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Abstract

Diabetes has become an accepted curse in society. Sophisticated lifestyle and work from home situations have ended up making people have the
least consciousness of their physical wellbeing. Hence, health monitoring has become the need of the hour. But monitoring fitness is one of the
cumbersome tasks to attain mental and physical wellness. In this paper, an inexpensive but effective fitness monitoring system is developed.
Unlike the existing models, this system uses user input and a single Pulse-Oximeter sensor to analyze eight significant health parameters that
need to be accounted to have sound health. The Parameters include BPM of Heart, Oxygen Saturation in Hemoglobin, Relative Fat Mass,
Maximum Heart Rate, Heart Rate Reserve, Target Heart Rate, Resting Metabolic Rate and Daily Energy Expenditure. This model is
implemented using Raspberry Pi Pico microcontroller. The unique data logging feature of Pi Pico is used for storing the computed data without
additional peripherals. This data is further analyzed by connecting it to the computer as when required. The memorized data is analyzed using the
GNU Octave open-source Visualization tool. To add to the advantage of this model, it is an unwearable device that does not require to be in

contact with skin or body continuously to monitor the parameters.
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INTRODUCTION

Regular exercising escalates amour propre in humans and
impedes raised levels of anxiety. A 40-minute regular
exercising facilitates a considerable balance of Serotonin in the
brain [1]. The advancement in technology has given birth to
wearable devices for fitness monitoring. The wearable fitness
trackers include fitness bands, smartwatches and smartphones.
These health monitors are affordable compact accessories for
personal health screening. They are extensively used for
tracking the pressure in the blood, the rate of respiration, body
temperature, oxy-hemoglobin concentration and the calories
burnt per diem [2]. The present-day technology facilitates the
fabrication of such health screening systems on compact and
flexible materials. The optoelectronic sensors are light weight
elastomeric substrates that easily fasten with human skin and
enable uninterrupted tracking of health [3]. Commercially
available fit-bands are water-proof wrist accessories that are
worn all day for figuring out the sleep patterns and sleep
parameters. It is a low cost- biomedical development for
Polysomnography. Though its effectiveness is not proven to be
unparalleled with the standard clinical apparatus, it is largely
purchased to have an elementary awareness of one's health
[4]. Heart beat rate is a significant criterion for determining
fitness. A pulse sensor is interfaced with Arduino Uno
microcontroller to determine heartbeat. A Wi-Fi module is
wired with the Uno controller to send the data to the cloud for
analyzing the age-based criteria of male and female heart rates.
An android application is built to access the heartbeat data at
all times. In this signal processing, the Fast Fourier Transform
Algorithm (Butterfly method) is chosen to be an efficient way
to extract the pulse signals [5]. As an implementation of
Internet of Things, Arduino microcontroller is made to
communicate with Raspberry Pi to detect abnormalities in
health on the basis of electrical activity, rhythm, beat of heart
and body temperature.
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If any unsolicited health record is sensed, an immediate report
of the same is sent to the hospital and the guardian. As an
improvisation in validating this undesired hiccup in any of the
health parameters, the location along with the photographs is
sent using the Global Positioning System Module [6].
Raspberry Pi Pico is a dual core microcontroller with a 12-bit
ADC and a real-time counter. With the RP2040 chip, it works
at 3.3 volts and runs on Micro Python. Its computation is
quicker than Arduino Uno microcontroller. Its Phase
Controlled Loop enables altering of its core frequency to
suitable levels as required by the application. Raspberry Pi
Pico is a new development board that can be used efficiently in
various streams of research and development [7]. The
MAX30100 module is a frequently used implementation of
Photoplethysmography. It enables sensing of heart rate along
with pulse oximetry. Powering this module is a plain sailing
method as it works at 1.8 volts and 3.3 volts. With low noise
analog signal processing, it is a compact low-power oximeter
module. This module is interfaced with a BLE chip to transmit
the data wirelessly through Bluetooth to a smartphone at a rate
of 100 samples per second [8]. The accuracy of MAX30100
sensor for pulse rate is 97. 11 percent. For oxygen saturation, it
has high level of accuracy up to 98.84 percent. It is reliable for
the identification of abnormalities in breathing. It is one of the
non-invasive methods for finding oxygen saturation
[9,10]. The combination of NodeMCU microcontroller and
MAX30100 oximeter module eases unfaltered data collection
of oxygen saturation level in COVID patients. Adding a power
backup, the setup becomes a standalone health monitor that
displays the data on the screen and sends it to the server in
parallel. This data can further be accessed anywhere, anytime
by accessing the server. The values collected using the
oximeter module tend to be more accurate as when compared
with market available systems [11]. Fitness monitoring in a
professional environment (gymnasium) can be ensured by
assessing the workouts carried out by the trainee. Assessments
can be automated by affixing sensors in the equipment to
estimate the extent of exercising. An improper exercise invites
multiple complexities in the body.
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Fig. 1. Sequence Diagram of the Proposed system

