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ABSTRACTE)
Background: Diabetic Peripheral Neuropathy (DPN) is a microvascular complication that commonly occurs in
people with diabetes mellitus. Geriatrics with type 2 diabetes mellitus is one of the populations most vulnerable
to this complication. An epidemiological study states that geriatrics has a 32% greater risk of developing this
complication compared to other age groups. There have not been many studies conducted to evaluate the risk
factors that influence this DPN complication, so it needs to be done an individual evaluation for the elderly
p()pulellia. Objective: This study aims to explore the risk factors that influence the incidence of DPN in elderly
patients with type 2 diabetes mellitus. Methods: A case-control study design was carried out on 70 geriatrics
with type 2 diabetes mellitus. The ()me determined was the incidence of DPN to track the cause of DPN
exposure retrospectively. Influential rismctors are determined by the Odds Ratio (OR) with a 95% confidence
interval (CI). All statistical analyzes were two-tailed, and p-values <0.05 were considered as statistically
significant. Results: Seven factors influence the incidence of DPN in the elderly consisting of smoking history
(OR=13.1), uncontrolled lipid profile (OR=5.1), non-neuroprotector users (OR=5.6), uncontrolled blood glucose
(OR=42.7), history of heart disease (OR=9.0), uncontrolled blood pressure (OR=4.3), and BMI above normal
(OR=5.1). Conclusion: Strong recommendation for medical personnel to focus attention on seven significant
risk factors affected complications of DPN to reduce its progression or prevent upcoming complications.

KEYWORDS: DPN, Elderly, Complication, Diabetes, Risk Factor.

INTRODUCTION:

Diabetic Peripheral Neuropathy (DPN) is one of the
most common con‘@celli()ns in diabetics.'? All patients
with diabetes, both type 1 and type 2, have the same risk

Patients who experience DPN will experience

paresthesia with a sensation of tingling or numbness,
. . . - 369

skin crawling, or itching™*“-!!,

of developing neuropathy complications'~. More than
60% of patients with uncontrolled diabetes are found to
have DPN'#°, DPN is defined as a disorder that occurs
in the nervous system due to diabetes mellitus. This
disorder appears caused by microvascular damage due to
high blood glucose levels. If this complication goes on
chronically, it will damage the peripheral nerve fibers,
which will affect the ability of the peripheral nervous
system to work normally®¥.
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An epidemiological study presents the results that the
elderly have the highest incidence of DPN, which is 32%
higher than other populations®*'*'2, The elderly should
get more attention related to this problem. If these DPN
complications are n(mri()usly treated, the patients will
EE}< a higher risk of disability due to foot ulceration and
amputation, gait disturbance, and fall-related injuries®!!
!4 DPN in the elderly will also reduce the quality of life
and increase the cost of treatment in the future™! 131518,

Many studies have been carried out to identify the
factors that cause DPN, but there 1s still minimal data
examining the geriatric population. Further research is
needed to identify risk factors for DPN in geriatrics. This
study will provide an overview for clinicians to be able
to intervene in the risk factors that cause DPN, especially
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risk factors that can be modified to the

progression of DPN in geriatrics.

prevent

METHODS:

1. Study Design and Sample Size:

This study was a case-control conducted at a government
hospital in the province of Bali, Indonesia. This research
was part of a larger research, in which the data collection
process has been carried out from 2016 to 2019. This
study has been approved by the ethics commission and
hospital permits with ethical clearance number
185/UN.14.2/R&D/2015. All patients included in this
study had a good understanding of the aims and
objectives of the study and agreed to be involved after
completing and signing informed consent. Based on a
minimum sample calculation for a case-control study, a
minimum sample of 35 patients was obtained in both the
case and control groups, so that the total number of
patients analyzed were 70 subjects.

