ASIAN JOURNAL OF MEDICAL SCIENCES

An analytic cross-sectional study to explore
the role of TNF-a level as a marker for diabetic
polyneuropathy

Debarati Chanda', Aditi Aikat?, Saswati Ray?, Sangita Sen*, Debjani Chakraborti®

'Associate Professor, *Assistant Professor, °Professor, Department of Physiology, ?Professor, Department of
Community Medicine, Jagannath Gupta Institute of Medical Sciences and Hospital, Kolkata, West Bengal, India,
“Professor, Department of Physiology, IPGME and R, Kolkata, West Bengal, India

Submission: 14-03-2022 Revision: 29-05-2022 Publication: 01-07-2022

Background: Diabetes has reached epidemic proportion in India. The most common
complication of Type 2 diabetes mellitus (T2DM) is diabetic polyneuropathy (DPN). Various
theories have been proposed to explain development of DPN, among which newer concepts
are activation of inflammatory pathways. Aims and Objectives: The aim of the study was to
determine the relationship between tumor necrosis factor alpha (TNF-a) levels and painless
and painful variants of DPN in T2DM patients. Materials and Methods: The study was
carried out on 57 subjects. The subjects were divided into four groups; Group 1 had 15
healthy controls without diabetes; Group 2 had 12 control group patients of T2DM without
neuropathy; 20 patients of T2DM with painful neuropathy were included in Group 3 and
10 T2DM patients with painless neuropathy. TNF-o level was measured by drawing 5 ml
blood from individual patients using Ray Bio Human TNF-o. enzyme-linked immunoassay
kit. Results: Plasma TNF-a level increases from non-diabetic control (221.7 £46.91 pg/ml)
to diabetic control (743.6 £87.27 pg/ml) and also further increased in painful neuropathy
patients (1343 +283.8 pg/ml). Interestingly, TNF-a was found to be significantly decreased
(441.4 +£118.3 pg/ml) in patients with painless neuropathy. Conclusion: TNF-o level increased
in diabetic neuropathy but did not correlate with severity of neuropathy.
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INTRODUCTION

The history of diabetes is as old as the history of
medicine. However, nowadays, diabetes mellitus (DM)
is a very serious and ever-growing health issue globally.
It has reached epidemic proportion in India.' Between
the two types of diabetes, the most common variant is
Type 2 DM (IT2DM).? Diabetic polyneuropathy (DPN)
is one of the most common complications of T2DM.’
The pathogenesis of DPN is still a matter of debate.
Hence, various theories have been proposed to explain
development of DPN, among which newer concepts
are activation of inflammatory pathways* and increase
in cytokines like tumor necrosis factor o (TNF-o) and
interleukin-6 (IL-6).” TNF-at is a pleiotropic cytokine and

is essential for homeostasis of petipheral nervous system.’
Clemente-Gonzalez found increased TNF-o level in
diabetic neuropathy regardless of glycemic control.” Baka
etal., suggested that a proinflammatory stage is commonly
associated with pain in DPN patients.® Some researchers’ !
showed that inflammatory cytokine level is significantly less
in painless neuropathy compared to painful neuropathy.

The role of TNF-o in development of DPN has
been studied and evaluated in several ways in different
population. However, data are limited for our Indian
population. Therefore, our study aimed to determine the
relationship between TNF-al levels and the variants of
DPN in T2DM patients and explore the proclaimed role
of TNF-o as a marker for DPN among the Indian.
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Aims and objectives

To determine the relationship between TNF o (Tumour
Necrosis Factor Alpha) levels and painless and painful
variants of diabetic polyneuropathy (DPN) in T2DM
patients.

MATERIALS AND METHODS

It is a cross-sectional observational study conducted in
the Physiology Department of IPGMER in association
with endocrinology department over a year from June
2019 to May 2020. In our study, we have taken patients
attending the outpatient department of Endocrinology
Department of IPGMER, diagnosed with T2DM in
the age group of 30-60 years. Institutional Ethical
Committee clearance (Inst/TEC/1307) was obtained and
due informed consent taken from eligible study subjects.
Patients having evidence of neuropathy from history,
clinical examination, vibration perception threshold
(VPT), and nerve conduction study (NCS) were included
in the study, while, patients having neuropathy because
of some other causes including nutritional deficiency,
chemotherapy, hypothyroidism were excluded from
the study. We also excluded patients with malignancy,
pregnancy, and autoimmune disease.

