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Original Article

Analysis of Risk Factors Responsible for Neuropathy in Patients
with Type 2 Diabetes Mellitus with Diabetic Foot during the COVID-19

Pandemic

Abstract

Background: Neuropathy in diabetic foot is the onset of diabetic foot complications. The COVID-19
pandemic has caused changes in the health service system. The lockdown decision can make
it difficult for patients to get medication and consult with health workers due to physical activity
restrictions. This research aimed to analyze the factors that contribute to peripheral neuropathy
in diabetic foot during the COVID-19 pandemic. Materials and Methods: The research is a
cross-sectional study with a sample of 122 patients with type 2 diabetes mellitus who participated
in the Chronic Disease Management Program at community health centers in Malang, Indonesia,
and was selected using a purposive sampling method. Data were analyzed using multivariate linear
regression. Results: Variables that contributed to the development of neuropathy were ankle-brachial
index of the right foot (8 = 7.35, p = 0.06), irregular exercise (8 = 2.01, p = 0.07), glycated
hemoglobin A (HbAlc) (8 = 0.97, p < 0.001), and Low-Density Lipoprotein (LDL) (8 = 0.02,
p = 0.06). Meanwhile, the variables that contributed to reducing neuropathy were ankle-brachial
index of the left foot (8 = —1.62, p = 0.73) and being female (8 = —2.62, p = 0.02). The regression
model could explain the variation in the scores of neuropathy in diabetic foot during the COVID-19
pandemic (R* = 20.10%). Conclusion: The factors that contributed to the incidence of neuropathy in
diabetic foot during the COVID-19 pandemic were ankle-brachial index, exercise for diabetes, LDL,

HbAlc, and sex.
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low density lipoprotein

Introduction
The COVID-19 pandemic has caused
changes in the health service system

globally, which affects the quality of life
for people with Diabetes Mellitus (DM).
Indonesia as a developing country is facing
various turmoil and problems in health
services, especially health services for
people with DM, during the COVID-19
pandemic. Various challenges in health
care for patients with DM in developing
countries, among others, are lack of
preventive measures, lower number of
patient  visits, reduced communication
with  patients, medication shortages,
disruption in routine diabetes care, and
unavailability of telehealth services.!! The
lockdown decision can make it difficult
for patients to get medication and consult
with health workers due to physical activity
restrictions.>3) It can affect independent

efforts to manage blood sugar levels and
increase the risk of complications of DM,
social isolation, psychological distress, and
anxiety.’) One form of complication that
occurs is neuropathy in diabetic foot. Social
distancing and shielding public health
guidelines have impacted the delivery of
diabetic foot services.!!

Neuropathy in diabetic foot is the onset of
diabetic foot complications. Neuropathy
contributes to the incidence of lesions
on the skin of the diabetic foot and even
injuries and infections as a result of the
activation of proinflammatory mediators,
such as interleukin-6, interleukin-10, and
tumor necrosis factor-a.l’7 Symptoms of
neuropathy and sensory dysfunction in
the feet are associated with a hypoxemic
COVID-19 patient.®! Therefore, it is
necessary to analyze the factors that
contribute to neuropathy in diabetic foot
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during the COVID-19 pandemic in order to prevent diabetic
foot complications. This research is expected to contribute
to the development of nursing service standards for diabetes
patients during the COVID-19 pandemic, especially in
the development of priorities for assessment types of foot
neuropathy during the COVID-19 pandemic. The results
of this study can help nurses enforce nursing diagnoses
in providing appropriate interventions. This analysis can
help develop virtual triage and teleconsultations during the
COVID-19 pandemic for people with foot complications in
DM. The virtual triage and teleconsultations have become
priority targets for foot services during the COVID-19
pandemic.”’ This research aimed to analyze the factors that
contribute to peripheral neuropathy in diabetic foot during
the COVID-19 pandemic.

