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Abstract 
PURPOSE: Diabetic patients with severe diabetic neuropathy often have hy-
poesthesia and numbness. This study evaluated foot self-care behavior according 
to severity of diabetic neuropathy. METHODS: We used a hand-held nerve 
conduction test device DPN check (HDN-1000, Omron) to evaluate severity of 
diabetic neuropathy. Foot self-care was evaluated using the Japanese SDSCA 
(the Summary of Diabetes Self-Care Activities measure). Foot self-care com-
prised visual inspection, washing, wiping interdigital areas, and checking shoes, 
and was scored according to the number of days self-care which was performed 
in the previous week. RESULTS: The study evaluated 103 diabetic patients (age: 
65.7 years, diabetes duration: 13.9 years, HbA1c: 7.3%). Total scores (out of 28 
points) for self-care behavior according to neuropathy severity were 11.8 (Nor-
mal: n = 54), 10.6 (Mild: n = 27), 13.3 (Moderate: n = 17), and 10.8 (Severe: n = 
5). Foot self-care scores were low in all groups, with particularly low scores in 
those with severe neuropathy. However, no statistically significant differences 
were observed. CONCLUSIONS: Foot self-care is essential in diabetes because 
lesions are more likely to occur in severe neuropathy. Living alone and the 
presence of recurrent foot lesions are associated with poor survival prognosis. 
Accordingly, foot-care intervention must take neuropathy severity and lifestyle 
factors into account. The severity of diabetic neuropathy must be determined 
and foot-care intervention should take lifestyle factors into account. 
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1. Introduction 

Diabetic foot is characterized by infection, ulceration, or destruction of foot tis-
sues in people with diabetes and is associated with neuropathy and/or peripheral 
artery disease [1]. Diabetic foot can also develop from several other conditions 
such as hypoesthesia and deformation caused by nerve disorder, dry skin and 
hyperkeratosis, or a decrease in peripheral artery blood flow. Moreover, infec-
tions can worsen the condition and can lead to amputation of the diseased limb 
[1] [2]. Previous reports have shown that lower limb amputation worsens pa-
tients’ quality of life, and that the survival rates of diabetes patients with ampu-
tated lower limbs are 69.4% at one year and 30.9% at five years. Moreover, the 
report also showed that the survival rates of diabetes patients with end stage 
kidney disease are 51.9% at one year and 14.4% at five years [3]. 

Nerve disorder is the most frequent complication of diabetes. In previous stu-
dies, rates of nerve disorder vary because each study is based on different crite-
ria. In Japan, a large research study has shown that the rate of patients diagnosed 
with diabetic nerve disorder was 47.1%, and the frequency of asymptomatic nerve 
disorder was 40.3% [4]. This indicates that the early recognition of nerve dis-
order which can lead to foot ulcer among diabetes patients is very important. 
Previous studies have recommended measuring both nerve conduction velocity 
(NCV) and nerve conduction amplitude (NCA) [5] [6]. As the patients of severe 
diabetic nerve disorder often feel hypoesthesia and numbness, the foot care for 
these patients in daily life is very important. Although several reports have ex-
amined foot care activities in diabetes patients, to our knowledge, no studies 
have reported examining foot care activities in relation to the severity of peri-
pheral nerve disorder [7] [8] [9] [10]. In this study, we examine diabetes pa-
tients’ foot care activity according to the severity of diabetic nerve disorder. This 
research will evaluate foot care activities of diabetes patients who have skin inte-
grity disorder or who are at risk for skin integrity disorder. 

2. Methods 
2.1. Participants of the Study 

Patients with diabetes, are either attending or hospitalized in Hospital A. The 
data were collected from July 2015 to April 2016. 

2.2. Procedure for Data Collection 

We used a hand-held nerve conduction test device, the DPN check (HDN-1000, 
FUKUDA COLIN), to evaluate the severity of diabetic neuropathy. DPN Check 
easily assesses both the nerve conduction velocity (NCV) and nerve conduction 
amplitude (NCA) of the purely sensory sural nerve. Previous research has shown 
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that the lower limit of normal NCV is 40 m/s and the lower limit of normal NCA 
is 5 - 10 µV in sural nerve [11]. 

