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Objective To investigate the impact of vascular factors on the electrophysiologic severity of diabetic neuropathy
(DPN).

Methods Total 530 patients with type 2 diabetes were enrolled retrospectively. We rated severity of DPN from 1
(normal) to 4 (severe) based on electrophysiologic findings. We collected the data concerning vascular factors
(including brachial-ankle pulse wave velocity [PWV], ankle brachial index, ultrasound of carotid artery, lipid
profile from the blood test, and microalbuminuria [MU] within 24 hours urine), and metabolic factors of diabetes
(such as glycated hemoglobin [HbAlc]). We analyzed the differences among the four subgroups using y” test and
ANOVA, and ordinal logistic regression analysis was performed to investigate the relationship between significant
variables and severity of DPN.

Results The severity of DPN was significantly associated with duration of diabetes, HbAlc, existence of diabetic
retinopathy and nephropathy, PWYV, presence of plaque, low density lipoprotein-cholesterol and MU (p<0.05).
Among these variables, HbAlc and presence of plaque were more significantly related with severity of DPN in
logistic regression analysis (p<0.001), and presence of plaque showed the highest odds ratio (OR=2.52).
Conclusion Our results suggest that markers for vascular wall properties, such as PWV and presence of plaque, are
significantly associated with the severity of DPN. The presence of plaque was more strongly associated with the
severity of DPN than other variables.
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INTRODUCTION

Diabetes mellitus type 2 is a chronic disease. Years after
the initial diagnosis, microvascular complications such
as diabetic retinopathy, nephropathy and neuropathy
can arise [1]. Since microvascular complications have
adverse effects on the quality of life of diabetic patients,
early detection and care are important.

Till date, the inadequate regulation of blood glucose
and the duration of the disease have a high correlation
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with diabetic neuropathy (DPN). The most acceptable
treatment was to maintain the blood glucose within the
normal range [2]. Previous studies have reported that in
a 5-year follow-up period, the intensive blood glucose
control group reduced the development of confirmed
clinical DPN by 64% in the combined cohorts in diabetic
patients [3]. However, the cumulative incidence of DPN
in this conducted patient group was considerably high.
The results suggested that despite thorough blood glu-
cose regulation, other factors influence the occurrence of
DPN, and these factors may play a significant role in the
development and maintenance of DPN.

According to several studies [4,5], it was reported that
not only metabolic disorders due to hyperglycemia are
involved, but vascular impairment is also involved with
the DPN pathophysiology. It is being suggested that the
angiopathies of a diabetic patient influences the periph-
eral nerve axonal injury [6]. Primary mechanism of DPN
development is the structural hindrance of the blood
vessels, like structure change in the endoneurium of mi-
crovessels, which can induce chronic ischemia. The fact
chronic ischemia aggravates DPN was not only proved by
the diabetic rat models, but research on human subjects
are also being reported [7,8]. In experiments conducted
by Cameron et al. [6], the biopsies taken from mild to
severe diabetic neuropathic patients revealed the fol-
lowing: basement thickening, pericyte degeneration and
nerve microvasculature with endothelial cell hyperplasia.
Cardiovascular risk factors (e.g., hypertension, hyperlip-
idemia, weight increase, high von Willebrand factor level
and microalbuminuria) have a considerable relationship
with development of DPN [4]. Thus, we can conclude
that vascular change has a strong relation with clinical
deficiencies and neuropathology [6,9,10].

However, till date, it has not been fully determined on
how angiopathies affect nerve ischemia [11,12]. In addi-
tion, there are few studies has been conducted by objec-
tive electrophysiologic findings.

This study was designed to find the correlation between
angiopathies and DPN, and to determine the influence
of vascular factors on the severity of the DPN by electro-
physiologic findings.

MATERIALS AND METHODS

Participants

From January 2008 to May 2014, 530 hospitalized pa-
tients diagnosed with diabetes mellitus type 2 at the
endocrinology department of Korea University Medical
Center were retrospectively recruited for the study.

Patients who were pregnant or diagnosed with underly-
ing diseases such as diabetes mellitus type 1, liver or kid-
ney-related diseases, or those who had a medical history
that might influence the electrodiagnostic study, were
excluded.

