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Abstract

Nurse-based patient monitoring is prone to errors due to manual measure-
ments and documentation, leading to potential inaccuracies in care. The
use of biosensors offers a promising solution by enabling real-time and
continuous monitoring of patient health. Categorizing patient care reports
as critical or non-critical using mobile recording systems based on biosen-
sor data can help prevent errors and improve care. The use of biosensors
can significantly reduce morbidity and mortality, especially after emergen-
cies and accidents. These devices improve the quality of care and increase
the satisfaction of older people, their families and healthcare profession-
als. Wearable biosensors make it easier for older people to monitor their
health, which can help reduce hospital admissions. Chronic diseases such
as cardiovascular disease, cancer, diabetes, dementia and stroke pose
challenges to healthcare delivery and interpretation of results. Integrat-
ing biosensors into health monitoring and measurement is an innovative
approach to managing these chronic conditions more effectively. To im-
prove self-management of chronic diseases in older people, it is essential
to educate healthcare professionals and promote research in this area.
As a result, the use of biosensors to monitor the daily activities and health
parameters of elderly patients is expanding, highlighting the importance
of multidisciplinary research in biotechnology, chemistry, engineering and
nursing.
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Introduction

The increasing elderly population in recent years has caused some problems to arise. The growth of
health expenditures of the elderly struggling with aging and chronic diseases requires the adoption of
effective measures worldwide. Traditional health monitoring methods often involve periodic assess-
ments and manual documentation, which can be prone to delays and inaccuracies, but biosensors
overcome these limitations by offering the potential for continuous and real-time monitoring (Kalid et
al., 2018; Ledikwe et al., 2014). However, they have their own challenges, including issues related
to battery life, user comfort and data security (Pateraki et al., 2020). Biotechnology has begun to be
used to monitor these problems and to enable the elderly to live healthily in a comfortable, reliable
environment. It is very important to develop and use biotechnology systems in daily life so that the
elderly can continue their daily life activities and detect emergencies or accidents such as stroke, fall,
syncope and myocardial infarction (Lin et al., 2007; Olmedo-Aguirre et al., 2022). Using biotechnolo-
gy, chronic diseases can be prevented and adequately monitored, and health risks can be identified
to improve the quality of life of the elderly (Olmedo-Aguirre et al., 2022).

The elderly population is expected to be 2.1 billion in 2050 (Keating, 2022). The increase in the elder-
ly population increases the incidence of chronic diseases such as cardiovascular diseases, cancer,
dementia and diabetes. In a study, it was found that 78.7% of the elderly had chronic diseases and
the rate of those who stated that these diseases seriously limited the patient’s daily life activities was
32.3%. It has been observed that 24% of the elderly have fallen inside or outside the home in the last
year. 54.6% of the elderly stated that they would like to benefit from home care services in the future,
and 41.3% stated that they would prefer a nursing home (TUIK, 2023). In the world, the incidence of
death due to cardiovascular diseases is 32%, the incidence of death due to cancer is 16.8% and the
incidence of death due to diabetes is 2.5%. There are 422 million diabetics and more than 55 million
dementia patients in the world (Hacker, 2024). It is imperative to monitor the health status of people
who have these diseases and are at risk of contracting these diseases. Since sufficient time, atten-
tion, discipline and knowledge are required to monitor the patient’s physiological changes, the use
of biosensor technology in monitoring the changes occurring in the patient is extremely important. In
the studies, patients’ balance status changes, falls during work, physical activity and vital signs were
monitored. In these studies, elderly people with cardiovascular disease, respiratory diseases, sleep
problems, diabetes, osteoporosis, Parkinson’s disease, alcohol addiction and seizures were followed
(Olmedo-Aguirre et al., 2022).

Biosensors enable our body to communicate and react better with our environment, diagnose dis-
eases early, and improve health by detecting diseases early. The body’s physiological response
transmits data to the control unit through wearable biosensors, the control unit analyzes the data,
and health parameters are transmitted to the mobile device (Smith et al., 2023). Appropriate selec-
tion of biomarkers indicating health and disease states is vital for the diagnosis and treatment of the
disease by detecting it before it occurs (Salek-Maghsoudi et al., 2018).

In intensive care, patients whose physiological parameters are monitored with a bedside monitor and
alarm system can be monitored at any place and time using a lightweight, wearable, and wireless
biosensor because of current developments. The biosensor processes digital data and transmits
the necessary data to communicate. Transmission distance, frequency, and battery life are the most
important problems in the application. In nursing homes, the elderly person carries a tiny biosensor.
If he falls in an area such as a park or a toilet, it becomes easier for the nurse to detect the elderly
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person’s condition early and find his location through a call containing information to the base station.
To extend the battery life of the biosensor, it is recommended that it be turned on only for measure-
ment and not monitored continuously. However, it is extremely important to have the sensors turned
on in places where the elderly are alone, such as parks, neighborhoods, gardens, and toilets, to
constantly monitor the elderly’s vital signs such as temperature, pulse rate and number, respiratory
rate, saturation, and heart rhythm, and to take immediate action for help by monitoring their location.
In addition, the necessary health care can be provided because the parameters that the elderly follow
themselves, such as blood pressure and blood sugar, can be monitored (Lin et al., 2007).