Using Arduino Nano, the sensor data from the equipment is
merged with each trainee’s local RFID and it is memoized.
With this approach, effectiveness in the physical fitness
process is ensured [12].

METHODOLOGY

The system is modelled to begin its execution by initializing
basic health information of the user. The input parameters
include name, age, gender, height, weight, waist circumference
and level of activity. In accordance with the level of activity
selected, the system calibrates itself to compute the output
parameters in one of the three modes viz., Minimum, Moderate
and Maximum. The MAX30100 pulse-oximeter module is
connected with the microcontroller to send the oxy-
hemoglobin saturation level and Heart Beat Rate to the
RP2040 chip in the Pico board. The Max30100 module works
using the principle of variation in absorption of light by the
oxygenated and de-oxygenated blood in the body. Further,
with the input values and sensor data, Maximum Heart Rate,
Relative Fat Mass, SpO,(Oxy-hemoglobin level), Heart Rate
Reserve, Target Heart Rate, Current Heart Beat Rate (BPM),
Resting Metabolic Rate and Daily Energy Expenditure are
computed. The parameters are displayed to the user with an
OLED display. In addition, the data is logged into the Pico
microcontroller board. This facilitates simple data accessing
when required. A post-exercise screening is done to check if
the target heart rate is achieved. If the target heart rate is not
reached, the system using the latest logged data, displays the
remaining time to work-out for achieving the target heart rate.
Fig.1 shows the working of the designed model.

Parameters

BPM: Heart Rate / Pulse which is commonly known as BPM
(Beats Per Minute) is the number of times a human heart beats
every minute. BPM plays a prime role in determining health of
a person. It helps in identifying Arrhythmia, Tachycardia and
Bradycardia. A healthy heart should have a consistent rate
between 60 and 100 in its pumping. Age, Circadian Rhythm,
Physical Diseases, Psychiatric diseases and work-lifestyle
directly impact the rate of pumping in the heart [13, 14, 15, 16].

SpO, : Oxygen saturation is the percentage of oxygen-bound
hemoglobin present in the blood. The healthy range of Oxygen
Saturation is from 95 percent to 99 percent. The conventional
method for measuring SpO, is the transmissive pulse oximetry
[17].

Relative fat mass: Relative Fat Mass measures the amount of
undesired fat in the body. Relative Fat Mass requires height
and waist circumference of a person as parameters to calculate
obesity. The accuracy of Relative Fat Mass is maintained by
using unsimilar equations for two different age groups and
genders [18, 19].

Maximum heart rate: Maximum Heart Rate is the highest
rate at which one’s heart beats. Maximum Heart rate in
humans varies with age. It is calculated by taking age as a
parameter. It is one of the crucial factors that has to be
accounted during exercising. It interprets the target heart rate
[20].

Heart rate reserve: Heart Rate Reserve is reserve rate of heart
that is calculated as the difference of the maximum heart rate
and resting heart rate. It defines the range of pulse that is
available for exercising [21].

Target heart rate: Target Heart Rate is a free-hand parameter
opted by the user. It is the heart rate that is aimed to be
achieved during exercising. It works in three levels of
intensities i.e., Minimum, Moderate and Maximum. The
number of calories burnt banks on the target heart rate [22, 23].

Resting metabolic rate: Resting Metabolic Rate is the number
of calories burnt during rest. When a person is at rest
completely, some calories are burnt by the functioning of
internal organs, blood oxygenation and de-oxygenation and by
some neurological functions [24, 25, 26].

Daily energy expenditure: Daily Energy Expenditure is the
total number of calories burnt by a person per day. It is
influenced by exercising, Resting Metabolic Rate (RMR),
Thermic Effect of Food (TRF), Excess post-oxygen
consumption and non-exercise activity thermogenesis (NEAT)
[27, 28].

