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ABSTRACT

Introduction: The state of Goa has the highest prevalence of
diabetes and prediabetes in India. Pain because of abnormalities
in the somatosensory system due to diabetes is referred to as
Painful Diabetic Peripheral Neuropathy (PDPN). A common
complication associated with PDPN is poor Quality of Life (QoL),
which can lead to lifelong disability.

Aim: To estimate the prevalence of PDPN and its impact on
QoL in patients in Goa, India.

Materials and Methods: In this cross-sectional observational
study, 320 participants were screened at Goa Medical College,
Bambolim, Goa, India, from August 2021 to August 2022,
and 288 were diagnosed with Diabetic Peripheral Neuropathy
(DPN). Among those 288 individuals, 91 reported experiencing
PDPN, as assessed using the Douleur Neuropathique 4 (DN-4)
questionnaire. The investigator interviewed participants aged
18 to 75 years, of all genders, who were diagnosed with
either Type 1 or Type 2 diabetes. Baseline characteristics,
including age, weight, height, Body Mass Index (BMI), duration
of diabetes, and results from the lateralisation test using the
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graded motor imagery app, were recorded. Participants were
assessed using the Neuropathy Symptom Score, and only
those who scored at least 1 were included, indicating the
presence of DPN. These participants then completed the DN-4
questionnaire; those scoring 3 or more were diagnosed with
PDPN. Subsequently, QoL was assessed using the RAND QoL
questionnaire {RAND Short Form Survey (SF-36)}. Demographic
and clinical characteristics were presented as mean+Standard
Deviation (SD). Comparisons between patients with PDPN
and those without PDPN were made using an Independent
t-test. The normality of continuous variables was tested using
the Kolmogorov-Smirnov test. All analyses were carried out
using IBM Statistical Package for the Social Sciences (SPSS)
(version 28.0).

Results: The prevalence of PDPN was found to be 31.6%,
with significant impairments in the physical functioning, social
functioning, and pain domains (p-value <0.001).

Conclusion: The prevalence of PDPN was found to be 31.6%.

Significant impairments in various QoL domains were noted in
participants with PDPN.

Keywords: Activities of daily living, Diabetes mellitus, Painful peripheral neuropathy

INTRODUCTION

Diabetes is a major global public health concern that affects
77 million individuals in India [1]. By 2045, this number is expected
to nearly double, reaching 134 million [1-3]. The rising prevalence
of diabetes has resulted in an increased frequency of chronic
diabetic complications [4]. DPN is the most common chronic
complication associated with diabetes, affecting both sensory
and motor peripheral nerves in individuals with type 1 and type 2
diabetes [5,6]. The lifetime prevalence of DPN is estimated to
be over 50%, with 15-25% of diabetic patients experiencing
neuropathic pain, known as PDPN [7,8]. PDPN is defined as pain
arising as a direct consequence of a lesion or disease affecting
the somatosensory system [9]. It presents with sensory symptoms
that begin symmetrically in the toes and slowly advance up to the
calves before beginning in the fingers and subsequently in the arms
[10]. Symptoms encompass numbness and tingling, and in some
patients, pain that may be described as burning, stinging, shooting,
or deep aching [9,10].

The risk factors associated with PDPN include physical inactivity,
obesity, cigarette smoking, poor glycaemic control, hyperlipidaemia,
lower education level, longer duration of diabetes, lower Low
Density Lipoprotein (LDL) levels, increased uric acid, severe vitamin
D deficiency, and a decreased estimated glomerular filtration rate
[11-13]. PDPN is linked to impaired daily functioning, depression,
sleep disturbances, financial instability, and a marked negative
impact on QoL [14-16]. The DN-4 questionnaire is the validated
and most commonly used as a screening tool for the assessment
of PDPN [17,18]. PDPN significantly affects patients’ QoL and is
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often underdiagnosed, leading to a delays in management [19].
Patients often do not realise that their pain is related to diabetes
and therefore do not report it to their clinician. While neuropathic
pain in diabetes has not been identified as a significant cause of
mortality, severe chronic pain has been associated with an increased
risk of mortality [20]. However, mortality related to pain can often
be traced to analgesic overdoses and suicides resulting from co-
morbid depression [20].

Despite the disabling symptoms caused by PDPN, there is still a
lack of literature on the prevalence of PDPN in Goa, India. Therefore,
understanding the prevalence of PDPN and its impact on QoL will
allow for more diligent screening and management of the diabetic
population. Raising awareness about PDPN and its impact on
QoL will not only help reduce complications but also help reduce
the healthcare burden associated with the disease. This study is
a part of a bigger clinical trial. Estimating the prevalence of PDPN
in the study population will provide new insights into the formation
and implementation of preventive strategies and new treatment
approaches. Hence, the present study aimed to estimate the
prevalence of PDPN and its impact on QoL.

