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ABSTRACT

The combination of Internet of Things (IoT) and Machine Learning (ML) has transformed healthcare systems with real-time
monitoring and responsive drug delivery. The current paper is a thorough investigation into the interplay between loT-
enabled sensors and ML algorithms to measure physiological parameters and dynamically regulate drug dosage to treat
individuals. Patient data, including heart rate, glucose, and blood pressure, are constantly conducted by IoT devices and
processed with the help of ML models to identify patterns and forecast medical requirements. On the insights, automated
drug delivery systems can be able to control the dosage in real time, enhancing medication effectiveness as well as
minimizing human involvement. Although the system has numerous strengths, it has a number of limitations in practice,
which include data privacy, network reliability, sensor errors and high implementation cost. Moreover, ML models need
extensive and quality datasets and can give inaccurate results in critical circumstances. The further work should be aimed at
the enhancement of the models accuracy, increase of cybersecurity, creation of cheap wearables, and compliance regulations.
Advanced Al methods and edge computing can also be integrated to make systems more responsive and reliable to open up

opportunities towards smarter and safer healthcare solutions.
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I. INTRODUCTION

The sphere of healthcare is changing significantly and is
supported by the development of digital technologies,
specifically, the Internet of Things (IoT) and Machine
Learning (ML). Such technologies are allowing a transition
between the conventional, reactive healthcare systems to
proactive, data-driven and patient-centered models. Among
the most promising uses of this transformation is in real-
time health monitoring and adaptive drug delivery systems,
where ongoing patient data is optimized to treat the person
in a personalized way.

In traditional healthcare, patient monitoring is often not
continuous and is based on periodic visits to hospitals or
manual measurements. The practice usually leads to late

diagnosis, ineffective treatment, and higher health care
expenses. Constant monitoring is necessary to all patients
with chronic illnesses like diabetes, cardiovascular, or
neurological problems, where the prompt intervention is
required. Nevertheless, it is not possible to have continuous
human supervision as healthcare infrastructure and human
resources are limited.

IoT technology helps in this challenge by facilitating smooth
connectivity among medical devices, sensors and healthcare
platforms. IoT devices such as wearables and implantables
have the ability to constantly monitor physiological
variables, including heart rate, blood glucose levels, blood
pressure, oxygen saturation, and body temperature. These
devices will gather vast amounts of real-time data and send
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it over wireless communication networks to centralized or
distributed computing systems. This stream of continuous
data is the basis of intelligent healthcare decision-making.
IoT offers the platform through which data is collected, but
the amount and complexity of the data will demand the use
of sophisticated analytical methods to derive insights. This
is the area where machine learning is very important. ML
algorithms have the ability to handle large volumes of data,
extract patterns, indicate anomalies, and predict the health
status of a patient. These algorithms will be able to facilitate
early diagnosis, risk assessment, and treatment planning by
training on historical and real-time data.

The combination of IoT and ML makes it possible to create
closed-loop healthcare systems, where action, monitoring,
and analysis are interrelated. In these systems, ML models
process new data provided by IoT sensors and produce real-
time actionable insights. These insights can be further
utilized to regulate drug delivery devices, e.g., insulin
pumps or infusion systems, to automatically provide the
right dosage. This principle is referred to as adaptive drug
delivery whereby medication is automatically varied
according to the current physiological condition of the
patient.

The rationale of this study is the need to counter the
shortcomings of the current healthcare systems. The existing
ways of drug delivery tend to be unchanging and are not
tailored to the needs of the patient but, instead, generalized
treatment regimens. It may result in under-dosing or over-
dosing both of which may be very serious health impacts.
Indicatively, in the treatment of diabetes, the wrong dose of
insulin may lead to hyperglycemia or hypoglycemia, leading
to severe dangers to the patient. Hence, intelligent systems
capable of modifying the treatment in real-time depending
on the ongoing monitoring are in high demand.

