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Background: Diabetic Peripheral Neuropathy (DPN) is a common complication
of type 2 diabetes mellitus (T2DM), and is closely linked to poor glycemic control.
However, little is known about how environmental and lifestyle differences between
urban and rural settings affect the risk of DPN.

Purpose: This study aimed to identify and compare the risk factors of DPN among
T2DM patients living in rural and urban areas.

Methods: A comparative cross-sectional design with convenience sampling was
used to recruit 156 T2DM patients from both urban (Surabaya) and rural
(Lamongan) areas of East Java, Indonesia. Data were collected using the Vascular
Quality of Life-6 (VQ-6), Diabetic Neuropathy Symptom (DNS), Diabetic
Neuropathy Examination (DNE), and Ankle-Brachial Index (ABI). Logistic
regression was performed for analysis, with a significance level set at p<0.05.
Results: The mean age of rural participants was 55.86 (SD=8.4) years, slightly
younger than that of urban participants at 57.27 (SD=9.3) years. Urban residents
had higher education levels (37.7%), but engaged less in regular physical activity
(51.9%). The risks of DPN were significantly higher in rural areas (p<0.05), with key
contributing factors including higher ABI (OR=17.07), more diabetic neuropathic
symptoms (OR=3.35), multiple diabetes medications (OR=10.27), lower physical
activity (OR=0.24), and lower education level (OR=0.25). Of these, ABI was the
strongest predictor of DPN risks.

Conclusion: Rural T2DM patients are at greater risk of DPN due to vascular and
neuropathic complications combined with sociodemographic disadvantages. These
findings highlight the importance of early detection and tailored education
programs for rural communities to prevent and manage DPN.
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1. Introduction

Diabetes mellitus (DM) is a critical public health problem. A total of 588.7 million people had
diabetes worldwide in 2024, and it is estimated that the number will increase by 45% in 2050.
The incidence is higher in low- and middle-income countries, with 3 in every 4 adults having DM
(International Diabetes Federation, 2025). Urban areas had a higher diabetes prevalence (12.1%)
than rural areas (8.3%) (Sun et al., 2022). Indonesia, a middle-income country, is the fifth highest
country with diabetes cases in the world, with 28.6 million living with DM, and projections
estimated that the national diabetes prevalence will rise from 9.19% in 2020 (18.7 million cases)
t0 16.09% in 2045 (40.7 million cases) (Wahidin et al., 2024). The province of East Java had the
5th-highest prevalence of DM in Indonesia in 2018, and type 2 DM accounted for 57% of all DM
cases in East Java hospitals (Ministry of Health, Republic of Indonesia, 2018). It is estimated that
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80% of the global population with diabetes lives in developing countries, including Indonesia
(Katulanda et al., 2012).

Recent studies show that disparities in healthcare access, lifestyle behaviors, socioeconomic
conditions, and health literacy contribute to differences in the risks and management of diabetic
peripheral neuropathy (DPN) between rural and urban areas. Rural residents, whose livelihoods
are predominantly related to agriculture or manual labor, often face higher barriers to preventive
care, limited healthcare facilities, and lower awareness of neuropathic symptoms, leading to
delayed diagnosis and treatment of DPN (Sun et al., 2022). Meanwhile, urban dwellers, many of
whom are engaged in office-based occupations, generally have better access to healthcare but are
more likely to adopt sedentary lifestyles and unhealthy diets, which increase metabolic risk factors
(Tripathy et al., 2017). Therefore, understanding these contextual differences is crucial for
designing targeted interventions and early detection programs for DPN in Indonesia.

Diabetic peripheral neuropathy (DPN) significantly decreases patients’ quality of life and
imposes a considerable burden on healthcare systems (Sun et al., 2025). DPN was operationally
defined as the presence of neuropathic symptoms and signs in the lower extremities, including
neurological deficits, sensory complaints, and vascular complications. These symptoms could be
assessed using the Diabetic Neuropathy Symptom (DNS-Ina) and Examination (DNE) scores, the
Ankle-Brachial Index (ABI), and the VascuQoL-6 questionnaire. This combined approach allowed
a comprehensive evaluation of both neuropathic and vascular components associated with DPN
(Elafros et al., 2022). DPN is one of the complications in a patient with type 2 diabetes. The more
uncontrolled DM, the faster the neuropathy develops (Amelia et al., 2018). DPN affects 30-50%
of people with diabetic foot ulcers (Yang et al., 2018). Patients rarely treat neuropathy because
they do not know the symptoms, and this problem interferes with the patient’s quality of life. In
the United States, 60-70% of T2DM patients develop complications of DPN (Lutfiyya et al., 2011),
while in Indonesia, 43% of 16,800 T2DM patients had neuropathy and were at risk for
amputations (Rahmawati & Hargono, 2018).

