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ARTICLE INFO ABSTRACT

Received: 28 Dec 2024 Vitamin D is essential for maintaining overall well-being and plays a significant role in

preventing various health conditions. However, a vast majority of the global population

experiences vitamin D deficiency (VDD), affecting nearly one billion individuals of all age

Accepted: 01 Mar 2025 groups. This widespread deficiency is primarily attributed to modern lifestyle changes, such as
reduced outdoor activities and environmental factors like air pollution, which limit exposure to
sunlight—an essential source for UVB-induced vitamin D synthesis in the skin. The human
body can produce vitamin D when exposed to sunlight or obtain it through dietary sources.
Beyond supporting strong bones and teeth, vitamin D is crucial for various physiological
functions and may help prevent diseases such as type 1 diabetes.

Revised: 21 Feb 2025

This research examines the role of Internet of Things (IoT) technology in monitoring and
regulating vitamin D levels to mitigate deficiencies and associated health risks. The study
explores the significance of vitamin D, its sources and its impact on human health.
Furthermore, it introduces the concept of IoT-enabled wearable devices designed to track sun
exposure, monitor vitamin D levels and provide personalized recommendations for optimal
intake. Various IoT-based solutions and their potential applications in promoting sufficient
vitamin D levels are discussed, highlighting their effectiveness in reducing deficiencies and
preventing related diseases. Ultimately, this study demonstrates how IoT technology can
facilitate personalized vitamin D management and contribute to overall health improvement.

Keywords: Vitamin D, deficiency, 10T, wearable devices, sun exposure, health monitoring,
personalized recommendations, disease prevention
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INTRODUCTION

Vitamin D deficiency is a prevalent health issue affecting a significant portion of the global population.Multiple
factors, such as low dietary intake and inadequate sun exposure, can result in vitamin D insufficiency [2]. The
primary source of vitamin D is sunlight, but various factors such as indoor lifestyles, geographical location and
cultural practices can contribute to insufficient levels. To prevent vitamin D insufficiency, you need to spend 20
minutes outside each day with more than 40% of your body exposed.Around 1 billion people globally need
enough vitamin D.The elderly have the highest frequency of vitamin D deficient

patients.Deficiency in vitamin D is associated with numerous adverse health outcomes, including weakened
bones, increased risk of chronic diseases and compromised immune function. [3]Studying data from nationwide
surveys conducted between 1999 and 2014, researchers discovered a 2.8% increase in the number of people
taking possibly harmful levels of vitamin D.

BACKGROUND STUDY

Long-term vitamin D insufficiency may lead to difficulties like cardiovascular ailments, autoimmune issues,
neurological diseases, infections and more.problems during pregnancy, as well as some malignancies,
particularly colon, breast and prostate. [4]Megadoses of vitamin D supplements are typically the source of
vitamin D toxicity, which can induce bone loss, kidney failure, elevated blood levels of calcium, nausea, vomiting,
poor appetite, stomach pain, constipation, or diarrhoea.

To address this public health concern, innovative solutions are required which are an efficient and user-friendly
method of managing vitamin D consumption and preventing related illnesses is required. [8] A viable solution to
this issue is the developing Internet of Things (IoT) technology. The Internet of Things (IoT) presents a
promising technology for monitoring vitamin D levels and preventing associated diseases. IoT technology, such
as wearables, home monitoring systems and smart gadgets, have the ability to track sun exposure reliably,
monitor vitamin D levels in real-time and make individualised recommendations based on user needs and
preferences.To successfully utilise IoT devices for monitoring vitamin D intake, a number of issues must be
resolved. The challenges involve maintaining data privacy and security, data accuracy and interpretation, IoT
device accessibility and affordability and ethical issues with user autonomy and informed consent.

Methods to measure Vitamin D

[1]Historically, radioimmunoassay (RIA), high-performance liquid chromatography (HPLC) and competitive
binding methods were used to quantify vitamin D. The method used by many reference laboratories and regarded
as the gold standard was a widely used RIA kit, produced by DiaSorin S.p.A (Saluggia, Italy).Over the past ten
years, reference ranges have been established using this technique.The DiaSorin 25-hydroxy vitamin D assay is a
two-step process that begins with the quick extraction of 25-hydroxy vitamin D and other hydroxylated
metabolites from serum or plasma, then moves on to a competitive RIA approach utilising an antibody that is
specific for 25-hydroxy vitamin D.