2. Study Population and Procedures:

The population of this study was all geriatric patients
ath age criteria >60 years who were diagnosed with
type 2 diabetes mellitus in the geriatric ward of a
government hospital in the province of Bali, Indonesia.
The research sample was part of the population that
meets the inclusion criteria. Subjects will be included in
the study if they have complete medical record data for
at least the past year. e intended medical record data
consists of at least: diagnosed with type 2 diabetes
mellitus, having primary identity data, smoking history,
blood pressure (SBP/DBP), lipid profile (TC, LDL,
HDL, TG), duration of diabetes, height, body weight,
random blood glucose profile, history of outpatient drugs
being used, and the presence/absence of cardiovascular
diseases (CVD)""'?. The patient will be excluded from
this study if: the patient is not willing to be included in
the study, and there are data records that are not clearly
reported, such as unreadable data, scattered, exchanged
data, and duplicated data.

Medical records were taken randomly for review. The
case-control study begins with the determination of
patient outcomes in the form of DPN and non-DPN to be
further seen retrospectively predictors that have the
potential to cause outcomes™. The review process was
carried out by four reviewers. Reviewers hold open
meetings to discuss the results of the review. If there are
differences of opinion, an evaluation phase will be
carried out until an agreement is reached.

3. Case-Control Assessment:

Part of the population of geriatric patients diagnosed
with Type 2 Diabetes Mellitus, according to established
criteria, will be the subject of this study. Geriatrics who
were diagnosed with DPN would be included in the case
group, while geriatrics who were not diagnosed with

DPN would be included in the control group. DPN, in
this case, 1s an outcome that has been observed.
Reviewers retrospectively explore factors that have the
potential to be outcome predictors. Predictors that went
through the review stage were: smoking history, lipid
profile, gender, neuroprotector users, duration of
diabetes, blood glucose profile, history of heart disease,
blood pressure, and BMI?.

4. Data Collection and Measurements:

All data in this study were collected through patient
medical record text data. Baseline data on the
demographic characteristics of subjects in both the case
and control groups included age, gender, smoking
history, blood pressure, lipid profile, duration of
diabetes, BMI, random blood glucose profile, and the
number of drug items used by the patient. The
characteristics of neuropathy symptoms in the case
group are also described'”~'?. The main data in this study
were measured by the following criteriaz smoking
history (have a history/not), lipid profile (controlled if
TC<200mg/dL; LDL<100mg/dL; HDL>40mg/dL;
TG<150mg/dL. Uncontrolled was the opposite), sex
(male/female), neuroprotector users (users/mot users of
vitamin B complex or high dose vitamin
B12>500mcg/day), duration of diabetes (longer/shorter
than ten years), blood glucose profile (random blood
glucose on average controlled if it is <200mg/dL.
Uncontrolled was the opposite), history of heart disease
(Have a history of heart disease if they have undergone a
coronary heart attack or stroke. Have no history was the
opposite), blood pressure (controlled if SBP and DBP
<130/100mmHg, uncontrolled was the opposite), and
BMI (having a normal BMI if <25kg/m’. Being
overweight to obesity when>25kg/m?)'3-19,

Patients included in this study were being treated in the
ward. Informed consent was signed at the hospital. For
patients who are not being treated at the hospital
(outpatient), informed consent was signed online with
initial telephone follow-up.

5. Statistical Analysis:

Data analysis in this study was assisted with IBM SPSS
21 version. The analysis included baseline demographic
characteristics using Chi-Square and Mann Whitney U to
analyze differences in characteristics between groups
(case and control). The primary data were analyzed by
binary logistic analysis with odds ratio parameters and
used 95% confidence intervals. The case group that had
DPN complications was continued analyzed for access to
the degree of pain felt. The degree of pain was
categorized into “mild pain” with a visual analog scale
(VAS) value of 1-3, “moderate pain” with VAS 4-7, and
“severe pain” with VAS 8-10>'*'*. The neuropathic pain
data were analyzed using binary conditional logistic
regression. Other numerical data in this study were
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presented with numerical and percentage data. All
statistical analyses were two-tailed, and p-value <0.05
was considered as statistically significant.

