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Abstract

Objectives: Geographic Information System (GIS)mapping, is
a novel way to provide insights into spatial distribution of type
1 diabetes (T1D) and associations between T1D outcomes and
potential predictors. We aimed to explore GIS in children with
T1D, and identify predictors of poor glycemic control.
Methods: Design: Cross-sectional; Participants: 402 children
and youth (187 boys) with T1D. Place of residence (co-
ordinates) of participants were geocoded in GIS. They were
divided into two groups living in urban or peri-urban areas
using ArcGIS Pro. The characteristics of urban/peri-urban
living were linked to sociodemographic and biochemical
data and spatial autocorrelation analysis was performed.
Association between glycemic control and distance to our
unit was studied.

Results: Mean age was 13.2 ± 4.7 years; 196 children were
living in urban areas, 206 in peri-urban areas. There was
significant difference in HbA1c between groups (Urban 9.9
(9.7, 10.2) %, Peri-urban 10.5 (10.1, 10.8) %) (p=0.004); mean
difference 0.5 (0.1, 1.0) with poorer glycemic control and
higher prevalence of vitamin D sufficiency in peri-urban and
higher prevalence of hypothyroidism in urban areas. There
was significant correlation between glycemic control (HbA1c)
and distance to our unit r=0.108 (0.023, 0.218) (p=0.031). In-
dividuals with an HbA1c ≥9.5 were residing farther away
(58.9 (49.4, 68.5) km) as compared to those with HbA1c <9.5
(44.5 (35.1, 53.9) km) (p<0.05).
Conclusions: Children with T1D when grouped using GIS
had differences in glycemic control and comorbidities; peri-
urban participants and those residing further away from
our unit had poorer glycemic control. Future efforts may be
aimed at identifying centers and channelizing resources
towards children showing poor glycemic control, thus opti-
mizing disease management.
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Introduction

Type 1 diabetes (T1D) is a complex autoimmune disorder,
involving an interplay of genetic as well as environmental
factors. In 2022, therewere 8.75million individuals livingwith
T1D worldwide, of which, 860,000 (nearly 10%) belonged to
India, with only USA reporting higher numbers [1–3]. On the
contrary, India has the highest number (282,000) of children
and adolescents living with T1D [1]. This global number of
8.75 million is set to double by 2040, as estimated by a
modeling study published recently [4].

Geographic Information System (GIS) is a system that
helps create, manage, analyze andmap data, and by doing so
it integrates location data (geographic or spatial data) with
all types of descriptive information [5]. In the past, GIS has

*Corresponding author: Dr. Anuradha Khadilkar, Deputy Director and
Consultant Pediatrician, Hirabai Cowasji Jehangir Medical Research
Institute, Block V Lower Basement Jehangir Hospital, 32 Sassoon Road, Pune
411001, India, E-mail: anuradhavkhadilkar@gmail.com. https://orcid.org/
0000-0002-3399-3235
Sushil Yewale, Demi Miriam, Shital Bhor and Nimisha Dange,
Department of Growth and Pediatric Endocrinology, Hirabai Cowasji
Jehangir Medical Research Institute, Jehangir Hospital, Pune, Maharashtra,
India
Navendu Chaudhary, Symbiosis Institute of Geo-Informatics (SIG),
Symbiosis International (Deemed) University, Pune, Maharashtra, India
Nikhil Shah, Department of Growth and Pediatric Endocrinology, Hirabai
Cowasji Jehangir Medical Research Institute, Jehangir Hospital, Pune,
Maharashtra, India; and Department of Pediatrics, Division of Pediatric
Endocrinology, Surya Children’s Hospital, Chembur, Mumbai, Maharashtra,
India
Vaman Khadilkar, Department of Growth and Pediatric Endocrinology,
Hirabai Cowasji Jehangir Medical Research Institute, Jehangir Hospital,
Pune, Maharashtra, India; Interdisciplinary School of Health Sciences,
Savitribai Phule University, Pune, Maharashtra, India; and Hirabai Cowasji
Jehangir Medical Research Institute, Block V Lower Basement Jehangir
Hospital, Pune, India

J Pediatr Endocrinol Metab 2025; 38(1): 29–36

Open Access. © 2024 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/jpem-2024-0401
mailto:anuradhavkhadilkar@gmail.com
https://orcid.org/0000-0002-3399-3235
https://orcid.org/0000-0002-3399-3235


been mainly used in the epidemiology of communicable
diseases, but more recently it has found its way into the
domain of non-communicable diseases (NCDs) [6, 7].

