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= STUDY SYNOPSIS/PROTOCOL SUMMARY (Background, objectives, and
methods.

Modern lifestyles have undergone radical changes due to technological, economic, and social
transformations, leading to increased sedentary behavior, particularly prolonged sitting, which
has been associated with a higher risk of cardiovascular diseases, obesity, and mortality—the
leading cause of death worldwide. Dietary habits are also crucial in the prevention or
development of cardiovascular diseases, and among the most common are the consumption of
coffee and hibiscus tea. This study aims to examine and compare the effects of consuming
coffee versus hibiscus tea during prolonged sitting on blood pressure, heart rate, and heart rate
variability. Data will be collected using the International Physical Activity Questionnaire,
measurements of height and weight (seca), body composition (Tanita device), a blood pressure
variability measurement device, and a Polar device to assess heart rate and its variability. A
randomized crossover design will be implemented with 30 participants (15 females and 15
males) recruited through advertisements distributed via King Saud University email and social
media. During Visit 1, participants will provide informed consent, undergo initial screening in
the Exercise Physiology Laboratory to assess eligibility (age, education, physical activity,
smoking status, and medical conditions), and be randomly assigned to consume either coffee
or hibiscus tea. After consumption, they will sit continuously for 3 hours, with blood pressure
and heart rate variability measured at baseline, immediately after drinking, and after 1, 2, and
3 hours of sitting. In Visit 2, participants will consume the alternative drink and undergo the
same sitting protocol, with an additional reaction time test included. Sitting for three continuous
hours is considered a globally standardized method in prolonged sitting research. Data analysis
will be performed using the Statistical Package for the Social Sciences (SPSS), including
descriptive statistics (mean, standard deviation, median, and percentages) for independent
variables such as age, BMI, and resting blood pressure, and multiple linear regression models
to compare the effects of coffee and hibiscus tea on blood pressure, heart rate, heart rate
variability, and reaction time during prolonged sitting.

» RESEARCH SIGNIFICANCE (Please describe briefly how this study will
contribute to existing knowledge in the field).

This study is significant because it highlights the impact of consuming coffee compared to
hibiscus tea on blood pressure and heart rate in women during prolonged sitting periods. Coffee
contains caffeine, which may elevate blood pressure and heart rate, whereas hibiscus tea has
been shown in previous studies to exert a calming effect on these vital signs. Therefore, this
study will provide evidence-based recommendations regarding the consumption of these
common beverages during prolonged sitting, potentially contributing to the improvement of
cardiovascular health in women. In addition, the findings may help raise awareness about the
importance of choosing appropriate beverages to support heart health, particularly in lifestyles
characterized by prolonged sitting.

= DETAILED RESEARCH PROPOSAL (delete the text in Red once details are
provided)

Research Objectives:

This study aims to examine and understand the effects of consuming coffee compared to
hibiscus tea during prolonged sitting on blood pressure, heart rate, and heart rate variability in
healthy women. It is assumed that coffee consumption will have a statistically significant
inverse effect compared to hibiscus tea during prolonged sitting on these variables.

Literature Review:



Physical Inactivity (Prolonged Sitting)

Saudi Arabia has undergone immense social and economic development and urbanization over
recent decades (1). This progress has significantly shifted lifestyle patterns. According to a
previous study, physical inactivity—defined as any waking behavior with an energy
expenditure of less than 1.5 metabolic equivalents, such as sitting, reclining, or lying down
(2,3)—was found to affect 69.4% of the Saudi population (4). This inactivity raises multiple
risk factors that contribute to the rising prevalence of cardiovascular diseases and early
mortality (5). Another study suggested that physical inactivity accounts for 9% of premature
deaths worldwide (1) and is the fourth leading risk factor for mortality globally (6).
Furthermore, global rates of insufficient physical activity show that women are 5% less active
than men, a trend that has remained unchanged since 2000, with increasing inactivity rates
observed in both genders after the age of 60 (7).

A study on young women found that inactivity negatively impacts their quality of life,
particularly through autonomic heart rate regulation during rest and physiological responses to
stress (8). Another study indicated a strong correlation between the high prevalence of physical
inactivity (49.3%) and elevated blood pressure (60%) in adults (9). Concerns about sedentary
behavior, including screen time and occupational sitting, are also on the rise (10). According to
research, adults in sedentary occupations report an average inactivity time of >9 hours daily,
accounting for 55%-70% of waking hours (10).

