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Background and Objective: Diabetes is a major chronic non-
communicable disease with growing global and national prevalence,
imposing substantial burdens on healthcare systems and negatively
affecting patients' quality of life. As a modern analytical approach, spatial
analysis offers valuable insights into the geographic distribution of
diseases and supports the development of targeted interventions. This
study aims to fill a gap in neighborhood-scale research by employing
advanced spatial tools to explore the spatial distribution of diabetes,
emphasizing equity in access to healthcare services.

Methodology: This applied, descriptive-analytical research examined the
spatial and temporal distribution of diabetic cases in the Abotaleb
neighborhood of Ardabil between 2018 and 2022. Data from 235 patients
recorded at the local health center were analyzed using Google Maps and
ArcGIS. The study utilized technigues such as Kernel Density Estimation,
Hot Spot Analysis (Getis-Ord Gi*), Average Nearest Neighbor (ANN),
and proximity analysis.

Results and Findings: The results indicated that the spatial distribution
of diabetic patients followed a clustered pattern, with the highest
concentration observed in the central and southern parts of the
neighborhood, comprising approximately 30% of all patients. In the later
years of the study, the clusters expanded toward the northern and western
areas. The hot spot analysis showed that about 5% of patients were
located in zones with 99% confidence, 10% in 95% confidence zones,
and 15% in 90% confidence zones. Additionally, nearly 25% of patients
were found in cold spots, indicating areas of lower patient density.
Proximity and spatial neighborhood analyses revealed that some areas
faced significant limitations in access to healthcare services. Age was also
identified as a key variable contributing to the formation of spatial
clusters. These findings underscore the need for revisiting the location of
healthcare facilities and incorporating spatial analysis into health policy
planning.
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EXTENDED ABSTRACT

Introduction

Diabetes mellitus is a major chronic non-
communicable disease whose prevalence is rising
worldwide. It burdens health systems and reduces
patients’ quality of life by damaging organs such
as the heart, kidneys, eyes, and nervous system.
The increase is especially rapid in developing
countries, where most patients are expected to
live (Dagogo-Jack, 2006), and national statistics
indicate that about 7.7% of Iranian adults have
diabetes. Spatial analysis based on geographic
information systems (GIS) can reveal the
geographic patterns of disease, identify high-risk
areas, and support a fairer distribution of health
resources.

Most previous studies, however, were conducted
at national or provincial scales, and
neighborhood-scale analyses, which matter for
local health policy and resource allocation, have
been largely neglected. Because no earlier
neighborhood-level spatial study of diabetes
existed for the study area, this research was
designed as exploratory and is guided by three
questions rather than formal hypotheses: How are
diabetic patients distributed in the Abotaleb
neighborhood of Ardabil? Do high-density areas
face limited access to health services? Which
areas should be prioritized for intervention? The
study combines several spatial techniques (kernel
density estimation, average nearest neighbor
analysis, and hot spot analysis) at the
neighborhood scale with registered patient
records spanning several years.

Methodology

This applied study followed an exploratory—
descriptive approach. Secondary data on 235
diabetic patients registered at the Abotaleb
neighborhood health center between 2018 and
2022 were used. Inclusion required a confirmed
diagnosis and complete basic demographic
information (age, sex, and residential address);
clinical and treatment variables were not
available. Patient and health-center addresses
were geocoded with Google Maps and
OpenStreetMap;  ambiguous  records  were
removed, part of the addresses were checked
manually, and a single coordinate system was
used to limit geocoding error.

Analyses were carried out in ArcGIS (and QGIS
for network analysis). Kernel density estimation
was used to locate concentrations of patients. The
shortest line between features, buffer analysis
based on functional radius, and network service-

area analysis were used to evaluate access to the
health center. The average nearest neighbor
(ANN) index tested whether the pattern departs
from randomness, and Getis-Ord Gi hot spot
analysis examined whether the clusters are
statistically significant.

Results and Discussion

Of the 235 patients (aged 27-88 years; mean age
57.5 years), 186 (79%) were women and 49
(21%) were men. The largest age group was 60—
70 years (37%), and more than 20% of patients
were younger than 50, which underlines the
importance of early screening. The spatial
distribution was not uniform: kernel density
estimation showed an initial concentration of
patients in the central and southern parts of the
neighborhood, with clusters expanding toward the
northern and western areas in the later years of
the study period. Clusters were also visible
around health facilities and densely populated
areas, suggesting that proximity to services and
urban infrastructure shapes the distribution.

The ANN index confirmed significant clustering.
The nearest neighbor ratio was 0.61, the observed
mean distance between patients was about 27.8 m
against an expected 45.9 m under randomness,
and the z-score was —11.57 (p < 0.01). In the hot
spot analysis, about 30% of patients were located
in statistically significant hot spots (about 5% at
the 99% confidence level, 10% at 95%, and 15%
at 90%), mainly in the central, denser part of the
neighborhood, whereas about 25% were located
in cold spots in the northern and western areas
and more than 40% fell outside any significant
cluster. When age was considered, hot spots were
concentrated mainly in the older parts of the
neighborhood, indicating that age is a key
variable in cluster formation.

Proximity analyses showed marked differences in
access to the health center. The shortest straight-
line distance from residential blocks to the center
ranged from about 18.5 m to 1,239 m, and buffer
and service-area maps showed that blocks within
300-500 m have good access, while blocks 800—
1,000 m away or beyond have weak access. For
patients who need frequent visits for consultation,
blood-glucose monitoring, and medication, and
who may have limited mobility, these distances
are a real concern. The findings agree with
international studies reporting spatially clustered
diabetes patterns related to demographic and
access factors.
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Diabetes in the Abotaleb neighborhood is
spatially clustered rather than random, and its
pattern is related to location, access to health
services, and the age structure of residents. Based
on these findings, it is recommended to
reconsider the location of health facilities in high-
risk areas (for example, through local health posts
or mobile service stations in blocks far from the
center), to conduct regular screening and
community health education for middle-aged and
older groups, and to treat spatial analysis as an
integral part of urban health policy, with spatial
and epidemiological data updated regularly.

The study was limited by restricted access to
metropolitan-scale data, patients’ socioeconomiC
information, and details of care, and by possible
geocoding errors in secondary data. Future studies
should use GPS or more precise geocoding and
broader inter-neighborhood data to allow
comparative analysis.
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Figure 2. Number of diabetic patients in the Abotaleb neighborhood, Ardabil, in 2018-2022 by sex and
age group. Source: Authors’ findings, 2025
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Figure 3. Kernel density estimation model of diabetic patients in the Abotaleb neighborhood, Ardabil.
Source: Authors’ findings, 2025
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Figure 4. Shortest distance from residential blocks to the neighborhood health center (shortest-line
method). Source: Authors’ findings, 2025
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Figure 5. Shortest distance from residential blocks to the neighborhood health center (buffer analysis).
Source: Authors’ findings, 2025
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Figure 6. Shortest distance from residential blocks to the neighborhood health center (network analysis).
Source: Authors’ findings, 2024
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