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ABSTRACT
The risk of  cardiovascular disease differs among various ethnic groups, highlighting disparities in cardiovascular 
health among different populations. While multiple studies from other countries have looked at changes in physio-
logical parameters during autonomic function tests like isometric handgrip and cold pressor tests, no correlational 
research has been done in Saudi Arabia. This lacuna underscores the importance of  examining the relationship 
between cardiorespiratory parameters in young Saudi Arabian individuals during these tests. This study aimed to de-
termine the correlation between the isometric handgrip and cold pressor tests and physiological parameters in healthy 
young Saudi Arabian college students. A single-arm interventional study was conducted with a cohort of  65 healthy 
young adult Saudi college students, including male and female participants. A point estimate was calculated with a 
95% confidence level. Physiological parameters were analyzed and compared at rest and during isometric handgrip 
and cold pressor tests. The study involved participants with an average age of  21.12 ± 1.02, predominantly male 
students. A significant impact was observed only in respiratory rate (P = 0.007) during the isometric handgrip and 
cold pressor tests. In contrast, blood pressure parameters and arterial oxygen saturation values showed no statistical 
significance during both tests. This sheds light on their autonomic responses to physiological stressors and contributes 
to our understanding of  cardiovascular health across diverse populations, guiding future interventions for global im-
provements in cardiorespiratory outcomes.
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INTRODUCTION

Vital indicators like blood pressure (BP), heart rate (HR), respira-
tory rate (RR), and peripheral arterial oxygen saturation (SpO2) 
are fundamental markers of  physiological functioning [1,2]. It 
is well-documented that the autonomic nervous system (ANS) 
plays a critical role in regulating cardiovascular functions [3]. 
ANS adjusts heart rate and regulates blood pressure to meet the 
demands of  daily activities [4]. Hadaya et al. [5] reported that au-
tonomic nervous system dysfunction is associated with the onset 
of  cardiovascular diseases. Researchers have reported that ANS 

is involved in the modulation of  RR [3]. Therefore, autonomic 
function tests are essential in evaluating and identifying changes 
in normal cardiorespiratory function. 

The isometric handgrip test (IHT) is widely used to assess 
cardiovascular autonomic functions [6,7]. The cold pressor test 
(CPT), a well-established autonomic function test, is recognized 
for inducing significant cardiovascular responses by activating the 
sympathetic nervous system, resulting in elevated HR and BP. 
It has been employed as a research tool to assess the integrity 
of  ANS [8]. A review by Chong et al. [9] indicated racial differ-
ences in sympathetic nervous system functioning. Furthermore, 
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ethnic disparities and psychosocial factors are linked to variations 
in autonomic nervous system function [10]. Gender and racial 
differences in autonomic cardiovascular regulation have been re-
ported, which may contribute to disparities in susceptibility to 
hypertension and cardiovascular diseases [11].

Physiological parameters like systolic blood pressure (SBP), 
diastolic blood pressure (DBP), mean arterial blood pressure 
(MAP), HR, RR, and SpO2 during CPT and IHT have not been 
previously studied in the Saudi Arabian population. This gap 
in the literature underscores the importance of  understanding 
physiological variations across different ethnic groups. This could 
offer crucial insights for customizing interventions and shaping 
future cardiorespiratory research. Therefore, this study aimed to 
examine the cardiorespiratory responses to autonomic function 
tests, specifically IHT and CPT, by evaluating physiological pa-
rameters in healthy young Saudi Arabian adults.

MATERIAL AND METHODS

Study design, setting, and population   

This single-center, single-arm interventional study was con-
ducted among young, healthy male and female students from 
various health sciences disciplines at King Saud bin Abdulaziz 
University for Health Sciences, Jeddah, Saudi Arabia. A total 
of  253 students, aged 19 to 24, were screened. The inclusion 
criteria focused on selecting Saudi Arabian college students in 
good health with no history of  prior illnesses. Exclusion criteria 
included individuals with hypertension, upper limb injuries or 
weakness, motor neuron diseases, diabetes mellitus, respiratory 
diseases, smokers, those who were fasting, and pregnant individ-
uals. After applying the inclusion and exclusion criteria, a final 
sample of  65 participants (45 men and 20 women) was selected. 
The study occurred between October 2020 and October 2021 
and received approval from the institutional bioethics committee 
and the review board. Participants were chosen using consecutive 
sampling, a non-probability technique for selecting individuals 
until the required sample size is achieved. The required sample 
size was estimated using the following formula:
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𝑛𝑛 =
𝑧𝑧!𝜎𝜎!