Studies in various countries have found a positive correlation between prolonged sitting
duration and increased systolic blood pressure (b = 0.42 mmHg/h, 95% CI 0.18-0.60), diastolic
blood pressure (b = 0.24 mmHg/h, 95% CI 0.06-0.42), and mean arterial pressure (b = 0.66
mmHg/h, 95% CI 0.36-0.90) (11). In older women, extended sitting periods have been linked
to heightened risks of cardiovascular disease and coronary heart disease (12). Sedentary
behavior has been classified as continuous or intermittent, with studies suggesting that each
type may influence cardiometabolic risk biomarkers and early mortality differently (13).
Despite these substantial lifestyle changes, research on the effects of prolonged sitting among
Saudi women remains limited (14).

Cardiovascular Diseases

Cardiovascular diseases (CVDs) represent a major and growing global issue (15). They
encompass a range of disorders affecting the heart and blood vessels, including coronary heart
disease, hypertension, peripheral artery disease, valvular heart disease, heart failure, heart
attacks, and strokes (16). It is estimated that there are approximately 5,601-6,600 cases of
CVDs per 100,000 individuals in Saudi Arabia, with over a third of adult Saudis at risk, as
reported by the Saudi Health Council (17).

Risk factors for CVD are categorized into modifiable and non-modifiable factors. Non-
modifiable factors include age (18), gender—where decreased estrogen levels in women
increase risk (19)—family history, and ethnicity, whose causes are still not fully understood
(20). Modifiable risk factors such as systolic and diastolic blood pressure are closely linked to
CVD (21). Global public health issues such as smoking, obesity, and diabetes also negatively
impact cardiovascular health due to the multiple pathophysiological changes they trigger.
Physical inactivity is another major risk factor (20).

Heart rate is a critical indicator of cardiovascular and cerebrovascular mortality (22), with a
resting heart rate below 60 beats per minute considered desirable for cardiovascular health and
prevention (23). Heart rate variability (HRV) analysis is a reliable, non-invasive method for
evaluating autonomic nervous system activity and assisting in diagnostics (24). Combining
heart rate and HRV values can enhance understanding of autonomic activity in both health and
disease (25). The autonomic nervous system (ANS) plays a crucial role in cardiovascular health



by balancing sympathetic and parasympathetic functions and regulating blood pressure and
heart rate (26).

Effects of Prolonged Sitting on Blood Pressure

Blood pressure is a dynamic phenomenon influenced by numerous factors (27), and
hypertension is a common, modifiable disease that significantly impacts global health by
contributing to morbidity and mortality (28). Blood pressure is generated by two forces: systolic
pressure, which occurs when blood is pumped from the heart into the arteries, and diastolic
pressure, which occurs when the heart rests between beats (29).

Systolic blood pressure, which drives blood against arterial walls during heartbeats, is
particularly significant for individuals over 50, as arteries stiffen with age, increasing the risk
of cardiovascular disease (29). Diastolic blood pressure measures the pressure on arterial walls
while the heart muscle rests between beats (29).

High blood pressure is a critical risk factor for cardiovascular and chronic kidney diseases. It is
defined as a systolic reading of 140 mmHg or higher or a diastolic reading of 90 mmHg or
higher (30). Studies have shown that elevated systolic and diastolic pressures independently
increase the risk of adverse cardiovascular events, regardless of the hypertension definition
used (140/90 mmHg or 130/80 mmHg) (31). The global prevalence of hypertension was
estimated at 1.13 billion in 2015 (20%—-24% of men and women worldwide) (32), while in
Saudi Arabia it was 10.0% among women aged 15 and above (33). Lower blood pressure has
been associated with reduced risk of cardiovascular diseases, including stroke (34).

Accurate blood pressure measurement is essential, as it can be influenced by factors such as
breathing, emotions, exercise, meals, tobacco, alcohol, temperature, bladder fullness, and pain,
as well as age, gender, and medication (27). Most blood pressure devices work by occluding an
extremity artery (arm, wrist, finger, or leg) with an inflatable cuff, measuring oscillometric
changes or Korotkoff sounds. Other non-occlusive techniques, such as pulse waveform
analysis, are less common in clinical practice (27).

Studies on healthy young adults have shown that uninterrupted sitting for 120-180 minutes
significantly reduces lower limb vascular function, though no significant reductions were
observed at 30 and 60 minutes. However, a downward trend in vascular function with prolonged
sitting was noted (35). Prolonged sitting has also been shown to significantly impair lower limb
vascular function, with evidence suggesting that interrupting sitting, especially with aerobic or
simple resistance activities, may prevent vascular dysfunction (36).

Moderate levels of physical activity, such as brisk walking for three hours per week,
significantly lower blood pressure, reducing risks of cardiovascular disease and stroke (37).
Another study found that breaking prolonged sitting with light- to moderate-intensity activity
intervals lowers both systolic and diastolic blood pressure (38).