Sample size calculation

The sample size was calculated using effect size. Effect size
is standard measure of the difference between two or more
groups independent of the unit of the outcome variable. To
make it simple, effect size is categorized into three levels-
small, medium, and large. Keeping alpha probability of
0.05 and power of 0.80, in a one-way analysis of variance
(ANOVA) with fixed effects single factor design, the
calculated values of the effect size at small, medium and
large levels are 0.1, 0.25, and 0.4, respectively.'” Based on
clinical judgment and practical feasibility, we decided to use
a large effect size (0.0) in our study. The total sample size
for the specified effect size was calculated as 54 for four
independent groups. Thus, 14 patients were required per
group for the study. The sample size estimation was carried
out using G*power version 3.1.9.2. During the recruitment
of patients while conducting the study, because of practical
difficulties and non-availability of patients in the respective
groups, we could recruit 15, 12, 20, and 10 patients in the
Groups 1, 11, 111, and IV, respectively. We have mentioned
this shortcoming of our study in the limitations section.

The study was carried out on 57 subjects during the study
period, based on convenience sampling. The subjects were
divided into four groups; Group 1 had 15 healthy controls
without diabetes; Group 2 had 12 control group patients
of T2DM without neuropathy; 20 patients of T2DM
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with painful neuropathy were included in Group 3, and
10 T2DM patients with painless neuropathy were included
in Group 4. Detailed histories were taken regarding age,
duration of diabetes, body mass index, and HbAlc and
severity of polyneuropathy was assessed by VPT and NCS.
The VPT was measured at the great toe on the dominant
side of each patient using a biothesiometer. A VPT >25
volts was considered to be abnormal."”

In the NCS, each case underwent neuroelectrophysiological
examination of the peripheral nervous system using
instrument for neuroelectrophysiology tests” RMS NCV
EMG EP MARK II with Aleron201 Electromyograph
with RMS Stimulator.

Parameter MNC SNC
Gain 2mV/div 20pV/div
Time base 5ms/div 2ms/div
Low frequency filter 20Hz 2Hz
High frequency filter 10KHz 2KHz

Stimulus frequency 1Hz 1Hz
Stimulus duration Depends on particular patient
Stimulus intensity Depends on particular patient

MNC — Motor Nerve Conduction SNC- Sensory Nerve Conduction

ronto Clinical Neuropathy Score, sensory, symptoms, and
reflex scores were assessed to assign the study subject as
having polyneuropathy or not. Pin sensitivity, vibration
sensitivity, muscle power, reflex, sensory nerve action
potential, and motor nerve action potential were assessed.

The patients were diagnosed to have neuropathy (painful
and painless) by neuropathy symptom score."* For the
evaluation of the NSS, the participants were asked about
the following symptoms in their feet or legs: (1) Pins and
needles; (2) abnormal cold or hot sensations; (3) lancinating
pain; (4) deep aching pain; (5) burning pain (causalgia); and
(6) irritation of the feet or legs by the bedclothes at night
(hyperesthesia). Each symptom was scored with 1 point if
it was present and 2 points if nocturnal exacerbation was
also present. A score of 4 or more points was considered
to be abnormal.

TNF-at level was measured by drawing 5 ml blood from
individual patients. We centrifuged and separated the
plasma and TNF-o level was measured with Human
TNF-0l enzyme-linked immunoassay (ELISA) kit (Ray Bio
Human I1.6 ELISA kit)."s

After collection of all data, compilation and subsequent
analysis was carried out using appropriate statistical tests.
Calculation of meantSD was done for each measurement.
One-way ANOVA and Student’s t-test were performed and
statistical analysis was carried out by using the GRAPHPAD
PRISM Version 5.00 March 7, 2007.
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RESULTS

Participants

Group 1: Healthy controls without diabetes; Group 2: Control
group patients of T2DM without neuropathy; Group 3: T2DM
with painful neuropathy, and Group 4: T2DM patients with
painless neuropathy.

Descriptive data

Mean age of patients of Group 4 is higher than that of
Group 1, 2, and 3. Duration of diabetes in Group 4 is
also much higher than Group 1, 2, and 3. HbAlc level
also increased through the groups and Group 4 showed
poorest glycemic control. When we assess the neuropathy
score, Group 4 showed significantly higher neuropathy
score than Group 3. Plasma TNF-ot level increases through
Group 1 to Group 3 but interestingly, TNF-ot was found
to be significantly decreased in Group 4. Plasma TNF-o
level did not correlate with severity of neuropathy.

Plasma TNF-ot level was 221.7£46.91 pg/ml in Group 1,
743.6187.27 in Group 2, and 1343%283.8 in Group 3.
Hence, there was gradual increase of plasma TNF-o level
and the P-value between Groups 1 and 3 and between
Groups 2 and 3 was highly significant (P<0.0001 in both
situations) in intergroup statistical analysis.

Plasma TNF level is 441.4£118.3 in Group 4 which
was lower than Group 2 (743.6£87.27) and higher than
Group 1 (221.7+46.91). Intergroup statistical analysis
showed that there was moderately significant increase
(P<0.01) between Group 1 and Group 4 and highly
significant decrease (P<0.0001) between Group 2 and
Group 4.

Plasma TNF level was 13431+283.8 pg/ml in Group 3 but in
Group 4, the level drastically decreased to 441.4+118.3 pg/ml
which is highly significant (P<0.0001) in intergroup statistical
analysis.