𝑒𝑒! 	

 Where n is the sample size
z is the critical value at a 95% confidence level
e is the margin of  error (2%). The standard deviation of  HR 

was estimated at 8.14 for the normal population using previous 
similar studies. The required sample size was calculated using a 
margin of  error (e) of  2, as follows:

 1.962 * 8.142 /22 = 65

The research complied with the ethical standards set by the in-
stitutional research committee following the 2013 Helsinki Dec-
laration. All participants gave explicit, written consent before the 
study began, and their privacy was safeguarded with the utmost 
care throughout the study.

Study procedure 

Baseline demographic information was collected for each partic-
ipant, including height, weight, and body mass index (BMI). The 
body mass index (BMI) was calculated using the World Health 
Organization (WHO) guidelines [12]. Physiological parameters, 
including SBP, DBP, MAP, HR, RR, and SpO2, were evaluat-
ed during rest periods and while performing two specific tests: 
the IHT and CPT. The IHT was performed using an isometric 
handgrip device (Generic). SBP, DBP, and HR were monitored 
using an automated sphygmomanometer (Omron M2 Intelli IT), 
and SpO2 was measured with a pulse oximeter (Tomorotec). Two 
trained researchers observed and manually tallied the respiratory 
rates to ensure consistency and minimize discrepancies by count-
ing the instances of  the subject's chest or abdomen rising within 
one minute [13]. 

Isometric handgrip test (IHT) 

The IHT was conducted using the subject's dominant hand. 
Simultaneously, a blood pressure cuff  was securely placed on 
the upper arm of  the non-dominant hand, positioned over the 
brachial artery. SBP, DBP, MAP, HR, RR, and SpO2 were con-
tinuously monitored from the non-dominant hand. Participants 
were instructed to maintain an isometric grip with their dom-
inant hand, supported on a table, ensuring the wrist remained 
in a neutral position and the elbow flexed at a 90˚ angle [14]. 
They were asked to perform a single maximum voluntary con-
traction during the isometric handgrip and sustain it for at least 
one minute.

Cold pressor test (CPT) 

The CPT was conducted after a 15-minute rest period after the 
IHT. Baseline SBP, DBP, MAP, HR, RR, and SpO2 measure-
ments were recorded. Participants were then instructed to im-
merse the palm of  their dominant hand into an ice-cold water 
bath, with water temperature ranging from 3 to 5°C, for one to 
two minutes. The immersion level was above the wrist [15]. If  
participants experienced discomfort or could not tolerate the 
cold, they were allowed to remove their hands from the water. 
During the CPT, SBP, DBP, MAP, HR, RR, and SpO2 parame-
ters were simultaneously measured from the non-dominant hand.

Statistical analysis  

Data were meticulously checked and cleaned for accuracy before 
being entered into statistical software. Excel and SPSS 25.0 (V.25; 
IBM, Chicago, Illinois, USA) were used for data analysis. The 
study variables were analyzed using descriptive statistics, such as 
means, standard deviation, variations, frequency, and percentage 
distribution. Normality was assessed for continuous variables be-
fore statistical tests. An analysis of  variance (ANOVA) test was 
performed to compare different cardiorespiratory parameters. A 
P value of  0.05 or less was considered significant.

RESULTS

Table 1 shows the mean age and BMI of  the 65 participants, with 
69.2% being men and 30.8% women.
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and CPT, reflecting heightened respiratory demand in these con-
ditions. In contrast, SpO2 remained stable across all conditions, 
suggesting that oxygen supply was maintained despite increased 
physiological stress. HR and blood pressure parameters (SBP, 
DBP, and MAP) showed modest fluctuations. These findings im-
ply that while RR is sensitive to stressors like IHT and CPT, other 
cardiovascular parameters remain relatively stable, maintaining 
homeostasis under these conditions.