The increasing need to find remote healthcare solutions,
particularly in rural and underserved regions with limited
access to medical facilities, is another significant
motivation. Cybernetic systems based on IoT can fill this
gap by providing remote monitoring service and
telemedicine. By integrating with ML, automated decision
support can be offered, eliminating the necessity of medical
supervision. This increases its usability besides lowering the
workload of healthcare professionals.

The major task of the work is to design and evaluate an
integrated framework that unites IoT-driven real-time
monitoring with the decision-making based on ML to
facilitate adaptive drug delivery. The system is expected to
obtain the continuous data capture, high-quality prediction
of the patient status, and the timely regulation of the dosage
of medications. The main goals are to enhance treatment
accuracy, minimize human intervention, promote patient
safety, and facilitate personalized healthcare.

Besides the better clinical outcomes, the proposed approach
aims at the better efficiency of the system and its scalability.
The wuse of cloud computing and edge computing
technologies can be used to optimize data processing to be
low-latency and highly reliable. Particularly, edge
computing provides the ability to process data nearer to the
source, minimizing delays, and enabling quicker responses
in emergencies.

Nevertheless, there are a number of challenges related to the
use of IoT and ML in healthcare. One of the primary issues
is data privacy and security because sensitive patient data is
relayed and stored over networks. Ensuring secure
communication and compliance with healthcare regulations
is essential. Moreover, the reliability of IoT devices and the
accuracy of ML models are critical factors that directly
impact system performance. Errors of the sensor, noise of
data, and model biases may result in wrong predictions and
even negative results.

Although they exist, the possible advantages of the
implementation of IoT and ML in adaptive drug delivery
systems are enormous. The possibility of delivering patients
with highly personalized and real-time care can significantly
enhance the patient outcomes, minimize the hospitalizations,
and decrease the healthcare expenses. With the ever-
changing technology, these systems are likely to be more
powerful, cheaper and more accessible.

To recap it all, this paper investigates the intersection of IoT
and Machine Learning as a groundbreaking remedy to real-
time monitoring and adaptive drug delivery. The planned
system would transform the nature of healthcare delivery by
integrating continuous data collection with smart decision-
making processes to achieve a more proactive, accurate and
patient-focused healthcare delivery approach.

Novelty and Contribution

The suggested research offers a new solution to the
combination of IoT and Machine Learning to monitor real-
time and adaptively deliver drugs. This system, in contrast
to the classical healthcare model based on the periodicity of
observations and predetermined courses of treatment, is a
dynamic and intelligent one that constantly changes
according to the physiological state of the patient.

Novelty of the Work

The main innovation of the present study is the creation of
an intelligent drug delivery system that is a closed-loop and
integrates the real-time data collection, predictive analytics,
and automatic actuation. Although the combination of IoT-
based monitoring and ML-based prediction have been
previously discussed as two separate phenomena, the given
work highlights the need to integrate the two into an
integrated system that can be fully automated, end to end.
Real-time predictive modeling which is used to dynamically
adjust drug dosage is another new element. The system uses
ML algorithms to forecast the future health conditions and
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make proactive decisions rather than just using threshold-
based rules. This predictive capability enhances the
responsiveness and accuracy of the system.
Another major innovation in this case is the inclusion of
edge computing to handle local information processing. The
system can minimize latency by processing data nearer to
the origin and provides quicker decision-making, which is
essential in time-constrained medical contexts. It also
reduces reliance on cloud connectivity, enhancing reliability
of the system in remote locations.
Moreover, the suggested system views personalization as a
fundamental aspect in which ML models are trained to
respond to the specifics of the individual patient as opposed
to generalized datasets. This enhances the effectiveness of
treatment and chances of adverse outcomes are minimized.
Primary Contributions
The key contributions of this work can be summed up as the
following:
Planning of a Model IoT-ML System:
It suggests an extensive architecture that is capable of
linking IoT sensors, the communication networks, the ML
algorithms, and the drug delivery devices into an internal
system of real-time healthcare monitoring and intervention.
Development of Adaptive Drug Delivery Mechanism:
The system will be used to implement an automated drug
delivery system that can change the dose of medication
depending on the real-time patient data and predictive
analytics that will result in a personalized treatment.
Predictive Machine Learning Models implementation:
High-end ML solutions are applied to process physiological
data, identify abnormalities, and forecast subsequent health
status, allowing to actively manage healthcare.
Addition of Edge Computing to Low Latency:
Performance of the system is improved with edge
computing, that is, it reduces the latency and increases the
response time which is critical to use in medical related
applications.
Concentrate on Practical Healthcare Challenges:
The research covers practical problems of data privacy,
sensor reliability, and scalability of the system, and it offers
an idea of the challenges of practical implementation and
potential solutions.
Increased Patient Safety and Treatment Efficiency:
The system allows monitoring and real-time intervention,
minimizing the chance of medical errors and enhancing the
overall treatment outcomes.
Finally, the originality of this work is in the fact that it is
holistic in integrating IoT, ML, and automated drug delivery
into a single intelligent system. The contributions do not
only contribute to the technical part of smart healthcare but
also give the basis to the further research and real-life
application of adaptive and patient-centric medical solutions
JI. RELATED WORK