Early identification and prevention can be used to prevent worsening of neuropathy. Early
detection of neuropathy is essential in DM patients, and preventive interventions are used to
reduce morbidity (Amelia et al., 2018). Most studies on DM’s prevalence and risk factors are from
developed countries, while data from developing countries are relatively few, especially from the
Asian region (Mgrkrid et al., 2010). Environmental factors, such as urbanization, lifestyle, and
genetic susceptibility, are considered possible causes of the T2DM epidemic in Asia (Lee et al.,
2010). The prevalence of undetected micro- and macrovascular complications of DM is higher in
rural areas than in urban areas due to poor diabetes control, limited awareness, and limited access
to health services (Deepa et al., 2014; Govindarajan Venguidesvarane et al., 2020).

Few studies have been conducted to identify the contemporary prevalence and risk factors of
DPN in urban and rural T2DM patients in Indonesia, including the province of East Java. Recent
research in Indonesia is generally single-center and cross-sectional, focusing on individual risk
factors such as glycemic control, diabetes duration, and dyslipidemia in urban clinic populations
(Amelia et al., 2019; Susanti et al., 2025). Meanwhile, national studies have shown substantial
heterogeneity and inconsistent diagnostic methods, without considering stratification by
residence (Agnez et al., 2025; Contesa et al., 2025; Malik et al., 2020; Susanti et al., 2025).
However, it should be noted that environmental factors can affect the development or progression
of T2DM differently between urban and rural residents (Aung et al., 2018; Mekuria-Negussie &
Tilahun-Bekele, 2024; O’Connor & Wellenius, 2012; Yang et al., 2024). Rural residents often face
limited access to healthcare services, including fewer facilities and medical professionals, leading
to delayed diagnosis and management of diabetes complications (O’Connor & Wellenius, 2012).
They also contend with lower health literacy and socioeconomic constraints, which reduce
adherence to self-care and preventive behaviors (Wang et al., 2024). In contrast, urban residents,
despite better access to healthcare, are typically exposed to sedentary lifestyles, higher stress
levels, and diets rich in processed foods, all of which contribute to poor glycemic control and
increased DPN (Ramalivhana et al., 2024; Talukder et al., 2024). Consequently, a study
comparing risks of DPN between rural and urban T2DM patients that uses standardized screening
and adjusts for clinical and contextual determinants directly fills the current evidence gap.

Although the data collection was conducted more than five years ago, this study remains
highly relevant and significant for several reasons. So far, studies in Indonesia have not addressed
the risk of diabetic peripheral neuropathy (DPN) in type 2 diabetes patients by comparing urban
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and rural populations, particularly within the context of East Java. Most existing Indonesian
studies have focused only on the prevalence of DPN in single settings or hospital-based
populations without comparing geographic or environmental differences (Susanti et al., 2025;
Aleidan et al., 2020). DPN continues to be a major complication of diabetes worldwide, and its
burden has not decreased over time (Pop-Busui et al., 2017; Tesfaye et al., 2010). In Indonesia,
the prevalence of type 2 diabetes is increasing, particularly in rural communities, where access to
health care and early detection of complications remain limited (Soewondo et al., 2013).
Understanding the factors that influence DPN occurrence in urban and rural areas enables the
identification of the best ways to prevent it. Therefore, this study aims to describe the risk of DPN
among T2DM patients living in rural and urban areas of East Java Province, Indonesia.

2. Methods
2.1. Research design

A descriptive comparative design with a cross-sectional approach was adopted in this study.
This design was used to compare risk factors for DPN between rural and urban areas in T2DM. It
is suitable for identifying and comparing characteristics, health outcomes, or risk profiles between
two or more groups at a single point in time (Polit & Beck, 2017). The cross-sectional approach is
commonly used in epidemiological and clinical studies because it allows researchers to assess the
prevalence of a condition and examine associations between variables efficiently, without long-
term follow-up (Setia, 2016).