Effects of Prolonged Sitting on Heart Rate and HRV

The human heart is complex and adaptable, enabling the cardiovascular system to respond to
sudden physical and psychological challenges (39). Heart rate (HR) is the number of heartbeats
per minute (40), and heart rate variability (HRV) is the variation in intervals between successive
heartbeats (41). HRV represents the neurocardiac function generated by interactions between
the heart, brain, and the dynamic autonomic nervous system, helping individuals adapt to
environmental and psychological stressors. HRV reflects autonomic balance regulation, blood
pressure (BP), and various other functions (39).

Regarding the acute effect of prolonged sitting (>4 hours) on heart rate or HRV, studies have
shown that neither is significantly affected. However, prolonged, intermittent sitting may cause
a minor, non-significant increase in heart rate (42)



Coffee

Coffee is one of the most popular and widely consumed beverages worldwide due to its
stimulating effects on the central nervous system, as well as its flavor and aroma (43). Roasted
coffee contains a complex mix of over 1,000 bioactive compounds, some with therapeutic
properties such as antioxidant, anti-inflammatory, antifibrotic, or anticancer effects (44).
Coffee’s key bioactive components include phenolic compounds (such as chlorogenic acids and
derivatives), methylxanthines (caffeine, theophylline, theobromine), diterpenes (cafestol and
kahweol), nicotinic acid (vitamin B3) and its precursor trigonelline, magnesium, and potassium
(44).

Polyphenols and caffeine are particularly valued for their health benefits. Light and medium
roasting preserve polyphenols and enhance coffee's antioxidant properties, while intense
roasting reduces caffeine content (45). Cold brew coffee also extracts certain compounds
differently from hot coffee, making it less potent in some effects (46).

Over the past few decades, coffee consumption has gained popularity in the Middle East,
including Saudi Arabia. In a study involving 930 healthy female students from different
departments at King Saud University, 88% were found to consume coffee regularly (47).
Regular coffee and caffeine intake often lead to increases in blood pressure, with more
pronounced effects in hypertensive individuals (48). However, moderate coffee intake (3—4
cups per day) is associated with preventive benefits against various chronic diseases, including
type 2 diabetes and liver diseases (43). One study demonstrated that moderate coffee
consumption (3—4 cups per day) might contribute to the prevention of chronic diseases (49).

Higher coffee consumption has also been associated with lower mortality rates, possibly due to
decreased resting heart rate in addition to the positive effects of coffee on atherosclerosis (50).
Another study reported that regular coffee consumption led to an increase in blood pressure, a
decrease in heart rate, and an increase in plasma catecholamines; however, decaffeinated coffee
caused a smaller increase in diastolic blood pressure without changes in other variables. This
suggests that the cardiovascular effects of coffee consumption are primarily attributed to its
caffeine content (51).

Recommendations suggest moderate and safe coffee intake of 3—4 cups per day, providing 300—
400 mg of caffeine (52,49). However, the effects of coffee during prolonged sitting on blood
pressure, heart rate, and HRV, particularly over several hours of sitting, remain unknown.

Hibiscus (Hibiscus sabdariffa)

There is growing interest in natural antioxidants from plant sources, particularly bioactive
compounds such as polyphenols and flavonoids (53). Anthocyanins, a subgroup of flavonoids,
predominantly appear in plants as glycosides, such as anthocyanidin (53). Hibiscus belongs to
the Malvaceae family and is described as an annual herbaceous plant that can grow up to 2.5
meters, characterized by smooth cylindrical red stems, red veins, and long green leaves (53). It
is rich in phytochemicals and has potential therapeutic uses in preventing chronic diseases
associated with oxidative stress (53).

Hibiscus is widely used in traditional medicine due to its accessibility, low cost, and bioactive
components (55). It is rich in polyphenols, anthocyanins, sugars, and organic acids, which
contribute to its therapeutic potential (54). In recent years, there has been a global focus on
plant research to explore the extensive applications of medicinal plants (54,56).

Regarding its effects on blood pressure and heart rate, hibiscus has been used in various
countries as an antihypertensive agent (57). A study concluded that regular consumption of
hibiscus can reduce the risk of cardiovascular disease (58). This benefit is attributed to its
flavonoid and anthocyanin content, which effectively lower both systolic and diastolic blood
pressure in individuals with hypertension (59). Additionally, polyphenols in hibiscus play a



regulatory role in metabolic health and blood pressure maintenance, with beneficial actions
against inflammation and cardiovascular disease (60).