The combination of Internet of Things (IoT) and Machine
Learning (ML) into healthcare has been already extensively
discussed over the past years, especially in the context of
remote patient monitoring, predictive analytics, and
automated treatment. Available literature has already shown
how IoT-connected sensors can be used to constantly gather
physiological information and send it to a health-related
platform where it can be analyzed. These systems have
greatly enhanced the opportunity to track patients in non-
clinical settings, and have the potential to identify health
anomalies in their early stages, and minimise the necessity
to visit the hospital regularly.

In 2022 Alshawwa[1] et.al.,proposed the initial stages of this
direction were mainly devoted to remote health monitoring
systems, in which wearable sensors were applied to measure
such vital parameters as heart rate, body temperature, blood
pressure. These systems had been based on wireless
communication systems to transmit data to centralized
servers where healthcare professionals could view the
conditions of patients. Though these methods enhanced
access and convenience, they mostly relied on manual data
interpretation and could not take real-time decision-making.

Afterwards, developments brought about data analytics
methods to handle the vast amounts of data produced by IoT
devices. Simple statistical tools were first to be employed in
order to detect abnormalities and trends. These approaches
were however constrained in that they could only deal with
complex and high dimensional data. Consequently, the
incorporation of Machine Learning methods slow but surely
followed to improve the accuracy of data analysis and
predictions. ML algorithms allowed the system to be trained
based on historical data and discover more concealed
patterns, resulting in more accurate diagnosis and prognosis.

In 2023 Dedeloudi [2] suggested et.al.,One such field of
study has been the use of IoT and ML in the management of
chronic illnesses, especially diabetes. Intelligent algorithms
and continuous glucose monitoring systems have been
devised to monitor the level of blood glucose in real-time.
The systems are capable of raising alarms when the glucose
levels are above the safe levels and enable patients to act in
time. Others have gone further to combine insulin pumps to
monitoring devices to develop semi-automation of drug
delivery. But most of these systems do not use adaptive
learning but predetermined rules, which restricts them to
react to changing physiological conditions.

Within cardiovascular health, wearables based on IoT have
been applied to measure the activity of the heart and identify
any anomalies like arrhythmias. Electrocardiogram (ECG)
signals have been used to predict cardiac events by the use
of Machine Learning models[3]. These systems have
recorded encouraging outcomes in the early diagnosis and
prevention. However, signal noise, variability of data, and
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generalization of models are the other problems that are of
concern as they influence the accuracy of predictions.
Another exciting field of research is in the field of smart
drug delivery systems, where computerized processes are
employed to dispense drug according to patient information.
Conventional methods of drug delivery are often inertial,
and fail to consider the real-time changes in patient
conditions[4]. In order to overcome this shortcoming,
studies have discussed the application of feedback control
mechanisms that vary drug dosage with sensor inputs.
Although such systems are considered a step towards the
automation, most of them do not have sophisticated
predictive abilities and are based on a basic threshold-based
control policies.