2.2. Setting and samples

Participants who met the following inclusion criteria were included: (1) people who lived in a
village or a city for more than six months (this period aligns with definitions used in Indonesia’s
national health surveys (Riskesdas), which employ a >6-month residency threshold to determine
usual place of living and to ensure adequate exposure to the area’s environmental and health-
related factors) (National Institute of Health Research and Development, 2018), (2) people who
were diagnosed with DM for two years or more, and (3) people aged 30 years and above. The
exclusion criteria were T2DM patients with diabetic foot ulcers. Convenience sampling was used
to recruit eligible T2DM patients attending primary health care during the study period, making
the process practically feasible within the available time and resource constraints (Elfil & Negida,
2017; Etikan, 2017). The sample size was calculated using the standard formula for comparison
of two proportions (two-sided a=0.05, power=80%). The input parameters required for the
calculation were the expected proportions in each group, the significance level, the desired power,
and the allocation ratio. The estimated sample per group from this calculation was adjusted to
account for a 10% non-response rate. This followed standard epidemiologic practices (Daniel &
Cross, 2013; Kadam & Bhalerao, 2010; Lwanga & Lemeshow, 1991; Setia, 2016).

The population was selected using similar numbers from both rural and urban areas. A total
of 156 participants were calculated from the sample size estimation, divided into 77 patients from
the city of Surabaya, representing urban areas, and 79 patients from Lamongan district, a rural
area in the province of East Java, Indonesia. Although the numbers were not identical, they were
considered equivalent for comparative analyses, as minor differences in final group size
commonly occurred due to variations in participant availability and eligibility during community-
based data collection. Such small deviations did not meaningfully affect statistical power or group
comparability in cross-sectional studies (Leyrat et al., 2024; Makwana et al., 2023; Setia, 2016).
Surabaya was chosen to represent the urban area as the capital of East Java, a metropolitan area
with a population over 3 million, high population density, better healthcare infrastructure, and
mostly engaged in office, service, or industrial work (The Central Bureau of Statistics Surabaya,
2021). Conversely, Lamongan was selected to reflect a rural area, given its agriculture-dominated
economy, lower population density, and more restricted access to healthcare services (The Central
Bureau of Statistics, Lamongan Regency, 2021). These distinctions provided a strong basis for
comparing how environmental and lifestyle differences contributed to the risks of DPN among
individuals with T2DM.

2.3. Measurement and data collection
In this study, the risk of diabetic peripheral neuropathy (DPN) was assessed using the
Diabetic Neuropathy Symptom Score (DNS-Ina), which had been validated for Indonesian
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populations as a simple screening tool. Additional examinations included the Diabetic
Neuropathy Examination (DNE) for clinical signs, the VascuQoL-6 (VQ-6) for vascular-related
quality of life, and the Ankle—Brachial Index (ABI) for vascular function. The researchers
conducted measurements of Fasting Capillary Blood Glucose (FCG), Ankle Brachial Index (ABI),
and vascular examinations. All procedures were performed by trained health professionals,
including nurses and physicians experienced in diabetes care and vascular assessment, ensuring
the accuracy and reliability of the data collection. Neurological examinations for DPN were
conducted by trained physicians specializing in diabetes care and neurology, supported by trained
research nurses. Prior to data collection, all examiners underwent a standardized familiarization
and training process, which included: (1) a review of the examination protocol and criteria for
each neurological test; (2) a hands-on demonstration session led by a senior neurologist; (3)
supervised practice sessions on volunteer subjects to ensure consistency in test administration;
and (4) calibration of scoring through inter-observer comparison. Examiners were required to
achieve agreement on test procedures and scoring before they were allowed to perform the
assessments independently.

Data were collected between August and October 2019 at primary health care centers in
Lamongan and Surabaya. The data included demographic and lifestyle characteristics (age,
residence, gender, exercise habits, education, smoking habits, history of drug or medication use,
and duration of diabetes diagnosis) as well as clinical assessments using the VQ-6, DNS, DNE,
and ABI questionnaires. Trained examiners assisted with participant recruitment, appointment
coordination, and administration of the demographic and lifestyle questionnaires under the
supervision of the research team. Recruitment was conducted at both primary health centers. Oral
and written information was provided, and participants who met the inclusion criteria and agreed
to take part were asked to sign an informed consent form. Participants were also asked to select
preferred data collection times and to fast for at least 8 hours before their appointment.

