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ABSTRACT

Telehealth has become a pivotal tool in modern healthcare, especially for managing chronic diseases in remote
area where approach to medical services is oftenrestricted.Chronic diseases such as diabetes and hypertension
disproportionately affect rural populations due to limited healthcare access, geographic isolation, and
socioeconomic barriers.This research seeks to determine the impact that telehealth has on chronic diseases such
as diabetics. The existing conservative management approaches within these areas involves personal contacted
based consultations which are tiresome, costly and slows down early diagnosis and more so early treatments.
Often, these approaches result in less than desirable patient health, late treatment, and higher costs for the
patients. In order to respond to these challenges, this study outlines the novel telehealth model specific to the
rural context. Therefore, the novelty of this study is the utilization of top-notch telehealth technologies, such as
the 10T, Al, for developing a sustainable healthcare system. The research plans include quantitative
questionnaires and Chi-Square analyses to assess demographic barriers to the use of telehealth, coupled with the
shared telehealth interventions that include video consultations and loT-Health Monitoring.The result show
positive trends in health status: patients’ HbAlc lowering from 8.5% to 7.2%, blood pressure from 140/90 to
125/80, and patient compliance increased from 65% to 85%. Moreover, telehealth evidenced the effectiveness of
its application in increasing the number of consultations and decreasing the travelling expenses by patients,
above 90-percent overall. This research not only highlights the transformative potential of telehealth in
managing chronic diseases but also identifies barriers such as technology access disparities and privacy
concerns.
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1. INTRODUCTION

Chronic diseases are prevalent and last stage among the elderly affecting the physical and nervous systems,
function, and quality of life[1]. They have a duration of at least six months, may vary in cause and
manifestations and can include cancer, cardiovascular disease, cerebrovascular disease, arthritis, chronic
respiratory disease, chronic kidney disease, type 2 diabetes and neurological and psychiatric disorders[2]. To be
specific, these chronic diseases are attributed to 74% of global deaths. Telehealth has taken a central place as a
disruptive innovation in delivery of care and management of health especially in developing world where
resources are scarce[3]. To its credit, the field of telehealth has demonstrated special significance in meeting the
needs of chronic disease care. Long-term illnesses such as cardiovascular diseases, diabetes, and respiratory
diseases are diseases that need constant medical checkups and responses to splinter therapeutics so as to make
certain that the state of the disease does not deteriorate[4]. If not well addressed, these conditions only worsen
health, contribute to other health expenses and crippling of health systems. The use of telehealth to conquer
these challenges is even more critical for rural areas only because they continue to work using geographic and
systemic disadvantages to accessing adequate health care[5]. Delivery of health care in such areas is affected by
factors which may include distance, transport, lack of resources, and inadequate communication[6]. The first of
them is geographical accessibility since patients in remote areas often have to travel long distances in search of
health facility services which may take time, be expensive and sometimes involve physically exerting efforts[7].
Also, there is usually a scarcity of healthcare professionals especially specialist’s requisite for the overseeing of
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complex chronic illnesses in rural regions. Our current scarcity deepens the problem of using up available
resources to the extent that health facilities get stretched to their limits and sometimes resources are scarce to
provide quality care at the required time[8]. Adding to all these are the problems that relate to lack of basic
health care facilities, including; medical equipment, health facilities, or financial means to support the health
care services offered. In aggregate, they result in a gap in the provision of healthcare and its quality for rural
communities.