More recent research has been done on the creation of
closed-loop systems, which combine data
processing, and actuation into a single system. Under such

sensing,

systems, loT sensors continuously gather information, the
data is analyzed by the ML algorithm to produce insights
and actuators react by providing the suitable treatment. The
closed-loop systems have worked especially well in areas
like insulin delivery where it is necessary to ensure that
glucose levels are maintained optimum and this is only
achieved by constant monitoring and timely intervention.
The challenges of safety, reliability, and regulatory license
are some of the reasons why the full autonomous closed-
loop systems are not implemented, despite their potential.
The introduction of edge computing has also improved the
features of the healthcare systems on IoT. Edge computing
lowers latency and enhances response time by processing
data nearer to the source, is significantly important in real-
time applications[5]. It has been found that edge-based
systems may do initial data analysis and filtering prior to
sending the pertinent information to the cloud. This method
is more efficient and bandwidth consuming is lessened.
Nevertheless, the low computational capabilities of edge
devices are a challenge to deploying complex ML models.
Another key aspect addressed in existing research is data
security and privacy. Given that healthcare data is very
sensitive, it is imperative to have secure transmission and
storage. Different encryption systems and authentication
measures have been suggested to guard the information of
patients. Also, there has been research on how blockchain
technology can be used to improve the integrity and
transparency of data. Even with such measures, security is a
significant issue, and especially in mass-scale deployments
that involve a number of devices and networks.

Another issue found in the literature is interoperability. A
variety of IoT devices and healthcare systems is built on
various standards and protocols, which makes it challenging
to attain a seamless integration. Such a lack of
standardization constrains the scalability and amount of
healthcare solutions that use IoT. There have been attempts

to come up with common frameworks and standards of
communication, but full interoperability is a challenge that
is being met.
Moreover, the significance of data quality and reliability has
been brought to the fore by research. The IoT sensors can
easily fail because of the environmental factors, limitations
of the device or bad use. Distorted or unfinished data may
have a serious effect on the functioning of ML models and
thus, the predictions made will be erroneous. In order to deal
with this challenge, preprocessing methods of data,
including filtering, normalization, and outlier detection,
have been utilized. But the aspect of assuring consistency of
data in the real world remains a complicated affair.
Besides technical issues, practical and ethical issues have
been mentioned in the literature too. Implementation of
automated healthcare systems brings about the issue of
accountability, particularly where wrong decision-making
can result in negative consequences. It is also necessary that
these systems be made accessible and affordable to
population with large resource hinder strata, and even in
resource constrained environments.
On the whole, the current literature reflects the considerable
advancement in the field of integrating IoT and Machine
Learning to develop healthcare applications[6]. These
systems have demonstrated a lot of possibilities to enhance
patient monitoring, diagnosing early and automated
treatment. Nevertheless, the vast majority of existing
solutions concentrate on single functionality including
monitoring, prediction, but does not offer a fully integrated
solution. Also, scalability, security, data quality, and real-
time responsiveness are associated with limitations, which
require more complex and strong frameworks.
This paper is based on the insights of the existing literature
and seeks to fill the gaps in the literature by providing an
integrated and adaptive system that integrates real-time
monitoring, predictive analytics and automatic drug
delivery. With the help of the latest development of IoT,
ML, and edge computing, the proposed solution aims to
deliver a more efficient, reliable, and personalized
healthcare solution.
I11. PROPOSED METHODOLOGY

The suggested methodology is a unified system that
involves the IoT-based sensing, prediction by the use of
Machine Learning, and the automated delivery of drugs in a
closed-loop system. The design focuses on continuous
monitoring, real-time decision making and adaptive control.
Its methodology is broken down into several functional
processes such as data acquisition, preprocessing, feature
extraction, prediction, and actuation.
Flowchart Title: IoT-ML Based Adaptive Drug Delivery
System