Researchers collected capillary blood samples from participants using the Easy Touch glucose
meter to measure the FCG. The Easy Touch glucose meter was calibrated and quality-checked
daily using the manufacturer’s control solutions to ensure accurate fasting capillary blood glucose
measurements (Dai et al., 2004). The FCG test is an appropriate tool for mass screening to detect
diabetes and pre-diabetes with acceptable test properties (Zhao et al., 2013). In this study,
classification of participants with type 2 diabetes mellitus was not based solely on FCG results.
DM status was also confirmed by a documented history of medical diagnosis by a physician
and/or HbA1c test results (=6.5%), in accordance with the American Diabetes Association (2010)
and the national guideline published by the Indonesian Society of Endocrinology (2021). The FCG
test in this study was used to reflect participants’ current glycemic control status.

ABI examination was carried out by comparing the ratio of leg systolic blood pressure (ankle)
and arm (brachial) systolic blood pressure using a Riester Precisa N Aneroid Sphygmomanometer
(Miller, 2012). This examination is considered the most superficial screening examination to
detect vascular complications, i.e., peripheral arterial disease (PAD); however, it is non-invasive,
cost-effective, and suitable for primary care settings (American Diabetes Association, 2023; Noor
et al., 2017). The ABI calculation formula is the leg systolic value divided by the arm systolic value.
The average value of <0.90 was considered abnormal and an indication of PAD or vascular
dysfunctions (Aboyans et al., 2018; Curry et al., 2018; Gerhard-Herman et al., 2017). Two
measurements were taken on each leg after the participant had rested for at least 10 minutes in a
supine position. The average value was used for analysis. Respondents were instructed to avoid
smoking, caffeine intake, and vigorous physical activity for at least 30 minutes prior to the
examination. Blood pressure cuffs were applied to both arms and ankles, and systolic pressures
were obtained using a Riester Precisa N Aneroid Sphygmomanometer. The sphygmomanometer
was checked and calibrated according to the manufacturer’s guidelines.

The vascular quality was measured by the VQ-6 questionnaire, which was developed
especially for clinical use in vascular registries, as the self-reported endpoints were essential to
evaluate the outcome. The VQ-6 also provides a concise summary score that is practical to use as
an index and suitable for incorporation into vascular registry systems. The action was recently
introduced in the Swedish vascular registry (Swedvasc -http://www.ucr.uu.se/swedvasc/)
(Nordanstig et al., 2014). The VQ-6 consisted of 6 items scored on a 4-point Likert scale, yielding
total scores from 6 to 24, with higher scores indicating better vascular health (Larsen et al., 2020).
The Indonesian version used in this study was translated and culturally adapted using standard
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forward—backward translation procedures reviewed by an expert panel. A pilot test confirmed
that the Indonesian version was clear and comprehensible. The VQ-6 demonstrated good
reliability (Cronbach’s a = 0.82) and validity, with item correlations ranging from 0.56 to 0.78.

The Indonesian version of the Diabetic Neuropathy Symptom questionnaire (DNS-Ina) was
used to assess peripheral diabetic neuropathy complaints. This questionnaire consists of 4
dichotomous (yes/no) questions regarding symptoms and signs of peripheral nerve dysfunction
in diabetics over the past 2 weeks. The patients were categorized as having neuropathy if the score
was >1 and as not having neuropathy if the score was 0. A previous study reported the reliability
of the neurological score test for sensorimotor neuropathy assessment in type 2 DM patients, with
87% inter-rater reliability (Mardastuti et al., 2016). Although medical diagnostic examinations
such as nerve conduction studies, electromyography, and monofilament testing are considered
the gold standard, their use in large-scale field studies is limited by cost, time, and the need for
specialized equipment and expertise (Tesfaye et al., 2010). The DNS has been widely validated as
a reliable screening instrument for DPN, demonstrating good diagnostic performance compared
with clinical and electrophysiological examinations. The DNS-Ina score had a sensitivity of
64.41% and a specificity of 80.95% (Herman et al., 2012; Mardastuti et al., 2016).