Materials and Methods

This research used a cross-sectional design with a sample
of 122 patients in 4 community health centers (Pusat
Kesehatan Masyarakat: Puskesmas) in Malang, Indonesia,
and was conducted from June to September 2020. From
March 2020 until this study was conducted, the COVID-19
pandemic had been occurring in Indonesia. The sample
size was calculated based on the d value 0.05, Z>* value of
1.96, positive proportion of 0.05 (p), and risk proportion of
0.95 (g). The sample was selected by a purposive sampling
method with the inclusion criteria of patients who were
members of the Chronic Disease Management Program
with no diabetic foot ulcers and brittle toenails. In the data
collection process, informed consent was documented by
means of telephone and a written consent form. Diabetic
foot examinations were scheduled in advance to minimize
contact between patients during the COVID-19 pandemic.
Single-blind physical measurements and examinations
were conducted by licensed nurse practitioners who had
received training. COVID-19 screening and Electro-
Chemiluminescence Immunoassay (ECLIA) Anti severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
were conducted prior to field research. The instruments used
in the research were a patient demographic information
assessment form, a digital skin moisture meter (skin detector)
(r = 0.92), a nailfold videocapillaroscopy device (Dino-Lite
CapillaryScope) ( = 0.91), a digital infrared thermal imager
(Hti HT-102) (» = 0.95), a foot vascular Doppler (Vascular
Doppler Detector BV-560) (accuracy = 89.57%), and a digital
biothesiometer (NeuroScan-LE) (accuracy = 84%).110-15]

The dependent variable was neuropathy scores.
Neuropathy scores were measured using the digital
biothesiometer (NeuroScan-LE) in the range 0-30 V. The
normal categorization was as follows: <10 V was applied to
people between 40 and 50 years old and <13 V was applied
to those over 50 years old. The use of a biothesiometer test
as a diagnostic tool for neuropathy has been recommended
in several studies with sensitivity and specificity of 71.4%
and 91.2%, respectively, as well as with high accuracy.!'*!®!

The independent variables were age, sex, Body Mass
Index (BMI), abdominal circumference, blood pressure,
HbAlc, lipid profile, ankle-brachial index, moisture status
of foot, foot temperature, capillaroscopy score, neuropathy
score, diabetes duration, and exercise habit. The age of
patients with DM was continuous data, while sex (male/
female), diabetes duration (<5/>5 years), and exercise for
diabetes (regularly/irregularly) were dichotomous data.
Reference group includes female, duration >5 years, and
irregularly exercise. Men are at higher risk of developing
diabetic neuropathy than women.l"?) BMI, abdominal
circumference, and systolic and diastolic blood pressures
were continuous data. BMI was measured by weight (kg)
and height (cm). Abdominal circumference was measured
with a tape measure (cm). Blood pressure was measured
with a sphygmomanometer (mmHg).!"!

HbAlc (%), cholesterol, High-Density Lipoprotein (HDL),
and LDL (mg/dl) were continuous data taken during data
collection. HbAlc correlates strongly with neuropathic
complications in diabetic foot.?>**) HbAlc and lipid profile
examinations were conducted in a certified laboratory in
partnership with the Chronic Disease Management Program
of the Healthcare and Social Security Agency (Badan
Penyelenggaraan Jaminan Sosial: BPJS) in Indonesia.
The vascular status of the feet has an influence on the
incidence of neuropathy in diabetic foot.?*! The vascular
components measured in this study were ankle-brachial
index, moisture status of foot skin, foot skin temperature,
and capillaroscopy score. The ankle-brachial index of each
foot was measured with a foot vascular Doppler (Vascular
Doppler Detector BV-560).) The foot skin moisture
was measured with a digital skin moisture meter, while
the foot skin temperature was measured with a digital
infrared thermal imager (Hti HT-102) at 5 points on each
foot.’®) Capillary measurements were performed with
nailfold videocapillaroscopy (Dino-Lite CapillaryScope)
on the second toe of each foot.?”) Before the procedure,
patients underwent acclimatization for 15-30 min in an
examination room with a temperature of 25°C. The patients
were provided with education for the examination. For
example, the patients were told not to apply foot cream and
wash their feet an hour before the examination. Regular
exercise can inhibit neuropathy,”® while diabetes duration
contributes to neuropathy in diabetic foot.[*]

Statistical analyses, namely, univariate test on patient
characteristics, Pearson’s correlation coefficient,
independent #-test, and multivariate linear regression, were
performed using SPSS version 20 (IBM Corp.).

Ethical Considerations

Ethics approval for the research was obtained from the
Health Research Ethics Committee of the Faculty of
Medicine, Universitas Brawijaya (Reference Number 42/
EC/KEPK/02/2020). All respondents have expressed their
consent to be involved in this study.
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Results

Patient characteristics data based on age, sex, BMI,
abdominal circumference, blood pressure, HbAlc, lipid
profile, ankle-brachial index, moisture status of foot, foot
temperature, capillaroscopy score, score of neuropathy,
diabetes duration, and exercise habit are presented in
Table 1. Most of the patients involved in this research
were female, elderly, and obese, had diabetes duration
less than 5 years, did not exercise regularly, and had
HbAlc above the normal range, increased cholesterol and
HDL, ankle-brachial index within normal range, increased
capillaroscopy and neuropathy scores, and decreased foot
moisture and temperature.