Remote Patient Monitoring (RPM) which is one of the essential components is at the centre of telehealth
involvement since it helps track patients’ health metrics on a constant basis[9]. For people with diabetes, RPM
technology like glucose-wearable devices, smart insulin pens, contact-based sensors help them gain valuable
information on blood glucose levels, doses of insulin, and other physiological readouts. These devices are
connected to healthcare providers through coded electronic platforms for calls when abnormalities hint at are
detected. Moreover, new generations of wearable devices with features such as Al algorithms and deep learning
can give detailed suggestions about the changes in lifestyles including diet and exercise that are vital in
managing diabetes [10], [11]. The lack of diagnostic capacity and of resource inputs such as laboratory services
and specialized equipment to manage such chronic illnesses as diabetes adds to the challenges of dealing with
such programs in such settings.Telehealth takes advantage of digital communication technologies to deliver
healthcare services to patients as indicated above challenges[12]. Teleconsultations eliminate the need for travel
while providing real time assessment and consultation by using video consultations when need arises. Mobile
health applications complement diabetes management through Blood glucose measurements, medication
compliance and resources on self-management of diabetes[13]. These tools help to develop patient-centered care
and to divide the logistical concerns connected with the traditional delivery of care between the health care
providers and the patient. Telehealth also was identified as having one of the main benefits of facilitating control
over health by patients[14].For people living with diabetes, telehealth applications offer the way to managing
their situation on daily basis, having reminders for taking their medication and alerts about changing levels of
glucose. They make their patients more engaged and receptive to extreme change, which are crucial in diabetes
management. In addition, tele mental health has been found to have additional services such as tele coaching in
which the patient gets advice from the healthcare professionals on aspects such as diet, exercise and stress relief.
They include: The patients are empowered with meaningful information and outcomes owing to these specific
care plans for each of them[15].Telehealth has been advanced by the inclusion of 10T where it has most impact
in chronic disease management. Continuous Glucose Monitors (CGMSs), smart insulin pumps and smart
wearable fitness trackers allow a proper flow of health information between patients and doctors. It is not only
capable of monitoring real time rate but also looks at patterns that could lead to some complications. 10T devices
also promote POP health management because it is easier to collect data from many users and Egyptians, make
analyses then use the results to improve the distribution of resources into preventive health care[16]. In Area of
Operations, where healthcare providers may be the only point of care for large and geographically dispersed
populations, these insights are critically important for guiding the allocation of care and managing disease
burdens that may vary across communities. However, traditional telehealth systems come with a number of
drawbacks when it comes to the self-management of complicated chronic diseases such as diabetes. A key
concern is that most of the data is reviewed by the physician or other clinical care givers manually and therefore
may take a long time to detect complications or may be outright wrong in terms of their adjustments[17].
Furthermore, the existing telemedicine networks are not designed adequately to process increasing amounts and
varieties of medical data coming from loT and RPM devices. This data many a time contains complex patterns
and subtle signs that would make it hard for humans to notice possible complications. Hence, potentials warning
signs that are considered critical by the considered analytical model may be omitted resulting in delays of
corresponding intercessions and negative effects on the patient’s state

To address these challenges, the implementation of telehealth systems is a promising solution. Telehealth
systems work with big quantities of rather intricate medical information, they are capable of providing precise
analyses and recognizing dependencies which might not be evident to a human. In diabetes management the
benefits of these systems have been evident. Telehealth systems use RPM, 10T connected devices, and BPM for
refining the exactness and effectiveness while managing diabetic patients. For instance, retinal images, taken
routinely by telehealth systems can be examined to determine early signs of Diabetic Retinopathy, the risk of
other cardiovascular complications, given regular data on glucose levels and blood pressure, as well as forecast
fluctuations in glucose levels for the purpose of effective insulin administration. Such processes are eliminated
through telehealth to lessen the load on the provider and guarantee that patients receive proper and beneficial
treatment on time. The potential of telehealth is to close the disparities of providing healthcare and the quality of
such service that has been known for rural people. This paper proposes how RPM in combination with loT
devices and data analytics can complement existing telehealth systems to improve the specificity and
effectiveness of diabetes management, which can be valuable for patients. The aforementioned innovations are
now the key to improving access to tertiary, reducing travel distances and improving health care distribution for
country folk. This research seeks to extend the experiments with modern and sophisticated telehealth
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technologies to firmly establish diabetes care and management in different rural setting. Such a study outcome is

considered important because it may contribute to the further improvements in telemedicine, and subsequently

to enhance people’s access to healthcare services and healthcare equality in the regions where resources’

scarcity is a big issue. The main research contribution of this research is as follows,

e Use quantitative methods to measure the changes in chronic disease management that results from telehealth
interventions amongst rural residents

e Analyze the change over time in HbAlc, blood pressure and cholesterol levels of those who have used
telehealth more than once in a year and those who have not at all or rarely.

¢ Conduct an assessment of the roles and impact of patients in telehealth by using odds ratios to compare the
socioeconomic characteristics of communities currently using telehealth with those who are not using it.