Diagnosis of DPN

Patients with confirmed clinical DPN underwent elec-
trophysiologic studies to classify the severity of the dis-
ease. Clinical DPN was diagnosed by examination based
on the presence of at least two of the findings: physical
symptoms, abnormalities on sensory examination, and
absent or decreased deep-tendon reflexes. These were
suggested by the Diabetes Control and Complications
Trial [3,13].

Electrophysiologic study

All subjects underwent a nerve conduction study (NCS)
and needle electromyography (EMG). The NCS was
performed in the unilateral upper and lower extremi-
ties. Motor NCS were performed in the median, ulnar,
peroneal, and tibial nerves, and F-waves were recorded
for each nerve. Sensory NCS were obtained from the me-
dian, ulnar, and sural nerves. H-reflex studies were also
performed. Needle EMG was carried out in 3 muscles in
the upper (brachioradialis, pronator teres, first dorsal
interosseous muscles) and lower extremities (vastus late-
ralis, tibialis anterior, gastrocnemius medialis muscles).

Electrophysiologic diagnostic criteria of DPN was mod-
ified from the suggestions of the Diabetes Control and
Complications Trial [3,13]. On the basis of the proposed
version, the established diagnostic criteria of Korea Uni-
versity Medical Center’s rehabilitation department were
used in this study [14,15]. The following criteria were in-
cluded: the amplitude of the sural nerve is less than 5 pV,
the amplitude of median sensory nerve is less than 10 uV,
the peroneal motor nerve’s amplitude is less than 1 mV,
latency more than 6 ms or conduction velocity less than
40 m/s, the F-wave latency is absent or more than 55 ms,
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the H-reflex is absent, fibrillations to be observed in low-
er extremity muscles. Classification of the disease was as
follows: ‘mild’ if the amplitude of sural nerve is less than
5 1V plus one of the remaining criteria, or sural nerve is
more than 5 pV, but including at least two of above crite-
ria; ‘moderate’ if the amplitude of sural nerve is less than
5 uV degree plus two to four criteria from the list; ‘severe’
if the sural nerve is less than 5 ©V plus more than five of
the criteria (Table 1).

Evaluation of risk factors

We compared the general characteristics of four groups
by collecting demographic factors: age, gender, body
mass index (BMI), diabetic parameters, the duration of
diabetes, and the glycated hemoglobin (HbAlc) level.
In order to evaluate the patients’ cardiovascular medi-
cal history, we examined the patients’ chart to verify the
medical history of hypertension, angina pectoris, myo-
cardial infarction, arrhythmia, and stroke.

To assess whether or not there were diabetes-related
complications, a 24-hour urine test and ophthalmologi-
cal examination were carried out. The early stages of the
diabetic nephropathy were based on 30-300 mg/day of
microalbuminuria (MU) within 24 hours urine. Patients
who had apparent albuminuria (over 300 mg of MU, overt
proteinuria) were also taken into account.

Atherosclerosis and other similar diseases, which lead
to blood vessel shrinkage and clogged arteries, can influ-

Table 1. Diagnostic criteria of diabetic neuropathy

Sural sensory amplitude <5uV

Median sensory amplitude <10 uV

Peroneal motor amplitude <1 mV

Peroneal motor velocity Distal latency (=6 ms)
or NCV (<40 m/s)

Peroneal F latency Absent or >55 ms

H-reflex Absent

Needle EMG Fibrillations in lower

extremity muscles (tibialis
anterior, gastrocnemius etc.)

Disease severity level: mild degree, sural <5 uV plus one
of above list or sural >5 uV, but including at least two of
above list; moderate degree, sural <5 pV plus at least two
to four of above list; severe degree, sural <5 uV plus more
than five of above list.