Furthermore, hibiscus possesses hypoglycemic, hypolipidemic, kidney-protective, antioxidant,
and anti-inflammatory properties (61). However, excessive consumption of hibiscus may
increase total antioxidant capacity, potentially leading to an inflammatory condition associated
with elevated blood pressure (62). The recommended dosage is three servings per day (240 ml
containing 1.25 g of hibiscus per serving) to reduce blood pressure in adults with mild or
prehypertension (63).

A study on sun-dried hibiscus leaves found that optimal extraction efficiency in water is
achieved after 10 minutes at 100 °C, resulting in the highest antioxidant yield and
concentrations of cyanidin-3-sambubioside and delphinidin (53). Despite the growing number
of studies, the effects of hibiscus during prolonged sitting on blood pressure, heart rate, and
HRV remain unknown.

Research Methodology: Data Collection and Measurement Tools
General information form:

Personal data about the participants will be collected using a general gquestionnaire, which
includes age and medical condition.

Physical activity level questionnaire:

Participants will complete the physical activity questionnaire. The researcher will analyze the
responses and select participants who meet the study’s inclusion criteria.

Physical measurements:

Height will be measured using an electronic height measuring device (Stadium scale). Weight
will be measured using a regular scale (seca), and BMI will be calculated using a bioelectrical
resistance device (Bioelectrical Tanita Japan MC-980).

Blood pressure measurement:

Systolic and diastolic blood pressure will be measured using an oscillometric device (USA,
Illinois, Omron Healthcare, Omron HEM 7124 CP). Measurements will follow the guidelines
of the American Heart Association (AHA) and the American College of Cardiology (ACC).

Heart rate and HRV measurement:

The Polar V800 will be used to measure heart rate and HRV. The device consists of a watch
and a Bluetooth heart rate sensor. Data will be collected according to the manufacturer’s
instructions (88) and analyzed using Kubios HRV Premium software to calculate HRV time-
domain metrics. The heart rate sensor will be placed on the participant’s chest, below the
pectoral muscles. The participant will sit quietly for 10 minutes in a chair while continuous
measurements are taken. The clearest five continuous minutes of the 10-minute HRV recording
will be analyzed using Kubios HRV Premium software. Time-domain metrics to be extracted
include:

- HR (Heart Rate): The number of beats per minute; a direct measure of heart rhythm.

- NN interval: The time interval between successive heartbeats, used to assess heart
rhythm patterns and variability.

- SDNN (Standard Deviation of NN Intervals): The standard deviation of the time
intervals between successive heartbeats.

HRV measurements will be performed at several time points: before sitting, after beverage
consumption, after one hour, after two hours, and after three hours of sitting during both visits.



These variables were selected based on the study duration criterion and the TAKEI physical
fitness test.

Study Design:

Randomized crossover experimental design

Study Duration:

Two visits across two weeks

Study Population and Sample Size with Sampling Technique:

Using G*Power software, the required sample size was calculated as 30 participants—215 males
and 15 females—with a 10% increase to account for potential data loss or incomplete responses.
Participants will be recruited via university email. Interested participants will be contacted,
provided with study details, and asked to complete consent forms.

Subject Recruitment Procedures
Study Subject Selection
Inclusion Criteria:

- Age between 18-35 years.

- Normal to elevated blood pressure (less than 130/80 mmHg) and a normal resting heart
rate (between 60—100 bpm) to ensure the study targets healthy adults and avoids factors
that could influence results.

- Free from any health issues to minimize external influences on study outcomes.

- Not adhering to physical activity guidelines, as the study focuses on physically inactive
individuals.

Exclusion Criteria:

- Participants with any allergy to hibiscus or coffee (since both beverages will be
consumed).

- Participants taking medications that may affect blood pressure, heart rate, or heart rate
variability, such as antihypertensive drugs.

Study Procedures
Visit 1: Screening and Initial Procedures

- Participants will sign the informed consent form.

- Participants will visit the Exercise Physiology Laboratory at King Saud University for
initial assessments, including: Age, education level, physical activity level, smoking
status, and medical conditions to determine eligibility.

- Participants will be randomly assigned to consume either coffee or hibiscus first.

- They will sit continuously for 3 hours after consuming the drink.

Measurements (blood pressure and heart rate variability) will be taken at five time points:
Before drinking (baseline), one hour after drinking, after 1 hour of sitting, after 2 hours of
sitting, and after 3 hours of sitting

Visit 2:

Participants will consume the alternate drink (opposite of Visit 1). The same prolonged sitting
period (3 hours) and measurements will be conducted. An additional reaction time test will be
included. Both beverages will be provided in controlled doses, following moderate and safe
consumption recommendations for coffee and hibiscus, during the morning period (7:00-11:00
AM).



Hibiscus: 3 servings/day, with each 240 ml serving containing 1.25 g of hibiscus.