1.1. Highlights

e This study proposes a novel telehealth model integrating loT-enabled devices and machine learning for
chronic disease management in rural areas.

e A Chi-Square statistical method is employed to analyze demographic factors influencing telehealth adoption
patterns.

o Key health metrics show significant improvements: HbAlc levels decreased from 8.5% to 7.2%, and blood
pressure improved from 140/90 mmHg to 125/80 mmHg.

e This research identifies barriers such as technology access disparities and privacy concerns while proposing
scalable solutions for global rural healthcare.

1.2. Research Objective

e To evaluate the impact of telehealth interventions on health outcomes in managing chronic diseases among
rural patients.

e To analyze the accessibility of telehealth services for rural populations and identify barriers to its adoption.

e To examine the role of socioeconomic factors in shaping telehealthutilization patterns in rural communities.

1.3. Research Questions

o How do telehealth interventions improve health outcomes such as HbA1c levels, blood pressure control, and
cholesterol levels in rural chronic disease patients?

o What are the primary barriers to telehealth access among rural patients, and how do these barriers vary by
demographic and geographic factors?

e How do socioeconomic factors, such as income, education, and employment status, influence
telehealthutilization for managing chronic diseases in rural areas?

The rest of the paper is organized as follows: Section two is the related work and section three outlines the

problem statement. Section four is highly focused on the quantitative method of the proposed system in detail.

The experimental result and performance analysis are depicted in the section five. Chapter six is the final

chapter of this paper which summarizes the conclusion and future work.

2. Related Works

Williams and Shang [18]investigated the management of chronic diseases with telemedicine among minority
communities with limited incomes. The American Consumer Survey and Florida Medicaid claim information
from March to December 2020 were utilized in this study to analyze the study's goals. Both linear and logistic
regression were used to evaluate the data. 52,904 distinct patients' claim data were gathered for this study;
31,999 of these patients were female, and 49% of the sample received at least one telehealth session. Compared
to Medicare patients, Medicaid patients were 21% more likely to have audio visits and 8% less likely to use
telemedicine. According to the findings, there are notable health disparities among non-Hispanic Black patients
and those with low levels of education. Patients with diabetes were more likely to use telemedicine than those
with heart failure (14%) and chronic pulmonary obstructive disease (5%). Since telehealth will remain a viable
alternative for health care, this study suggests that educational initiatives be implemented and resources be made
available to support equity for non-Hispanic Black patients. Health disparities will persist in this community if
low-income minority groups are not given preferential attention

Kadum et al.,[19]intends to improve the triage for the patients who use telemedicine and live distant of hospitals
by integrating into the assessment procedure the distinctions in their chronic conditions, namely diabetes,
hypertension, hypotension, and chronic heart disease. In the loMT environment, the patient data in the proposed
machine learning-based remote triage structure in telemedicine (ML-ART) are collected using medical sensors
and sources. Afterwards, it forwards it to various telemedicine servers in the hospital where machine learning is
used to sort (classify or triage) the patients into five categories (Normal, Cold, Sick, Urgent, and Risk)
depending on the medical severity of the patient. In comparing the results of the simulation to the related
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algorithms namely RF 97%, SVM 91%, NN 97% fixed on DT approach shown that the accurate outcome was
100%. The medical triage process and (DT) performance was logical. Also, the ML-ART results that changed
the approach from remote tracking to the remote diagnosis improve the function of the e-triage system
especially for distant patients and leave the door open for optimization in telemedicine systems.

Alam et al.,[20]examines the potential of predictive analytics to improve patient outcomes, decrease
hospitalisations, and forecast disease progression in the management of chronic diseases. From 35 selected and
reviewed articles, pervasiveness of predictive models that employ data from wearable technology, EHRs, and
immediate tracking systems in chronic diseases such as diabetes and cardiovascular disorders were evaluated.
Controlled studies show improved prediction of Cardiac failure worsening and reduction in Hospitalization rates
by more than half as a result of prompt therapies, the results reveal that predictive models have greatly increased
the accuracy of early disease diagnosis. Numerous studies have also documented a decrease in healthcare
utilisation as a result of early treatments powered by predictive analytics. Nonetheless, issues with model
accuracy and data quality were commonly mentioned, especially with relation to data harmonisation and
integration across different healthcare systems. In order to ensure that predictive analytics is used responsibly
and fairly, ethical and privacy concernssuch as algorithmic bias and data securitywere also brought to light.
While urging improvements When applied to data management and moral principles to enhance its possibilities,
this evaluation verifies the growth of the use of predictive analytics in chronic diseases management.