We are past the centenary year of discovery of insulin,
but its availability and affordability still continues to be a
major problem in many low- and middle-income countries
(LMICs) like India [8]. According to the International Dia-
betes Federation (IDF), there were an estimated 182,000
deaths due to T1D in 2022, 42,000 of these being reported
from South-East Asia (SEA) region [1]. Moreover, the average
life expectancy for an Indian diagnosed with T1D at 10 years
of age ranges anywhere between 25 and 39 years, which is
significantly lower as compared to that seen in some high-
income countries [1]. The T1D Index (a joint initiative
between global diabetes societies that uses a Markov model
and machine learning techniques to estimate T1D preva-
lence globally and by individual country) estimated that
nearly 20 % of the T1D deaths in 2022 were in non-diagnosed
individuals less than 25 years of age, who succumbed within
a year of onset of symptoms [1]. Unlike the system of insur-
ance cover for diabetes-related expenses in high-income
countries,most patients fromLMICs including India bear the
expenses themselves. Additionally, under-prioritization of
T1D can lead to a further increase in healthcare costs, owing
to potentially higher incidence of complications and
hospitalizations.

Suboptimal glycemic control in conjunction with long
duration of diabetes is known to be associated with increased
risk of microvascular complications (nephropathy, retinop-
athy, neuropathy) as well as macrovascular complications
and their independent risk factors (cardiovascular disease
and dyslipidemia) [9]. Children and youth with T1D are also
at an increased risk of developing comorbid autoimmune
disorders such as hypothyroidism and celiac disease [10].
The challenges affecting access to insulin and diabetes
healthcare are multifaceted and hence warrant a compre-
hensive solution [8]. With the increasing incidence of T1D
worldwide, particularly in developing countries, GIS map-
ping by providing insights into the distribution of outcomes
of the disorder and associations with potential predictors
may help in the development of targeted interventions for
better management of the disorder [7].

Thus, the objectives of this study were: 1) To geograph-
ically map the residence of children and youth diagnosed
with T1D being treated at a tertiary care center in Western
India; 2) To compare glycemic control, clinical parameters
and prevalence of complications and co-morbidities in
children and youth with T1D living in urban- vs. peri-urban
area based on the geographicmapping of the residence; 3) To
study the relationship between glycemic control and

distance from the place of residence of the individual to our
tertiary care unit.

Materials and methods

Study design and participants

This cross-sectional study involved children and youth with
T1D who attended the diabetes clinic at a tertiary care hos-
pital in Pune, India between August 2021 and April 2022. The
study sample is fairly representative of the T1D population
from the public sector as our unit caters to underprivileged
children and youth with T1D from across Maharashtra
(Western India) and incorporates a multi-disciplinary and
holistic approach towards patient care. These children are
supported with comprehensive medical care in the form of
glucometers, strips for testing blood sugar, insulin and other
medications, medical consultations as well as nutritionist’s
advice. The study was approved by the Institutional Ethics
Committee (dated 10 November 2023). Written informed
consent was obtained from the parents, and children over 7
years of age gave written assent for the same. All children
and youth with T1D who attended the clinic during study
period (August 2021 to April 2022) (n=468) were approached
to take part in this study. Individuals with missing
geographic co-ordinates (n=5) or clinical and biochemical
data (n=59) were not included in the study. Moreover,
individuals residing in urban areas other than Pune (n=2)
were also excluded from the analysis. Our sample (n=402)
thus represents all participants with complete clinical,
biochemical and geo-spatial data (Figure 1).