Bivariate variable selection was conducted to determine
which variables met the requirements in modeling by
calculating Pearson’s correlation coefficient and performing
an independent t-test. All the variables in Table 2 were
analyzed with the results that the wvariables HbAlc,
ankle-brachial index of the right foot and left foot, and
sex (p-value < 0.05) were indicated as significant factors in

the neuropathy score in diabetic foot during the COVID-19
pandemic.

The multivariate model was used based on the results of
the bivariate analysis by selecting variables with p values
less than 0.25 as independent variables.’” The variables
that met the requirements under the multivariate modeling
were HbAlc (P-value of 0.01), LDL (p-value of 0.24),
ankle-brachial index of the right foot and left foot and
sex (p-value of 0.01), and exercise habit (p-value of 0.15).
Table 2 shows the results of the multivariate analysis
after controlling by other variables. The variables LDL,
ankle-brachial index of the right foot and the left foot, sex,
and exercise habit were retained because they influenced
changes in R-squared >10% and beta coefficient. Based
on a theoretical study, the variables LDL, ankle-brachial
index of the right foot and the left foot, sex, and exercise
habit were associated with the incidence of neuropathy in
diabetic foot in the COVID-19 pandemic conditions.

The residual variable showed a score of 0.00 £+ 0.53; hence,
the existence assumption was fulfilled. A Durbin—Watson

Table 1: Patient characteristics based on age, sex, Body Mass Index (BMI), abdominal circumference, blood pressure,
HbAlg, lipid profile, ankle-brachial index, moisture status of foot, foot temperature, capillaroscopy score, neuropathy

score, diabetes duration, and exercise habit

Characteristics (n=122) Mean (SD)* Min-Max* 95% CI*
Age (years) 62.90 (8.64) 42-87 61.35-64.45
BMI (kg/m?) 26.06 (3.06) 19.56-35.38 25.51-26.61
Abdominal circumference (cm) 95.75 (9.15) 66-116 94.11-97.39
Blood pressure (mmHg)

Systolic 131.64 (13.25) 110-180 129.26-134.02

Diastolic 84.61 (11.28) 50-110 82.59-86.64

Glycated hemoglobin A (HbAlc) (%) 7.50 (1.80) 4.90-12.40 7.20-7.80
Lipid profile (mg/dl)

Cholesterol 223.91 (47.53) 140-334 215.38-232.42

High-Density Lipoprotein (HDL) 48.92 (10.15) 31-90.70 47.10-50.74

Low-Density Lipoprotein (LDL) 138.08 (48.49) 42.50-238 129.39-146.77
Ankle-brachial index

Right foot 1.05 (0.15) 0.53-1.38 1.02-1.07

Left foot 1.04 (0.14) 0.63-1.29 1.01-1.06

Moisture status of foot (%) 26.41 (8.42) 10.81-47.15 24.91-27.92

Foot temperature (°C) 22.31(1.69) 19.48-27.33 22.01-22.61

Capillaroscopy score of foot 12.82 (3.64) 4.50-22.50 12.21-13.44

Neuropathy score (V) 24.19 (5.93) 6-30 23.13-25.26

Neuropathy score (SD)* Min-Max* 95% CI*

Sex

Male (32) 26.35 (4.71) 15-30 24.65-28.05

Female (90) 23.65 (5.68) 6-30 22.14-24.72
Diabetes duration (years)

<5 (58) 24.53 (5.03) 15-30 23.21-25.86

>5 (64) 24.20 (6.02) 6-30 22.22-25.55
Exercise habit

Regularly (52) 23.53 (5.69) 6-30 21.34-24.95

Irregularly (70) 24.97 (5.41) 15-30 23.68-26.26
*Descriptive statistic.
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Table 2: Bivariate selection and multiple linear regression analysis of the relationship of neuropathy scores to HbAlc,
Low-Density Lipoprotein (LDL), ankle-brachial index, sex, and exercise habit during the COVID-19 pandemic