Hardware

To test the proposed idea, a Raspberry Pi Pico microcontroller,
MAX30100 Pulse-Oximeter Module, SSD1306 Optical Light
Emitting Diode Display are used. The setup is carried out
using Inter-Integrated Circuit Protocol. The Oximeter module
and the OLED display are powered from the 3.3v source of the
Pico board. For the serial communication between the modules
and the microcontroller, two pairs of SDA and SCL ports are
used. Serial Data pin and Serial Clock pin of the Oximeter
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module are connected to Pin 31 and Pin 32 of the
microcontroller board respectively. Similarly, The OLED
Display’s Serial Data and Serial Clock ports are
correspondingly connected to Pin 21 and Pin 22 of the Pico
Board. The usage of such General-Purpose pins in the
microcontroller for interfacing modules is not restricted to the
circuit as shown in fig. 2. As the Pico microcontroller comes
with multiple pairs of SDA and SCL pins for Inter-Integrated
Circuit Communication, one of the multiple pairs can be used.
Further, the pins used must be declared explicitly in the code
before execution.
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Fig. 2. Circuit diagram to interface Raspberry Pi Pico with
Max30100 module and SSD1306 OLED display

Software

The Raspberry Pi Pico microcontroller is loaded with
MicroPython and it is coded using Thonny IDE. An algorithm
is developed for the intended design.

Let N, A, G, H, W, WC, AL, SpO,, BPM, RFM, MHR, THR,
RMR, DEE represent Name, Age, Gender, Height, Weight,
Waist Circumference, Activity Level, Oxygen Saturation,
Beats Per Minute, Relative Fat Mass, Maximum Heart Rate,
Target Heart Rate, Resting Metabolic Rate and Daily Energy
Expenditure respectively.

Algorithm 1:

1. Input LocalTime, N, A, G, H, W, WC, AL from user

2. Start LocalTime

3. ReadSpO, and BPM from oximeter

4. Start Timer

5. If A> 14 AND G == Male:

6. Compute RFM as sum of 64, and quotient of -20
times of H and WC

7. If A> 14 AND G == Female:

8. Compute RFM as sum of 76 and quotient of -20

times of H and WC

9. IfA>8 AND A < 14 AND G == Male:

10. Compute RFM as sum of 74 and quotient of -22
times of H and WC

11.If A> 8 AND A < 14 AND G == Female:

12. Compute RFM as sum of 79 and quotient of -22
times of H and WC

13. Compute MHR as difference of 207 and product of 0.7
and A

14. Compute HRR as difference of MHR and BPM

15. Compute BaseRMR as sum of 9.9 times of W and 6.25
times of H and difference of 4.92 times of A.

16. If G == Male:

17. Compute RMR as sum of BaseRMR and 5

18. If G == Female:

19. Compute RMR as difference of BaseRMR and 161

20. If AL == Min:

21. Compute THR as sum of BPM and product of 0.5
and HRR

22. Compute DEE as 1.2875 times of RMR

23. If AL == Mod:

24. Compute THR as sum of BPM and product of 0.7
and HRR

25. Compute DEE as 1.55 times of RMR

26. If AL == Max:

27. Compute THR as sum of BPM and product of 0.85
and HRR

28. Compute DEE as 1.8125 times of RMR

29. Store and Display BPM, SpO,, RFM, MHR, HRR, RMR,
THR, DEE

30. Delay Until Sensor data is found

31. Read data from Oximeter

32. Stop Timer

33. Display Timer

34. Display BPM, SpO,

35. If (BPM < THR)

36. Display Pending as difference of THR and BPM

37. Delay until Sensor data is found

38. Read data from oximeter

39. GOTO Step 38

40. Display “Target Reached”

Data logging and the dual core: Logging user data and
sensor data is a unique feature of Raspberry Pi Pico. Unlike the
Arduino, ESP32 and NodeMCU microcontrollers, Pico does
not require an external Secure Digital card to store data.
Neither does it require a Wi-Fi Connectivity to store data in the
cloud. Though the cloud service is emerging at its full swing in
every sector, cloud storage becomes essential only with the
implementation of a health monitoring system that stores the
prime health data about a patient, which needs to be available
at the click of the button. In the fitness monitoring system,
which is just used as a fitness assistant, the data is not
necessarily required to be available online. Sending data to the
cloud is a resource consuming process and it is expendable.
Still, the data needs to be stored for reviewing self-fitness. Pico
board uncomplicatedly addresses and accomplishes this task.
The Pico microcontroller works on MicroPython, a flavor of
Python Programming. Python facilitates easy creation,
appendage, modification, storage and deletion of files. With
this approach, the user data along with pre-exercise and post-
exercise health data is saved as a CSV (Comma Separated
Values) file. This CSV file is created for each user and for
every user login, the corresponding data is sensed and the
computed data is appended to the file. The data is initially
computed with the primary core. As the data gets processed, it
is stored in the controller using the Auxiliary core (second
core) thereby the job is distributed. This distribution is done so
as to provide room for the internal clock to start as soon as the
pre-exercise data is fetched. In this way, data storage becomes
simple and power-efficient.
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Time stamp: Accurate data collection is enhanced with
timestamps. To match the timestamp with local time, either the
microcontroller has to be connected to internet or it can be
achieved using time functions of MicroPython. Since the
proposed model is not aimed to work with the internet, the
local time is maintained by initializing the clock every time the
board is powered. In addition, to store the total workout time,
the internal clock of the Pico board is used.