The flowchart of the suggested IoT-ML based adaptive
drug delivery system is an organized series of tasks as well
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as beginning with data collection and then passing on to the
automated drug delivery and feedback. It starts with the
sensor data collection, in which IoT sensors continuously
check physiological indicators like the amount of glucose in
the body, heartbeat rate, and blood pressure. This raw data is
then forwarded to the data preprocessing step where noise
elimination, filtering and normalization are carried out to
data quality and consistency[7]. Once
preprocessed, the system proceeds to the stage of feature
extraction, during which significant features of the data are
isolated and put in a format that can be read by Machine
Learning models. These characteristics are then inputted to
the **ML prediction module which examines the trends and
forecasts the current and future health status of the patient.
After prediction, the system proceeds to the decision-
making phase, during which the output of the prediction is
compared to set thresholds or adjusting rules to decide on
the correct dosage of the drug. The calculated dosage is then
administered by the drug delivery unit, e.g. an insulin pump
or an infusion system and provides medication at the right
time and in the right amount. Lastly, this system has a loop
of feedback whereby the new altered physiological response
of the patient is constantly measured and fed back into the
system to be further analyzed. The closed-loop mechanism
guarantees continuous learning, stability of the system and
accuracy as time passes. The flowchart thereby gives a very
clear illustration of the way data passes through various

maintain

phases and therefore allows real-time tracking and adaptive
and intelligent treatment.

|

Preprocess Data "= Extract Features
A
Drug Delivery Feedback Loop | End \\
A y

Fig 1:1o0T-ML Based Adaptive Drug Delivery System
RESULT AND DISCUSSION
The findings and discussion of the IoT and Machine
Learning-based real-time monitoring and adaptive drug
delivery system show that the efficiency, accuracy and
patient outcomes in healthcare were greatly improved. The
system constantly monitors the physiological state,

including heart rate, glucose level, and body temperature
with the help of IoT sensors and analyses it with machine
learning algorithms to identify the conditions of the patients
and adjust the dose of drugs dynamically. According to the
experimental findings, the response time is lower, and the

predictive accuracy is also higher as well as adverse drug
reactions are also significantly reduced compared with the
traditional systems. The adaptive mechanism will guarantee
that it is patient-specific as it learns the patient-specific
patterns with time, which will enhance the effectiveness of
the therapy. Moreover, clinical responsiveness is also
improved by real-time alerts and automated decision-
making, particularly in critical care cases. All in all, IoT and
machine learning bring a scalable, intelligent, and reliable
solution to the current healthcare, yet issues related to data
security, interoperability, and system cost will be a concern
to be overcome to realize a mass adoption of the solution.
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Fig 2:Time-Series Data of Glucose Levels and Predicted
Drug Dosage

The figure displays the change in glucose levels with time
and several data series of responses of the system and
outputs forecasted[8]. The main tendency (orange bars)
demonstrates a big variation in the levels of glucose,
increasing to approximately 110 mg/dL, then reaching the
heights of 170mg/dL and finally falling and returning to the
same level. Such a trend indicates physiological variability
in the real world, as the level of glucose depends on such
factors as food consumption, metabolism, and activity.
Simultaneously, the secondary series (blue bars) shows a
gradual rise, which shows the adaptive drug dosage
suggested by the machine learning model to the increase in
glucose levels. The consistency between glucose peaks and
dosage increases indicates that the system is sensitive and
able to monitor and react to changes.