Bivariate Neuropathy score Multiple linear regression
(n=122) Model Neuropathy score
b4 p )4
Age (year) 0.95* Constant 9.41 0.08
Body mass index (kg/m?) 0.48* HbAI1C (%) 0.97 0.001
Abdominal circumference (cm) 0.37* LDL (mg/dl) 0.02 0.06
Blood pressure (mmHg) Ankle-brachial index
Systolic 0.75* Right foot 7.35 0.06
Diastolic 0.44* Left foot -1.62 0.73
Glycated hemoglobin A (HbAlc) (%) 0.01* Sex —2.62 0.02
Lipid profile (mg/dl) Exercise habit 2.01 0.07
Cholesterol 0.22%* R> (%) 20.10
High-Density Lipoprotein (HDL) 0.50*
LDL 0.24*
Ankle-brachial index
Right foot 0.01*
Left foot 0.01*
Moisture status of foot (%) 0.91%*
Foot temperature (°C) 0.92*
Capillaroscopy score 0.55*

Sex 0.01**
Diabetes Duration (year) 0.73%%*

Exercise habit 0.15%*

*Pearson’s correlation coefficient; **independent #-test

value of 1.82 indicated that the independence assumption
was fulfilled (—2 to +2). The ANOVA results showed
p<0.001 which means that the linearity assumption was
fulfilled. The plot results showed that the distribution of
dots had a similar pattern to the dots above and below the
diagonal line, 0; thus, the assumption of homoscedasticity
was fulfilled. The Normal Probability Plot showed that
the data spread around the diagonal line and followed the
direction of the diagonal line, meaning that the normality
assumption was fulfilled [Figure 1]. A variance inflation
factor (VIF) in the range from 1.08 to 1.98 indicated
no collinearity (VIF <10). Based on the results of the
assumption test, it was concluded that the model could be
used to predict the condition of diabetic foot neuropathy
during the COVID-19 pandemic.

The regression model could explain 20.10% of the
variation in neuropathy scores of diabetic foot during the
COVID-19 pandemic. The variables that contributed to
the development of neuropathy were ankle-brachial index
of the right foot, exercise, and HbAlc, while women were
2.62 times less likely to develop neuropathy than men. Any
reduction in ankle-brachial index of the left foot was likely
to lower the risk of neuropathy in the diabetes population
group without arterial disease.

Discussion

Vascular status changes in patients with diabetes greatly

contribute to neuropathy in diabetic foot. The incidence of
peripheral microvascular and macrovascular complications
increases the risk of neuropathy. The vessels in the feet that
are often occluded are the tibioperoneal, posterior tibial,
and dorsalis pedis arteries.®! In this research, microvascular
changes were indicated by decreases in the mean scores
of moisture and temperature of the foot skin, while the
mean score of nailfold capillary condition increased. This
condition may be a result of the COVID-19 pandemic,
which has resulted in decreased activity of patients with
diabetes. Therefore, during the COVID-19 pandemic,
initiatives to prevent damage to blood vessels in the feet
must be taken through increased exercises for diabetic foot,
such as exercises for diabetic foot to increase peripheral
tissue oxygenation, structured home exercise programs to
improve walking performance and physical activity, and
electrical stimulation of varying frequencies to increase the
maximal walking capacity.[>-34

An exercise for diabetes is one of the routine programs
conducted at community health centers every week. This
program is supported by a good cooperation between the
Healthcare and Social Security Agency and community
health centers as a promotional and preventive effort to
prevent complications of DM. This supports the role of
nurses as diabetes educators in an effort to increase patient
knowledge and skills, change patient behavior, increase
patient motivation, improve patient quality of life, and
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Figure 1: (a) Residual scatter plot and (b) normal probability plot

increase patient involvement in therapy; hence, it has an
impact on self-care.’™ During the COVID-19 pandemic,
the implementation of this program was halted along with
the decision on Large-Scale Social Restrictions in order
to minimize crowds at public health centers. The results
of some interviews showed that 57.4% of patients with
diabetes did not regularly exercise during the COVID-19
pandemic. This had an impact on quality of life and
increased the risk of foot complications in patients with
diabetes during the COVID-19 pandemic. For patients with
DM who receive an insulin therapy, exercises are very
useful in preventing neuropathy.?%”1 The recommended
forms of exercise include strength exercise, ROM exercise,
balance, flexibility, and stretching exercises, circuit training,
and gait training.”® Exercise for diabetes is very beneficial,
so it is necessary to increase motivation and appropriate
exercise patterns during social distancing in the COVID-19
pandemic. In addition, physical activities also provide
benefits in preventing complications of diabetic foot.B®
Education about exercises for diabetes can be developed
by uploading videos on various media, allowing patients
with diabetes to exercise independently at home during the
implementation of the social restriction policy.