Input User
Credentials

Fetch Sensor
Data
Create
No—p-| Username.csv
file
Yes 1
¥

———— Open

Open username.csv
username.csv in Write
in Append mode
mode _1_
Append the d\;\l{:t:}l::]ee
Current data
Ccsv file
Close
username.csv |4——————
file

Terminate

Fig. 3. Flow diagram of the working of data logging to create,
write, append and store user data as CSV file

Fig. 3 shows the customized process of data logging in
Raspberry Pi Pico microcontroller. The data is first fetched
from the user. The user details are verified with the data in the
database of the microcontroller. If the entered user data
matches with the database, the particular file is opened in
‘Append Mode’ to log the current data. If the data entered by
the user does not match with the database, a new CSV file is
created. Once the data is fed, it is automatically added to the
database.

RESULTS AND DISCUSSION

This Model was prototyped and it was rigidly tested by six
users of different age groups. The prototype testing was carried
out by each user for five days. The testing was assessed based
on the factors that include the robustness of the Pico
microcontroller, its accuracy in data logging, accessing data,
easy deletion of data from the database and exporting the
logged CSV file to Octave Visualization Tool for analysis. The
users experienced smooth working of the design. The users
were able to log data multiple times a day without any hiccup.
Unless the power was turned off, the Pico board maintained an
accurate local time. In addition, the standard baud rate of the
microcontroller i.e., 115200 along with its 133 MHz clock
speed, and dual core for data collection, data processing and
storage tended to be a cost-effective and constructive
combination for designing the model.

T Open from Raspberry Pi Pico bed
Raspberry Pi Pico
Name Size (bytes)
4 lib
& fitness monitoring.py 479

2 userl.csv 51
648
680
493
618

[ userb.csv 659

File name: 0K Cancel

Fig. 4. User data stored as CSV files in the Pico board

Fig. 4 shows the CSV files of the logged data. This easy-
essence of Python programming in MicroPython flavor is
effectively used in this model. This has significantly reduced
the resource utilization for data storage and can be considered
as an economic replacement for Wi-Fi enabled microcontroller
boards.
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Fig. 5. Octave Visualization for User data

Fig. 5 shows an example of analyzing all the mentioned
fitness-related parameters using Octave. As the raw data is
fetched and is imported as CSV, the user can analyze it as
required. In the figure, the user has analyzed each parameter at
the end of the fifth day. The user has used Line graph, Bar
graph, Stair graphing and Stem graphing for the analysis.
Displaying of multiple individual graphs in the single screen
enabled effortless interpretation of data.

Fig. 6 and fig. 7 are the bar graphs of auser’s Heart Beat Rate
and Oxygen Saturation level before and after each day’s
exercising. This enabled the user to easily understand the
fitness and it created a noticeable self-awareness in the user
about many unaccounted but significant fitness parameters that
impacts the well-being of the people. This design also includes
the Daily Energy Expenditure parameter that is widely seen in
any commercial fitness trackers.
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Fig. 6. Logged heart beat rate before and after exercising for five
consecutive days
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Cyan colored bars represent data collected before exercising
and Blue colored bars represent the heart beat rate after
exercising.

. LB L __ B

Fig. 7. Logged oxygen saturation data before and after exercising
for five consecutive days

Green colored bars represent oxygen saturation data collected
before exercising and Blue colored bars represent the oxygen
saturation level after exercising.