NCV, nerve conduction study; EMG, electromyography.
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ence the pathophysiology of the nerves. The pulse wave
velocity (PWV) and the ankle brachial index test (ABI)
which are non-invasive methods that are being widely
used, are also commonly used for diagnosis of peripheral
vascular diseases (PVD) [16-18]. In addition, carotid ul-
trasound, which is commonly used for predicting risk of
myocardial infarction and cerebrovascular disease, were
used to measure intima-media thickness (IMT) and the
detection of stenosis and plaque [19]. Vascular functions,
including arterial stiffness, occlusion, blood vessel elas-
ticity and degree of stenosis, could be evaluated through
these non-invasive methods. PWV was recorded on both
sides of the artery when the pulse wave acted within the
artery. The distance between both pulse waves were di-
vided by the time difference. The stiffness of arteries were
more noticeable with higher pulse wave propagation
velocity. The results was divided into four subgroups of
stiffness, and compared to healthy control reference val-
ues of the same age and gender [20]: ‘normal’ if the PWV
value was less than the value of average plus 1 standard
deviation (SD) of healthy controls; ‘slightly harder’ if the
PWV value was between 1 to 2 SD higher than the aver-
age; ‘harder’ if the PWV value was larger than average
plus 2 SD. Vascular stiffness cannot be evaluated when
vascular occlusion is suspected, because then it is con-
sidered as occlusion. ABI is the measured systolic blood
pressure of the patient’s brachial artery on both sides
followed by the posterior tibial artery of both the lower
limbs in a supine position. It is the ratio of the systolic
blood pressure measured at the ankle to that measured at
the brachial artery. On the basis of the standard diagno-
sis for PVD, if the ABI is less than 0.9, it is considered ab-
normal [21]. If the ABI is between 0.8 and 0.9, the patient
has some narrowing of the arteries in the ankle and may
have the beginnings of PVD. With range of ABI between
0.5 and 0.8 indicates more significant blockage of ankle
and leg arteries and suggests moderate PVD. Similarly,
ABI <0.5 suggests severe PVD. If the IMT is more than 0.90
mm, it was classified as abnormal. In conditions where a
plaque or stenosis was present, it was categorized as an
abnormal finding.

In addition, the lipid profile, including total cholesterol,
high-density lipoprotein cholesterol (HDL-cholesterol),
low-density lipoprotein cholesterol (LDL-cholesterol)
and triglycerides, which influences angiopathies, were
examined from the blood test.
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Statistical analysis

SPSS ver. 20 (IBM, Armonk, NY, USA) and SAS ver. 9.1
(SAS Institute Inc., Cary, NC, USA) software packages
were used for statistical analysis. We analyzed the differ-
ences of risk factors among the four subgroups; the y test
was used for categorical variables. The ANOVA test was
used for continuous variables and Tukey’s post hoc study
was also performed to see whether there are significant
differences in the variables between each groups. In or-
der to identify the significant variables in this analysis,
the trend test was added to observe the trend according
to the severity of DPN. Variables showing a significant
trend in the trend test were obtained odds ratio by ana-
lyzing ordinal logistic regression in order to affect the
degree on the severity of DPN. A p-value of less than 0.05
was considered significant.

RESULTS

According to the severity of DPN, out of the 530 sub-
jects evaluated, 291 cases were of group 1 (no DPN), 82
cases were of group 2 (mild DPN), 84 cases were of group
3 (moderate DPN), and 73 cases were of group 4 (severe
DPN).

General characteristics

The average age was 62 from a range of 20 to 88 years
old. In addition, the average period of diagnosis with
diabetes was 7.5 years, ranging from 0 to 40 years. From
the study of DPN, significant differences and trend were
shown between the age and the duration of diabetes in
the four groups (age, p<0.001; duration, p<0.001) (Table
2). In the trend test, the HbAlc value showed a significant
trend according to the severity of DPN (p=0.008).

In other diabetic complications such as nephropathy
and the retinopathy, the comparison between the four
groups showed significant differences (nephropathy,
p<0.001; retinopathy, p<0.001). Also, significant trend
was shown from the trend test (retinopathy, p<0.001; ne-
phropathy, p=0.001).

DPN and risk factors of angiopathies

Amongst all the subjects, 381 cases had an abnormal-
ity in PWV. Of the 381 subjects, 186 cases were diagnosed
with neuropathy and 195 cases were negative. Evaluation
of DPN showed that the PWV of the four groups had sig-

nificant differences (p=0.005), and a significant trend was
also observed from the trend test (p<0.001) (Table 3).

ABI under 0.9 was seen in 22 cases, of which 13 cases
had DPN and 9 cases did not. Although there was a sig-
nificant difference between the ABI (p=0.043) out of the
four groups, a significant trend was not apparent from the
trend test (p=0.079).