Figure 1 displays the RR responses during rest, IHT, and CPT 
using box-and-whisker plots. The median RR at rest was lower 
than the values during IHT and CPT, indicating a progressive 
increase in RR across these conditions. The data show variability 
in all conditions, with a greater spread during IHT and CPT, 
including some outliers, particularly during CPT, where RR ex-
ceeded 40 breaths per minute. This suggests a more robust respi-
ratory response during stress-inducing tasks like IHT and CPT 
than rest.

DISCUSSION

This study investigated physiological parameters such as SBP, 
DBP, MAP, HR, RR, and SpO2 during rest, IHT, and CPT in 
healthy young Saudi Arabian adults. Only the RR showed a sig-
nificant increase during both IHT and CPT. It has been reported 
that RR is a crucial vital sign that shows sensitivity to various 
pathological conditions [16]. Respiration is an automatic process 
governed by the autonomic nervous system [17]. The autonomic 
nervous system plays a crucial role in maintaining homeostasis 
and has been observed to function as a buffer against disruptions 
in hemodynamics [7].  A research report from India found that 
both normal and obese individuals experienced elevated HR, 
SBP, DBP, and MBP following IHT [6]. Similarly, a study from 
the United States reported increased values of  these physiolog-
ical parameters during CPT [15]. Both findings contradict the 
results of  our research. 

IHT can activate the cardiovascular system by stimulating ef-
ferent sympathetic pathways, increasing BP and HR [18]. How-
ever, this study did not observe a significant increase in SBP, DBP, 

Table 2 summarizes the changes in physiological parameters—
RR, SpO2, HR, SBP, DBP, and MAP—across three conditions: 
rest, IHT, and CPT. RR increased by 10.1% during IHT and 
13.1% during CPT compared to the resting condition. The vari-
ations in RR between the conditions were statistically significant 
(P  = 0.007). SpO2 levels remained stable across conditions, with 
no considerable change across all three conditions (P  = 0.810). 

HR showed a marginal decrease of  0.1% from rest to the 
IHT and 3.5% from rest to the CPT, though these changes were 
not statistically significant (P  = 0.492). SBP decreased by 2.8% 
during IHT and 3.0% during CPT compared to resting con-
ditions, while DBP decreased by 3.0% during IHT and 1.7% 
during CPT, with no significant change (P = 0.501). MAP de-
creased by 2.9% during IHT and 2.2% during CPT compared to 
rest, with no significant difference (P = 0.381). These results high-
light that RR increased progressively across the three conditions 
while HR and BP responses remained within controlled ranges. 
The results indicate that RR is the most responsive physiologi-
cal parameter, with a statistically significant increase during IHT 

Table 1.  Mean age and BMI of participants

Variables n Minimum Maximum Mean          Standard Deviation (SD)

Age 65 19.00 24.00 21.12 1.02

BMI 65 15.10 47.80 25.35 6.53

Table 2. RR, SpO2, HR, SBP, DBP, and MAP responses during rest, IHT, and CPT tests

Parameter
Rest IHT CPT

P value
Range Mean ± SD Range Mean ± SD Range Mean ± SD

RR 12.0–32.0 19.9 ± 4.2 12.0–40.0 21.9 ± 4.6 14.0–48.0 22.5 ± 5.6   0.007*

SpO2 94.0–99.0 97.8 ± 1.3 94.0–99.0 97.8 ± 1.2 90.0–100.0 97.9 ± 1.6 0.810

HR 50.0–120.0 83.0 ± 17.1 52.0–117.0 82.9 ± 15.1 47.0–119.0 80.1 ± 15.3 0.492

SBP 89.0–161.0 117.5 ± 15.8 82.0–161.0 114.2 ± 13.7 87.0–153.0 114.0 ± 14.2 0.300

DBP 47.0–110.0 76.6 ± 11.4 42.0–106.0 74.3 ± 11.1 43.0–103.0 75.3 ± 11.3 0.501

MAP 61.7–117.7 90.2 ± 11.4 62.3–115.0 87.6 ± 10.7 58.7–109.7 88.2 ± 11.0 0.381

 *Significant differences

Figure 1. Respiratory rate at rest, during isometric handgrip test, 
and cold pressor test 
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strategies, improving outcomes for individuals from diverse back-
grounds. 