Conclusion

Fitness Monitoring using Raspberry Pi Pico is a new approach
to screen a person’s fitness-based health parameters. The
proposed model does not require any internet connectivity to
log data. Multiple fitness parameters are computed using user
input and Oximeter sensor values. This replaced the need for
using multiple power-consuming sensors. As the data is logged
in the board, it can be accessed easily as a CSV file by
connecting it to any computer. As numerous parameters are
introduced in the proposed design which are generally not
available in the commercial products, the system design is
proven to be technically informative.

Future Work: This model can further be connected to a
dedicated power supply to provide uninterrupted power to the
board during power shut-downs. A precise real-time clock
module can be interfaced with the Pico board to maintain the
time even when the controller is turned off.

REFERENCES

1. Raglin, J.S. Exercise and Mental Health. Sports Med9,
323-329 (1990). https://doi.org/10.2165/00007256-
199009060-00001

2. Godfrey, V. Hetherington, H. Shum, P. Bonato, N.H.
Lovell, S. Stuart, From A to Z: Wearable technology
explained, Maturitas, Volume 113, 2018, Pages 40-47,
ISSN 0378-5122,
https://doi.org/10.1016/j.maturitas.2018.04.012

3. Monitoring of Vital Signs with Flexible and Wearable
Medical Devices, Yasser Khan, Aminy E. Ostfeld, Claire
M. Lochner, Adrien Pierre, and Ana C. Arias, Volume28,
Issue22, Special Issue: Flexible and Stretchable Devices,
June 8, 2016, Pages 4373-4395, DOI:
10.1002/adma.201504366

4. Haghayegh S, Khoshnevis S, Smolensky M, Diller K,
Castriotta R, Accuracy of Wristband Fitbit Models in
Assessing Sleep: Systematic Review and Meta-Analysis, J
Med Internet Res, 2019;21(11): 16273, URL:
https://www.jmir.org/2019/11/e16273, DOI:
10.2196/16273

5. YUDHANA, Anton; ANWAR, Kaspul. A Mobile Phone
Application for Someone Fitness Monitoring with Fast
Fourier Transform Algorithm. Jurnal Ilmiah Kursor, [S.L.],
v. 10, n. 3, july 2020. ISSN 2301-6914. Available at:
<http://kursorjournal.org/index.php/kursor/article/view/195
>, Date accessed: 02 july 2021. doi:
https://doi.org/10.21107/kursor.v10i3.195

6. Pronami Bora, P. Kanakaraja, B. Chiranjeevi, M. Jyothi Sri
Sai, A. Jeswanth, Smart real time health monitoring system
using Arduino and Raspberry Pi, Materials Today:
Proceedings, 2021, ISSN 2214-7853,
https://doi.org/10.1016/j.matpr.2021.02.290

7. Madhavan Thothadri. An Analysis on Clock Speeds in
Raspberry Pi Pico and Arduino Uno Microcontrollers.
American Journal of Engineering and Technology
Management. Vol. 6, No. 3, 2021, pp. 41-46. doi:
10.11648/j.ajetm.20210603.13

8. Augustine Onubeze Developing a Wireless Heart Rate
Monitor with MAX30100 and nRF51822, Helsinki
Metropolia University of Applied Sciences Bachelor of
Engineering Information Technology Thesis 31 October
2016.

9. Telemedicine for silent hypoxia: Improving the reliability
and accuracy of Max30100-based system Nila Novita Sari,
Mina Naidah Gani, Regina Aprilia Maharani Yusuf, Riko
Firmando, Indonesian Journal of Electrical Engineering and
Computer Science. Volume 22,
http://doi.org/10.11591/ijeecs.v22.i13.pp1419-1426

10. Snizhko, Y. M., & Sarana, V. M. (2016). The influence of
external factors on the accuracy of non-invasive measuring
of oxygen in blood. Regulatory Mechanisms in
Biosystems, 7(2), 78-82. https://doi.org/10.15421/021614

11. Annapurna B., Asha Priyadarshini Manda, A. Clement Raj,
Dr. R. Indira, Dr. Pratima Kumari Srivastava, Dr. V.
Nagalakshmi. ~ (2021). Max 30100/30102  Sensor
Implementation to Viral Infection Detection Based On
Spo2 and Heartbeat Pattern. Annals of the Romanian
Society for Cell Biology, 25(2), 2053-2061. Retrieved
from https://www.annalsofrscb.ro/index.php/journal/article/
view/1150

12.10T based Smart Fitness Tracker for Gymnasiums, Apurva
Karandikar, Nivedita Deshpande, Seema Lingayat, Aditi
Kulkarni. International Research Journal of Engineering
and Technology (IRJET), e-ISSN: 2395-0056, Volume: 06
Issue: 11 | Nov 2019.