RESULTS:

1. The Flow of Study Subjects Data Selection:

In the study period, there were 155 medical records of
patients who went through the review process. A total of
74 medical records were not included in the analysis
because they did not meet the specified inclusion
criteria. A total of 81 medical records that met the
inclusion criteria consisted of 46 medical records
included in the case group and 35 medical records
included in the control group. A total of 11 medical
records from the case group during the review process
were excluded because as many as eight patients who
owned the medical records were not willing to be
involved in the study, and three other medical record
data had unclear records. This case-control study finally
succeeded in analyzing 70 medical records consisting of

Table 1: Study subject characteristics

35 data in patients with complications of DPN (case
group) and 35 data of patients without complications of
DPN (control group).

2. Demographic Characteristics of Study Subjects:

Demographic characteristics of study subjects can be
seen in Table 1. Demographic characteristics that include
age, gender, blood pressure, lipid profile, duration of
diabetes, BMI, random blood glucose profile, and the
number of drug items used by the patient both in the case
group and control shows results that are not significant.
Only the smoking history characteristics show a
significant difference with the chi-square analysis.
Subjects who had a history of smoking had a greater
tendency to be in the case group in this study. This
condition can describe that smoking history can be one
of the strong predictors that will influence DPN
complications in study subjects. In general, it can be
summarized that the study subjects have uniform
characteristics except for the smoking history parameter.

S. | Subject Characteristics glmpathjc Complication No Neuropathic Complication p-Value
No (Case) n= 35 (Control) n=35
1 Age (year £SD) 62+4 63+5 0.658
2 Gender [n (%)]
Male 21 (60) 24 (69) 0.454
Female 14 (40) 11(31)
3 History Smoking [n (%)] 22(63) 4(11) 0.001*
4 Blood Pressure (mmHg + SD)
SBP [ 14220 [13516 [ 0.403
DBP | 86=11 | 8329 | 0513
5 Lipid Profile (mg/dL + SD)
TC 165 + 55 166 +47 0.827
LDL 97+ 35 BR+ 30 0.485
HDL 43+ 14 43+12 1.000
TG 152 +95 147 +72 0.727
6 Diabetes Duration (year £ SD) T+4 5+4 0.083
7 BMI (kg/m” + SD) 27+ 4 26+4 0.814
8 Average Random Blood Glucose (mg/dL + SD) 188 =80 172 £ 88 0.729
9 Number of drug items used (n £ SD) 4+ 1 4+ 1 1.000

7
Table description: *=statistically significant using chi-square analysis; n=subjects; SD=standard deviation; SBP=systolic blood pressure;

DBP=diastolic blood pressure; TC=total cholesterol; LDL=low density lipoprotein; HDL=high density lipoprotein; TG=triglycerides; BMI=body

mass index.

All patients in the case study group identified the
characteristics of DPN that occurred in them. These
characteristics are shown in Table 2. All patients in the
case group experienced paresthesia consisting of
tingling, numbness, prickling, buming, and chilling.
Almost all patients feel tingling and numbness as the
main complaints.

Table 2: Study subject diabetic peripheral neuropathic pain
characteristics

No DPN Pain type problems Total n (%) n=35
1 Tingling 33 (94)

2 Numbness 30 (86)

3 Pricking 16 (46)

4 Buming 13 (37)

5 Chilling 6(17)

Table description: n=subjects; DPN=diabetic peripheral neuropathy.