A limitation of  this study is its restricted applicability to oth-
er populations due to the small sample size, consisting solely of  
young adult college students from Saudi Arabia. Additionally, 
psychological or emotional factors that may have influenced 
participants' test responses were not assessed. The study focused 
on cardiorespiratory parameters, such as RR, HR, SBP, DBP, 
MBP, and SpO2. However, incorporating other measures, like 
heart rate variability and more autonomic function markers, 
could offer deeper insights into physiological stress responses. We 
recommend structuring studies with various age groups and in-
corporating gender-specific analyses when comparing different 
ethnicities. By introducing new perspectives, this study can po-
tentially deepen our understanding of  the intricate mechanisms 
governing cardiorespiratory interactions.

CONCLUSION
This research revealed that only the respiratory parameter, RR, 
significantly increased during IHT and CPT. It suggests the po-
tential for ethnic disparities in autonomic regulation and high-
lights the need to customize cardiovascular health assessments 
and interventions for different populations. Specifically, the study 
sheds light on how healthy young Saudi Arabian subjects auto-
nomically respond to physiological stressors, enhancing our un-
derstanding of  cardiovascular health across diverse populations 
and guiding future interventions for improved cardiovascular 
outcomes worldwide.  
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MAP, and HR. The only parameter that showed a rise during 
IHT was RR. Researchers have identified that CPT activates 
afferent sensory pathways, initiating sympathetic responses that 
modulate the ANS [19]. A study from Nepal reported no sig-
nificant rises in either SBP or DBP after the CPT, aligning with 
this study's outcomes. Similarly, they found a notable increase in 
RR in male and female subjects, which mirrors our observations. 
However, unlike our findings, their analysis revealed that only 
women exhibited a significant elevation in HR [20].  

Studies reported that IHT and CPT activate the sympathet-
ic nervous system [7,8]. The RR significantly increased among 
study participants during CPT and IHT, with no effects on other 
cardiovascular parameters or SpO2. IHT involves contracting 
the skeletal muscles in the dominant hand, which activates mech-
anoreceptors within these muscles. These mechanoreceptors are 
known to affect respiratory centers [21]. Clinical studies also sup-
port this perspective, showing that stimulation of  limb skeletal 
muscles can aid respiratory rehabilitation in patients with spinal 
cord injuries [22].

According to researchers, CPT is recognized for activating 
pain fibers and eliciting autonomic responses [20]. Experimental 
studies have shown that the parabrachial nuclei, which receive in-
put from somatic pain receptors, modulate cardio-respiratory re-
sponses to their activation [23]. Research has also demonstrated 
that passive observation of  physical exercise can trigger muscle 
sympathetic nerve activity, suggesting a psychogenic origin [24]. 

We believe that the afferent inputs from the nociceptors during 
CPT and the activation of  mechanoreceptors during IHT may 
have independently influenced respiratory center responses, re-
sulting in an increased RR. Further research in this area could 
help uncover the precise mechanisms involved. The variations 
in physiological parameters observed during IHT and CPT in 
this study's subjects, compared to findings from different studies, 
could be attributed to several factors. Studies have shown that 
the modulation of  pain and pain thresholds differs among eth-
nic groups [25]. Scientists have found that controlling BP and 
HR entails intricate processes affected by complex factors, such 
as ethnicity and gender [26]. Differences in autonomic regula-
tion among various ethnicities become apparent early in life [27]. 
Research studies have reported variations in hand grip strength 
among different ethnic groups [28,29]. While we could not iden-
tify a precise physiological mechanism for the increase in RR 
during IHT, we speculate that the observed changes in RR may 
be attributed to ethnic differences in the Saudi Arabian subjects, 
which could have influenced the sensitivity of  autonomic nerves, 
leading to an increase in RR. However, further research is re-
quired to investigate the underlying mechanisms. 