Modern chromatographic techniques have been created to increase sensitivity, streamline procedures and assess
all vitamin D forms. An LC-MS/MS technique, for instance, was created to analyse all vitamin D forms and
metabolites simultaneously, including D2, D3 and 25-hydroxy vitamin D in serum. In order to increase the
process's sensitivity for analysis, air pressure photo ionisation (APPI), a type of ionisation detector, is used. Due
to the absence of preconcentration procedures, the method is simpler than other LC methods.

Method based on IOT devices
Vitamin D Level Monitoring

IoT devices can use sensors and data collecting techniques to measure vitamin D levels in real-time. Sensor-
equipped clothing can analyse blood parameters, skin colour, UV exposure and other biomarkers or indications
of vitamin D status. These readings can be analysed, displayed, or sent to a mobile application for additional
analysis.

Sun Exposure Tracking

To precisely track sun exposure, IoT devices can include UV index sensors and weather information. These
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gadgets can track the quantity and length of exposure to sunshine and give immediate feedback on acceptable
exposure levels. 10T devices are able to provide individualised suggestions to optimise sun exposure for vitamin D
synthesis while lowering the danger of sunburn or skin damage by taking into account personal parameters like
skin type, location and time of day.

Data Analytics and Machine Learning

Data analytics methods and machine learning algorithms can be used to analyse IoT device data. When vitamin D
levels and sun exposure data are analysed, patterns, correlations and trends can be found. By utilising these
insights, tailored recommendations may be created depending on a person's vitamin D needs, preferred level of
sun exposure and other pertinent variables.

Personalized Recommendations and Interventions

Personalised recommendations and interventions can be delivered by IoT devices via integrated platforms or
user-friendly mobile applications. These ideas could be to modify sun exposure patterns, increase vitamin D
intake through diet or supplementation, or give reminders for regular monitoring. Integration with healthcare
experts can improve the efficacy of therapies by enabling professional oversight and direction.

User Education and Engagement

Inform consumers of the value of keeping an eye on vitamin D consumption and sun exposure, as well as the
advantages of using IoT devices to do so. To guarantee correct device usage and interpretation of the data
generated, provide user manuals, tutorials and assistance. Encourage user engagement by integrating
gamification components, progress tracking and feedback mechanisms to encourage users to follow personalised
suggestions and monitoring protocols.

Regular Evaluation and Feedback

Continually evaluate the efficiency and functionality of IoT devices for controlling vitamin D consumption and
avoiding ailments that are related to it. Utilise customer feedback, surveys and satisfaction analysis to pinpoint
areas that may be improved, then make necessary adjustments to the device's features and functionalities.

Methodology Used

Figure 1 depicts the suggested sensor concept. The sensor system is positioned in relation to the flashlight LED
and camera on the back of the smartphone by the planar-optical waveguide-based SPR sensor chip that is placed
in a suitable sensor housing.[6] In order to capture a picture with a smartphone, light from the flashlight LED is
connected into the planar-optical waveguide structure of the SPR sensor chip and is then further steered to a
gold-coated SPR sensor region. The environment, namely the particular analyte sample, interacts with the light at
the SPR sensor region. This interaction modifies the light's propagation, which is then directed further via a
diffraction grating to the smartphone camera.

e '

Diffraction
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Fig 1: Conceptual design of IOT device platform for smartphones (SmartSens). As shown in the figure , a polymer
chip containing planar-optical waveguides and Surface Plasmon Resonance (SPR) sensors can be interrogated
using the flashlight LED and camera of a standard smartphone. (Reference:
https://www.mdpi.com/sensors/sensors-20-06771/article deploy/html/images/sensors-20-06771-go01.png)
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RESULT:

Individuals can use IoT devices like mobile phone to track their vitamin D levels in real-time and receive rapid
feedback on their health condition. This enables users to take initiative and quickly solve any shortcomings.