Through this system, we can track and record the elderly person’s time to get up, go to the restroom,
exercise, go to a restaurant, and perform daily living activities. We can follow the social life of the
elderly and provide psychosocial support by detecting abnormal mental states at an early stage (Lin
et al., 2007). Elderly people with chronic diseases can adjust their diets and daily routines in time
according to system data and save money economically by reducing hospitalizations. It can enable
patients to understand their health status in real time and ensure timely hospitalization (Smith et al.,
2023).

Tracking physiological variables

With the development of technology, biosensors have been developed that can monitor the physio-
logical variables seen in all chronic diseases. Heart rate and number, pulse rate and number, respi-
ratory rate and number, blood oxygen saturation (SpO,), blood pressure, and blood sugar of elderly
people suffering from chronic diseases can be monitored through biosensors (Miller et al., 2021;
Olmedo-Aguirre et al., 2022; Wang et al., 2017). Respiratory rate and rate can be used to detect, di-
agnose, and monitor patients affected by chronic diseases such as anxiety, pneumonia, heart failure,
lung disease, and drug coma. In addition to smartwatches, intradermal sensors, portable sensors,
rings, and insoles are used to monitor these variables. While it is easier to design sensors that can
read parameters such as blood oxygen level and heart rate for monitoring cardiovascular diseases,
device placement and maintenance becomes difficult because sensors must be implanted at the
bone level for osteoporosis, which requires constant monitoring of the patient's bones. The size of
the sensors used, the methods of placing the sensors on the human body, and their subsequent
removal cause some difficulties. For these reasons, very few biosensors are still available for many
chronic degenerative diseases such as osteoporosis, some types of cancer, and gastrointestinal
diseases (Olmedo-Aguirre et al., 2022; Wang et al., 2017).

Blood glucose monitoring: Noninvasive intravascular blood glucose can be measured with ultra-thin
skin-like biosensors on a flexible biocompatible paper battery. The battery connects to the skin and
creates electrochemical channels in the subcutaneous tissue (Chen et al., 2017). Continuous blood
sugar monitoring can be done using a contact lens with a photonic glucose sensor and smartphone
camera reading (Elsherif et al., 2018). Electromagnetism sensors are a noninvasive, permanent, por-
table, patch-shaped system that mimics vascular anatomy. It is suitable for personalized monitoring
according to the patient’s characteristics (Hanna et al., 2020). It is also used in disposable patch-type
devices that measure glucose levels in sweat and automatically apply the drug via a transdermal
drug delivery device (Lee et al., 2017).

Pulse rate and respiration rate: Smart bracelets, watches, belts and armbands can be used to
monitor health status and give timely warnings, displaying parameters such as pulse rate, electro-
cardiogram (ECG) and respiratory rate. Respiration rate is estimated from an arm-worn cuff ECG
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using a method based on changes in QRS slopes and the angle of the R wave. Predictions are
compared with those obtained from the respiratory signal. The cuff contains a pair of dry electrodes
that record the ECG and is designed for long-term monitoring (Lazaro et al., 2018). With loT-based
wearable devices, pulse rate and ECG findings can be transmitted to the computer or mobile phone
and the data can be monitored continuously (Sani et al., 2019; Xiao et al., 2020). The leg belt is a
portable ECG sensor system that captures the patient’s vital data through the skin by detecting sig-
nals with patch electrodes. This system can collect 6 ECG signals (Hussein et al., 2017). In a study
conducted with emergency room patients, it was observed that the respiratory rate measured using
the Philips wearable biosensor was detected continuously and accurately without intervention. The
fact that the Philips wearable sensor is a lightweight, wireless, battery-powered device and sticks to
the skin makes it easier to use. It is attached to the patient’s chest, allowing the patient’s respiratory
rate, pulse rate, gait and posture to be monitored (Li et al., 2019). Heart rate increases acutely with
exertion and stress and decreases rapidly during relaxation and sleep. Heart rate is used to evaluate
sleep quality. In addition, the slow decrease in the heart rate of dementia and Parkinson’s disease
over months allows the disease to be recognized in its early stages. Respiratory rate increases due
to decompensation of stress, fever and lung diseases, and pulmonary edema in heart failure (Saner,
2018).