Xiao and Han[21]The effectiveness of utilizing personal reported outcomes in telemedicine chronic disease
management systems (TCDMS) was deemed necessary based on randomized controlled trials (RCTs) from
January 1, 2015 to July 1, 2022. The narrative review synthesised a wide range of questionnaire-based outcome
measures including quality of life, psychological well-being (depression, anxiety, fatigue) self-management,
self-efficacy and medication adherence; the review identified 20 RCTs with 4,153 participants. Meta-analysis of
these 10 RCTs on TCDMS showed the primary outcome that this therapy improved QOL measured by the EQ-
5D index (SMD 0.44; 95 CI, 0.16-0.73) but was inconsequential for depression, anxiety, fatigue, and self-care.
Subgroup analysis revealed that while TCDMS did not significantly change cognitive or role functioning, it did
have a favourable impact on patients' physical functioning (SMD 0.15), mental functioning (SMD 0.37), and
social functioning (SMD 0.64). The study indicates that TCDMS can improve patients' quality of life in a
variety of chronic disorders, but it also emphasises the need for more carefully planned research to validate its
effect on subjective outcomes, especially in populations with a range of chronic diseases.

Land and Chen [12]examines how middle-aged and older people living in remote places are impacted by their
attitudes, contentment, and continuous usage of telehealth services by combining the Technology Acceptance
Model (TAM) with the Information System Success Model (ISSM). Participants used telehealth care networks
in eastern Taiwan, were over 40, and had a diagnosis of either diabetes or hypertension. 545 completed surveys
were evaluated for the study, which had a response rate of 99%. The findings showed that the link among
system quality, information quality, and quality of service with ongoing usage was considerably mediated by
perceived usefulness and perceived ease of use, two TAM components. The results showed that user satisfaction
and attitudes were significantly impacted by the quality of telehealth systems, including information, system,
and service quality. This, in turn, had a favourable impact on chronic patients' continuing usage of telehealth
services. The influence of user-centred approaches and efficient system design in boosting the uptake and
sustainability of telehealth solutions in rural and underserved locations is highlighted by this notable rise in
telehealth utilisation.

Christopoulou[22]exploring practical applications of machine learning in establishing evidence-based
telemedicine and smart care approaches: a mixed methods survey. A bibliography search of current literature
was conducted and sources searched for included Google Scholar, PubMed and the clinical registry
ClinicalTrial.gov. Articles in this area that involved telehealth and smart care technologies and had been applied
by evidence-based health informatics were included in the review deemed appropriate by the author. The author
finds 18 primary concern (17 clinical trials) among 175 citations in online sources and categorises them into
problem-oriented categories, medical/health areas, machine learning designs, algorithms, and techniques. , thus
improving individualized care quality, early health problems identification in the centre and among patients,
patients’ quality of life, physicians’ and patients’ communication, resources utilization, and costs impact in
telehealth and smart care strategies utilizing machine learning in association with EBPs. However, this calls for
cooperation and multidisciplinary knowledge from all parties involved, including policymakers, informaticians,
and physicians. To fully utilize machine learning's promise in this field, further research is therefore needed,
including clinical investigations, systematic reviews, analyses, and meta-analyses

Ansari et al., [23]apply the Chronic Care Model (CCM) for type 2 diabetes self-management in Pakistani rural
primary care settings, evaluate its efficacy, and create plans to overcome its obstacles. Self-Management
Support (SMS) and Delivery System Design (DSD), two fundamental components of the Chronic Care Model,
were introduced to investigate the improvement of quality of life and modification of risk behaviour among
middle aged type 2 diabetes mellitus patients in rural Punjab Pakistan. This study recruited 20 healthcare
providers, 10 general practitioners, and 10 nurses, and 30 type 2 diabetic patients from different clinics of Al-
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Rehman Hospital Abbottabad, Pakistan. Quantitative content analysis was conducted in order to assess the
frequency of the most often made statements. In this present study, the t-test set was used to compare the
average variation of HbAlc at baseline, three and six months of monitoring between male and female diabetic
patients. The hypothesis was tested to establish whether diabetic self-management in rural Pakistan has a gender
perspective. The mean difference in HbAlc between the group of male diabetes patients and that of female
patients after a 6-month intervention of the two Chronic Care Model components pointed to gender aspect of
diabetes self-management in Pakistan’s rural areas in the quantitative analysis. At post-test after 6 months of the
intervention, the mean BMI difference between the male and the female group was significant (p < 0.05). Based
on the study, both the CCM components enhanced diabetic patient outcomes in Pakistan’s rural provinces. In
particular, the two Chronic Care Model components helped clarify on a way to make diabetes self-management
education and support feasible. It is then clear that long-term diabetic self-management system development
influences the results of health care systems.