Socio-demography, clinical history and
anthropometry

Socio-demographic data including age, gender, place of
residence, education and occupation (of parents), family
income, as well as clinical data including the age at onset of
diabetes, disease duration, on-goingmedications and insulin
regimen and daily dosages, and presence or absence of
complications and co-morbiditieswere obtainedwith the aid
of standardized questionnaires employed by physicians.
Hospital medical records were referred to for verification of
the data provided by parents and/or caregivers. Socio-
economic class of each participant was determined using the
Modified Kuppuswamy socioeconomic scale [11]. The total
score of the scale ranges from three to 29, and individuals
may be classified into five groups: upper, upper middle,
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lower middle, upper lower and lower based on a total score
of 26–29, 16–25, 11–15, 5–10 and <5, respectively [11]. Standing
height was measured to the nearest millimeter using a
portable stadiometer (Leicester Height Meter, Child Growth
Foundation, UK) and weight was measured to the nearest
100 g using an electronic weighing scale. Body Mass Index
(BMI) was calculated by dividing weight in kilograms by
height in meters squared. Waist circumference and hip
circumference were measured as per recommendations by
the WHO [12]. Height, weight, BMI and waist circumference
were converted into corresponding Z-scores using ethnic
specific reference data [13, 14].

Biochemical measurements

Blood sample (5 mL) collection was performed between
seven and 9 AM in fasting state by a trained pediatric phle-
botomist. Measurement of glycosylated hemoglobin (HbA1c)
was carried out by high-performance liquid chromatog-
raphy (HPLC, BIO-RAD, Germany). HbA1c ≥9.5 % was defined
as ‘poor’ glycemic control [15]. For lipid profile assessment,
total cholesterol, triglycerides and high density lipoprotein-
cholesterol (HDL-C) were measured by the enzymatic
method and low density lipoprotein-cholesterol (LDL-C) was
derived using the Friedewald formula [16]. Dyslipidemia was
defined as derangement of any one or more of the following
parameters: LDL-C >100mg/dL (>2.6mmol/L), HDL-C <40mg/dL
(<1.1mmol/L), total cholesterol >200mg/dL (>5.2mmol/L) and/
or triglycerides (TG) >130 mg/dL (>1.5 mmol/L) and ≥100 mg/
dL (≥1.1 mmol/L) in ages >10 years and <10 years respectively
[9, 17, 18]. Thyroid stimulating hormone (TSH) concentra-
tions were measured using chemiluminescent microparticle
immune assay (CMIA). Subjects were confirmed to have
hypothyroidism in the presence of a low free T4 level
(<0.93 ng/dL) in addition to a raised TSH concentration
(>4.2 mIU/L) [10]. The serum concentration of 25-hydroxy

vitamin D was measured using radioimmunoassay (Dia-
Sorin, Stillwater, MN, USA). Vitamin D status was classified
as sufficiency (>20 ng/mL), insufficiency (12–20 ng/mL) or
deficiency (<12 ng/mL) based on recommendations by the
Indian Academy of Pediatrics [19]. Urine for microalbumin
by radioimmunoassay and creatinine by Jaffe’smethodwere
analyzed in the first voided morning sample and urine
albumin/creatinine ratio (ACR) was computed. Albuminuria
was defined as ACR ≥3 mg/mmol or ≥30 mg/g (spot urine) and
individuals with persistent albuminuria in two or more
samples over a 3–6 month period were classified to have
nephropathy [9].

Body composition

Body composition analysis was performed using Bioelec-
trical Impedance Analyzer (BIA) (TANITA Model BC420MA)
ensuring aminimumof 3 h of fasting and voiding prior to the
measurements. Bymeasuring bioelectrical impedance in the
standing position, BIA estimates the body fat percentage, fat
mass, fat free mass and total body water. Z-scores for body
fat percentage and lean body mass percentage were
computed using Indian reference data [20].

Geocoding and spatial mapping

Geographic point coordinates of the place of residence of
each participant were obtained with the help of the location
sharing feature of the mobile application WhatsApp (What-
sApp LLC, Menlo Park, CA, USA). Following the identification
of the coordinates (latitude and longitude), they were geo-
coded into a Geographic Information System (GIS) using
ArcGIS Pro software, version 3.0 (ESRI, Redlands, CA, USA).
The shape files of administrative boundary maps encom-
passing Pune andwesternMaharashtrawere obtained. Based