MATERIALS AND METHODS

The present study was a cross-sectional observational study
conducted at the Outpatient Department (OPD) and Inpatient
Department (IPD) of a tertiary care hospital in Goa, India, from
August 2021 to August 2022. Ethical clearance was obtained from
the Institutional Ethics Committee (IEC) of Goa Medical College
and Hospital, with IEC number IEC-GMC/July/2021-56.
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Inclusion criteria: A physical therapist screened potential participants
according to the following criteria: participants of all genders aged 18-
75 years, diagnosed with Type | or Type Il Diabetes Mellitus, having
peripheral neuropathy confirmed by a Diabetic Neuropathy Symptom
Score of 1 to 4, presenting with pain in the feet, and those wiling to
sign the informed consent. Only those who scored at least 1 were
included, indicating the presence of DPN [21]. These participants then
completed the DN-4 questionnaire; those scoring 4 or more were
diagnosed with PDPN [22].

Exclusion criteria: Participants presenting with severe osteoarthritis,
knee or ankle ligament sprains, and fractures of the lower limb within
the last six months; any other neurological disease aside from PDN;
any other disease that may cause pain in the feet and/or damage
to the peripheral nervous system (e.g., ulcers, amputation, vascular
insufficiency); presence of severe cardiovascular and respiratory
diseases; and participants who had been on chemotherapeutic drugs
or radiation in the last 10 years were excluded from the study.

Sample size estimation: The expected proportion was set at
0.163, corresponding to a 16.3% prevalence of diabetic neuropathy
[23]. The precision (margin of error) was set at 5%, and the desired
confidence level was 95%. The sample size (n) was calculated using
the formula n=22pd/d?, resulting in n=208.

- Z=Z value for alpha level=1.96 at 5% alpha error or 95%
confidence interval

- p=prevalence of diabetic neuropathy=16.3%
- g=100-p=100-16.3=83.7%
- d=margin of error=4%

Study Procedure

Baseline characteristics such as age, gender, height, weight, BMI,
duration of diabetes, and results from the lateralisation test using
the Graded Motor Imagery app were recorded. QoL was assessed
using the RAND SF-36 questionnaire. The RAND SF-36 is the
most widely used Health-Related Quality of Life (HR-QolL) survey
instrument in the world. It comprises 36 items that assess eight
health concepts: physical functioning, role limitations caused by
physical health problems, role limitations caused by emotional
problems, social functioning, emotional wellbeing, energy/fatigue,
pain, and general health perceptions, as well as one question on
health change. It is a reliable and valid scale [24].

STATISTICAL ANALYSIS

The demographic and clinical characteristics were presented as
mean+SD. Comparisons between patients with PDPN and those
without PDPN were made using an Independent t-test. The normality
of continuous variables was tested using the Kolmogorov-Smirnov
test. All analyses were carried out using IBM SPSS (version 28.0).
A p-value of <0.05 was considered statistically significant.

RESULTS

In the study, 320 participants were screened, and 288 were diagnosed
with DPN. Among those 288 individuals, 91 reported experiencing
PDPN, as assessed using the DN4 questionnaire. The prevalence
was determined to be 31.6%, as shown in [Table/Fig-1].

The mean age of participants with  DPN without pain was
58.6+9 years, while the mean age of participants with PDPN was
59.8+10 years. The ability to lateralisation for time and accuracy
in both groups was similar. On the other hand, the duration of
diabetes (in years) was more in the PDPN participants with a mean
value of 13+8, compared to 9.1+8 in the group without PDPN.
This result suggests that both groups were not well matched at
baseline, with a p-value of 0.00083 [Table/Fig-2].

The study results indicate a statistically significant difference (p-value
<0.05) in various domains of the RAND-SF 36 between the two
groups. The differences were as follows: physical functioning
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[Table/Fig-1]: Prevalence of PDPN.

Without
Characteristics pain DPN
Mean+SD n=197 PDPN n=91 t-value p-value
Age (years) 58.6+9 59.8+10 -0.9261 0.3552
Weight (kg) 65.5+11 65.8+9 -0.2242 0.8227
Height (mts) 3.3+16 3.3+16 -0.0377 0.97
BMI (kg/m?) 25.2+4 25.5+4 -0.5534 0.5804
8::2)0” of diabstes 9.1+8 13:8 -3.6824 0.0003*
Lateralisation, Mean+SD
Time left (sec) 2.2+1.3 2.2+1.2 -0.1242 0.9013
Time right (sec) 2.3+1.4 2.3+1.3 0.1773 0.8594
Accuracy, left (%) 66.1+24 68+25 -0.7656 0.4445
Accuracy, right (%) 69+23 69+24 -0.0539 0.9571

[Table/Fig-2]: Demographic and clinical characteristics.