Coffee: 3-4 cups/day, providing 300-400 mg of caffeine.

Data Collection Method / Data Source

Data will be collected using both paper-based forms and direct entry into an electronic system.
Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) will be used to conduct the following
analyses:

- Calculate the mean and standard deviation or number and percentage to describe the
levels of independent variables, including age, body mass index, and resting blood
pressure.

- Use mixed linear regression models to compare the effect of drinking coffee and
hibiscus during prolonged sitting on the dependent variables (blood pressure, heart rate,
and heart rate variability).

- Determine statistical significance at p < 0.05.



References:

1-Al-Hazzaa HM. Physical inactivity in Saudi Arabia revisited: A systematic review of
inactivity prevalence and perceived barriers to active living. Int J Health Sci (Qassim)
[Internet]. 2018 [cited 2024 Oct 4];12(6):50. Available from: /pmc/articles/PMC6257875/

2. Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-Cheung AE, et al.
Sedentary Behavior Research Network (SBRN) - Terminology Consensus Project process and
outcome. International Journal of Behavioral Nutrition and Physical Activity [Internet]. 2017
Jun 10 [cited 2024 Oct 3];14(1). Available from: https://www.sedentarybehaviour.org/sbrn-
terminology-consensus-project/

3. Chang Q, Zhu Y, Liu Z, Cheng J, Liang H, Lin F, et al. Replacement of sedentary behavior
with various physical activities and the risk of all-cause and cause-specific mortality. BMC
Med [Internet]. 2024 Dec 1 [cited 2024 Oct 3];22(1):1-14. Available from:
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-024-03599-2

4- Alquaiz AM, Siddiqui AR, Kazi A, Batais MA, Al-Hazmi AM. Sedentary lifestyle and
Framingham risk scores: A population-based study in Riyadh city, Saudi Arabia. BMC
Cardiovasc Disord [Internet]. 2019 Apr 8 [cited 2024 Oct 4];19(1):1-11. Available from:
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-019- 1048-9

5. Alhejely MMM, Shibli KY, Almalki WAH, Felemban GMB, Alluhaybi HS, Majrashi BM,
et al. Influence of Lifestyle Changes on Cardiovascular Diseases in Saudi Arabia: A Systematic
Literature Review. Cureus [Internet]. 2023 Jun 7 [cited 2024 Oct 4];15(6). Available from:
https://lwww.cureus.com/articles/159124-influence-of-  lifestyle-changes-on-cardiovascular-
diseases-in-saudi-arabia-a-systematic-literature-review

6. Althumiri NA, Bindhim NF, Algahtani4 SA. Prevalence of Physical Inactivity and Sedentary
Behaviors and Associations with Obesity among Saudi Adults. 2020 Jul 14 [cited 2024 Oct 4];
Available from: https://www.researchsquare.com -Internet]. [cited 2024 Oct 4]. Available
from: https://www.who.int/ar/news-room/fact[ s bl sheets/detail/physical-activity

8. Zaffalon Junior JR, Viana AO, de Melo GEL, De Angelis K. The impact of sedentarism on
heart rate variability

(HRV) at rest and in response to mental stress in young women. Physiol Rep [Internet]. 2018
Sep 1 [cited 2024 Oct 4]; 6(18):€13873. Available from:
https://onlinelibrary.wiley.com/doi/full/10.14814/phy2.13873

9. Gupta S, Prajapati H. Physical Inactivity and Its Association with Hypertension in Adult:
Cross-Sectional Study. International Journal of Research and Review (ijrrjournal.com).
2023;10(9).

10. Nguyen P, Le LKD, Nguyen D, Gao L, Dunstan DW, Moodie M. The effectiveness of
sedentary behaviour interventions on sitting time and screen time in children and adults: an
umbrella review of systematic reviews. Int J Behav Nutr Phys Act [Internet]. 2020 Sep 21 [cited
2024 Oct 6];17(1). Available from: https://pubmed.ncbi.nim.nih.gov/32958052/

11. Adams NT, Paterson C, Poles J, Higgins S, Stoner L. The Effect of Sitting Duration on
Peripheral Blood Pressure Responses to Prolonged Sitting, With and Without Interruption: A
Systematic Review and Meta-Analysis. Sports Medicine [Internet]. 2024 Jan 1 [cited 2024 Oct
5];54(1):169-83. Awvailable from: https://link.springer.com/article/10.1007/s40279-023-
01915-z

12. Seguin R, Buchner DM, Liu J, Allison M, Manini T, Wang CY, et al. Sedentary behavior
and mortality in older women: The women’s health initiative. Am J Prev Med [Internet]. 2014
Feb 1 [cited 2024 Oct 4];46(2):122-35. Available from:
http://www.ajpmonline.org/article/S0749379713005941/fulltext