13.Ismail, Abdallah. (2018). What should my heart rate be?
https://www.researchgate.net/publication/323997114 What
_should my heart rate be

14. Categories of Arrhythmias. Accessed 12thMay 2021.
Available:  https://www.texasheart.org/heart-health/heart-
information-center/topics/categories-of-arrhythmias/

15.Slow heart rate does not increase risk of heart disease.
Accessed 14th May 2021. Available: Slow heart rate does
not increase risk of heart disease -- ScienceDaily

16. Sammito, Stefan & Bockelmann, Irina. (2016). Factors
influencing  heart rate  variability.  International
Cardiovascular Forum Journal. 6. 10.17987/icfj.v610.242

17. Wilhite T.J., J.D. Schoenfeld, Chapter 17 - Palliative
Radiotherapy for Advanced and Metastatic Head and Neck
Cancers and Skin Metastases, Editor(s): Monica S.
Krishnan, Margarita Racsa, Hsiang-Hsuan Michael Yu,
Handbook of Supportive and Palliative Radiation
Oncology, Academic Press, 2017, Pages 275-296, ISBN
9780128035238, https://doi.org/10.1016/B978-0-12-
803523-8.00017-4



1845

International Journal of Science Academic Research, Vol. 02, Issue 07, pp.1840-1845, July, 2021

18. Woolcott, O.0., Bergman, R.N. Relative fat mass (RFM)
as a new estimator of whole-body fat percentage — A
cross-sectional study in American adult individuals. Sci
Rep 8, 10980 (2018). https://doi.org/10.1038/s41598-018-
29362-1

19. Woolcott OO, Bergman RN. Relative Fat Mass as an
estimator of whole-body fat percentage among children and
adolescents: A cross-sectional study using NHANES. Sci
Rep. 2019;9(1):15279. Published 2019 Oct 24.
doi:10.1038/541598-019-51701-z

20.Zavorsky, G.S. Evidence and Possible Mechanisms of
Altered Maximum Heart Rate With Endurance Training
and Tapering. Sports Med 29, 13-26 (2000).
https://doi.org/10.2165/00007256-200029010-00002

21. WILKOFF, B.L., COREY, J. and BLACKBURN, G.

(1989), A Mathematical Model of the Cardiac
Chronotropic  Response to  Exercise. Journal of
Electrophysiology, 3: 176-180.

https://doi.org/10.1111/j.1540-8167.1989.tb01549.x
22.Karvonen, J., Vuorimaa, T. Heart Rate and Exercise
Intensity During Sports Activities. Sports Medicine 5, 303—
311 (1988). https://doi.org/10.2165/00007256-198805050-
00002
23.Van Camp, C. M., Blejewski, R. C., Ruby, A. D., &
Gordon, L. E. (2021). Physical activity in children: An

evaluation of an individualized heart rate assessment.
Behavior Analysis: Research and Practice. Advance online
publication. https://doi.org/10.1037/bar0000212

24.Resting metabolic rate: how to calculate and improve
yours. Accessed 23" May 2021. Available: https://blog.
nasm.org/nutrition/resting-metabolic-rate-how-to-calculate-
and-improve-yours

25. Speakman, J. and Selman, C. (2003). Physical activity and
resting metabolic rate. Proceedings of the Nutrition
Society, 62(3), 621-634. doi:10.1079/PNS2003282

26.Shin-Lei Peng, Julie A. Dumas, Denise C. Park, Peiying
Liu, Francesca M. Filbey, Carrie J. McAdams, Amy E.
Pinkham, Bryon Adinoff, Rong Zhang, Hanzhang Lu, Age-
related increase of resting metabolic rate in the human
brain, Neuro Image, Volume 98, 2014, Pages 176-183,
ISSN  1053-8119, https://doi.org/10.1016/j.neuroimage.
2014.04.078

27.Resting Metabolic Rate: Best Ways to Measure It—And
Raise It, Too. Accessed 1th June 2021. Available:
https://www.acefitness.org/certifiednewsarticle/2882/restin
g-metabolic-rate-best-ways-to-measure-it-and-raise-it-too/

28.Levine JA. Non-exercise activity thermogenesis (NEAT).
Best Pract Res Clin Endocrinol Metab. 2002
Dec;16(4):679-702. doi: 10.1053/beem.2002.0227. PMID:
12468415.

% %k %k 3k %k %k k