Compared to other populations, the differences in physiolog-
ical parameters in Saudi Arabian subjects undergoing IHT and 
CPT have not been explored. We propose that ethnicity may 
affect the sensitivity and vascular responses mediated by the 
autonomic nervous system during these tests. This hypothesis is 
supported by the variations in physiological parameters observed 
during IHT and CPT in studies conducted in various geograph-
ical regions [6,15].  

The strength of  this research is that it offers valuable insights 
into the complex interactions within the cardiorespiratory system 
during IHT and CPT. Tailoring experiments to specific physio-
logical parameters is crucial for understanding these mechanisms. 
Different ethnic groups may exhibit varying susceptibility to car-
diovascular and respiratory diseases. Recognizing ethnic-specific 
responses allows healthcare professionals to customize treatment 



JOURNAL of MEDICINE and LIFE

1071

© 2024 by the authors. This article is an open access article distributed under the terms and conditions of  the Creative Commons Attribution (CC BY 4.0) license.

JOURNAL of  MEDICINE and LIFE. VOL: 17 ISSUE: 12 DECEMBER 2024

14. Benton MJ, Spicher JM, Silva-Smith AL. Validity and reliability of  handgrip 
dynamometry in older adults: a comparison of  two widely used dynamometers. PLoS 
One. 2022;17(6).doi:10.1371/journal.pone.0270132

15. Silverthorn DU, Michael J. Cold stress and the cold pressor test. Adv Physiol Educ. 
2013;37(1):93-6.doi:10.1152/advan.00002.2013

16. Nicolò A, Massaroni C, Schena E, Sacchetti M. The importance of  respiratory rate 
monitoring: from healthcare to sport and exercise. Sensors (Basel). 2020;20(21):6396.
doi:10.3390/s20216396

17. Waxenbaum JA. Anatomy, autonomic nervous system. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2023 [Cited 2024].

18. Mathias CJ, Bannister R. Autonomic failure: a textbook of  clinical disorders of  the 
autonomic nervous system. 5th ed. Oxford: Oxford University Press; 1992. p. 266.

19. Watts AC, Naylor LA, Jensen BT, Holmstrup ME. The impact of  the cold pressor 
test on inter-arm differences in blood pressure. Int J Exerc Sci. 2023;16(2):875-84.

20. Jha RK, Amatya S. Effects of  cold stimulation-induced pain on cardiopulmonary 
parameters: a gender-based study. Kathmandu Univ Med J (KUMJ). 
2020;18(69):15-8.

21. Shevtsova NA, Marchenko V, Bezdudnaya T. Modulation of  respiratory system by 
limb muscle afferents in intact and injured spinal cord. Front Neurosci. 2019;13:289. 
doi:10.3389/fnins.2019.00289.

22. Hormigo KM, Zholudeva LV, Spruance VM, Marchenko V, Cote MP, Vinit S, 
et al. Enhancing neural activity to drive respiratory plasticity following cervical 
spinal cord injury. Exp Neurol. 2017 Jan;287(Pt 2):276-287. doi: 10.1016/j.
expneurol.2016.08.018

23. Gauriau C, Bernard JF. Pain pathways and parabrachial circuits in the rat. Exp 
Physiol. 2002;87(2):251-8. doi:10.1113/eph8702357.24. 

24. Brown R, Kemp U, Macefield V. Increases in muscle sympathetic nerve activity, 
heart rate, respiration, and skin blood flow during passive viewing of  exercise. Front 
Neurosci. 2013; 7:102. doi:10.3389/fnins.2013.00102

25. Campbell CM, Edwards RR. Ethnic variations in pain perception and pain 
management. Pain Manag. 2012;2(3):219-30. doi:10.2217/pmt.12.7