3. Risk Factors Related To The Incidence of Diabetic
Peripheral Neuropathy:

The results of the binary logistic analysis for the factors
that influence the incidence of DPN can be seen in Table
3. Based on the analysis of seven exposures consisting of
smoking history, lipid profile, neuroprotector users,
blood glucose profile, history of heart disease, blood
pressure, and BMI, found to affect the incidence of
complications of DPN in gernatrics, whereas two other
exposures in the form of gender and duration of diabetes
were found that did not affect DPN complications in this
study.
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Table 3: Risk factors related to diabetic peripheral neuropat mplications
S.No Variable Even in Case Even in Control OR CI95% p-Value
Group n=35 Group n=35
1 History of smoking (n=26) 22 4 13.115* 3.770-45 629 0.001*
Non-smoking history (n=44) 13 31
2 Uncontrolled lipid profile (n=29) 21 8 5.063* 1.791-14 310 0.002*
Controlled lipid profile (n=41) 14 27
3 Male (n=45) 21 24 0.688 0.257-1.838 0.455
Female (n=25) 14 11
4 Non neuroprotector user (n=15) 12 3 5.565* 1.400-21 987 0.014*
Neuroprotector user (n=55) 23 32
5 DM duration < 10 years (n=53) 26 27 0.856 0.287-2.556 0.781
DM duration =10 years (n=17) 9 8
6 Uncontrolled BG (n=31) 28 3 42.667* 10.064-180.891 | 0.001*
Controlled BG (n=39) 7 32
7 CVD history (n=26) 21 5 9.000* 2.812-28 809 0.001*
Non CVD history (n=44) 14 30
8 Uncontrolled BP (n=40) 26 14 4.333% 1.569-11 967 0.005*
| EFAiirolled BP (n1=30) 9 21
9 BMI > 25 kg/m® (n=41) 27 14 5.063* 1.791-14 310 0.002*
BMI < 25 kg/m’® (n=29) 8 21
Table description: *=stmistich significant; OR=0dd ratio; CI95%=confidence interval 95%; n=subjects; SD=standard deviation; DM=diabetes
mellitus; BG=blood glucose; CVD=cardiovascular diseases; BP=blood pressure; BMI=body mass index.
Table 4. Determination analysis of the strongest risk factors ¢ g diabetic peripheral neuropathic pain in high-risk study subjects
S.No Variable Mild DPN Pain Mouoderate DPN Pain Severe DPN Pain p-Value
[n (%)] [n (%)] [n (%)]
1 History of Smoking* (n=22) 2 (9.09) 12 (54.55) 8 (36.36) 0.001*
2 Uncontrolled lipid profile (n=21) 7(33.33) 12 (57.14) 2(9.52)
3 Non neuroprotector user (n=12) 4(33.33) 7(58.33) 1(8.33)
4 Uncontrolled BG* (n=28) 3(10.71) 16 (57.14) 9 (32.14)
5 CVD history (n=21) 8 (38.09) 12 57.14) 1(4.76)
6 Uncontrolled BP (n=26) 7(26.92) 18 (69.23) 1(3.85)
7 BMI > 25 kg/m’ (n=27) 6(22.22) 20 (74.07) 1(3.70)

Table description: *=statistically significant; n=subjects; DPN=diabetic peripheral neuropathy: BG=blood glucose;

diseases; BP=blood pressure; BMI=body mass index.

5 ED=cardi0va scular

Table 5. Pooled analysis of the str

gest risk factors causing diabetic peripheral neuropathic pain in high-risk study subjects

S.No Strong Risk Factor Cause Painful DPN Other Risk Factor Cause Painful DPN p-Value

1 History of Smoking (n=22) Uncontrolled BG (n=28) 1.000
Uncontrolled lipid profile (n=21) 0.005*
Non neuroprotector user (n=12) 0.010*
CVD history (n=21) 0,004 *
Uncontrolled BP (n=26) 0.013*
BMI =25 kg/m? (n=27) 0.013#

2 Uncontrolled BG (n=28) History of Smoking(n=22) 1.000
Uncontrolled lipid profile (n=21) 0.006*
Non neuroprotector user (n=12) 0.012*
CVD history (n=21) 0.005*
Uncontrolled BP (n=26) 0.015*
BMI > 25 kg/m? (n=27) 0.00F

Table descrption: *=statistically significant; DPN=diabetic peripheral neuropathy: n=subjects; BG=blood glucose; CVD=cardiovascular

diseases; BP=blood pressure; BMI=body mass index.