Figure 1: Flowchart demonstrating the study
participants.
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on the geographic coordinates, the study population was
categorized into two groups living in urban or peri-urban
areas. Those residing under the administrative boundary of
Pune Municipal Corporation (PMC) and Pimpri Chinchwad
Municipal Corporation (PCMC) were categorized as urban,
while those residing outside this boundary were categorized
as peri-urban. The characteristic of an urban or peri-urban
residence was linked to the sociodemographic, clinical and
biochemical data of each participant. Heat maps of glycemic
control were generated with rise in HbA1c depicted by
transition from green to red. Mean (SD) of continuous vari-
ables such as HbA1c, age, diabetes duration, insulin
requirement, height Z-score, weight Z-score, BMI Z-score,
waist circumference, hip circumference and waist circum-
ference Z-score were calculated separately for each of the
two groups and the region-wise distribution of categorical
variables such as prevalence of complications and co-
morbidities were also studied.

Spatial analysis

Spatial autocorrelation explores spatial relationships and
helps to explain the extent of spatial patterns in the obser-
vations. The spatial relationships were tested based on
Tobler’s first law of geography, “Everything is related to
everything else, but near things aremore related than distant
things” [21]. Spatial autocorrelation analysis commonly uses
Global Moran’s I to measure spatial autocorrelation based on
both feature locations and feature values simultaneously [22].
Spatial autocorrelation was assessed through a Moran’s I
scatterplot and the spatial distribution observed in the
geographic map. The slope of the regression line of Moran’s I
scatterplot represents an estimation of the global Moran’s I.

Statistical analysis

All statistical analyses were carried out using the SPSS soft-
ware program, version 26 (SPSS, Chicago, IL, USA). Normality
testing was performed for all variables before performing
any statistical analyses. Comparison of continuous variables
between the two groups was carried out using Independent
sample T-test, comparison of non-normal continuous vari-
ables was carried out using Mann–Whitney U test, and
crosstabs were generated for comparing categorical vari-
ables between the two groups [23]. Distance between place of
residence and our tertiary care unit was computed using the
Haversine formula [24, 25]. Pearson correlation followed by
Binary logistic regression analysis was used to study the
relationship between the dichotomous dependent variable

and continuous and categorical predictors. The dependent
variable in the model was glycemic control (HbA1c) and the
independent variables were socioeconomic class, age,
gender, disease duration, and distance from the place of
residence of the individual to our tertiary care unit. Two-
tailed tests were used for analysis and p-value <0.05 was
considered statistically significant.

Results

Themean age of our study populationwas 13.2± 4.7 years with
a mean disease duration of 5.9 ± 3.9 years; the overall mean
HbA1c was 10.2 ± 2.2 %. 98.8% (n=397) of the population
belonged to the lower or lower middle class according to the
modified Kuppuswamy scale. The prevalence of children and
youth with nephropathy, dyslipidemia and hypothyroidism
was 9.5 , 60.4 and 10.9 % respectively. One hundred ninety-six
children and youth belonged to the urban population whereas
the remaining 206 were categorized as peri-urban (Table 1).
There was no significant difference in age, gender, disease
duration, anthropometric parameters including BMI, and in-
sulin requirement between the two groups.

Figure 2 depicts the geographicmapping of children and
youth with T1D in Western Maharashtra. There was a
significant difference in HbA1c between the two groups
(Urban 9.9 (9.7, 10.2) %, Peri-urban 10.5 (10.1, 10.8) %)
(p=0.004)withmuch poorer glycemic control observed in the
peri-urban population. Mean difference in HbA1c between
the two groups was 0.5 (0.1, 1.0). Heat maps generated for a
better visual representation of difference in mean HbA1c as
we move from urban to peri-urban areas of Western
Maharashtra also showed greater odds of having higher
HbA1c in peri-urban areas (depicted in shades of red in
Figure 3). Vitamin D sufficiency was significantly higher in
peri-urban group as compared to urban group (p=0.009). The
prevalence of hypothyroidism in patients with T1D was also
significantly different in both groups (p=0.016) with more
than double the cases noted in the urban population as
compared to the peri-urban population. Spatial autocorre-
lation of geographic coordinates with glycemic control and
other clinical and biochemical parameters did not reveal any
significant clustering (see Supplementary Figures S1–3,
Supplementary Table S1).