DISCUSSION

Our study was conducted to establish any relationship
between plasma TNF-0L concentration and the presence
of polyneuropathy, both painful and painless variants in
T2DM patients of India and explore the possibility of
TNF-o as a marker for the same. In our study, we found
that there was gradual increase of plasma TNF-0l level from
Group 1 to Group 3 and the P value between Groups 1
and 3 and between Groups 2 and 3 was highly significant
(P<0.0001 in both situations) in intergroup statistical
analysis (Table 1).We also observed that though there is
increase in plasma TNF-0 in Group 1 and Group 2 but
interesting finding was that TNF-ot significantly decreased
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in Group 4 (vide Table 2). Intergroup statistical analysis
showed there was moderately significant increase (P<0.01)
between Group 1 and Group 4 and highly significant
decrease (P<0.0001) between Group 2 and Group 4.
Plasma TNF level was significantly decreased in Group 4
(P<0.0001) vide intergroup statistical analysis (Table 3).
Plasma TNF-a level did not correlate with severity of
neuropathy.

We suggest that pro-inflammatory marker TNF-ol is
significantly correlated with the severity of pain in diabetic
neuropathy patients. In diabetic control group (Group 2),
TNF-a level showed a definite tendency to rise that
increases further with development of painful neuropathy
(Group 3). However, in painless neuropathy (Group 4)
although with high TNS score, there is a definite decrement
in TNF-0 marker. Hence, we can suggest that plasma
TNF-o level did not correlate with severity of neuropathy.

Clemente-Gonzalez’ found increased TNF-o level in
diabetic neuropathy regardless of glycemic control.
We also had similar observation. Galloway and
Chattopadhyay'® (2013) in his animal study with Zucker
diabetic fatty rat (ZDF) found that there is an increase in
inflammatory markers TNF-o, IL-1, 6, and 17 in the Dorsal
Root Ganglion (DRG) of T2DM ZDF rat at the onset of
pain in painful neuropathy suggest that inflammation in
the DRG may play an important role in the development
of pain in their model. Their finding is in accordance with
our observation. Empl et al.,” in his study demonstrated
that patient with painful neuropathies showed a stronger
TNF-alpha immunoreactivity in myelinating Schwann
cells compared with patients with non-painful neuropathy,
similar to our observation. Mu et al.,'° observed increase in
plasma TNF-a. levels in painful DPN patients compared
to painless DPN patients. This observation resonates
with our finding, Nurcan et al.,'' in his study measured
blood levels of pro-inflammatory cytokines (IL-1, 6, and
TNF-o)) and anti-inflammatory cytokines (IL-4 and 10)
in 32 patients with painful DPN and 20 patients with
painless DPN and also in 38 healthy controls. There was
increase in pro-inflammatory cytokines in painful DPN
group whereas anti-inflammatory cytokines were higher
(2 fold) in painless DPN patients. He concluded that
pro-inflammatory cytokine profile seems to be associated
with pain in the setting of a peripheral neuropathy. Saleh
etal,,' in his study found that reduced cytokine expression
in DRG is related to diabetic sensory neuropathy so
he inferred that diabetic neuropathy does not involve
neuroinflammatory component. However, in our study,
we found that in painful neuropathy group, inflammatory
cytokines like TNF-a increases significantly and in
painless neuropathy the TNF-0l level in plasma decreased
significantly. Hence, our result suggests involvement of
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Parameters Group 1 Group 2 Group 3 Stat significance Stat sig (P-value)
MeanzSD MeantSD MeanSD (P-value) 1 versus 3 2 versus 3
TNF-a (pg/ml) 221.7+46.91 743.6187.27 1343+283.8 <0.0001 (s) <0.0001 (s)

Parameters Group 1 Group 2 Group 4 Stat sig 1 Stat sig 2 and 4
MeanxSD MeantSD MeanxSD and 4 (P-value) (P-value)
TNF-a (pg/ml) 221.7+46.91 743.6+87.27 441.4+118.3 <0.01 (s) <0.001 (s)
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Limitations of the study

Being single-centered and cross-sectional study carried out
in a relatively small sample size, our study may not have
been able to distinguish the other coincidental factors
affecting the level of TNF-.

CONCLUSION

Our study arrived at an interesting derivation that although
TNF-0 level correlated significantly with the progression of
polyneuropathy in T2DM and presence of polyneuropathy,
it showed a dip, in the painless polyneuropathy, while
increased in painful polyneuropathy. Increasing levels of
TNF-o were also noted with increasing severity of DPN.
This is suggestive of the fact that the increasing levels
of TNF-o may be taken as a marker for progression of
T2DM and probability of having polyneuropathy and
painful polyneuropathy, substantiating its role as a pro-
inflammatory cytokine. However, the decreasing levels of
TNF-a in painless DPN limit its role as a marker in this
variant of DPN.
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