13. Dempsey PC, Larsen RN, Dunstan DW, Owen N, Kingwell BA. Sitting less and moving
more implications for hypertension. Hypertension [Internet]. 2018 [cited 2024 Oct
5];72(5):1037-76. Available from:
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.118.11190

14. Vranish JR, Young BE, Kaur J, Patik JC, Padilla J, Fadel PJ. Influence of sex on
microvascular and macrovascular responses to prolonged sitting. Am J Physiol Heart Circ
Physiol [Internet]. 2017 [cited 2024 Oct 4];312(4):H800-5. Available from:
https://journals.physiology.org/doi/10.1152/ajpheart.00823.2016

15. Payne RA. Cardiovascular risk. Br J Clin Pharmacol [Internet]. 2012 Sep 1 [cited 2024 Oct
5];74(3):396-410. Awvailable from: https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-
2125.2012.04219.x

16. Cardiovascular diseases (CVDs) [Internet]. [cited 2024 Oct 5]. Available from:
https://www.who.int/news- room/fact-sheets/detail/cardiovascular-diseases-(cvds) :Internet].
[cited 2024 Oct 4] Available  from[ 17. Gl dauall SRE
https://shc.gov.sa/Arabic/NHC/Activities/Documents/Cardiovascular%20disease%20in%20K
SA%20
%20a%20public%20health%20priority.pdf?utm_medium=email&utm_source=transaction

18. Anderson KM, Odell PM, Wilson PWF, Kannel WB. Cardiovascular disease risk profiles.
Am Heart J. 1991 Jan .8-293:)1(121;1 Merz CNB, Johnson BD, Delia Sharaf BL, Bittner V,
Berga SL, Braunstein GD, et al. Hypoestrogenemia of hypothalamic origin and coronary artery
disease in premenopausal women: a report from the NHLBI-sponsored WISE study. J Am Coll
Cardiol. 2003 Feb 5;41(3):413-9.

20. Ridker PM, Buring JE, Rifai N, Cook NR. Development and Validation of Improved
Algorithms for the Assessment of Global Cardiovascular Risk in Women: The Reynolds Risk
Score. JAMA [Internet]. 2007 Feb 14 [cited 2024 Oct 5];297(6):611-9. Available from:
https://jamanetwork.com/journals/jama/fullarticle/205528

21. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of usual
blood pressure to vascular mortality: A meta-analysis of individual data for one million adults
in 61 prospective studies. Lancet [Internet]. 2002 Dec 14 [cited 2024 Oct 5];360(9349):1903—
13. Available from: http://www.thelancet.com/article/S0140673602119118/fulltext

22. Tadic M, Cuspidi C, Grassi G. Heart rate as a predictor of cardiovascular risk. Eur J Clin
Invest [Internet]. 2018 Mar 1 [cited 2024 Oct 5];48(3):12892. Available from:
https://onlinelibrary.wiley.com/doi/full/10.1111/eci.12892

23. Fox K, Borer JS, Camm AJ, Danchin N, Ferrari R, Lopez Sendon JL, et al. Resting Heart
Rate in Cardiovascular Disease. J Am Coll Cardiol. 2007 Aug 28;50(9):823-30.

24. Acharya UR, Joseph KP, Kannathal N, Lim CM, Suri JS. Heart rate variability: A review.
Med Biol Eng Comput [Internet]. 2006 Dec 17 [cited 2024 Oct 5];44(12):1031-51. Available
from: https://link.springer.com/article/10.1007/s11517-006-0119-0

25. Candia-Rivera D, Fallani F de V, Chavez M. Robust and time-resolved estimation of cardiac
sympathetic and parasympathetic indices. bioRxiv [Internet]. 2024 Sep 24 [cited 2024 Oct
5];2023.11.18.567211. Available from:
https://www.biorxiv.org/content/10.1101/2023.11.18.567211v2

26. Bairey Merz CN, Elboudwarej O, Mehta P. The Autonomic Nervous System and
Cardiovascular Health and Disease: A Complex Balancing Act. JACC Heart Fail. 2015 May
1;3(5):383-5.


https://shc.gov.sa/Arabic/NHC/Activities/Documents/Cardiovascular%20disease%20in%20KSA
https://shc.gov.sa/Arabic/NHC/Activities/Documents/Cardiovascular%20disease%20in%20KSA

27. Beevers G, Lip GYH, O’brien E. Blood pressure measurement. BMJ [Internet]. 2001 Apr
21 [cited 2024 Oct 7];322(7292):981-5. Available from:
https://www.bmj.com/content/322/7292/981