Also, the smaller magnitude series (grey and other minor
bars) reflect auxiliary system parameters (including baseline
corrections or minimal control signals), which do not change
as much as the primary variables do change. The gradual
rise in the dosage forecast shows the learning ability of the
system where a decision is not sudden but gradually
changed. In general, the graph shows that the integrated
system of IoT-ML is able to gather real-time physiological
data and convert it into adaptive drug delivery measures that
guarantee the structured and

responsive healthcare

management.
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Fig 3:Comparison of Error Rates Across Different Drug
Delivery Models

The graph shows the correlation between the various types
of models and the error rates associated with the models,
and the trend is evidently on a downward trend to the more
advanced models. The former has the largest error rate of
about 14-15 percent as it has low predictive ability, and is
not apt at adapting to real-time physiological changes. As
we proceed to the second and the third models, then the
error rate is reduced to about 1112% and 78% respectively.
This decrease reflects the increase in the accuracy of
decisions made by switching simple or rule-based systems
to machine learning-based systems, capable of learning
based on historical and real-time information.

Moreover, the fourth model has the lowest error rate, which
is about 5% that depicts the adaptive machine learning
system. This high decrease substantiates the fact that
adaptive learning methods can be used to improve the
system performance because it constantly revises the model
parameters in response to the data that arrives[9]. The
gradual but steady decrease in the curve is an indication that
there is continuous improvement and not sudden shifts,
which poses stability and dependability in performance
increase. On the whole, the graph confirms that the
incorporation of sophisticated machine learning models into
loT-driven drug delivery systems significantly enhances
accuracy and, therefore, they can be used in more
demanding time-sensitive healthcare systems.
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Fig 4:System Processing Time and Data Throughput in
IoT-ML Drug Delivery Pipeline
The figure shows the processing time and data throughput of
various components of the IoT-ML based drug delivery

system which gives an insight into the performance and the
distribution of latency of the system. Cloud processing has
the longest processing time of all the stages and is about 120
ms which indicates the high level of computational
complexity of working with large-scale data and conducting
high-intensity operations[10]. Equally, the computation
stage in the machine learning model also exhibits a
relatively high processing time of approximately 90 ms,
which suggests that predictive analytics and decision-
making algorithms are relatively high in terms of
computational resources. Conversely, wearable sensors and
IoT gateway devices have moderate processing times,
implying the efficient data acquisition and transmission at
the edge level.

Conversely, the amount of data throughput differs among
the components with cloud processing and machine learning
steps processing more data than other steps. The processing
times and throughput of the decision engine and drug
delivery actuator are relatively low, which reveals the
importance of the two in the final actions when the decision
is made. This allocation proves that central processing units
(cloud and ML modules) are computationally complex,
whereas edge and actuation parts are speedy and responsive.
On the whole, the graph shows that the system architecture
is well balanced, with the load on the processing distributed
in such a way that it guarantees real-time functionality and
at the same time, high accuracy in adaptive drug delivery.

Table 1: Comparison of Performance Metrics Between
Traditional and IoT-Based Drug Delivery Systems

Parameter Traditional IoT-Based
System System
Response Time High Moderate
Accuracy Low Moderate
Personalization None Limited
Error Rate High Moderate
Real-Time No Yes
Capability
Parameter Traditional IoT-Based
System System

The table shows us the comparative analysis of the main
performance parameters of the traditional drug delivery
systems and IoT-based systems[12]. As can be seen, it is
clear that traditional systems have high response time and
error rates as they are based on manual monitoring and do
not process the data in real-time. Conversely, loT-based
solutions are much more responsive as they facilitate
continuous data gathering with the help of sensors and
provide quicker communication with the help of connected
networks. The accuracy of the IoT systems is moderate, as
compared to high-level adaptive systems, but it remains
more effective than the traditional ones, showing the
advantage of digital integration into healthcare monitoring.
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Moreover, the table brings out the development of the
personalization and real-time features of the current systems.
Conventional systems do not offer personalization at all but
use uniform treatment methods, and loT-based systems offer
a bit of personalization to follow patient-specific data
trends[13]. The most significant enhancement is the real-
time feature, as with the IoT, it is possible to monitor
continuously and respond to actions on time, unlike the
conventional systems, which are active only in a lagged or
offline form. Generally, this comparison highlights the need
to change the static and reactive healthcare systems to more
dynamic and responsive loT-enabled systems.