Each foot of patients was measured by DPN check after 30 minutes rest. It 
took 5 minutes to measure. In addition, by adjusting for age, gender, and height, 
NCV and NCA values can be used to classify the severity of neuropathy into four 
levels: normal, mild, moderate, and severe. If the severity of nerve disorder was 
different between the right limb and left limb, then the data of the limb with the 
greatest severity were used to categorize patients into severity group. 

Foot self-care behavior was evaluated using the Japanese SDSCA (the Sum-
mary of Diabetes Self-Care Activities measure) [12]. Foot self-care comprised 1) 
checking feet, 2) washing feet, 3) wiping interdigital areas, and 4) checking shoes. 
It was scored according to the number of days (a maximum of 7 days/activity) 
that self-care was performed in the previous week. These activities are recom-
mended for all patients despite the severity of their neuropathy.  

2.3. Analysis of Data 

Descriptive statistics techniques were used to estimate the mean and frequencies 
and to examine normality. The Mann-Whitney U test was used to examine the 
data between the two groups. The Kruskal-Wallis test was used to examine NCV, 
NCA, and foot-care behavior score data among the groups. The statistical soft-
ware used IBM SPSS Statistics version 23.0. The level of statistical significance 
was set at 0.05. 

2.4. Ethical Considerations 

This study was conducted with the approval of the Clinical Research Ethics Re-
view of the Sapporo Medical University Hospital (approval number; 272-5). 

3. Results 
3.1. Characteristics of the Patients Included in This Study  

(Table 1) 

A total of 103 diabetes patients who were either attending or hospitalized in 
Hospital A were included in this study. The average age of the patients was 65.7 
± 10.4 years, and the average number of years with diabetes was 13.9 ± 9.7 years. 
The proportion of patients who self-reported neuropathy was 9.7%. Table 1 
provides the demographics and characteristics of the study participants. 

3.2. Results of NCV, NCA and Four Severities of Neuropathy Levels  
(Table 2) 

Table 2 provides the details of the NCV and NCA measures for the study par-
ticipants. The average NCV of the patients was 48.7 ± 6.4 m/s in the right foot 
and 49.5 ± 6.8 m/s in the left foot. The average NCA of the patients was 9.6 ± 8.1 
µV for the right foot and 10.0 ± 7.4 µV for the left foot. Neuropathy severity was 
categorized as normal, mild, moderate, and severe with scores of 54 (52.4%), 27 
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(26.2%), 17 (16.5%), and 5 (4.9%), respectively. If the NCA score is lower than 2 
µV and the NCV score was considered nil, then neuropathy severity was deter-
mined as “severe”. 

NCV and NCA were analyzed by sex and severity of nerve disorder. NCV was 
significantly lower in men than in women. NCV and NCA were significantly 
lower in the patient with severe nerve disorder compared to the other neuropa-
thy categories. 

3.3. Foot Self-Care Behavior Scores and Four Severities of  
Neuropathy Levels (Table 3) 

Table 3 provides the details of the Foot self-care behavior scores and four sever-
ities of neuropathy levels. The average total foot self-care behavior score was 
11.7 ± 6.8 (MAX: 28). The average score for each foot self-care activity was 3.6 ± 
3.3 for checking feet, 5.1 ± 2.1 for washing feet, 1.7 ± 2.8 for wiping interdigital 
areas, and 1.2 ± 2.7 for checking shoes (MAX: 7). 
 
