT and max IMT. These data indicate that BDC can be used
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TABLE 1 Comparison of various parameters among patients grouped with Baba's diabetic neuropathy classification (BDC).

Parameter BDC-0 (n = 108)
Male/female 51/57
Age (years) * 57.9 + 16.0
Duration of diabetes (years) * 9.9 +9.6
Body weight (kg) 703 £ 17.5
BMI (kg/m?) 272+53
Abdominal circumference (cm) 924 + 132
Grip strength (kg) * 26.9 +10.6
Smoking history (current/past/never, %) * 42.9/28.6/28.5
History of old myocardial infarction (%) * 5.6
History of old cerebral infarction (%) * 3.8
Systolic blood pressure (mmHg) 127.8 £ 229
Diastolic blood pressure (mmHg) 79.6 + 12.9
Pulse rate (beats/min) 85.8 + 14.3
Vibration sensation (sec) * 12.6 + 0.8
CVR-R at rest (%) * 3.13+0.34
CVR-R at deep breathing (%) * 5.04 + 0.51
Blood glucose (mg/dL) 164.2 +£49.2
HbAlc (%, NGSP) 10.1 +£2.3
Triglyceride (mg/dL) * 222.5 + 287.1
LDL-cholesterol (mg/dL) * 108.8 + 33.3
HDL-cholesterol (mg/dL) 42.2 +10.0
AST (U/L) 34.6 +29.1
ALT (U/L) 40.5 + 32.8
Urea nitrogen (mg/dL) * 148 + 4.1
Creatinine (mg/dL) * 0.73 + 0.23
Percentage of drug at time of admission

Insulin injections * 29.6
GLP-1 receptor agonist 15.7
Sulfonylurea 5.6
Glinide 7.3
Dipeptidyl peptidase-4 inhibitor 47.2
Biguanide 50.9
Thiazolidine 12.0
Alpha glucosidase inhibitor * 2.8
Sodium glucose co-transporter 2 inhibitor 33.3
Hypercholesterolemia medications * 435
Hypertension medications * 38.9

BDC-1 (n = 42) BDC-2 (n = 33) BDC-3/4 (n = 14)
27/15 18/15 9/5
63.6 £13.2 629 +13.1 675+ 12.6
115+ 11.1 145+ 9.2 26.6 + 20.1
70.5 £ 16.9 76.5 £ 21.1 67.8 £ 16.4
25.7 +47 293+73 255+ 45
914 +12.8 102.3 £ 19.3 929 +12.1
284 £ 11.2 255+95 21.0 £+ 84
24.2/12.1/63.7 34.1/19.5/46.4 26.2/11.2/62.6
11.9 21.2 28.6
0 0 28.6
128.8 £ 20.3 1271+ 174 127.1 £ 16.6
77.3 £ 14.6 745 + 12.0 74.8 + 11.8
81.6 £13.3 78.3 £ 16.2 852 £ 139
11.5+1.2 103 +£1.2 93+ 14
2.61 £ 0.49 3.05 £ 0.49 1.69 + 0.57
3.96 £ 0.74 470 + 0.74 247 +0.87
160.8 + 50.8 159.1 £ 58.2 183.0 + 32.6
109 £ 2.7 10.0 £ 2.0 11.0 £ 1.8
160.2 + 83.9 218.8 +212.1 133.89 £ 49.3
117.1 £ 45.6 95.9 +£28.3 86.8 +24.7
435+ 11.2 42.1 £9.7 42.8 + 54
274 +£17.2 319 £ 19.1 220+ 4.1
298 £16.2 30.7 £ 19.8 228 £5.9
17.2 + 4.8 16.1 + 6.2 285+ 12.2
0.82 +£0.35 0.84 +£0.20 1.15 + 043
26.2 36.4 714
214 18.2 357
19.1 12.1 14.3
2.4 9.1 7.1
38.1 36.4 28.6
50.0 394 429
9.5 18.2 0
11.9 12.1 214
31.0 36.4 28.6
38.1 54.5 64.3
50.0 57.6 714

Data are presented as mean + standard deviation. BDC, Baba’s diabetic neuropathy classification; BMI, body mass index.

*: P < 0.05 with chi-square test and ANOVA.

not only to evaluate nerve conduction velocity but also to predict
atherosclerotic lesions.