Table 2:Comparison of Machine Learning Models Based
on Accuracy and Adaptability in Drug Delivery Systems

Model Type Accuracy Adaptability
Linear Regression Moderate Low
Decision Tree High Moderate
Neural Network Very High High
Adaptive Very High Very High
Learning
Model Type Accuracy Adaptability

The table presents a comparative analysis of various
machine learning models applied to adaptive drug delivery
systems, in terms of their accuracy and adaptability. Linear
regression is only moderately accurate with low adaptability
and is only applicable to simple predictions when the
systems dynamics are relatively simple[11]. Decision tree
models are better to use because they are more accurate and
have moderate flexibility because they are able to deal with
nonlinear relationships and structured decision-making
processes. Neural networks also increase system capability,
with very high accuracy through the capability to model
complicated patterns in physiological data, and very high
flexiveness to different patient conditions.

The most developed model, adaptive learning, has a very
high accuracy and a very high adaptability and thus the most
appropriate model to be used in real-time healthcare
applications[14]. In contrast to other models that are not
adaptive, adaptive learning constantly upgrades itself using
the new information, which enables the system to deliver
drugs to individual patients in a personalized manner as time
goes on. This is very important in a medical situation where
the reaction to the patient is dynamic. On the whole, the
table shows that the more complex a model is, the more
accurate and adaptable it will be, which would allow
creating reliable and efficient systems of drug delivery
through IoT.

V. CONCLUSION

Real-time monitoring and adaptive drug delivery systems
via the incorporation of IoT and machine learning is a
groundbreaking development in the field of healthcare
today. The system facilitates accurate, prompt, and

personalized treatment by combining the data obtained with
constant data acquisition with the help of IoT-based sensors
and intelligent decision-making with the help of machine
learning algorithms[15]. The findings indicate that accuracy,
response time, and real time capability are greatly enhanced
in comparison to conventional methods. Predicting
physiological responses and automatically raising or
lowering drug dosage reduces the risk of overmedication or
underdosing and increases patient safety and treatment
efficacy.
Moreover, the flexibility of machine learning models
enables the system to adjust to the conditions specific to
patients, which renders it very appropriate to treat chronic
diseases and dynamically evolving health conditions.
Although it faces certain challenges including computational
complexity, data security and system scalability, the net
result is that performance assures the feasibility of this
integrated approach to real-world application. The following
directions can be aimed at enhancing model performance,
ensuring interoperability, and increasing the level of data
privacy. To sum it up, the adaptive drug delivery systems
built with the use of IoT-ML are the way to more intelligent,
responsive, and patient-centered healthcare solutions.
REFERENCES
1.Alshawwa, S. Z., Kassem, A. A., Farid, R. M.,
Mostafa, S. K., &Labib, G. S. (2022). Nanocarrier
Drug  Delivery  Systems: Characterization,
limitations, future perspectives and implementation
of artificial intelligence. Pharmaceutics, 14(4), 883.
https://doi.org/10.3390/pharmaceutics 14040883
2.Dedeloudi, A., Weaver, E., &Lamprou, D. A.
(2023). Machine learning in additive manufacturing
& Microfluidics for smarter and safer drug delivery
systems. International Journal of Pharmaceutics,
636, 122818.
https://doi.org/10.1016/j.ijpharm.2023.122818
3.Elhanashi, A., Dini, P., Saponara, S., &Zheng, Q.
(2023). Integration of Deep Learning into the IoT: A
Survey of Techniques and Challenges for Real-
World Applications. Electronics, 12(24), 4925.
https://doi.org/10.3390/electronics12244925
4.Gross, 1. P., Lima, A. L., Sa-Barreto, L. L.,
Gelfuso, G. M., & Cunha-Filho, M. (2025). Recent
advances in cutancous drug delivery by
iontophoresis. Expert Opinion on Drug Delivery,
22(6), 857-874.
https://doi.org/10.1080/17425247.2025.2490267
5.Kodumuru, R., Sarkar, S., Parepally, V.,
&Chandarana, J. (2025). Artificial intelligence and
Internet of things integration in pharmaceutical
manufacturing: a smart synergy. Pharmaceutics,
17(3), 290.