Blood pressure: Optical-based heart rate sensors can be attached to wristwatches, earbuds, be-
hind-the-ears, and glasses. To measure blood pressure, the wristwatch is brought close to the chest
and the micro-vibrations of the heartbeat in the chest are detected. As the pulse wave moves from
the heart to the wrist, measurements are made by an optical sensor and an accelerometer in the
watch (Carek et al., 2017). With the illuminated pulse sensor connected to an inflatable tube placed
inside the ear, blood pressure measurements can be made easily during the daily activities of the
elderly, maximizing the comfort level (Bui et al., 2019).

In a study conducted in the emergency department, continuous monitoring of vital signs with wear-
able biosensors enabled the detection of potential clinical problems 5.5 hours earlier compared to
standard monitoring (Garbern et al., 2019). In a study conducted in a general ward, it was found that
measurements made with wearable sensors gave up to 10 hours warnings earlier (Weenk et al.,
2019).

The monitoring of balance disorders

Moderate or severe injuries occur in 30% of elderly people because of falls. In this case, it may cause
disability in the elderly, restriction of physical activity, and earlier admission to a nursing home. For
the elderly to maintain their independence and mobility, it is very important to determine the factors
affecting postural stability and design special interventions. Balance control is a complex skill based
on the interaction of sensorimotor processes. Accelerometers are used to evaluate the balance status
of the elderly. Accelerometers are economical, mobile and lightweight inertial sensors used to perform
post-urography. In case of imbalance, the rod on the accelerometer deflects and the springs detect
their acceleration. Accelerometers monitor physical activity, that is, measure the duration of endurance
in different activities, such as intense exercise or rest (sitting, lying). This device can encourage the
elderly to do physical activity. The accelerometer can be carried by attaching to the elderly person’s
body, arm or any desired area with a fixed belt and can measure the elderly person’s daily life activities
(Leirés-Rodriguez et al., 2019). Studies have shown that placing more than one sensor on the patient
is more reliable. It has been determined that if a single sensor is to be placed on the elderly, it should be
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placed on the waist, chest, head or pelvis instead of the ankle. Since the asymmetry in foot movements
prevents the sensor from detecting the situation after the fall begins, it must be monitored by installing
at least two sensors (Aziz et al., 2014; Howcroft et al., 2016). Additionally, the patient’s data is transmit-
ted to the mobile device via wearable sensors. If the patient falls, this system sends a message to the
emergency room, family members or caregivers for timely intervention (Smith et al., 2023). Apart from
this, the activity of the elderly can be detected, and risks can be evaluated by monitoring environmental
conditions with environmental biosensors (Sun et al., 2022).

The monitoring of pressure sore

Pressure sore is a condition that can occur frequently in elderly patients. Approximately 9% of hos-
pitalized patients develop pressure sores. As a result of impaired blood flow in areas exposed to
constant pressure, tissue necrose and a pressure sore occur. To detect the onset of a pressure sore
early, the electrochemical enzyme-based biosensor is attached to the patient’s body and allows con-
tinuous and noninvasive monitoring of the lactate level in sweat. It is thought that pressure sores can
be prevented by monitoring them with alarming biosensors. Studies have found that lactate level is
directly related to pressure sore development (Tur Garcia, 2014). Additionally, wound management
is expensive as it requires several days of testing and reduces the patient’s quality of life. Therefore,
uric acid biosensors in the form of adhesive tape have been developed to prevent complications and
to detect the progress of the wound in time. Uric acid concentration indicates the healing process in
the wound area. The high uric acid concentration in chronic wounds decreases with treatment, and
the healing process can be monitored by constantly measuring uric acid levels in the wound area.
Apart from this, a biosensor that measures pH can also be used in wound monitoring. As the wound
heals and the tissue regenerates, the pH of the skin passes from alkaline to acidic, in which case pH
monitoring can be done for wound care (Arakawa et al., 2022).

Incontinent patient monitoring

Since it is difficult to collect the urine of elderly people who have urinary incontinence problems, it
is important to use an economical and useful biosensor. In a study, a multi-parameter biosensor
was placed on the diaper to detect urine biomarkers, and the nurse was able to monitor when the
diaper needed to be changed by detecting it with detection systems. By placing a multi-parameter
electrochemical biosensor in an ordinary cloth, on-site detection of glucose and uric acid in urine
was achieved. With this sensor, doctors can access urine biomarker data to assess the health status
of their patients. In this way, it can better monitor the elderly living in nursing homes. It is thought
that thanks to the biosensor placed in the patient’s diaper, patients will avoid embarrassment, and
patients with incontinence will live with more dignity (Su et al., 2022).

