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ABSTRACT

Introduction: Distal Peripheral Neuropathy (DPN), which first
affects the lower limbs and then the upper limbs, is one of the
common complications of Type 2 Diabetes Mellitus (T2DM). In
addition to DPN, diabetic patients have lower muscle quality
than non diabetic patients, which is exacerbated by longer
duration of diabetes and poor glycaemic control. Diabetic
induced peripheral neuropathy and changes in the muscle
strength may interfere with bimanual coordination, which refers
to a wide range of situations in which the brain must control
multiple movements at the same time such as performing a task
with two hands.

Aim: To assess and compare Efficiency Index (El) of bimanual
coordination in T2DM and controls.

Materials and Methods: This case-control study was conducted
conducted in the Department of Physiology at Shri RL Jalapa

INTRODUCTION

Diabetes Mellitus (DM) is a most common chronic metabolic
disorder across the world, that causes increase in blood glucose
levels. In India, the prevalence of DM and Impaired Fasting blood
Glucose (IFG) was 9.3% and 24.5%, respectively in the year 2017-
18 [1]. DPN ranks as the most frequent complication among DM
patients, with a prevalence in India ranging from 18.8 to 61.9% [2].
This complication affects 30-50% of patients with DM [3]. Diabetic
neuropathy is a symmetric predominantly sensory neuropathy that
affects lower limbs and later affects the upper limbs. Evidences
suggest that, peripheral neuropathy in DM mostly effects the lower
limbs [4,5] but studies have also highlighted the effects of DM on
upper limbs [3,6]. In clinical practice, DPN in DM is diagnosed by
signs and symptoms such as, numbness or reduced ability to
feel pain or temperature changes, tingling sensation. Sharp pains
or cramps in the limbs, muscle weakness, extreme sensitivity to
touch, foot problems such as ulcers, infections, bone and joint
damage [7]. Subclinical neuropathy affects 58% to 82% and 37%
to 69% of diabetic patients, respectively, on their median and ulnar
nerves [8,9]. Musculoskeletal complications are the most common
long-term complication of diabetes which declines the muscular
function [10]. These changes induced by DM might interfere with
regular coordinating movements of both hands like the bimanual
hand coordination. Bimanual coordination encompasses an array
of situations in which the brain must control multiple movements
all at the same, for instance when the authors used two hands to
try and control an object or carry out an action. In order to carry
out the daily activities, movements of both hands must be finely
coordinated [11].

The central and peripheral nervous systems’ integrity is critical
for bimanual coordination [12-15]. Diabetic-induced peripheral
neuropathy and changes in muscle strength may hinder diabetics’
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Hospital, Kolar, Karnataka, India, from August 2019 to September
2019. The study included 50 participants, 25 with T2DM and 25 age
matched controls. The bimanual hand coordination test apparatus
was used to assess the efficiency of bimanual hand coordination.
The data obtained was analysed using Statistical Package for
Social Sciences (SPSS) version 20.0.

Results: The mean age of the study participants was 57.16+9.54
years and controls was 54.15+5.52 years and were age matched
with p-value >0.426. Mean HbA1C of the cases was 8.36+1.88
mmol/mol. There was significant decrease in efficiency of
bimanual coordination among type 2 diabetics as compared to
non diabetics (p-value <0.001).

Conclusion: The findings of the present study showed a
decrease in bimanual coordination efficiency among diabetics,
indicating the importance of performing hand function tests in
T2DM alongside other routine examinations.
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ability to perform bimanual coordination. Diabetes complications
on bimanual hand coordination function have received far less
attention. The purpose of the present study was to assess the
efficiency of bimanual hand coordination in DM patient population
and to compare the efficiency with age matched controls. The
present study may aid in improving patient care, freedom in daily
living activities, and general wellbeing.

MATERIALS AND METHODS

This case-control study was conducted in the Department of
Physiology at Shri RL Jalapa Hospital, Kolar, Karnataka, India. The
duration of the study was 2 months, from August 2019 to September
2019. The study was chosen for a short-term studentship project
sponsored by the Indian Council of Medical Research (ICMR)
in 2019. The Institutional Ethics Committee approved the study
(Document No. SDUMC/KLR/IEC/24/2019-20).

For the present study, a convenient sample 25 people with T2DM
who went to the Department of Medicine for regular check-ups and
diabetes treatment were recruited. A similar number of age matched
controls with no history of DM were recruited from the hospital’s
patient attendants or administrative staff. A written informed consent
was obtained from all the subjects recruited for the studly.

Inclusion criteria:

For cases:

e Subjects more than 30 years of age of both genders.
e Diagnosed with Type 2 Diabetes Mellitus (T2DM) [16]
e On treatment for DM more than 5 years.

For controls:

e Subjects more than 30 years age of both genders.

e Never diagnosed with type 1 and 2 DM.
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Exclusion criteria: For both cases and controls:
e History of motor, behavioural,

neurologic deficits.

orthopaedic, learning or

e Subjects with history of primary uncorrected visual defect.
e History of alcohol abuse and vitamin deficiencies.

Study Procedure

On the same day of the experiment, each diabetic participant’s
glycated haemoglobin (HbA1c), fasting blood glucose, and
postprandial blood glucose levels were tested. The healthy
individuals recruited for the study had their blood sugar tested on
the spot and found to be less than 140 mg/dL. To assess bimanual
coordination: Bimanual hand coordination test apparatus [Table/
Fig-1] with electric chronoscope (calibrated and validated by Anand
agencies, Pune) was used to assess bimanual coordination in T2DM
patients and controls.

[Table/Fig-1]: Bimanual hand coordination test apparatus with electronic
chronoscope.