Recent studies demonstrate how telemedicine and machine learning can revolutionise the treatment of chronic
illnesses. While highlighting the potential of predictive models in enhancing early disease identification and
lowering hospitalisations, studies that use Medicaid claims data and predictive analytics also highlight notable
discrepancies in telehealth usage, especially among low-income and minority groups. Efficient remote
diagnostics is made possible by sophisticated frameworks such as machine learning-based remote triage systems,
which show improved accuracy in categorizing medical situations. When combined with models like TAM and
ISSM, which place an emphasis on system quality and user-centred design, telehealth systems demonstrate
gains in patient quality of life, physical and mental working, and user satisfaction. Clinical parameters like
HbAlc and BMI improve when chronic care models are implemented in rural healthcare settings, revealing
gender-specific results. Furthermore, telehealth applications of evidence-based machine learning improve cost-
effectiveness, early diagnosis, and personalised care; yet, issues like data integration, model correctness, and
ethical considerations are still crucial for further development.

3. Problem Statement

Chronic diseases like diabetes, hypertension and cardiovascular diseases affect the rural populace as there is
IHW facilities available. Patients in remote areas often face significant barriers, including geographic isolation,
inadequate healthcare infrastructure, and socioeconomic challenges, which hinder effective disease
management[21]. Telehealth has emerged as a promising solution to bridge these gaps, offering remote
consultations and continuous monitoring[23]. However, its adoption and effectiveness in rural settings remain
underexplored, particularly in the context of chronic disease management[19]intends.Despite telehealth's
potential, disparities in access persist due to issues such as technological literacy, internet connectivity, and
affordability. Furthermore, there is a lack of comprehensive evidence evaluating its impact on critical health
metrics, such as HbAlc levels, blood pressure, and cholesterol, among rural patients. Additionally, the influence
of socioeconomic factors on telehealthutilization in these communities is not well understood.This research
seeks to address these gaps by assessing telehealth's effectiveness, investigating barriers to access, and
examining the role of socioeconomic factors, ultimately contributing to informed policy development and
improved rural healthcare outcomes.

4, METHODOLOGY
The methodology section describes a structured approach using a survey data collection is explained the next

step is quantitative analysis and Chi Square testing to determine correlation between demographic
characteristics and telehealthutilization.

™
Data Quantitative Analysis
» Preprocessing * » Framework

Input survey Quantitively analysis
dataset using Chi-Square

Result ‘ Hypothesis
Interpretation Testing

Fig 1. Workflow of the Telehealth Intervention Analysis
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The Fig 1. illustrates the process of the suggested study ideal to work out the survey data utilizing a telehealth
intervention. It starts with importing the survey dataset which is called survey data preprocessing, then,
processing the data to exclude the unwanted one. This is followed by a telehealth intervention, where the
different forms of the preprocessed data are subjected to telehealth technologies or methods. The next process
will be quantitative analysis through the use of Chi- Square method to determine the relation and pattern. This is
then succeeded by hypothesis testing in an attempt to look for significant differences or relationship. Last of all,
the results are explained to enable a systematic breakdown of the findings and establish meaningful conclusions
from the outcomes of the telehealth interventions.

4.1. Data Collection

To collect data for this study, structured questionnaires will be used during the survey with emphases on age
group and frequency of use of telehealth. Demographic data will be solicited by choosing the age range (18-30,
31-50, 51+), and telehealth usage frequency towards chronic diseases will be self-reported under categories
Never, Rarely, Sometimes, often. Thus, from practical experience, the survey is used to guarantee clear and
simple questions to increase the response accuracy while names and individual characteristics are anonymous.
This approach will enable the utilisation of statistical methods when determining the trends of
telehealthutilization based on demographic factors.