Infection tracking

Microorganisms are not visible to the naked eye, but they are found everywhere and are the main
causes of diseases. Microorganisms can be detected through biosensors. Some infectious diseases
have no cure and are very dangerous. Therefore, preventing diseases by determining these infection
biomarkers with biosensors can reduce the economic burden and deaths. Biosensors are used to de-
tect many pathogens such as human papillomavirus, hepatitis B virus, mycobacterium tuberculosis,
meningitis, toxoplasma gondii, and leprosy (Chatterjee et al., 2022).

Behavior tracking

Behavioral detection is a more objective approach than neuropsychiatric scales used to detect
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Alzheimer’s disease at an early stage. It is safer and more comfortable than invasive methods. It
is also more economical than neuroimaging tests. With the development of technology, behavioral
detection biosensors such as motion sensors and sound sensors have begun to be used to mea-
sure various behavioral biomarkers of the elderly. Behavioral sensing sensors are used in society
for entertainment, comfort, natural interaction, assisted living, security, etc. It attracts more atten-
tion because it supports many areas such as. For example, the problem of aging increases the
demand for home healthcare services for the elderly. The continued use of behavior monitoring
biosensors is urgently needed to ensure that elderly people, especially those living alone, live in a
safer environment and to detect abnormal behavior. Additionally, behavioral detection biosensors
can be used to detect Parkinson’s disease, stroke, etc. Behavioral disorders of diseases are also
determined. Behavioral biomarkers may be vital indicators in the early stages of Alzheimer’s dis-
ease. In patients, symptoms such as changes in motor behavior occur before profound memory
deficits. Therefore, since motor behavior changes usually occur with old age, behavioral detec-
tion biosensors are vital for both the early diagnosis of Alzheimer’s disease and the ability of the
elderly to perform daily living activities. With behavioral detection biosensors, body movement
behavior, eye movement behavior, multimodal behavior, speech and language behavior applica-
tions are detected. Multimodal behavioral sensors enable the examination of multiple behavioral
parameters such as physiological indicators, eye movement, voice and body movements, along
with environmental factors. Body movement behavior sensors can detect walking speed, walking
stride, balance, foot kicking, upper limb movement, and other activities in daily living. Eye move-
ment behavior sensors are used to measure looking, blinking, fixation, saccades, and pupillary
response. Speech and language behavior sensors serve to identify and record acoustic features.
Among the biosensors used to detect behavior in the diagnosis of Alzheimer’s disease, multi-
modal behavioral sensors are the method that best distinguishes normal and abnormal behaviors
(Sun et al., 2022).

In a hospital or nursing home, nurse-based patient monitoring is prone to errors due to manual mea-
surement and documentation. Therefore, categorizing patient care reports as critical or non-critical
reports with mobile recording using network systems according to biosensor values can prevent
problems. Important clinical parameters, such as heart rate, may be subject to measurement error
and subsequently lead to inaccurate results in nursing care. Patient status alarms created using
automation systems are triggered in abnormal situations that occur in the patient and can provide
warnings at different levels depending on the severity of the situation. It also provides 24-hour sup-
port to the elderly, patients, and caregivers (Vithya & Vinayaga Sundaram, 2017).

With the use of biosensors, morbidity and mortality can be reduced after emergencies and accidents.
The quality-of-care increases and the satisfaction of the elderly/family and the nurse increases (Lin
et al., 2007). Chronic diseases such as cardiovascular diseases, cancer, diabetes, dementia and
stroke make the delivery of health care and the interpretation of results difficult. The use of biosen-
sors in health measurements and patient monitoring are innovative approaches to reduce the burden
of chronic diseases. Informing healthcare professionals and conducting encouraging research on
this issue is extremely important for the self-management of chronic diseases in elderly patients.
However, biotechnology applications are costly, applications in the field of health are limited and
difficult to access (Hacker, 2024). Advanced technologies are not accepted by the elderly, and they
experience difficulties because they do not have the necessary skills to use them (Olmedo-Aguirre
et al., 2022).
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Conclusions

Biosensors offer significant advantages in monitoring the health of elderly patients by providing
continuous data and enabling early detection of health issues. They are instrumental in real-time
monitoring and intervention, potentially revolutionizing the management of chronic conditions and
enhancing overall care. Various types of biosensors are currently under research worldwide, demon-
strating their utility in diagnosing autoimmune diseases, cancer, neurodegenerative diseases, and
cardiovascular conditions. While these advancements hold promise for improving early diagnosis
and preventative care, challenges such as limited battery life, user discomfort, and concerns regard-
ing data security and privacy remain. Ongoing research and technological improvements are essen-
tial to overcome these hurdles and fully realize the potential of biosensors. As the field progresses,
biosensors are expected to play a crucial role in advancing healthcare and providing more effective
and personalized care for elderly patients.
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