All subjects had to trace the figure on the apparatus from start to
finish using two handles with both hands at the same time using
the pointer, whereas, if the pointer touches the walls of the figure
on the apparatus, an error (e) is committed and the chronoscope
digitally records it in seconds. They were given three trials, each
with a five-minute break in between. They were given ten minutes
to rest before beginning the task at hand. The total time required
to complete the test (T) and the error (e) committed during task
completion were both recorded in seconds. The El was computed
as E.|I=(T-e)/T *100 in both diabetics and non diabetics [17].

STATISTICAL ANALYSIS

The data obtained was analysed using SPSS software version 20.0.
Mean+SD was used for data with normal distribution. The Mann-
Whitney test was used to compare the El among case and control
groups. The p-value <0.05 was considered statistically significant.

RESULTS

The study included 50 participants, 25 who had T2DM and 25 of
whom did not. A total 12 (24%) were females and 38 (76%) were
males. Diabetics had a mean age of 57.16+9.54 years, while
non diabetics had a mean age of 54.15+5.5 years. Both groups
were age matched (p-value=0.426). The baseline characteristics
of both, study and control groups are given in [Table/Fig-2]. The
normality was checked using Shapiro-Wilk test, which showed that
El was not normally distributed (W=0.642, p-value <0.001). Mann-
Whitney U test indicated that, El of bimanual hand coordination was
significantly decreased in DM (median- 94.46: Confidence Interval
(C1)-92.10-95.26) than for non diabetics (median-97.40:CI-96.45-
98.67), U=101.00, n1=n2=25, p-value <0.001 [Table/Fig-3,4].

DISCUSSION

Distal symmetric sensorimotor polyneuropathy is a most common
complication of DM. Early diagnosis of DPN can decrease
morbidity, by intervening potential therapies and patient education.

www.jcdr.net

Type 2 diabetics | Non diabetics

Variables (Mean+SD) (Mean+SD) p-value
Age (years) 57.16+9.54 54.15+5.526 0.426
Duration of diabetes (years) 7.48+5.10 NA NA
Fasting blood sugar (mg/dL) 148.4+46.19 NA NA
Post prandial blood sugar (mg/dL) 242.56+86.79 NA NA
HbA1C (%) 8.36+1.88 NA NA
Random blood sugar (mg/dL) NA 101.1£16.11 NA

[Table/Fig-2]: Baseline characteristics of type 2 diabetics (n=25) and non diabetics

(n=25).

T2DM (n=25) Non diabetics
Variable median (Cl) (n=25) median (Cl) | U value | p-value
:EET)'C'E”CV Index | 94 46 (92.10-95.26) | 97.40 (96.45-98.67) | 101 | <0.001

[Table/Fig-3]: Comparison of Efficiency Index (El) as determined by bimanual
hand coordination among T2DM and non diabetics.
Mann-Whitney test
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[Table/Fig-4]: Comparision of Efficiency Index (El) determined by bimanual hand

coordination among type 2 diabetics and non diabetics.

The neuropathy in diabetes mostly affects the sensory and motor
component of both upper and lower limbs. In the present study,
bimanual hand coordination test was used to determine the El
among the type 2 diabetics and non diabetics. The findings showed
a significant decrease (p-value <0.001) in El of type 2 diabetics
compared to the non diabetics thus, indicating delay in completion
of the task and increase in error committed during completion of
the task. Study on bimanual coordination has followed the patterns
of cyclic movements like finger tapping with one hand while tracing
circle with other [18]. Two studies have shown performance index
as means to quantify bimanual coordination performance which is
dependent on total time and error committed [19,20]. In the present
study, bimanual coordination was assessed by El which is dependent
on total time and error committed in completion of task.

The possible explanation for decrease in efficiency of bimanual
coordination among T2DM may be attributed to abnormal cross
linking of collagen fibres in muscle and associated structures, due to
accumulation of advanced glycosylation end products which affects
the strength and leads to decrease in hand functions [21]. The delay
in performance of the task and error committed affects the activities
of daily living that involve coordinated movement of both the hands
[22,23]. There is a decrease in interlimb coordination in diabetics
which occurs at a slower pace and the patient is unaware of the
damage [24]. The muscle weakness that is associated with diabetes
in humans is attributed to combination of distal neuropathy and
changes that occur in the muscle itself which include accumulation
of fat deposits [25]. The decrease in coordination movements
together with DPN may increase risk for functional dependency
in T2DM [10]. Along with effect of diabetes on peripheral nervous
system, diabetes also effects the central nervous system. Studies
have shown that, high glycaemic changes, especially recurrent
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hyperglycaemic attacks are very seriously associated with structural
changes in the brain [26-29].

The Research Society for the Study of Diabetes in India (RSSDI) in
its publication [30,31] on the clinical practice recommendations for
the management of T2DM, recommends ophthalmic examination,
the cardiovascular system, foot examination, renal function test
frequently but, examination of the hand for hand functions and
bimanual coordination is seldom mentioned. The findings of the
present study indicate the need to include testing of hands and also
bimanual coordination routinely so that, an early intervention can
improve hand functions and quality of life among T2DM.

Limitation(s)

The current study’s findings cannot be extrapolated to a larger
population, but they can be used as a pilot study to study a larger
sample size and provide more evidence. Future research should
account for other confounding factors that may interfere with hand
functions in T2DM patients.

CONCLUSION(S)

Bimanual coordination is very important to carry out day-to-day
tasks. The present study showed that, the efficiency of bimanual
coordination decreased in T2DM patients. This may affect the
hand functions in T2DM patients. The findings of the present study
indicate the importance of routinely testing hands and bimanual
coordination alongside ophthalmic examination cardiovascular
system, foot examination, and renal function test as clinical practise
recommendations for the management of T2DM, So that, early
intervention can improve hand functions and quality of life in T2DM
patients.
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