4.2. Implement Telehealth Intervention

The intervention called Implement Telehealth Intervention involves introducing a telehealth programme for
people with chronic care needs in a rural setting for instance, in cases of diabetes. This can include video
consults, remote surveillance of vital patient health parameters including blood pressure, HbAlc, digital
teaching on chronic disease self-management, and secure connection with health care providers. The goal is to
have a solid, easily available health care assistance at all levels of the patients’ geographical conditions. To
minimise implementation issues, the best practice in telehealth shall be followed to make it easy to use and
integrate with the existing systems and incorporate more patient feedback system to monitor the satisfaction and
efficiency of the system. The traditional modes of checking will be replaced with the monitoring tools to assess
the effects of the protocol in the management of chronic diseases in the long term.

4.3. Data Analysis

The Chi-Square test is a valuable statistical method for examining relationships between categorical variables.
In the proposed research scenario where to examine if the age group of participants is related to the frequency of
telehealth usage, the Chi-Square test can help identify if there is a significant association between these two
variables. Here’s a detailed explanation of how this test can be utilized in the proposed research [25], [26].

A contingency table 1. organizes data by cross-tabulating two categorical variablesage group and telehealth
usage frequency. Each cell holds the number of participants which have a certain combination of category items.
This enables the observational analysis of the frequency of telehealth usage by a specific demographic factor,
for example, age, by placing the variables in a visually understandable format of a table.

Table 1. Contingency Table

Age Group Never | Rarely Sometimes | Often | Total
18-30 10 15 20 30 75
31-50 5 10 25 35 75
51+ 20 10 15 10 50
Total 35 35 60 75 205

On a contingency table, find the expected frequency of cases for each cell assuming that there is no association
between the two variables. Applying the equation (1) of expected count, determination of the count that would
be expected in each cell based on independent of each other.
(Row Tot;—Column Tot;)

Eij = Overall Total (1)
where Row Totjis the sum of the frequencies for age group across all columns, Column Tot; is the sum of the
frequencies for telehealth usage j across all rows, Overall Total is the overall count of the number of participants
in the survey.
Hypothesis Testing
o Null Hypothesis (Hgy): There is no relationship between the age group and the frequency of telehealth

usage.
The null hypothesis according to the research questions is that age groups have no effect on the frequency of
using telehealth and any tendencies found are just as a result of chance. In statistical language it means that the
variables are independent — that is, age does not influence the frequency of telehealth use.
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e Alternative Hypothesis (Hq): There is a significant relationship between the age group and the frequency
of telehealth usage

The alternative hypothesis involves difference between age group and usage frequency of telehealth meaning it

is hypothesizing that specific age grade use telehealth frequently. This suggests that these differences are not

due to random chance but may be influenced by factors such as technology comfort, health concerns, or

accessibility.

4.3.1. Chi-Square Statistic Calculation
The Chi-Square statistic (X?) is s the statistical test that computed by using difference between observed

frequenciesF;; with the expected frequencies S;;and the formula is expressed in equation (2).

x? =y 2)

1

where Fjis the observed frequency in each cell was used to construct the contingency table, and S; represents the
calculate expected frequency for each cell. This calculation entails computation of cases, the difference between
the squared difference between the observed and expected frequencies ultimately divides it by the expected
frequency of each cell. The Chi-Square statistic was calculated to use in the analysis using the support of SPSS
for ascertaining the relevance of the value obtained. The Chi-Square test can easily be implemented via this
software. Here
Data Entry:The contingency table data was then inputted into SPSS by esteeming the age group as the row and
the frequency of telehealth usage as the column.
Running the Chi-Square Test:To get the Chi-Square test in SPSS, click on Analyze in the top toolbar, then
Diagnostic Tests, then Chi-square. This tool is to analyse the observed and expected frequency under the
condition of no relationship and estimate the correlation between age group and the frequency of using
telehealth.
Output:Analyzing the information in the SPSS output, the Chi-Square statistic value as well as the p-value
were obtained. This information was used to evaluate the effect size of the relationship between age group and
frequency of telehealth usage.
Decision Making:The p-value that comes from the SPSS relates to the chance of having a Chi-Square value as
small or smaller than the one determined under the null hypothesis. This p-value if below the significance level
suggest that the observed relationship is statistically significant, which suggests that patterns are mediated by
factors like technology comfort, health concerns or accessibility, if the calculated p-value is larger than alpha, it
points to the fact that any observed relationship represents random chance and the null hypothesis should not be
rejected.
Degrees of Freedom Calculation:Chi-Square test of significance degrees of freedom were computed
employing the equation (3)
df=(r—-1(c—-1) (3)
where rrepresent the number of rows in your contingency table, and crepresent the number of columns in your
contingency table.
Thus, following such a process, this research shall be in a position to establish relationships to some of the
findings and get inducted to factors influencing telehealth uptake across the ages. The strength of the association
of the aforementioned age group and the frequency with which people engaged in telehealth implies that the
patterns identified are likely not incidental, but result from factors like ease with technology and perception of
health needs or geographical barriers to access by users in the different age categories.