Diabetic neuropathy examination (DNE) was used to detect diabetic neuropathy using a
reflex hammer, a 128Hz tuning fork, and a monofilament, with a sensitivity of 77.14% and a
specificity of 77.78% (Amelia et al., 2019). The neurological deficits could be grouped into those
due to enormous fiber damage and those due to slight fiber damage. The former deficits included
decreased or lost ankle reflex response and vibration sensibility in the dorsal joint of the big toes.
In contrast, the latter deficits were reduced or loss of sensation of pain and touch on the back of
the foot. The DNE assessment has a maximum score of 16, indicating total sensory loss. The DNE
scores >3 indicate positive neuropathy, while the scores <3 show negative neuropathy
(Mardastuti et al., 2016; Pop-Busui et al., 2017). The neurological examinations for diabetic
peripheral neuropathy were performed by trained physicians specializing in diabetes care and
neurology, supported by trained research nurses.

2.4. Data analysis

Descriptive statistics provide frequencies and percentages for categorical variables and
means and standard deviations for numerical variables. Statistical analysis was performed using
SPSS version 21.0 for Windows. We compared the characteristics of participants with T2DM
between the rural and urban groups using the chi-square test, independent-samples t-test, and
Mann-Whitney test, with 95% confidence intervals. Multivariable logistic regression was used to
identify DPN risk factors according to the recommended procedure (Hosmer et al., 2013).
Significance level of <0.05 was used for all statistical tests.

2.5. Ethical consideration

This study obtained ethical approval from the Committee on Human Research Ethics, Faculty
of Nursing, Universitas Airlangga (Ethical Approval No. 1591/KEPK). All participants were
informed about the purpose, procedures, potential benefits, and risks of the study. Written
informed consent was obtained from each participant prior to data collection, and their
participation was voluntary. Participants were also assured of the confidentiality of their personal
information and the right to withdraw at any time without any consequences.

3. Results
3.1. Characteristics of Participants

The results showed that more than 70% of participants were women in both urban and rural
settings (Table 1). The mean age of the study population was 55.86(SD=8.378) years in rural
areas, which was slightly younger than that of urban participants. The educational level of the
participants was higher in urban than in rural areas (37.7% vs. 13.9% in the higher education
level). People living in the city tended to engage in less regular physical activity (31.6% vs. 51.9%)
and had higher fasting blood glucose levels (71.4% vs. 45.6%) than those living in the countryside.
The duration of T2DM was similar between patients living in rural and urban areas (6.2 years vs.
5.9 years). These findings concluded that, among the sociodemographic characteristics,
significant differences were observed in educational level, DM medication, physical activity, and
fasting blood sugar levels between urban and rural participants.
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Table 1. Sociodemographic characteristics of the participants (n=156)

Characteristics Rural Urban p
1(%) Mean(SD) (%) Mean(SD)
Age (year) 55.86(8.378) 57.27(9.259)  0.319**
Gender 0.781*
Male 21 (26.6) 22 (28.6)
Female 58 (73.4) 55 (71.4)
Education level 0.001*
Low education 68 (86.1) 48 (62.3)
Higher education 11 (13.9) 29 (37.7)
Length of DM diagnosis (year) 6.23(5.724) 5.91(6.057)  0.670%**
Cigarette use 0.108*%
Yes 3(3.8) 8 (10.4)
No 76 (96.2) 69 (89.6)
DM medication 0.001*
No medication 2(2.5) 20 (25.9)
Oral medication (OAD) 77(97.5) 57 (74.1)
Physical activities 0.010%
Regular 54 (68.4) 37 (48.1)
Irregular 25 (31.6) 40 (51.9)
Fasting blood sugar 0.001*
Normal (FCG < 126) 43 (54.4) 22 (28.6)
High (FCG > 126) 36 (45.6) 55 (71.4)
Obesity 0.342*
Normal (BMI<27) 52 (65.8) 45 (58.4)
Obese (BMI> 27) 27(34.2) 32 (41.6)

Notes. *Chi-square test ** Independent Samples Test ***Mann Whitney test. Low education=no formal education
and primary education. Higher education=secondary education and higher education.