There was a significant correlation between glycemic
control (HbA1c) and the distance to our tertiary care unit
(rpb=0.108, p=0.031). Individuals with an HbA1c ≥9.5 were
residing significantly farther away from our tertiary care
unit (58.9 (49.4, 68.5) km) as compared to those with an HbA1c

<9.5 (44.5 (35.1, 53.9) km) (p<0.05). Binomial logistic regres-
sion analysis showed that distance from the individual’s
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place of residence to our tertiary care unit was the most
important and significant predictor of poor glycemic con-
trol (HbA1c≥9.5) when controlled for age, gender, socio-
economic class and disease duration (Table 2). The odds of
having poor glycemic control increased by 1.004 with every
1 km increase in distance to our tertiary care unit.

Discussion

Our study investigated the predictors of poor glycemic con-
trol using GIS mapping in children and youth with T1D
residing in urban and peri-urban areas of Western Maha-
rashtra. To the best of our knowledge, this is the first study in

the Indian subcontinent, to use GISmapping in childrenwith
T1D. We report a significant difference in HbA1c between the
urban and peri-urban population with the latter demon-
strating poorer glycemic control. The prevalence of hypo-
thyroidism and vitamin D insufficiency were significantly
higher in those living in the urban areas. Distance to our
tertiary care unit, which was the primary center for peri-
odic clinical follow-up as well as dispensing insulin to each
individual, was seen as a significant limiting factor in
achieving better glycemic control [8, 26].

GIS mapping has been extensively used in the Scandi-
navian countries which report the highest prevalence of T1D
across the globe. A study from Finland, reported marked
geographic variation in the incidence of T1D with increasing
numbers seen in the rural areas and the role of increasing
concentration of nitrates in the drinking water in increased
risk of T1D, whereas studies from Sweden, Utah and England
reported similar findings [7, 27–31]. The results from studies
performed in Finland and Germany were both conclusive of
increased risk of T1D in more remote, rural and less densely
populated areas [32, 33]. While these studies were primarily
aimed at reporting the incidence of the disease, our study
focuses mainly on the differences in glycemic control and
prevalence of complications and co-morbidities associated
with T1D across urban and peri-urban populations. Similar
to the trend of higher incidence of T1D in rural areas, we
report a poorer glycemic control in peri-urban areas as well.
A study fromNew Zealand showed a highermedian HbA1c in
rural Maori populations compared to urban, although, it did
not reach statistical significance [34]. Similarly, findings
from a study on the effect of an internet-based insulin pump
monitoring system on glycemic control in rural and urban
children with T1D in Mexico were indicative of poorer gly-
cemic control in the rural population at baseline [35].

Our study demonstrates the influence of distance from
place of residence to the tertiary care unit on glycemic
control, which may serve as a reliable proxy for the number
of clinical visits. A study from Canada showed similar find-
ings, wherein the HbA1c was significantly higher in in-
dividuals with fewer number of clinical visits [36]. In the
future, spatial mapping of our cohort using GIS may help to
identify tertiary care centers in the vicinity thereby aiding in
optimizing disease management [8, 26].

The overall prevalence of hypothyroidism in our cohort
was reported to be 10.9 % which is similar to the global
prevalence of hypothyroidism in persons with T1D [10].
Moreover, we report a significant difference in the preva-
lence of hypothyroidism in children and youth with T1D
between urban and peri-urban populations with more than
twice the numbers seen in urban areas. To the best of our

Table : Comparison of glycemic control, clinical parameters and prev-
alence of complications and co-morbidities in children and youthwith TD
in urban and peri-urban population.

Parameter Urban
(n=)

Peri-urban
(n=)

Level of
significance

(p-value)

Age, years . ± . . ± . .
Gender
Male  (%)  (.%) .
Female  (%)  (.%) .

Disease duration, years . ± . . ± . .
Height Z-score −. ± . −. ± . .
Weight Z-score −. ± . −. ± . .
BMI Z-score −. ± . −. ± . .
Waist circumference,
cma

. ± . . ± . .

Hip circumference, cma
. ± . . ± . .

Waist circumference
Z-score

−. ± . −. ± . .

LBMZ . ± . . ± . .
FATZ −. ± . −. ± . .
Insulin requirement,
IU/kg/day

. ± . . ± . .

