
Results: Baseline levels of systolic blood pressure (SBP), end diastolic volume (EDV), end systolic volume 
(ESV) and stroke volume (SV) were higher in males than in females. Post CPT, cardiac output (CO), SBP, 
diastolic blood pressure (DBP) and mean arterial blood pressure (MABP) increased in both male and female 
participants when compared with the baseline values. The post CPT values of EDV and ESV were only 
elevated in the male participants while CPT had no effect on ejection fraction (EF) and SV in both male and 
female participants.  The post CPT values of CO, EDV, ESV, SV, SBP and MABP were higher in the male 
participants. 

ABSTRACT
Background: Reactivity to sympathetic stimulation can be used to predict future cardiovascular events. 
However, vascular reactivity, like other cardiovascular events, is expected to exhibit sexual disparity. This 
study was designed to assess the sex differences in the response of left ventricular function to sympathetic 
stimulation via cold pressor test (CPT).

Conclusion: The response of left ventricular functions to sympathetic stimulation via the cold pressor test 
CPT exhibit sexual dimorphism with greater magnitude of reactivity in the male participants. 

Methods: Left ventricular (LV) function was assessed in fifty-one (26 males; 25 females) young adult (18-
35 years) consenting participants. Blood pressure, heart rate and left ventricular functions were assessed 
before and after sympathetic stimulation via CPT. 
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 Autonomic dysfunction is a hallmark of hypertension 
and several cardiovascular diseases.[1] Hence, reactivity to 
autonomic activation such as sympathetic stimulation is 
usually used to predict future cardiovascular events.[2,3] 
However, cardiovascular physiology, risk factors and 
pathophysiology exhibit sexual differences in humans [4] and 
in animals.[5] Considering the importance of elevated BP as 
an underlying risk factor for several cardiovascular 
pathologies,[6] it is possible that several consequent 
cardiovascular diseases could also exhibit sexual 
dimorphism in their pathophysiology and severity. 

INTRODUCTION

 Cardiovascular functions are known to be affected by 
temperature and other environmental stressors.[3] The Cold 
Pressor Test (CPT) is a standardized test used to characterize 
sympathetic nervous activity.[7] The test is known to cause 
global sympathetic activation and result in significant 
arteriolar constriction followed by an increase in blood 
pressure.[7]It has been used clinically as a stress test to assess 
left ventricular function.[7-9] Several studies have indicated 
that the CV response to the cold pressor test can predict the 
future development of hypertension and cardiovascular 
events. For instance, studies in black and white adults as well 
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MATERIALS AND METHODS

as children have indicated that black participants, who are at 
increased risk for developing early hypertension, show 
stronger vascular reactions to the cold pressor test than do 
white participants.[10]However, the influence of sex in the 
hyperreactive response of the LV functions to sympathetic 
stimulation elicited via CPT is not clear. Considering the 
sexual dimorphic nature of several cardiovascular 
pathologies and the importance of sympathetic stimulation in 
these cardiovascular pathologies, we sought to investigate the 
role of sex in the response of LV functions to sympathetic 
stimulation elicited by cold pressure test in normotensive 
young adults.

 Fifty-one (51) normotensive young participants (aged 
23.55 ± 0.51 years, 26M:25F) took part in the study after 
informed consent was obtained from each of them. Ethical 
approval (LREC/10/06/590) was granted by the Health 
Research and Ethics Committee of the Lagos State University 
Teaching Hospital (LASUTH), Ikeja. The procedure was 
carried out in accordance with the latest revision of the 1975 
Declaration of Helsinki.[11] Participants were enrolled using 
a systematic sampling method viz: all the staff and students 
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 Left ventricular function was assessed using a Vivid q 
Cardiovascular ultrasound machine (General Electric 
Medical System, Horten, Norway). Participants were placed 
in the left lateral decubitus position and a phased-array 
transducer with a frequency of 3.5MHz was connected to the 
2-Dimensional transthoracic echocardiography machine and 
placed over the left border of the sternum. The image of the 
heart was reflected on a gray scale picture on the monitor of 
the echocardiography machine. Left ventricular function 
(LVF) was measured by using the motion-mode (M-mode) 
technique obtained at the left parasternal long axis view (the 
first echocardiography view). An M-mode cursor was then 
placed through the septal and posterior left ventricular walls 
just beyond the tip of the mitral leaflets. The internal left 
ventricular dimensions were measured between the 
endocardial border of the septum and the endocardial border 
of the posterior wall in systole and diastole.[15] Left 
ventricular internal diameter in diastole and left ventricular 
end-diastolic volume (LVEDV) were used as indices of 
preload.[16] Ejection fraction was used as an index of systolic 
function.[16]All ultrasound assessments were made by REA.