3.2. Risk factors for DPN based on neuropathy-related signs and symptoms

As shown in Table 2, the risk factors for diabetic peripheral neuropathy (DPN) based on signs
and symptoms in the vascular and peripheral nerves measured by using DNE, DNS, ABI, and VQ-
6 were significantly different based on the place of residence (p<0.05), pointing out that rural
residents had higher risks of DPN. The results showed that T2DM patients living in rural areas
had significantly higher proportions of vascular impairment, as assessed by ABI (34.2%, p=0.001)
and VQ-6 scores (770.9%, p=0.020), indicating a greater risk of peripheral arterial disease than
urban participants. Table 2 also showed that respondents living in the village had more
neuropathic symptoms according to DNS and DNE than those living in the city (69.6% vs. 48.1%
and 43.1% vs. 24.7%, respectively).

Table 2. Risks of DPN based on the signs and symptoms of the vascular and peripheral nerves

Variables Rural Urban p
Diabetic Neuropathy Symptoms (DNS) .007*
Neuropathy negative symptoms 24 (30.4) 40 (51.9)
Neuropathy positive symptoms 55 (69.6) 37 (48.1)
Diabetic neuropathy examination (DNE) .017*
Score 3 (neuropathy negative) 45 (56.9) 58 (75.3)
Score >3 (positive neuropathy) 34 (43.1) 19 (24.7)
Vascular Quality of Life Questionnaire (VQ-6) .020*
Low risk 23 (29.1) 36 (46.7)
High risk 56 (70.9) 41(53.3)
Ankle Brachial Index (ABI) .001*
ABI >0.9 52 (65.8) 73 (94.8)
ABI 0.9 27(34.2) 4(5.2)

Notes. *Chi-square test
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3.3. Factors associated with the risk of DPN

Based on multivariate logistic regression (Table 3), higher ABI (OR=17.07, 95%CI=4.22—
69.01), more diabetic neuropathy symptoms (OR=3.35, 95%CI=1.35-8.32), more diabetes
medications (OR=10.27, 95% CI=1.83-57.74), lower physical activity (OR=0.24, 95%CI=0.09—
0.68), and lower education level (OR=0.25, 95%CI=0.10—0.60) were significantly associated with
the risk of DPN (p<0.05). Conversely, diabetic neuropathy examination (DNE) and vascular
quality of life (VQ-6) were not significantly associated in the final model. This study also found
that ABI was the most significant risk factor for DPN in rural areas, with DM villagers with higher
ABI 17.07 times more likely to experience DPN than urban residents.

Table 3. Factors associated with the risk of DPN among T2DM patients

Variable Coefficient (B) p OR (95%CI)
Step1  ABI 2.776 0.001% 16.05 (3.92-65.64)
Diabetic neuropathy symptoms (DNS) 1.224 0.009% 3.39 (1.36-8.49)
Diabetic neuropathy examination (DNE) .855 0.083 2.35 (0.89-6.17)
Vascular Quality of Life Questionnaire 0.000 0.783 0.17 (0.07-0.44)
Physical activity -.425 0.341 0.65 (0.27-1.57)
Level of education -1.327 0.012* 0.27 (0.09-0.75)
Fasting blood sugar -1.340 0.003* 0.26 (0.11-0.64)
DM medication consumption 2.303 0.008* 10.00 (1.84-54.53)
Constant -1.134 0.189 0.322
Step2  ABI 2.837 0.001% 17.07 (4.22-69.01)
Diabetic neuropathy symptoms (DNS) 1.209 0.009* 3.35 (1.35-8.32)
Diabetic neuropathy examination (DNE) 0.821 0.092 2.27(0.87-5.92)
Vascular Quality of Life Questionnaire 0.001 0.783 0.17 (0.07-0.44)
Physical activity -1.410 0.007* 0.24 (0.09-0.68)
Level of education -1.399 0.002% 0.25 (0.10-0.60)
DM medication consumption 2.330 0.008* 10.27 (1.83-57.74)
Constant -1.317 0.117 .268