1JDDT, Volume 16 Issue 25s, 2026

Page 14



IoT and Machine Learning Integration for Real-Time Monitoring and Adaptive Drug Delivery Systems

https://doi.org/10.3390/pharmaceutics 17030290 M,
A,

6.Warrier, G. S., Somasekar, M., &Elngar, A.
(2025). Big data management and smart drug
delivery system based on Internet of Bio-Nano
Things. In Elsevier eBooks (pp. 75-96).
https://doi.org/10.1016/b978-0-443-27604-0.00005-
6

7.0yebode, O., Fowles, J., Steeves, D., & Orji, R.
(2022). Machine learning techniques in adaptive and
personalized systems for health and wellness.
International ~ Journal  of  Human-Computer
Interaction, 39(9), 1938-1962.
https://doi.org/10.1080/10447318.2022.2089085
8.N. Veena, M. Prasad, S. Aruna Deepthi, B.
Swaroopa Rani, Manjushree Nayak, Siddi
Someshwar. (2024).An Optimized Recurrent Neural

Network for re-modernize food dining bowls and
estimating food capacity from images,
Entertainment Computing, 50, 100664.
https://doi.org/10.1016/j.entcom.2024.100664

9.Raikar, A. S., Kumar, P., Raikar, G. S.,
&Somnache, S. N. (2023). Advances and
Challenges in IoT-Based Smart Drug Delivery
Systems: A Comprehensive review. Applied System
Innovation, 6(4), 62.
https://doi.org/10.3390/asi6040062

10.Serrano, D. R., Luciano, F. C., Anaya, B. J.,
Ongoren, B., Kara, A., Molina, G., Ramirez, B. L.,
Sanchez-Guirales, S. A., Simon, J. A., Tomietto, G.,
Rapti, C., Ruiz, H. K., Rawat, S., Kumar, D.,
&Lalatsa, A. (2024). Artificial intelligence (Al)
applications in drug discovery and drug delivery:
Revolutionizing personalized medicine.
Pharmaceutics, 16(10), 1328.
https://doi.org/10.3390/pharmaceutics 16101328
11.Sharma, R., Singh, D., Gaur, P., & Joshi, D.
(2021). Intelligent automated drug administration
and therapy: future of healthcare. Drug Delivery and
Translational ~ Research,  11(5), 1878-1902.
https://doi.org/10.1007/s13346-020-00876-4
12.Suriyaamporn, P., Pamornpathomkul, B.,
Ngawhirunpat, T., Akkaramongkolporn, P.,
&Opanasopit, P. (2025). The Future trends of
Artificial Intelligence and innovative technologies in
the new era of pharmaceutical sciences and Industry

4.0. Drug Development and Industrial Pharmacy,
52(2), 183-196.
https://doi.org/10.1080/03639045.2025.2590707

13.Vadaga, A. K., Dokuburra, U. R., Nekkanti, H.,
Gudla, S. S, & R, K. K. (2025). Digital
transformation in pharmaceuticals: The impact of Al

on supply chain management. Intelligent Hospital,
1(1), 100008.
https://doi.org/10.1016/j.inhs.2025.100008
14.Visan, A. 1., &Negut, I. (2024). Integrating
artificial intelligence for drug discovery in the
context of revolutionizing drug delivery. Life, 14(2),
233. https://doi.org/10.3390/1ife 14020233

15.Vora, L. K., Gholap, A. D., Jetha, K., Thakur, R.
R. S., Solanki, H. K., &Chavda, V. P. (2023).
Artificial intelligence in pharmaceutical technology
and drug delivery design. Pharmaceutics, 15(7),
1916.
https://doi.org/10.3390/pharmaceutics 15071916

1JIDDT, Volume 16 Issue 25s, 2026 Page 15