Carotid artery plaque was diagnosed in 302 cases of
which 167 cases had DPN and 135 cases did not. There
were significant differences whether or not the carotid ar-
tery plaque was present in the four groups (p<0.001), and
a significant trend was similarly seen from the trend test
(p<0.001). However, with respect to the IMT of the carotid
artery (p=0.154) and the presence of stenosis (p=0.051),
there were no significant differences.

From the study on severity of DPN and the trend test,
the LDL-cholesterol and MU out of the four groups
showed significant differences and trend.

DPN and odds ratio of risk factors

The variables of the significant trend according to the
severity of DPN were analyzed by ordinal logistic regres-
sion analysis: duration of diabetes, HbAlc, BMI, diabetic
nephropathy and retinopathy, PWV, the presence or ab-
sence of carotid artery plaque, LDL-cholesterol and MU
(Table 4).

HbAlc (p<0.001), diabetic nephropathy (p=0.0224) and
retinopathy (p=0.0481), presence of plaque (p<0.001)
and MU (p=0.0264) showed a significant value. The PWV
was examined by normality and abnormality divisions. A
significant result of the PWV (p=0.2507) and LDL-choles-
terol (p=0.1643) were not obtainable.

Each time the HbAlc value increased by 1%, the risk of
DPN would increase by 1.19-fold (p<0.001). In contrast to
patients who were diagnosed with carotid artery plaque
and with patients who are not, the risk of increasing se-
verity of DPN was 2.52-fold (p<0.001). Amongst all the
risk factors, the odds ratio of the presence of plaque was
the highest.

DISCUSSION

The aim of this study was to determine the impact of
angiopathies on the severity of the DPN by using electro-
physiologic findings. Although a number of clinical scales
to classify the severity of DPN have been developed, there
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Table 2. Demographic and clinical characteristics of 4 subgroups (n=530)

Characteristic Group 1 (n=291) Group2(n=82) Group3(n=84) Group 4 (n=73) p-value
Age (yr) 56.93+15.6 60.45+15.6*" 65.26+12.1" 60.30+14.4*”  <0.001**°
0.018*"
Sex
Male 129 (44.3) 48 (58.5) 43 (51.2) 47 (64.4) 0.007*"
Female 162 (55.7) 34 (41.5) 41 (48.8) 26 (35.6) 0.003*"
Height (cm) 160.45+9.9 161.60+9.1 159.88+8.4 163.20+9.5 0.098
BMI (kg/m?) 25.22+4.17 24.45+4.6 24.83+4.3Y 22.81+3.8" <0.001**)
<0.001*+)
Alcohol 0.069
No 188 (64.6) 41 (50.0) 48 (57.1) 40 (54.8)
Yes 103 (35.4) 41 (50.0) 36 (42.9) 33 (45.2)
Smoking
No 194 (66.7) 43 (52.4) 61 (72.6) 44 (60.3) 0.032*°
Yes 97 (33.3) 39 (47.6) 23(27.4) 29 (39.7) 0.647%
Diabetes duration (yr) 6.62+7.7 13.52+37.3Y 13.3349.9 14.38+8.9 <8.ggi:§;
HbAlc (%) 9.86+2.4" 10.86+2.5" 10.15+2.3*" 11.01+2.7" <0.001#*
0.008*+)
Diabetic retinopathy
No 208 (71.5) 54 (65.9) 32(38.1) 21 (28.8) <0.001**°)
Yes 83 (28.5) 28 (34.1) 52 (61.9) 52 (71.2) <0.001*+"
Diabetic nephropathy
No 276 (95.2) 69 (84.1) 61 (72.6) 47 (65.3) <0.001*+
Yes 14 (4.8) 13 (15.9) 23 (27.4) 25 (34.7) 0.010%?
Hypertension 0.806
No 161 (55.3) 43 (52.4) 44 (52.4) 36 (49.3)
Yes 130 (44.7) 39 (47.6) 40 (47.6) 37 (50.7)
Angina pectoris 0.636
No 262 (90.0) 74 (90.2) 73 (86.9) 68 (93.2)
Yes 29 (10.0) 8(9.8) 11 (13.1) 5 (6.8)
Myocardial infarction 0.443
No 279 (95.9) 77 (93.9) 77 (91.7) 68 (93.2)
Yes 12 (4.1) 5(6.1) 7(8.3) 5 (6.8)
Arrhythmia 0.941
No 281 (96.6) 79 (96.3) 82 (97.6) 70 (95.9)
Yes 10 (3.4) 3(3.7) 2(2.4) 3(4.1)
Stroke 0.117
No 274 (94.2) 77 (93.9) 76 (90.5) 63 (86.3)
Yes 17 (5.8) 5(6.1) 8(9.5) 10 (13.7)

Values are presented as meantstandard deviation or number (%).