Notes. *Significant at <0.05

4. Discussion

This study aimed to identify and compare the risk factors of diabetic peripheral neuropathy
(DPN) among T2DM patients living in rural and urban areas of East Java, Indonesia. The main
result was that the proportion of DPN based on signs and symptoms in the legs’ vascular and
peripheral nerves was higher in the rural T2DM population than in those living in urban areas.
The findings also showed that both neuropathic symptoms (DNS, DNE) and vascular
complications (ABI, VQ-6) were significantly associated with the place of residence, with rural
participants showing a higher risk profile compared to urban participants. This is consistent with
previous studies in developing countries, which reported that rural populations with T2DM often
face higher risks of DPN (Nanayakkara et al., 2018; Tesfaye et al., 2010). This finding might be
attributed to differences in lifestyle, access to healthcare services, and delayed detection of
diabetes-related complications. Limited access to healthcare services often leads to delayed
diagnosis, fewer routine screenings, and inadequate monitoring of glycemic status, allowing
neuropathic damage to progress unchecked. Lower awareness and health literacy can reduce
patients’ ability to recognize early symptoms of neuropathy, adherence to medications, and self-
care behaviors critical for preventing complications. Additionally, suboptimal diabetes control,
often driven by financial constraints, irregular clinic visits, limited availability of diabetes
education, and restricted access to laboratory testing, contributes to chronic hyperglycemia and
microvascular injury, both of which accelerate neuropathy progression. These findings are
consistent with studies from other developing countries, which demonstrate that rural T2DM
populations have a higher risk of DPN due to structural, socioeconomic, and healthcare disparities
(Nanayakkara et al., 2018; Tesfaye et al., 2010; Yang et al., 2025).

Surprisingly, based on the gender distribution in this study, almost two-thirds of the
participants were women in urban and rural areas. This gender imbalance may have contributed
to the observed differences in DPN proportions. Previous studies have reported that women with
type 2 diabetes may experience higher rates of neuropathic symptoms and poorer quality of life
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related to neuropathy compared to men (Abdissa et al., 2020; Callaghan et al., 2015; Tesfaye et
al., 2010). Several factors may explain this disparity. Hormonal influences, particularly changes
in estrogen levels, can modulate nerve repair, inflammation, and pain perception, thereby
increasing women’s susceptibility to neuropathy (Yang et al., 2025). A study in Bangladesh found
that women often do housework barefoot in water and do not consistently practice foot hygiene.
Women are more at risk of experiencing DPN than men because of their work patterns (Banik et
al., 2017), as almost all of the female respondents in the study were housewives. Longer life
expectancy may also increase women’s cumulative exposure to hyperglycemia and metabolic
stress, increasing their risk for DPN (Hicks & Selvin, 2019). Additionally, differences in health-
seeking behavior, with women being more likely to report symptoms and seek medical care, could
increase detection rates of neuropathic symptoms (Rata Mohan et al., 2025).

The study found that rural patients had significantly higher impairment in ABI, DNS, and
DNE scores compared to their urban counterparts. These disparities reflect persistent gaps in
diabetes care between rural and urban populations. Rural areas often face limited healthcare
infrastructure, fewer trained diabetes specialists, and reduced access to diagnostic tools. These
factors delay early detection and management of diabetic complications. Additionally, rural
residents generally have lower health literacy and less exposure to diabetes education programs,
contributing to poorer glycemic control and greater progression of neuropathy and vascular
impairment (Tai et al., 2020). Socioeconomic constraints, such as lower income and
transportation barriers, further reduce the likelihood of routine check-ups and follow-up care. In
contrast, urban residents typically benefit from easier access to healthcare facilities, structured
diabetes education, and more consistent monitoring, resulting in earlier intervention and lower
DPN severity. These rural-urban inequalities have been observed globally, underscoring that
geographic disadvantage is an independent contributor to worsening diabetes outcomes (Foss et
al., 2023; Mohamed et al., 2018).

The result also showed that T2DM patients in the village were more at risk of experiencing
diabetic peripheral neuropathy (DPN) based on anamnesis of foot vascular complaints using VQ6
and ABI examination. Moreover, T2DM patients living in rural areas were 17.06 times more likely
to exhibit abnormal vascular findings (ABI < 0.9), indicating a higher risk of vascular impairment
that may contribute to the development of DPN. Although ABI and VQ-6 primarily assess
peripheral vascular status, vascular insufficiency has been shown to accelerate nerve ischemia and
contribute to the development and progression of DPN. Therefore, the vascular abnormalities
detected in rural participants reflect a higher overall risk profile for DPN (Hicks & Selvin, 2019;
Pop-Busui et al., 2017). Vascular insufficiency at both the micro- and macrovascular levels has
been shown to reduce blood flow and oxygen supply to peripheral nerves, thereby triggering
axonal degeneration and increasing neuropathic damage, especially in patients with chronic
hyperglycemia or peripheral arterial disease (Meena & C., 2019; Tesfaye et al., 2010). Although
ABI is commonly used to detect peripheral arterial disease, in this study, it served as a relevant
indicator of vascular involvement in DPN risk, while the VQ-6 was used to assess vascular quality;
changes should be carefully recorded (Larsen et al., 2020). Overall, the high prevalence of
vascular and neuropathic disorders in rural participants reflects a dual burden that increases the
risk of DPN, exacerbated by limited access to healthcare, low education, and a lack of information
about diabetes in the region (Agardh et al., 2011; Aung et al., 2018). These findings underscore
the need for more intensive peripheral vascular evaluation in patients with T2DM, especially
those aged 55 years and older and living in rural areas.