26. Berenson GS, DasMahapatra P, Alonso CF, Chen W, Xu J, Giles T, Srinivasan SR. 
Birth weight, stimulus response and hemodynamic variability implicate racial (Black–
White) contrasts of  autonomic control of  heart rate and blood pressure and related 
cardiovascular disease. In: Evolution of  Cardio-Metabolic Risk from Birth to Middle 
Age. 2011 Jan 1. p. 65–76. doi:10.1007/978-94-007-1451-9_6

27. de Rooij SR, van Eijsden M, Roseboom TJ, Vrijkotte TG. Ethnic differences in 
childhood autonomic nervous system regulation. Int J Cardiol. 2013;168(5):5064-6.
doi:10.1016/j.ijcard.2013.07.202

28. Avitabile CM, Weber DR, Zemel BS. Paediatric dominant and non-dominant 
handgrip reference curves and the association with body composition. Ann Hum 
Biol. 2024;51(1):2298474.doi:10.1080/03014460.2023.2298474

29. Vasquez E, Quiñones AR, Gensburg L. Racial and ethnic differences between grip 
strength and functional limitations: results from NHATS 2010-2014. Innov Aging. 
2019;3(Suppl 1).doi:10.1093/geroni/igz038.2520

gave the final approval of  the manuscript.  RSK and MEA con-
tributed to supervision.

REFERENCES

1. Singhal A, Prafull K, Daulatabad VS, John NA, John J. Arterial oxygen saturation: A 
vital sign? Niger J Clin Pract. 2023;26:1591-1594. doi:10.4103/njcp.njcp_2026_21

2. Sapra A, Malik A, Bhandari P. Vital sign assessment. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2024.

3. Gordan R, Gwathmey JK, Xie LH. Autonomic and endocrine control of  
cardiovascular function. World J Cardiol. 2015;7(4):204-14. doi:10.4330/wjc.
v7.i4.204

4. Hägglund H, Uusitalo A, Peltonen JE, Koponen AS, Aho J, Tiinanen S, et al. 
Cardiovascular autonomic nervous system function and aerobic capacity in type 1 
diabetes. Front Physiol. 2012;3:356. doi:10.3389/fphys.2012.00356

5. Hadaya J, Ardell JL. Autonomic modulation for cardiovascular disease. Front Physiol. 
2020;11:617459. doi:10.3389/fphys.2020.617459

6. Kishor Keshari K, Kumar T, Lnu S, Kumar C, Kumar M. Evaluation of  
cardiovascular response to isometric handgrip exercise in obese individuals. Cureus. 
2023;15(7). doi:10.7759/cureus.41898

7. Fukumoto Y, Tsuji Y, Kakuda A, Hori R, Kitano M, Sakamoto K, et al. Evaluation 
of  autonomic nervous system responses during isometric handgrip exercise using 
nonlinear analysis of  heart rate variability. J Phys Ther Sci. 2022;34(10):689-93. 
doi:10.1589/jpts.34.689

8. Lamotte G, Boes CJ, Low PA, Coon EA. The expanding role of  the cold pressor test: 
a brief  history. Clin Auton Res. 2021;31(2):153-5. doi:10.1007/s10286-021-00796-4

9. Chong LS, Lin B, Gordis E. Racial differences in sympathetic nervous system 
indicators: implications and challenges for research. Biol Psychol. 2023;177:108496.
doi:10.1016/j.biopsycho.2023.108496

10. Hill LK, Thayer JF. The autonomic nervous system and hypertension: ethnic 
differences and psychosocial factors. Curr Cardiol Rep. 2019;21(3):15. doi:10.1007/
s11886-019-1100-5

11. Farrell MC, Giza RJ, Shibao CA. Race and sex differences in cardiovascular 
autonomic regulation. Clin Auton Res. 2020;30(5):371-9. doi:10.1007/s10286-020-
00723-z

12. Zierle-Ghosh A, Jan A. Physiology, body mass index. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2024 [Updated 2023].

13. Singh G, Tee A, Trakoolwilaiwan T, Taha A, Olivo M. Method of  respiratory rate 
measurement using a unique wearable platform and an adaptive optical-based 
approach. Intensive Care Med Exp. 2020;8(1):15. doi:10.1186/s40635-020-00302-6