BMI, body mass index.

*PSame letters indicate statistically non-significant with Tukey’s multiple comparison.

9p-value 2of y’ test, 9p-value of x” trend test (between group 1-4) was used when the variables were significant differ-
ence in y test.

e)p-valu()ac of ANOVA, "p-value of ANOVA trend test (between group 1-4) was used when the variables were significant
difference in ANOVA test.

*p<0.05, **p<0.01, statistically significant.
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Table 3. Comparison of vascular variables between 4 subgroups (n=530)

T 1 I 2 T T 4
Variable 81:‘215 1 ((;n(:;il;) ((;n(:;l;)g ((;n(:;l;) p-value
PWV
Normal 96 (33.0) 22 (26.8) 15(17.9) 16 (21.9)
Slightly harder 88 (30.2) 23 (28.0) 21 (25.0) 17 (23.3) 0.005**)
Harder 106 (36.4) 33 (40.2) 45 (53.6) 38 (52.1) <0.001*+9
Occlusion 1(0.3) 4(4.9) 3(3.6) 2(2.7)
ABI
>0.9 280 (96.9) 76 (92.7) 80 (96.4) 66 (94.3)
<0.9 and 20.8 6(2.1) 3(3.7) 1(1.2) 1(1.4) 0.043*
<0.8 and 0.5 3(1.0) 3(3.7) 2(2.4) 1(1.4) 0.079?
<0.5 0 (0.0) 0(0.0) 0 (0.0) 2(2.9)
Carotid artery ultrasound
IMT 0.154
Normal 262 (90.0) 72 (87.8) 78 (92.9) 71(97.3)
Abnormal 29 (10.0) 10 (12.2) 6(7.1) 2(2.7)
Plaque
No 155 (53.4) 32 (39.0) 24 (28.6) 16 (21.9) <0.001**9
Yes 135 (46.6) 50 (61.0) 60 (71.4) 57 (78.1) <0.001*+9
Stenosis
No 261 (90.3) 67 (81.7) 69 (82.1) 60 (82.2) 0.051°
Yes 28 (9.7) 15 (18.3) 15 (17.9) 13 (17.8) 0.017%
Laboratory parameters
Total cholesterol (mg/dL) 172.2+47.7 172.3£57.2 160.5+41.6 159.5+45.6 0.069
HDL-cholesterol (mg/dL) 43.8+12.6 45.9%+12.5 42.6x12.5 44.9+14.4 0.371
LDL-cholesterol (mg/dL) 93.4+30.9"" 94.3+37.4" 88.6+29.8"" 82.5+28.6" 0.043*
0.004*+)
Triglycerides (mg/dL) 211.3+£382.1 199.6+£246.2 144.0+£68.6 157.5£121.8 0.690
Microalbuminuria (mg/24 hr) ~ 58.0+239.8°  106.5+286.4”  353.74917.5  569.8+1103.9" <0.001**:))
<0.001**

Values are presented as number (%) or meantstandard deviation.
PWYV, pulse wave velocity; ABI, ankle brachial index; IMT, intima-media thickness; HDL, high-density lipoprotein;

LDL, low-density lipoprotein.

*Same letters indicate statistically non-significant with Tukey’s multiple comparison.
9p-value of x’ test, 9p-value of x” trend test (between group 1-4) was used when the variables were significant differ-

ence in y” test.

p-value of ANOVA, "p-value of ANOVA trend test (between group 1-4) was used when the variables were significant

difference in ANOVA test.
*p<0.05, **p<0.01, statistically significant.

is no uniform criteria, and it is difficult to exclude all oth-
er neurogenic disease [22]. Electrophysiologic study has
been known as one of the most objective and sensitive
tools to detect peripheral nerve dysfunctions [23]. These
are widely used for the assessment of DPN, not only to
evaluate the degree of abnormality but also to document

serial changes in clinical [24]. Therefore, we use electro-
physiologic findings to subgroup the severity.