Other findings from this study, based on the results of history taking and physical
examination using DNS and DNE, were consistent with previous studies, showing that rural
residents had more signs and symptoms of neuropathy than those living in urban areas. A study
reported that two out of ten T2DM subjects suffer from more severe peripheral neuropathy in
rural areas due to poor hygiene conditions and more walking barefoot (Banik et al., 2017). This
may be due to differences in populations, locations, settings, and tools used to determine DPN;
hence, patients are referred with various complications and late disease diagnosis (Amour et al.,
2019; Meena & C., 2019). DPN is established based on several types of examinations, namely
history assessment, clinical symptoms, and physical examination (Pop-Busui et al., 2017). This
study used the symptom score (DNS) and examination score (DNE), which were simple,
reproducible, fast, and easy to perform for screening for neuropathy (Amelia et al., 2019). Early
detection and early treatment can improve symptoms, reduce disease complications, and improve
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the quality of life of DM patients (Pratiwi et al., 2018; Zhao et al., 2016). Risk factor control and
early detection need to be done to reduce the risk of DPN. We suggest that screening for signs and
symptoms of T2DM be carried out in primary health services for patients in rural areas.

According to multivariate analysis, this study found that signs and symptoms of vascular
disorders and neuropathy in the legs, lack of exercise, low education level, and use of DM
medications were associated with a higher risk of developing DPN in T2DM patients in rural
areas. The results were in line with previous studies pointing out that gender, having less
education than college, having a longer duration of diabetes, and having foot examinations are
associated with a higher risk of developing DPN (Liu et al., 2019; Zhao et al., 2016). DM patients
diagnosed for 5 years should undergo regular examinations to screen for DPN (Jiao et al., 2016).
It is crucial to investigate further why there is a high risk of neuropathy in rural residents,
especially by evaluating the diabetes management of T2DM patients in rural areas. We underline
the importance of educating rural communities about DM management, early detection, and the
prevention of severe complications, especially in the legs.

5. Implication and limitation

This study highlights the critical role of nurses in addressing disparities in diabetes care,
particularly in rural areas. By strengthening early detection, providing education tailored to
patients’ literacy levels, and supporting adherence to lifestyle and treatment regimens, nurses can
significantly reduce the risk and burden of DPN. These efforts are essential not only for improving
clinical outcomes but also for enhancing the long-term quality of life of people with T2DM living
in rural communities. Moreover, this research’s findings emphasize the need for baseline data on
regional differences in risk factors.

The main limitation of this study is that the sample may not fully represent all T2DM patients,
as data were collected during daytime hours on weekdays. This may have led to an
underrepresentation of working adults, particularly men, potentially affecting the generalizability
of the findings. Another limitation is the cross-sectional design, which does not allow for causal
inferences between sociodemographic factors, clinical variables, and the risk of DPN.
Longitudinal studies are thereby needed to confirm these associations over time.

6. Conclusion

Based on DNE, DNS, ABI, and VQ-6 parameters, people with T2DM living in rural areas had
a higher risk of developing DPN than those in urban areas, with ABI as the most significant
contributing factor. Other factors that triggered the high risk of DPN in rural areas included
persons who lacked sports activities, had low education levels, and were on DM medication. The
vulnerable populations identified by this study underscore the importance of early detection and
education programs for DPN prevention and management, particularly in rural areas. Future
research should explore intervention models that integrate lifestyle modification and vascular
health monitoring into comprehensive DPN prevention strategies.
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