Subjects in this study who had “uncontrolled lipid
profiles,” “non-neuroprotector users,” and “overweight”
had a five times greater risk of developing DPN
complications compared to the control group. Geriatric
who have “uncontrolled blood pressure™ have four times
the risk of developing a DPN. Remarkable findings in
this study were exposed to “smoking history,”
“uncontrolled blood glucose,” and “CVD history” in
geriatric found higher than five times the risk of DPN
complication. Almost all geriatric patients who have
exposure to “smoking history,” “uncontrolled blood

glucose,” and “CVD history” in this study have DPN
complications.

The exposure of “gender” and “duration of diabetes” did
not affect the incidence of geriatric DPN complications.
In this study found that gender and duration of diabetes
are not absolute factors that influence DPN
complications during the exposure of “smoking,” “lipid
profile,” “neuroprotector user,” blood glucose,” “heart
disease,” “blood pressure,” and “BMI” were well
controlled. Thus, if those seven risk factors can be
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controlled, the risk of DPN complications can be
prevented, or DPN progression can be slowed.

4. Binary Conditional Logistic Regression Analysis
To Determines The Dominant Risk Factor Caused
Diabetic Peripheral Neuropathic Pain:

Every patient who has DPN complications, in general,
will feel neuropathic pain. Neuropathic pain often
appears as a sign that there is abnormal nerve
function®'”. Binary conditional logistic regression
analysis was carried out to look further into the influence
of the seven significant factors previously elaborated on
the degree of neuropathic pain felt by geriatrics. The
results of the analysis are shown in Table 4.

Table 4 shows the average degree of neuropathic pain in
patients grouped by risk factors that affect the incidence
of DPN. The average patient who had mild neuropathic
pain was 24.81%, moderate pain 61.09%, and severe
pain 14.09%. There is a significant relationship between
risk factors that cause DPN to the degree of pain. The
pooled analysis found that the risk factors of “smoking
history” and “uncontrolled blood glucose” contributed
the most to the cause of the severity of neuropathic pain.
Table 5 showed the two most influential risk factors for
diabetic neuropathic pain compared to other risk factors.

A comparison of the two strongest risk factors, “smoking
history” and “uncontrolled blood glucose™ on the degree
of pain in neuropathy in study subjects showed no
significant results (p> 0.05). The relationship between
the other risk factors with the two strongest factors
showed significantly different results (p <0.05). These
data indicate that “smoking history” and “uncontrolled
blood glucose” are the most influential factors on the
degree of neuropathic pain by study subjects in case
groups with high-risk factors.

DISCUSSION:

Neuropathic complications in diabetes mellitus is a
microvascular complication that often arises in
sufferers’?!. Geriatric itself is a special population that is
very susceptible to this complication when suffering
from diabetes mellitus with an uncontrolled condition®"
7. Geriatrics is a vulnerable population because this
group of patients has decreased physiological functions
such as decreased functional ability and in maintaining
homeostasis®'#>?*2% This makes it difficult for older
people to deal with stressful situations that will affect the
nervous, musculoskeletal, and cardiovascular syslemsw‘
32 Neuropathy complications in diabetes, if not treated
seriously, can bring greater problems in the future for
sufferers™ ', The risk of getting foot ulcers until
amputation becomes the most difficult problem that
sufferers will have in addition to reducing the quality of
life due to neuropathic pain®*7-'%,

In this study, a case-control study approach was carried
out to find any risk factors that could potentially cause
DPN complications, especially in the elderly population.
The results of the study show that there are seven factors
that influence the incidence of DPN complications,
among others having a smoking history, uncontrolled
lipid profile, non-neuroprotector users, uncontrolled
blood glucose, having a history of heart disease,
uncontrolled blood pressure, and body mass index (BMI)
above normal. Seven of the nine factors analyzed
showed that these risk factors contributed five times to
fold to complications than the control group. The most
powerful and dominant risk factors are found in
“smoking history” and “uncontrolled blood glucose.”
History of smoking and high blood glucose levels are
associated with high levels of Reactive Oxygen Species
(ROS), which will cause impaired blood vessel function
in the form of thickening of the basement membrane of
blood vessel walls, endothelial hyperplasia, endothelial
dysfunction, increased expression of endothelin and
increased levels of vascular endothelial growth factor
(VEGF). If this is left unchecked, there will be an
increased inhibition of axonal transport and inhibition of
Na +/ K+ ATPase activity’® 2%, This condition will
contribute to capillary damage and will ultimately cause
axonal degeneration and nervous system
dysfunction#37:101:22,