5. RESULT

The result section reviews the effectiveness of Telehealth interventions on the chronic illness and the effect on
health status, accessibility, cost-effectiveness and satisfaction amongst the rural dwellers.

In Fig 1. the pie chart represents the population in three different categories of age groups. The 18-30 and 31-50
age groups represent 37.5% of population of the model and coloured blue and green respectively. The
population of 51+ age group hence is 25%, as represented by the red-coloured section. This assists in the
understanding of demographic features which play pivotal roles in harmonised planning and allocation of
resources, and in targeting your advertising and merchandise.
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Demographic Distribution by Age Group

51+

25.0%

37.5%
37.5%
31-50

18-30

Fig 2. Demographic Distribution by Age group

In Fig 2, the bar chart represents the population demos of the three broad age buckets; 18-30 years, 31- 50 years
& 51+ years with 37.5% of 18-30 and 37.5% for 31-50 years population and the rest 25% for 51& above
population. In assisting the company in achieving its goals this chart assists in demographic analysis which in
return assist in planning, marketing strategies and resources allocation.

Heatmap of Age Groups vs. Telehealth Usage Frequency35
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Fig 3. Heatmap of Age Groups vs. Telehealth Usage Frequency

In Fig 3. the heatmap presents data associating age division (18-30, 31-50, 51+) with telehealth use frequency
(Never, Rarely, Often). They describe a relative frequency of ‘Often’ for younger groups and markedly higher
proportion of never for older groups. This helps in determining the usage that is demographic-based.

5.1. Performance Evaluation

Table 2. Health Outcomes: Changes in Disease Management

Metric Before Telehealth | After Telehealth
Intervention Intervention

Avg. HbAlc (%) 8.5 7.2

Avg. Blood pressure | 140/90 125/80

(mmHg)

Patient ~ Compliance | 65 85

(%)
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The table 2.presents overview of the efficacy of the telehealth interventions by addressing the chronic illness
successfully. HbAlc reduced from 85 to 72, blood pressure reduced from 140/90 to 125/80 and patient
compliance increased from 65 percent to 85 percent.

Health Outcomes Before and After Telehealth Intervention

140 Avg. HbALC (%)
.\ —e— Avg. Blood Pressure (mmHg)
—e— Patient Compliance (%)

120

100

60

Metrics

40

20

Before Telehealth Intervention After Telehealth Intervention
Time Period

Fig 4. Health Metrics Before and After Telehealth Intervention

In Fig 4. the line graph shows the health self-monitoring data of three telehealth indices including HbAlc, Blood
Pressure and Patient Compliance levels, pre and post its implementation. Examples of outcomes of HbAlc
include 20% where there was no change, blood pressure reduced from 140mmHg to 120mmHg; an increase in
patient compliance from 60% to 80 % show the positivity of the intervention.
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Fig 5. Patient Compliance before and after Telehealth

In Fig 5. the bar graph shows that patient compliance responds greatly to the implementation of the telemeter
services since the compliance has shifted to 85% dark green bar from 65% light blue bar. This is in agreement
with the findings that explained how telehealth can improve the compliance levels to doctor’s advice and
recommended treatments. Telehealth interventions are key in enhancing patient involvement hence resulting in
improved chronic disease management as well as health outcomes in addition to a high probability of chronic
disease treatment compliance.