HbAc, % . ± . . ± . .
HbAc,
mmol/mol

 ±   ± 

Vitamin D,
ng/mLa

. ± . . ± . .

Vitamin D sufficiency  (.%)  (.%) .
Diabetic nephropathy  (.%)  (.%) .
Dyslipidemia  (.%)  (.%) .
Hypothyroidism  (.%)  (.%) .

All normal variables presented as mean ± SD. aAll non-normal variables
presented as median ± IQR, all categorical variables expressed as n (%).
p-Value <. considered statistically significant (indicated in bold). BMI,
body mass index; LBMZ, lean body mass percentage Z-score; FATZ, fat
percentage Z-score; HbAc, glycated hemoglobin.
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knowledge, ours is the first study to report prevalence of
hypothyroidism in T1D based on location (urban or peri-
urban); hence comparisons were made with available data.
Similar to our study, higher prevalence of autoimmune
hypothyroidism (in general population) in urban children
was reported in a study in Iraq [37]. On the contrary, a study
from southwestern Columbia reports comparable status of
thyroid autoimmunity in urban and rural population
groups, with marginally higher prevalence in rural areas
[38]. Studies from Northern India have also shown con-
trasting findings, wherein prevalence of hypothyroidism (in
adults) in the general population has been reported to be
more in rural areas [39–41]. The most plausible explanation
for this dissimilarity is the higher prevalence of iodine
deficiency in rural areas in the North which may lead to
overall increase in the prevalence of hypothyroidism.

The prevalence of vitamin D sufficiency in T1D was
similar to that reported in a previous study from Florida,
USA; however, our cohort had significantly higher numbers
of vitamin D deficient individuals (19 % compared to their
4 %) [42]. The prevalence of vitamin D sufficiency in our T1D
cohort was very similar to the national prevalence previ-
ously reported in the general population by the authors’
group [43]. Similarly, our study demonstrated significantly
higher prevalence of vitamin D sufficiency in the peri-urban
population as compared to urban when adjusted for age,
gender and BMI [43]. This could thus be attributed to dura-
tion of sunlight exposure as evidenced in a study from
Southern India [44].

The strengths of our study were the moderate sample
size with children and youth residing in urban and peri-
urban areaswith no significant difference in age, gender and

Figure 2: GIS mapping of children and youth
with T1D in Western Maharashtra labelled
according to HbA1c level; green circles
correspond to HbA1c <9.5 % and red circles to
an HbA1C ≥9.5 %.

Figure 3: Heat map of glycemic control (HbA1c)
in children and youth with T1D in Western
Maharashtra. (A) Mean HbA1c level increases
from colour green to red with peri-urban areas
showing greater odds of having shades of red
i.e. higher HbA1c; grey boundary indicates ur-
ban area (PMC/PCMC); (B) zoomed-in view of
urban area (PMC/PCMC).
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disease duration. Ours is the first study from India to have
geographically mapped children and youth with T1D.

Spatial trends of socio-demographic factors such as
neighborhood-level inequity and their association with gly-
cemic control have been reported in the past [36]. However,
in our study, there was no association recognized between
glycemic control and socio-economic status, as most par-
ticipants belonged to the lower socio-economic class. Thus,
the lack of a sizeable number of participants spread across
all the socio-economic strata was a major limitation of our
study. Lack of data on CGM metrics (such as time-in-range)
that could be used as outcome variables while determining
predictors of poor glycemic control was another limitation
of this study. Finally, due to the nature of the study, our
sampling was not random and clusters of individuals with
T1D residing in certain geographical areas were studied.
Studies with larger sample sizes with participants from
other geographical areas are thus required.

In conclusion, we investigated the predictors of poor
glycemic control using GIS mapping in children and youth
diagnosed with T1D residing in urban and peri-urban areas
of Western Maharashtra. We were able to document an as-
sociation between increasing distance to our tertiary care
unit and less optimal glycemic control. With the help of GIS,
future efforts may be aimed at identifying centers equipped
in managing T1D and channelizing resources towards chil-
dren showing poor glycemic control. Thus, lesser travel time
and more regular follow-up with the clinician will help
optimize glycemic control.
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