28. Wang H, Dwyer-Lindgren L, Lofgren KT, Rajaratnam JK, Marcus JR, Levin-Rector A, et
al. Age-specific and sex- specific mortality in 187 countries, 1970-2010: a systematic analysis
for the Global Burden of Disease Study 2010. Lancet [Internet]. 2012 [cited 2024 Oct
5];380(9859):2071-94. Available from: https://pubmed.ncbi.nlm.nih.gov/23245603/

29. What is High Blood Pressure? | American Heart Association [Internet]. [cited 2024 Oct 5].
Available from: https://www.heart.org/en/health-topics/high-blood-pressure/the-facts-about-
high-blood-pressure/what-is-high-blood- pressure

30. Zhou B, Bentham J, Di Cesare M, Bixby H, Danaei G, Cowan MJ, et al. Worldwide trends
in blood pressure from 1975 to 2015: a pooled analysis of 1479 population-based measurement
studies with 19-1 million participants. The Lancet [Internet]. 2017 Jan 7 [cited 2024 Oct
5];389(10064):37-55. Available from:
http://www.thelancet.com/article/S0140673616319195/fulltext

31. Flint AC, Conell C, Ren X, Banki NM, Chan SL, Rao VA, et al. Effect of Systolic and
Diastolic Blood Pressure on Cardiovascular Outcomes. New England Journal of Medicine
[Internet]. 2019 Jul 18 [cited 2024 Oct 5];381(3):243— 51. Available from:
https://www.nejm.org/doi/full/10.1056/NEJM0a1803180

32. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 2018
ESC/ESH Guidelines for the management of arterial hypertension: The Task Force for the
management of arterial hypertension of the European Society of Cardiology (ESC) and the
European Society of Hypertension (ESH). Eur Heart J [Internet]. 2018 Sep 1 [cited 2024 Oct
5];39(33):3021-104. Available from: https://dx.doi.org/10.1093/eurheartj/ehy339

33. Al-Mohaissen MA, Al-Obaid QY, Alghamdi WA, Al-Alyani HS, Dahman SM, Al-
Wahhabi NA, et al. Prevalence and Determinants of Hypertension and High Normal Blood
Pressure among Young Adult Saudi Females: Insights into Preventive Strategies. Fam
Community Health [Internet]. 2017 [cited 2024 Oct 5];40(3):221-30. Available from:
https://journals.lww.com/familyandcommunityhealth/fulltext/2017/07000/prevalence_and_de
terminants_of_hyperte nsion_and.7.aspx

34. Wan EYF, Fung WT, Schooling CM, Au Yeung SL, Kwok MK, Yu EYT, et al. Blood
Pressure and Risk of Cardiovascular Disease in UK Biobank: A Mendelian Randomization
Study. Hypertension [Internet]. 2021 Feb 1 [cited 2024 Oct 5];77(2):367—75. Available from:
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.120.16138

35. Taylor FC, Pinto ANAJ, Maniar N, Dunstan DW, Green DJ. The Acute Effects of Prolonged
Uninterrupted Sitting on Vascular Function: A Systematic Review and Meta-analysis. Med Sci
Sports Exerc [Internet]. 2022 Jan 1 [cited 2024 Oct 7];54(1):67-76. Available from:
https://journals.lww.com/acsm

msse/fulltext/2022/01000/the_acute_effects_of prolonged_uninterrupted.10.aspx

36. Paterson C, Fryer S, Zieff G, Stone K, Credeur DP, Barone Gibbs B, et al. The Effects of
Acute Exposure to Prolonged Sitting, With and Without Interruption, on Vascular Function
Among Adults: A Meta-analysis. Sports Medicine [Internet]. 2020 Nov 1 [cited 2024 Oct
7];50(11):1929-42. Available from: https:/link.springer.com/article/10.1007/s40279-020-
01325-5

37. Sagiv MS. Blood Pressure and Hypertension. Exercise Cardiopulmonary Function in
Cardiac Patients [Internet]. 2012 [cited 2024 Oct 7];135-53. Available from:
https://link.springer.com/chapter/10.1007/978-1-4471-2888-5_6



38. Larsen RN, Kingwell BA, Sethi P, Cerin E, Owen N, Dunstan DW. Breaking up prolonged
sitting reduces resting blood pressure in overweight/obese adults. Nutrition, Metabolism and
Cardiovascular Diseases [Internet]. 2014 Sep 1 [cited 2024 Oct 7];24(9):976-82. Available
from: http://www.nmcd- journal.com/article/S0939475314001434/fulltext