Table 3. Accessibility: Reduced Travel Time and Increased Consultations

Parameter Before After
Invention | Invention

Avg. Travel time (min) | 120 20

Avg. consulting per | 3 8

patient (year)
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The Table 3indicate substantial progress after the invention of telehealth. Implementation of HTH mean travel
time reduced considerably from 120 to 20 minutes; mean consultations per patient per year rose to8 from 3
improving on the accessibility of healthcare and the extent of consultations.
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Fig 6. Scatter Plot of Time vs. Usage Frequency

Fig 6.presents a negative regression of Travel time and telehealth usage frequency, therefore; where the travel
time is short, the frequency of using telehealth is higher. While travel time and mileage rises, the usage
frequency is reduced, thus the importance of convenience for telehealth implementation. This insight points
strongly to the fact that any reduction on travel activities will help to boost the use of telehealth and
subsequently the efficiency of healthcare delivery.

Table 4. Cost-Effectiveness: Cost Savings

Cost element Traditional Telehealth
method technique

Avg. Patient travel cost($) 550 50

Avg. patient healthcare cost($) | 1500 800

System-wide healthcare cost($) | 1,33,0000 900,000

The Table 4elaborates on the cost efficiency of telehealth. Per-patient transportation expenses fell from 550 to
50, healthcare costs decreased from 1 500 to 800 and, overall systemwide healthcare expenses declined
dramatically from 1 330 000 to 900 000.

Table 5. Satisfaction: Patient and Provider Satisfaction

Satisfaction Element Before After
Telehealth Telehealth
Patient Satisfaction score (1-10) 6.7 9.2
Provider Satisfaction score (1-10) 7.3 8.9
Percentage of positive feedback (%) 64 91

This Table 5. demonstrates enhanced satisfaction levels post-telehealth, with patient satisfaction scores
increasing from 6.7 to 9.2, provider satisfaction from 7.3 to 8.9, and positive feedback rising from 64% to 91%.
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Fig 7. Box Plot of Satisfaction Score
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In Fig 7. the box plot indicates a shift to higher satisfaction scores after the intervention. The mode score
changed from 50 to 75, while the IQR and whiskers were also raised, demonstrating greater. Outlet satisfaction
in the course. The decrease in the lower outliers is another indication of improved and more positive patient
response to the intervention.

5.2. Discussion

In the context of chronic illness, telehealth is envisaged to unleash core value given the envisioned research
under the proposed research. Other benefits include enhancement of blood pressure, a marked reduction of
HbAlc, and improvement of patient concordance. Telehealth minimises physical location restrictions, transport
cost and enhances consultation rates of a health care, hence increasing its affordability. Through IoT, machine
learning real time monitoring, early intervention and individual approach to patient’s health leads to the best
health results. However, challenges persist. The limited use of technology in remote settings may also play a
role in telehealth use by older or low-income individuals. The important issues regarding privacy and data
security need good frameworks, and sometimes inadequate structural or network support undermines the
usefulness of telehealth. Implications for this research exist in the trends in global organisational development of
rural health care for chronic illnesses, including diabetes and hypertension. The results can inform directions in
policy, funding, and innovative, sustainable telerobotic interventions. For future work it is proposed, challenges
should be meet by improving diagnostic capabilities based on artificial intelligence, increasing technological
support and raising digital competencies to obtain optimum results from telehealth.

6. Conclusion and Future work

The proposed research outlines the rapidly emerging role of telehealth to revolutionise chronic disease
management in rural settings. Using loT, RPM, and machine learning, the study demonstrates benefits like
lower HbAlc, better blood pressure control, high adherence, and costs’ reductions. Due to high accessibility
barriers among the rural dwellers, telehealth is a Panacea to the unending hurdles posed by the limitation of
provided structure to the mass health consumer. Nevertheless, the challenges include technology gap, privacy
issues, and limitation of structures signify the necessity of more intervention. More research should be directed
to the improvement of health technologies through the use of the telemedicine systems such as enhancement of
the integrated Al diagnosis, extending information communication technologies knowledge to the populace and
strengthening health IT networks in more rural areas. There should also be solutions aimed at the major ethical
questions, such as data privacy and the availability of data for each population category.These advancements
will pave the way for telehealth to play a pivotal role in global healthcare delivery and chronic disease
management.
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