*p<0.05, statistically significant

(69+25 for the non pain group and 57.8+27 for the PDPN group,
p=0.0005), role limitations due to physical health (68+42 and
45+45, p=0.0001), role limitations due to emotional problems
(79+£38 and 63+46, p=0.00029), social functioning (80+22 and
70+25, p=0.0004), pain (73+21 and 63+21, p=0.0002), and health
change (62+23 and 45+22, p=0.0217). These results suggest
that individuals experiencing PDPN are more adversely affected
than those without pain associated with DPN. However, the
domains of energy/fatigue, emotional wellbeing, and general health
did not show statistically significant differences between both the
groups [Table/Fig-3].

Without pain DPN PDPN
Domains n=197 n=91 t-value p-value
Physical functioning 69+25 57.8+27 3.6021 0.0005*
Er?ﬁilér;nr?g;?hdue to 6842 45+45 4208 | 0.0001*
Eﬂﬁtmﬂ?&?ﬁﬁ? 79438 63+46 2999 | 0.00029*
Energy/fatigue 53+16 50+17 1.281 0.2010
Emotional wellbeing 62+18 6017 0.489 0.6252
Social functioning 80+22 70+25 3.652 0.0004*
Pain 73+21 63+21 3.723 0.0002*
General health 50+17 46+17 1.642 0.1017
Health change 52+23 45422 2.307 0.0217*

[Table/Fig-3]: Domains of RAND SF-36.

*p<0.05, statistically significant

DISCUSSION

The present study aimed to estimate the prevalence of PDPN and
its impact on QoL in patients in Goa, India. The prevalence of
PDPN was estimated to be 31.6% using the DN-4 questionnaire.
A study conducted by Baxi H et al., reported the prevalence of
PDPN to be 28.85% in New Delhi, India [25]. In contrast, a study
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by Li C et al., in China noted that 57.2% of diabetic neuropathy
patients experienced painful neuropathy [13]. In Hong Kong,
Taiwan, and Thailand, the estimated prevalence of PDPN ranged
from 12% to 18%, while the prevalence in Malaysia was 29%, and
in the Philippines, it was 33% [26].

The mean age of patients with PDPN in this study was estimated to
be 59.8+10 years. Diabetic patients over the age of 60 years were
found to be 1.7 times more likely to develop diabetic neuropathy
compared to those <60 years old [27]. Numerous studies have also
indicated that the risk of diabetic neuropathy rises with age [28-30].

In the present study, the mean BMI of patients with PDPN was
25.5+4 kg/m?. A study conducted by Zhang Y et al., reported a
mean BMI of 24.99+7.51 kg/m? [30]. Contradictory results were
noted in another study conducted in the USA by Petersen EA et
al., which reported a higher mean BMI of 33.7 kg/m? [31]. This
discrepancy may be attributed to the higher prevalence of obesity in
the USA. In both types of diabetes, obesity is linked to endothelial
dysfunction and systemic inflammation, which can contribute to
peripheral neuropathy [32].

The present study reported an average duration of diabetes of
13+8 years for PDPN. Similar findings were observed in the study
conducted by Shillo P et al., which reported an average duration of
15 years [33]. Various structural and metabolic changes in neurons
associated with a longer duration of diabetes have been implicated
in the development of diabetic neuropathy [34,35].

The left and right-sides of the brain are specialised to attend to
different types of information, process sensory inputs in different
ways, and control different types of motor behaviour. This
phenomenon is referred to as hemispheric specialisation or simply
brain lateralisation [36]. In the present study, participants took longer
to complete the lateralisation test and had lower accuracy compared
to normal values. This can be attributed to the neurocognitive
changes observed in diabetic patients, which have been linked to
alterations in both white and grey matter volumes [36-38]. The study
conducted by Segerdahl AR et al., suggested that dysfunction in
the ventrolateral periaqueductal grey-mediated descending pain
modulatory system represents a brain-based mechanism of pain
facilitation that contributes to painful diabetic polyneuropathy [39].

In the present study, PDPN has also been shown to impact physical
functioning, role limitations due to physical health, emotional role
problems, social functioning, pain, and health changes, ultimately
resulting in a low QoL. Pain and other symptoms significantly impact
the QoL and functionality of patients with PDPN, disrupting daily
activities and leading to increased anxiety, depression, and a loss
of self-efficacy [40]. Mobility impairments, such as reduced walking
speeds and difficulty securely navigating the physical environment,
can influence an individual’s socio-economic and mental wellbeing,
thereby affecting physical functioning [41]. In conclusion, symptoms
like pain, anxiety, and sleep disturbances significantly decrease the
QoL in individuals with PDPN [42].

Limitation(s)
Nerve conduction studies were not used as an objective measure
because they were not readily available.

CONCLUSION(S)

The prevalence of PDPN was determined to be 31.6%. Participants
with PDPN exhibited a longer duration of diabetes and experienced
notable impairments in various domains of Qol, like physical
functioning, social functioning, and pain. This study reinforces the
need for targeted interventions and comprehensive management
strategies to address the complex challenges faced by patients
with PDPN. Interventions that target the biopsychosocial aspects,
like physiotherapy, could offer solutions for managing pain, thus
maintaining QoL.
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