Severity of DPN was significantly associated with the
duration of diabetes, HbAlc, existence of diabetic ne-
phropathy and retinopathy, PWV, presence of plaque,
LDL-cholesterol and MU. Among these variables, HbAlc
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Table 4. Ordinal logistic regression analysis by severity of diabetic neuropathy

OR 95% CI p-value
Age (yr) 1.01 0.9960-1.0320 0.1182
Sex (female vs. male) 1.00 0.9990-1.0150 0.0777
Diabetes duration (yr) 1.01 0.9990-1.0210 0.0714
HbAlc (%) 1.19 1.0930-1.3010 <0.001**
BMI 0.96 0.9120-1.0160 0.1613
Diabetic retinopathy (yes vs. no) 1.68 1.0760-2.6140 0.0224*
Diabetic nephropathy (yes vs. no) 2.04 1.0060-4.1500 0.0481*
PWYV (abnormal vs. normal) 1.33 0.8200-2.1440 0.2507
Plaque (yes vs. no) 2.52 1.5300-4.1380 <0.001**
LDL-cholesterol (mg/dL) 0.99 0.9880-1.0020 0.1643
Microalbuminuria (mg/24 hr) 1.00 1.0000-1.0010 0.0264*

BMI, body mass index; PWYV, pulse wave velocity; LDL, low-density lipoprotein; OR, odds ratio; CI, confidence inter-

val.
*p<0.05, **p<0.01, statistically significant.

and presence of plaque were more significantly related
to the severity of DPN in logistic regression analysis, and
the presence of plaque showed the highest odds ratio. In
accordance to this, we suggested that not only the meta-
bolic factors, but also vascular factors such as PWV and
presence of plaque, could have a significant influence on
the severity of DPN. Additionally, the presence of plaque
was more strongly associated with the severity of DPN
than other variables.

Until now, a lot of research [6,7] has been done on DPN
based on pathological mechanisms. While the accep-
tance hypothesis was based on the metabolic hypothesis
and the recent interest of development of neuropathy in-
volving neural tissue ischemia increased, more research
was conducted in experimental animals [7,8,25]. Endo-
neurium microvessel structural abnormalities, accom-
panied by hemostatic function abnormalities, nitrogen
oxide compounds that originates from the blood vessel
endothelium, and prostacyclin that originates from pros-
taglandin metabolism, are known as a representative
cause of neuro-ischemic hypothesis that induce DPN
[7,26]. However, it is still controversial which metabolic
dysfunctions or angiopathies affect the development of
DPN more [27].

Arterial stiffness and/or thickness are sensitive mark-
ers indicative of decreased arterial elasticity and vascu-
lar wall injury [28]. Kim et al. [29] revealed that arterial
stiffness and thickness increase in diabetic patients with
peripheral neuropathy, as compared without peripheral
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neuropathy. However, the underlying mechanism link-
ing peripheral neuropathy in diabetic patients to arterial
stiffness and thickness, is not well understood. One pos-
sible explanation is that large artery stiffness may cause
microvascular damage via high pulse pressure, leading
to diminished blood flow to nerve tissues vulnerable to
hypoxic damage, and thereby to the development of neu-
ropathy [29]. Atherosclerosis is a multifactorial disease
frequently involving the entire arterial system. Dysfunc-
tion of the arterial system would affect impaired blood
flow and endoneurial hypoxia, which are considered to
play a major role in causing DPN in human and animal
models [6,25].

Duration of diabetes and HbAlc level showed signifi-
cant differences and trend among the four subgroups.
Depending on the metabolic hypothesis, the occurrence
of DPN is related to metabolic disorders in accordance
to hyperglycemia; this was confirmed by the fact that it
influences the DPN aggravation [2,30]. In addition, other
diabetic complications, such as nephropathy and reti-
nopathy, also showed significant differences and trend.
Because Tesfaye et al. [31] had an assertion that DPN had
a close relationship with other diabetic complications,
it supported the existence of a common pathological
mechanism as being the cause of development of dia-
betic complications.