Table 1. Demographics and characteristics of the patients included in this study. 

  
n % Mean ± SD Range 

Age (years) 
 

103 100 65.7 ± 10.4 31 - 85 

Sex Male 62 60.2 
  

 
Female 41 39.8 

  
Diabetes type Type 1 11 10.7 

  

 
Type 2 87 84.8 

  

 
Other 5 4.9 

  
Diabetes duration (years) 

   
13.9 ± 9.7 0 - 40 

BMI (kg/m2) 
   

24.3 ± 3.2 17.6 - 33.4 

Height (cm) 
   

161.5 ± 7.9 142 - 179 

HbA1c (%) 
   

7.3 ± 1.4 5.7 - 14.7 

Nephropathy Stage 1 66 64.1 
  

 
Stage 2 21 20.4 

  

 
Stage 3 12 11.7 

  

 
Stage 4 3 2.9 

  

 
Unknown 1 1 

  
Retinopathy NDR 83 80.6 

  

 
SDR 5 4.9 

  

 
PPDR 2 1.9 

  

 
PDR 12 11.7 

  

 
Unknown 1 1 

  
Neuropathy (Patient self-report) No 93 90.3 

  

 
Yes 10 9.7 

  
Subjective symptoms 
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Continued 

Numbness Yes 28 27.2 
  

Hypoesthesia Yes 17 16.5 
  

Dysesthesia Yes 14 13.6 
  

Leg cramps Yes 14 13.6 
  

The main skin symptoms 
     

Dry skin Presence 26 25.2 
  

Callus Presence 9 8.7 
  

Trichophytosis Presence 48 46.6 
  

BMI: Body Mass Index; NDR: no diabetic retinopathy; SDR: simple diabetic retinopathy; PPDR: preproli-
ferative diabetic retinopathy; PDR: proliferative Diabetic Retinopathy. 

 
Table 2. NCV and NCA by DPN check. 

 
NCV(m/s) NCA (μV) 

 
n % Right side n Left side n Right side n Left side 

Total 99 100 48.7 ± 6.4 95 49.5 ± 6.8 99 9.6 ± 8.1 97 10.0 ± 7.4 

Male 59 59.6 47.0 ± 5.6 55 47.7 ± 6.4 59 9.7 ± 8.7 56 10.3 ± 7.5 

Female 40 40.4 51.4 ± 6.6 40 52.0 ± 6.6 40 9.3 ± 7.2 41 9.6 ± 7.2 

Mann-Whitney U test 
  

p = 0.000 
 

p = 0.001 
 

P = 0.852 
 

p = 0.611 

Normal 54 52.4 51.5 ± 3.4 52 51.6 ± 4.6 54 10.6 ± 8.6 52 11.4 ± 7.4 

Mild neuropathy 27 26.2 44.4 ± 6.6 26 47.5 ± 7.6 27 11.7 ± 7.8 27 10.4 ± 8.0 

Moderate neuropathy 17 16.5 47.0 ± 9.0 15 46.1 ± 9.6 17 3.3 ± 0.7 16 5.6 ± 3.8 

Severe neuropathy 1 4.9 46.0 ± 0 2 45.5 ± 4.9 1 4.0 ± 0 2 3.0 ± 1.4 

Kruskal-Wallis test 
  

P = 0.000 
 

P = 0.015 
 

P = 0.000 
 

P = 0.001 

NCV: nerve conduction velocity; NCA: nerve conduction amplitude. 
 
Table 3. Foot self-care behavior and Neuropathy levels. 

 
n % 1) Checking feet 2) Washing feet 

3) Wiping  
interdigital areas 

4) Checking  
shoes 

Total scores of 
1) - 4) 

Total 103 100 3.6 ± 3.3 5.1 ± 2.1 1.7 ± 2.8 1.2 ± 2.7 11.7 ± 6.8 

Normal 54 52.4 3.4 ± 3.4 5.0 ± 2.1 2.0 ± 2.9 1.4 ± 2.8 11.8 ± 7.7 

Mild neuropathy 27 26.2 3.6 ± 3.0 5.3 ± 1.9 0.7 ± 1.6 1.1 ± 2.5 10.6 ± 3.2 

Moderate neuropathy 17 16.5 3.8 ± 3.5 5.6 ± 2.4 3.1 ± 3.5 0.8 ± 2.3 13.3 ± 8.5 

Severe neuropathy 5 4.9 5.2 ± 2.7 5.2 ± 2.7 0 ± 0 1.6 ± 3.1 10.8 ± 4.8 

Kruskal-Wallis test P = 0.596 P = 0.345 P = 0.043 P = 0.659 P = 0.809 

 
The relationship between severity and subjective symptoms was analyzed. 