Other significant risk factors such as uncontrolled lipid
profile, n()n-ajr()pr()lccl()r use, history of heart disease,
uncontrolled blood pressure, and body mass index (BMI)
above normal were also found regarding DPN risk. Not
optimal control of these risk factors can worsen the
homeostatic condition of diabetics!7#2. In chronic
conditions, the patient’s body will increase the synthesis
of a molecule called diacylglycerol (DAG), which is a
critical activating factor for protein kinase-C, B, o, 0
isoforms. Protein kinase C is also activated by oxidative
stress and advanced glycation end products. Activation
of protein kinase C causes increased vascular
permeability, impaired synthesis of nitric oxide (NOs),
and changes in blood flow. This event is thought to
strongly support damage to the capillaries and peripheral
nervous system'7#2"3* Another important thing to note
from the uncontrolled risk factors is the disruption of the
activity of the Nerve Growth Factor (NGF). NGF is a
protein that affects the maintenance of nerve fibers and
sympathetic neurons. In patients with diabetes,
especially the elderly, there is a decrease in NGF so that
retrograde axonal transport (from the target organ to the
cell body) is disrupted. Decreased levels of NGF are
positively correlated with the presence of early
symptoms of small fibers sensory neuropathy?' 2>
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Risk factors found to be insignificant in this study were
gender and duration of diabetes mellitus. Gender in this
study is no longer a differentiator in the elderly group
because, in general, sufferers in this population tend to
have decreased physiological function, so that both men
and women when the patient has entered 60 years, then
the seven risk factors discussed earlier will be a certain
factor®'®-1721.22.24 The interesting thing is precisely found
in the long or duration factor suffering from diabetes. In
this study, it was found not significant as a contributor to
the causes of DPN. This is still not known with certainty
the cause. It is suspected that the duration of diabetes
will not mean anything when important parameters such
as blood glucose levels in diabetics who have been
controlled™!%!7-19-2* If geriatric patients with diabetes are
controlled, then the duration of diabetes 15 not a
determining factor in the progression of the disease. This
proves that the progression of diabetes mellitus is not
determined by how long a patient has diabetes, but how
long they can control their blood glucose profile. When
the profile of glucose and other modified risk factors can
be controlled, the progression of diabetes, especially
neuropathy, will stop or slow down considerably -9,

This study still has several limitations because this study
has a case-control design, all the exposure parameters
that were analyzed depending on the medical records
available. Parameters such as patient compliance with
the drug, their HbA1C profile, what types of medicines
they used, the profile of supplements they used, and
other important parameters that cannot be observed
holistically due to the limitations of available medical
records. The number of research subjects also needs to
be increased, so that similar research needs to be carried
out with a larger number of subjects with experimental
study designs. A definite recommendation for clinicians
to intervene in seven significant risk factors based on the
results in this study for the elderly with type 2 diabetes
mellitus. Optimize all modifiable risk factors so that
complications of DPN can be prevented or reduced in
progression.

CONCLUSION:

Risk factors that affected peripheral neuropathy in
elderly patients with type 2 diabetes mellitus are “a
smoking history,” “uncontrolled lipid profile,” “non-
neuroprotector users,” “uncontrolled blood glucose
level,” “having a history of heart disease,” “uncontrolled
blood pressure,” and “body mass index (BMI) above
normal.” The most dominant risk factor and directly
related to the severity of neuropathic pain are “smoking
history” and “uncontrolled blood glucose level.”
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