The PWV and ABI are considered to be the indicators
that reflect the arterial stiffness of the central and pe-
ripheral artery [16,18]. The PWV and ABI had significant
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differences among the four subgroups. Although PWV
showed an apparent trend according to the severity of
DPN, ABI did not. With increasing arterial stiffness, arte-
rial vessel wall also thickens, in turn leading to the in-
creased occurrence of plaque outbreak, that contributes
to the acceleration of angiopathies and ischemic changes
of nerves [32]. Compared to other previous study [33], the
duration of diabetes was only 7.5 years in our study which
was not long enough to find abnormalities in ABI. In this
study, therefore, because the number of abnormality
in ABI is noticeably small, the accurate relationship ac-
cording to severity of DPN cannot be seen. In relation to
angiopathies, it can be assumed that chronic ischemia
applies to the progression and aggravation of neuropathy
[26]. The relationship would have been more evident if
the morbidity duration of diabetes was longer.

The presence of plaque in carotid artery showed signifi-
cant differences and trend. However, with respect to the
carotid IMT and existence of stenosis, the results were
insignificant. The measurement of carotid IMT is being
used as an index for the early detection of atherosclerosis,
which is the risk factor for cardiovascular disease [19,34].
Although outbreaks of atherosclerosis occur in intima
limitedly, the measurement of IMT measures the blood
vessel’s overall thickness, and primarily measures the
changes of the media, a drawback is still present [35]. In
addition, Aminbakhsh et al. [36] reported that the mea-
surement of carotid plaque existence is a better method
to diagnose the early stages of atherosclerosis rather than
the measurement of the carotid IMT. In another study
[37], which assessed the association of risk factors with
the occurrence of cardiovascular disease, the presence of
plaque had higher correlation than the IMT. It was shown
that there was borderline difference in the existence of
carotid artery stenosis. It was not based on the stenosis
percentage, but based on whether or not stenosis was
present; however, an accurate relationship could not be
seen.

The MU showed significant differences and trend. As in
the previous studies, by analyzing the MU seen in early
diabetic nephropathy, the correlation between DPN and
diabetic nephropathy was confirmed [38]. In addition,
because MU is being reflected in systemic blood vessel
dysfunctions and signifies subclinical vascular damage in
the kidneys or vascular beds, it can be one of the risk fac-
tors of cardiovascular disease [39].

Being a means of the blood LDL-cholesterol’s primary
cholesterol transmittance, it is an affiliated index of car-
diovascular risk. For this reason, it is strictly adjusted to
a normal value in diabetic patients. In this study, only
LDL-cholesterol of cholesterol factors showed significant
differences and trend. Because the occurrence of car-
diovascular disease is due to the delivery of lipoproteins
rather than simply the increase in triglyceride or choles-
terol levels [40], it can be predicted with combined index
of lipoproteins involved in delivering lipid. Therefore, it
cannot be precisely said that there is a relationship be-
tween the DPN and simple cholesterol level.

In ordinal logistic regression, it was verified that factors
such as HbAlc, diabetic nephropathy and retinopathy,
presence of plaque and MU have a higher possibility of
increasing the DPN severity, as compared to other fac-
tors. Tests to identify the presence of plaque revealed the
correlation with atherosclerosis, and it is thus a sensitive
method for diagnosing early atherosclerosis [36,37]. The
MU reflects the dysfunction of the blood vessels through-
out the body and systemic endothelial dysfunction, since
it points to subclinical vascular damage in the kidneys or
other vascular beds [39]. Accordingly, these two variables
are seen to reflect the vascular disorder of the whole
body. In particular, in terms of patients who have carotid
plaque in comparison to patients who do not, it was
shown that the risk of increasing severity of DPN was 2.52
times higher than other factors. With the highest odds ra-
tio, it can be assumed that the existence of carotid plaque
in comparison to other factors greatly contributes to the
DPN'’s severity. From this, it is suggested that vascular
factors, along with metabolic factors, can influence the
DPN pathophysiology. Therefore, patients having DPN
must actively manage not only the metabolic factors, but
also the vascular factors, in the early stages of DPN.

The patients had a diverse medical history and were
taking different medications in this study. Through the
limitations of retrospective studies, this cannot fully re-
flect the patients’ medical history and medications. Also,
when chronic ischemia occurs in the DPN patients’ nerve
tissue, further studies, including consistency and change
in the index of electrophysiologic findings by severity, are
required.
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