There were insignificant differences between severity and numbness, hypoesthe-
sia, and dysesthesia (P = 0.727, P = 0.953, P = 0.227). 

The behavior score of wiping interdigital areas was significantly different ac-
cording to severity of neuropathy (P = 0.043). 
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4. Discussion 

In this study, the NCA and NCV of diabetes patients’ sural nerve were measured 
and the relationship between severity of nerve disorder and foot care activities 
were analyzed. The average HbA1c of patients included in this study was 7.3%, 
which is equal to that of Japanese diabetes patients. This suggested that the pa-
tients included in this study were general to patients in Japan. 

The proportion of patients who self-reported neuropathy was 9.7%; however, 
47.6% of patients were evaluated as having mild to severe neurological disorder 
in this study. This indicated that many patients were not aware of their neuro-
pathy. Identifying diabetic neuropathy at an early stage and performing appro-
priate foot care leads to the prevention of lower limb amputation. Moreover, it is 
necessary for patients to incorporate foot care into their everyday life and con-
tinue their self-management. 

Scoring of foot care behavior revealed that checking feet, washing feet, wiping 
interdigital areas, and checking shoes were applicable to all diabetes patients. 
The checking of feet is important for the early detection of trauma. However, 
patients checked their feet only 3.6 times out of a week, but daily observation is 
necessary, especially for patients who are feeling impaired. Washing feet was 
done 5.1 times per week, which may be done as a Japanese bathing habit, but it is 
presumed that many patients can maintain skin cleanliness. However, the type 
of washing method was not investigated in this study, so it is unknown whether 
appropriate washing methods were used. For example, cleaning skin with alka-
line soap can add to the original skin dryness in patients with autonomic neuro-
pathy, leading to further reduction of sebum and lowering the barrier function 
of the skin [13]. Wiping interdigital areas had a low implementation rate at 1.7 
times per week. Drying water between the toes after washing the foot is an action 
necessary to prevent tinea infection. Fungal infections were observed more fre-
quently in patients with poor glycemic control [14]. The prevalence of tinea pe-
dis is high in diabetes patients with poor glycemic control. It is said that diabetes 
patients have 2 times the tinea compared to non-diabetes patients [15]. Preven-
tion and treatment of tinea is important because it can cause severe secondary 
infections. The implementation rate for checking shoes was low at 1.2 times per 
week. For patients with impaired sensation, something as simple as pebbles in 
the shoes can go unnoticed and lead to trauma. 

The more complications diabetes patients develop, the more complicated the 
treatment becomes and the more items to be self-managed. It is important for 
patients to be able to incorporate self-care activities into their daily lives without 
difficulty, and it is necessary to carefully grasp the patient’s psychological state. 
Living alone and the presence of recurrent foot lesions are associated with poor 
survival prognosis [16]. Also, as Japan is an aging society with a prevalence of 
diabetes, it is believed that it relates to dementia and depression so support for 
key persons such as families is indispensable [17]. Also, many living alone need 
to strengthen their cooperation with the Regional Comprehensive Support Cen-
ter and visiting nurses. 
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5. Conclusion 

Foot self-care scores of diabetes patients were low in all groups, with particularly 
low scores in those with severe neuropathy. Foot self-care is essential in diabetes 
because lesions are more likely to occur in severe neuropathy. Living alone 
coupled with the presence of recurrent foot lesions is associated with poor sur-
vival prognosis. Thus, future foot-care interventions should take into account 
neuropathy severity and lifestyle factors.  
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