IoT devices use machine learning and data analytics to create customized recommendations. These suggestions
take into account a person's vitamin D needs, sun exposure habits and other pertinent elements. The effectiveness
of interventions is increased by using a personalized strategy, which guarantees that consumers get individualized
advice on how to maximize their vitamin D intake.

The risk of disorders linked to vitamin D insufficiency can be considerably decreased by actively monitoring vitamin
D intake and sun exposure. A lower risk of diabetes, autoimmune illnesses, cancer and cardiovascular diseases has
been associated with adequate vitamin D levels. IoT devices help consumers maintain adequate vitamin D levels,
which aids in illness prevention.

The use of IoT devices to track vitamin D intake has increased understanding of the significance of maintaining
appropriate vitamin D levels. Users gained better knowledge about the effects of vitamin D deficiency and how to
avoid it. With this information, people are better equipped to make health-related decisions and take proactive
steps to raise their vitamin D levels.

With almost 43.65% of the data, Level 1 is the Sufficiency class. With around 31.43% of the data, Level 2 is the
Insufficiency class. Grade 3 is

Almost 18.88% of the data belongs to the Deficiency class, level 4, Severe Deficiency class ,accounts for
around 6.01% of the data.

CONCLUSION AND DISCUSSION:

In the equilibrium of calcium and the mineralization of bones, vitamin D is crucial. Additionally, vitamin D has a
wide range of non-skeletal impacts, especially when it comes to autoimmune, cardiovascular and cancer conditions.
However, if vitamin D pills are used improperly, it can cause hypercalcemia, which can be fatal. Vitamin D toxicity
is highly uncommon but can happen at overly high dosages due to a wide therapeutic index. It is unknown how
much vitamin D should be consumed each day to avoid any negative consequences. Unless a requirement for rapid
rises in 25(OH)D levels is urgent, we advise using more standard vitamin D supplement doses in accordance with
Institute of Medicine and other published guidelines.

With regards to over-the-counter supplements, patients should be advised of current dosing recommendations, in
particular that 2000 IU/day should not be exceeded in the long term without prior consultation with a physician.
They should also be instructed as to symptoms of hypercalcemia and to cease taking supplements if such symptoms
occur and have their serum calcium, phosphate and 25(OH)D levels measured before resuming supplementation.

It is the first time that an all-optical SPR sensor platform based on planar-optical waveguide structures combined
into a single polymer chip has been published. The proposed sensor system is perfect for low-cost disposable point-
of-care applications because (i) all electronic/optical interfaces, including the light source/detector, signal
processing and power supply, are provided by the smartphone (the proposed sensor chip is electrically passive). In
addition, (ii) the planar-optical polymer waveguide structure is optimized for large-scale sensor fabrication. Various
glycerin/water solutions were used to assess the proposed sensor system's sensitivity to various refractive index
solutions.

Using several glycerin/water solutions, the suggested sensor system's sensitivity to various refractive index
solutions was assessed.

Finally, while relatively uncommon, vitamin D intoxication should always be considered as a differential diagnosis
when evaluating patients with hypercalcemia.

This is the first study on an all-optical SPR sensor platform for smartphones based on planar-optical waveguide
structures combined onto a single polymer chip. The proposed sensor system is best suited for low-cost disposable
point-of-care applications due to (i) the fact that all electronic/optical interfaces, including the light
source/detector, signal processing and the power supply, are provided by the smartphone (the proposed sensor chip
is electrically passive). Utilizing several glycerin/water solutions, the suggested sensor system's sensitivity to
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various refractive index solutions was assessed.

Due to the presence of two SPR sensors in the disclosed sensor chip design, it is possible to concurrently detect two
biomarkers; additionally, the degree of multiplexing may be further improved by adding additional sensor
elements. As a result, the sensor might enable multiplexing of measurements for the concurrent detection of several
biomarkers. The sensor system may be suitable for home testing applications, such as the monitoring of chronic
diseases, as well as for differential diagnoses in low resource settings because of its multiplexing and simple read-
out capability with a conventional smartphone.
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