39. Shaffer F, Ginsberg JP. An Overview of Heart Rate Variability Metrics and Norms. Front
Public Health [Internet]. 2017 Sep 28 [cited 2024 Oct 7];5:290215. Available from:
www.frontiersin.org :Internet]. [cited 2024 Oct 3]. Available from[ il &< i Y220 Jakada

40. 4S5 Gl dmes | ddagieal hitps://www.heart.org/en/healthy-living/fitness/fitness-
basics/target-heart-rates

41. Billman GE. Heart rate variability - A historical perspective. Front Physiol [Internet]. 2011
Nov 29 [cited 2024 Oct 4];2 NOV:16984. Available from: www.frontiersin.org

42. Bates LC, Alansare A, Gibbs BB, Hanson ED, Stoner L. Effects of Acute Prolonged Sitting
and Interrupting Prolonged Sitting on Heart Rate Variability and Heart Rate in Adults: A Meta-
Analysis. Front Physiol [Internet]. 2021 May 3 [cited 2024 Oct 5];12:664628. Available from:
www.frontiersin.org

43. Nieber K. The Impact of Coffee on Health. Planta Med [Internet]. 2017 Nov 1 [cited 2024
Oct 5];83(16):1256-63. Available from: http://www.thieme-
connect.de/products/ejournals/html/10.1055/s-0043-115007

44. Jeszka-Skowron M, Zgota-Grzeskowiak A, Grzeskowiak T. Analytical methods applied for
the characterization and the determination of bioactive compounds in coffee. European Food
Research and Technology [Internet]. 2015 Jan 1 [cited 2024 Oct 5];240(1):19-31. Available
from: https://link.springer.com/article/10.1007/s00217-014-2356-z

45. Hecimovi¢ |, Bels¢ak-Cvitanovi¢ A, Horzi¢ D, Komes D. Comparative study of
polyphenols and caffeine in different coffee varieties affected by the degree of roasting. Food
Chem. 2011 Dec 1;129(3):991-1000.

46. Rao NZ, Fuller M, Grim MD. Physiochemical Characteristics of Hot and Cold Brew Coffee
Chemistry: The Effects of Roast Level and Brewing Temperature on Compound Extraction.
Foods 2020, Vol 9, Page 902 [Internet]. 2020 Jul 9 [cited 2024 Oct 7];9(7):902. Available from:
https://www.mdpi.com/2304-8158/9/7/902/htm

47, Alfawaz HA, Khan N, Yakout SM, Khattak MNK, Alsaikhan AA, Almousa AA, et al.
Prevalence, Predictors, and Awareness of Coffee Consumption and Its Trend among Saudi
Female Students. International Journal of Environmental Research and Public Health 2020, Vol
17, Page 7020 [Internet]. 2020 Sep 25 [cited 2024 Oct 7];17(19):7020. Available from:
https://www.mdpi.com/1660-4601/17/19/7020/htm

48. Nurminen ML, Niittynen L, Korpela R, Vapaatalo H. Coffee, caffeine and blood pressure:
a critical review. European Journal of Clinical Nutrition 1999 53:11 [Internet]. 1999 Nov 4
[cited 2024 Oct 7];53(11):831-9. Available from: https://www.nature.com/articles/1600899

49. Nieber K. The Impact of Coffee on Health. Planta Med [Internet]. 2017 Nov 1 [cited 2024
Oct 7];83(16):1256-63. Available from: http://www.thieme-
connect.de/products/ejournals/html/10.1055/s-0043-115007

50. Nohara Y, Adachi H, Enomoto M, Fukami A, Otsuka M, Kumagai E, et al. PS 09-08
HABITUAL COFFEE INTAKE REDUCES HEART RATE AND DECREASES ALL-
CAUSE MORTALITY — THE TANUSHIMARU PROSPECTIVE STUDY —. J Hypertens
[Internet]. 2016 Sep [cited 2024 Oct 7];34(Supplement 1):e320. Available from:
https://journals.lww.com/jhypertension/fulltext/2016/09001/ps_09_08 habitual _coffee_intake
_reduces_heart_rate.9 16.aspx



51. Smits P, Thien T, Van’t Laar A. The cardiovascular effects of regular and decaffeinated
coffee. Br J Clin Pharmacol [Internet]. 1985 Jun 1 [cited 2024 Oct 7];19(6):852—4. Available
from: https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2125.1985.tb02729.x

52. van Dam RM, Hu FB, Willett WC. Coffee, Caffeine, and Health. New England Journal of
Medicine. 2020 Jul .78-369:)4(383;23

53. Sindi HA, Marshall LJ, Morgan MRA. Comparative chemical and biochemical analysis of
extracts of Hibiscus sabdariffa. Food Chem. 2014 Dec 1;164:23-9.