Chronic hyperglycemia induces mitochondrial dysfunction,
oxidative stress, and increased inflammation, all of which are
likely associated with the development of diabetic neuropathy
(11). On the other hand, small dense LDL-C induces
inflammation via adipocytes and macrophages, and dyslipidemia
is considered to be an influential factor in diabetic neuropathy (3).
In the present study, more atherosclerotic lesions were observed in
patients with advanced diabetic neuropathy which was compatible
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with previous report showing that there was a reverse correlation
between CVR-R and carotid max IMT (10). Diabetic neuropathy is
caused by damage in small nerve fibers (12), and both small nerve
fibers and carotid IMT are affected by impaired glucose tolerance
and vascular ischemia, which could explain the correlation between
CVR-R and max IMT. In the present study, BDC was used as a
new index of diabetic neuropathy to evaluate its correlation with
atherosclerotic lesions, suggesting that macrovascular
atherosclerosis and diabetic neuropathy may mutually aggravate
the pathology. In the present study, BDC was strongly associated
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Relationship of Baba's diabetic neuropathy classification (BDC) with diabetic microvascular complications. (A) Correlation between BDC and
severity of diabetic retinopathy. (B) Correlation between BDC and severity of diabetic nephropathy. (C) Correlation between BDC and eGFR
categories. (D) Correlation of albuminuria categories. ***P<0.0005 with chi-square test

with the severity of microvascular and macrovascular
complications. BDC-3/4 were more likely to be on hypertension
and hypercholesterolemia medications and had longer diabetes
duration; HbAlc and length of disease duration may correlate with
the prevalence of complications, but even after adjustment for
these factors The correlation was significant. On the other hand,
the IMT and ABI of BDC-1 and BDC-2 participants showed little
difference after adjusting for atherosclerotic factors, indicating that

the severity of BDC and macrovascular complications does not
necessarily match. Further study is needed to determine whether
there is a direct correlation between diabetic neuropathy and
macrovascular complications, or whether it is just a parallel
severity of both complications.

Even in participants with BDC-0 in this study, 20.4% of
them were diagnosed with diabetic retinopathy and 26.9% with
nephropathy. Diabetic neuropathy is caused by small fiber

A Cc
(mm) Mean IMT (mm) Max IMT (mm) ABI
1.4 * 2 * % 1.4
%

1.2 1.2 +

1 1
08 12 08
0.6 0.8 0.6
0.4 0.4

04

0.2 0.2

0 0 0

BDC-0 BDC-1 BDC-2 BDC-3/4 BDC-0 BDC-1 BDC-2 BDC-3/4 BDC-0 BDC-1 BDC-2 BDC-3/4

FIGURE 4

Relationship of Baba's diabetic neuropathy classification (BDC) with arteriosclerosis. (A) Correlation between BDC and mean IMT. (B) Correlation
between BDC and max IMT. (C) Correlation between BDC and ABI. Data are presented as mean and standard deviation (SD). *P<0.05,
**P<(0.005 with ANOVA adjusted for age, gender, duration of disease, smoking history, HbAlc, BMI, hyperlipidemia medications, and

hypertension medications.
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neuropathy, and previous studies have reported that corneal
confocal microscopy can detect small fiber neuropathy earlier
than nerve conduction velocity. Corneal confocal microscopy
has also been reported to detect abnormalities before the
progression of diabetic retinopathy and diabetic nephropathy.
The participants in this study were hyperglycemic participants
who required hospitalization, and further studies are needed to
evaluate the ability of BDC to detect early small fiber neuropathy
in patients with shorter disease histories and less
advanced complications.

This study has several limitations. First, this was a single-
center, retrospective study. In addition, number of the patients
in this study were limited, the generalizability may be limited. In
addition, it is difficult to clinically differentiate alcoholic
neuropathy from DPN, and participants with a history of
alcohol consumption were excluded from the analysis. If
patients with a history of alcohol consumption were included,
the results might have differed from those of this study. Next,
although the NCS was performed by a skilled examiner, obesity,
edema, and examiner skill may have partially affected the results.
In addition, since the NCS assesses indirect neurological
function, we were not able to examine the correlation between
the symptoms of DPN and BDC as reported in the patients in
this study. Lastly, the participants in this study had severe
hyperglycemia: HbAlc was as high as 10.3 £ 2.3%. It is
possible that severe hyperglycemia could have affected the test
results for BDC or complications. Future studies should be
conducted to evaluate patients who are less affected
by hyperglycemia.

In conclusion, BDC was significantly correlated with the
progression of diabetic retinopathy and nephropathy. BDC was
also significantly correlated with history of myocardial infarction
or cerebral infarction and carotid IMT. These data suggest that
BDC may be useful in predicting the presence of microvascular
and macrovascular complications associated with diabetes. The
data also support the idea that in patients with more severe
diabetic neuropathy, we should perform further investigation of
other diabetes-related complications.
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