The HbAlc examination is a procedure to control DM.
Increased levels of HbAlc are potential indicators of
diabetic neuropathy.?>?>31 Based on observations, HbAlc
levels increased during the COVID-19 pandemic. Some
of the factors that contributed during the COVID-19
pandemic were activity restrictions, difficulty in accessing
health services due to restrictions in operating hours,
and limited services by health workers. The duration of
lockdown is directly proportional to worsening glycemic
control and complications of diabetic foot.*” Therefore,
it is necessary to develop telehealth in public health
services to control HbAlc. One form of development using
innovative team-based care models is the use of telephones
and tablets, which are very useful in helping control blood
glucose in primary care.4%!

Dyslipidemia is a contributing factor to diabetic
neuropathy by inducing oxidative stress in the root

ganglia sensory neurons.'**1 This mechanism is also
supported by the association of dyslipidemia with the
incidence of atherosclerosis, which can cause peripheral
vascular disease, which in turn has implications for
changes in the ankle-brachial index score and changes in
microvascular status of foot, such as moisture, temperature,
and capillaries of the foot.***! Based on the results of
statistical tests, there was a relationship of ankle-brachial
index and LDL level to neuropathy in the multivariate test,
although in the bivariate test, there was no relationship of
LDL to moisture, temperature, and capilaroscopy. Further
research into the microvascular changes associated with
changes in humidity, temperature, and capilaroscopy of the
feet is needed in order to find a clearer mechanism. The
average cholesterol and LDL levels of patients with DM
during the COVID-19 pandemic tended to be borderline
high, while their HDL levels were still normal. This is a
warning for patients with DM that as long as a large-scale
social restriction policy is implemented, diet and exercise
habits can change and be followed by lifestyle changes.
Therefore, it is necessary to conduct educational strategies
and efforts as preventive measures in self-management of
diabetes during the pandemic by developing an aerobic
exercise at home. The aerobic exercise is defined as any
form of physical activity that results in an increase in heart
rate and respiratory volume to meet the oxygen demand of
activated muscles."

Male patients had a higher mean neuropathy score than
female patients, indicating that the risk of neuropathy
complications during the COVID-19 pandemic was higher
in men. The results of this study are consistent with a
previous study in India, which found that the prevalence
of diabetic peripheral neuropathy was 39.30%, 28.90% in
males and 10.40% in females.*”? More men worked at home
during the COVID-19 pandemic. Social restriction policies
lead to lifestyle changes that have implications for an
increased risk of metabolic changes, which is indicated by
uncontrolled weight gain.*! These lifestyle changes include
an increase in the consumption of snacks, vegetables, and
sugar during periods of lockdown, followed by a decrease
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in the intensity of physical activity.l*) It can increase the
risk of complications of diabetic neuropathy.

The results of the analysis showed that the nursing diagnosis
in diabetic foot neuropathy, based on the physiological
category according to the Indonesian Nursing Diagnosis
Standards (Standar Diagnosis Keperawatan Indonesia:
SDKI), during the COVID-19 pandemic is associated with
ineffective peripheral perfusion, instability of blood glucose
levels, and impaired physical mobility. Ineffective peripheral
perfusion is associated with a risk of hyperglycemia,
decreased capillary flow, and physical inactivity. Blood
glucose level instability is associated with hyperglycemia
and hypoglycemia. Impaired physical mobility is associated
with diabetic foot neuropathy. Ankle-brachial index,
exercise habit, LDL, HbAlc, and sex factors are priority
assessment data on diabetic foot neuropathy by nurses in
early detection of complications of diabetic foot neuropathy
during the COVID-19 pandemic. This study has limitations
in explaining the causal relationship; therefore, further
research is needed to prove the relationship of neuropathy
in diabetic feet to the ankle-brachial index, exercise habit,
LDL, HbAlc, and sex variables. Additionally, further
research needs to be carried out in the form of nursing
interventions under the COVID-19 pandemic conditions.
This supports the development of a foot care model during
the COVID-19 pandemic with education and self-care as
the main priority.[%

Conclusion

The factors contributing to the development of neuropathy
in diabetic feet during the COVID-19 pandemic were
ankle-brachial index, exercise habit, LDL, HbAlc, and sex.
These factors need special attention during the COVID-19
pandemic without ignoring the possibility of other
factors that may influence the incidence of neuropathic
complications in diabetic foot.
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