 To be included in the study, the participants had to be 
healthy young adults, aged 18years to 35years, and 
normotensive with a resting blood pressure <140/90 
mmHg.[12] The participants were non-obese (BMI 
<30kg/m2). They were required to have no history of 
smoking, chest pain or use of cardiovascular or respiratory 
medications. As described in our earlier study,[8]individuals 
were excluded if their resting blood pressure was <110/60 
mmHg; baseline plasma norepinephrine was above the 
normal range or their end-diastolic volume and end-systolic 
volume below the normal range for age. Menstruating 
females, pregnant women and ladies on oral contraceptives 
were excluded. Trained athletes were also excluded from this 
study, because they tend to have increased muscle 
mass.[13]To reduce confounders, participants were asked to 
refrain from caffeine-containing beverages for at least three 
hours; and alcohol beverages and exercise for at least four 
hours prior to the experiments.[14]

who volunteered haven been made aware of the expectations 
of the study were given numbers after dividing them into 
male and female groups. Thereafter, every 4th individual, 
each group was enrolled in the study beginning with the 
fourth number from each group, until the desired number of 
participants who fitted into the Inclusion Criteria for the study 
had been reached.

Two-Dimensional Echocardiographic Assessment

 Upon arrival in either laboratory, participants were 
allowed to rest for 10minbefore the commencement of the 
study. Thereafter, the participant was connected to a Comen 
C80 patient monitor system (Shenzhen Comen Medical 
Instrument Co. Ltd, China) for the measurement of baseline 
blood pressure (BP) using an automatic cycling non-invasive 
BP monitor and the standard oscillometric method. Heart rate 
(beat/minute) was determined from Lead II of the12-lead 
ECG cable connected to the Patient Monitor after recording 
for one minute at a speed of 25mm/sec.

Exposure of participants to the cold pressor test 
 The participants were instructed to avoid performance 
of Valsalva maneuver or hyperventilating during the test. 

Sex differences in the magnitude of blood pressure 
response to the cold pressor test

Sex differences in the baseline blood pressure and left 
ventricular function 

 After exposure to the CPT, cardiac output (CO) in both 
sexes and end diastolic volume (EDV) in males only, were 
significantly higher when compared with the baseline values. 
However, CO as well as the magnitude of response of the CO 
to CPT were higher in males (p = 0.02; p = 0.005 respectively) 
when compared with the female participants (Table 3). Sex 
had no influence on the effect of CPT on ejection fraction 

 As shown in Table 2, at baseline, systolic blood 
pressure (SBP) of the male participants was significantly 
higher (p = 0.02) compared with the female participants. 
However, diastolic blood pressure (DBP) and mean arterial 
blood pressure (MABP) were similar between the two groups.

Sex differences in the magnitude of left ventricular 
function response to cold pressor test 

End diastolic volume (EDV), end systolic volume (ESV) and 
stroke volume (SV) were significantly higher (p=0.04; p = 
0.005; p = 0.04) in males when compared with the female 
participants respectively (Table 3). However,cardiac output 
(CO) and ejection fraction (EF) were similar among the two 
groups. 

 In both male and female participants, CPT 
significantly elevated the SBP, more so in males. Although 
DBP was significantly higher in the male participants, post 
CPT, there was no significant difference in the magnitude of 
response of DBP to CPT between the two groups. Also, 
among both male and female participants, CPT increased the 
MABP significantly when compared with the baseline values. 
There was no significant difference in the response between 
the male and female participants. Likewise, the magnitude of 
response of MABP to CPT was similar in both male and 
female participants (Table 2).

They were then asked to immerse their right foot up to the 
ankle for one minute in ice slurry maintained at 4oC.[17] With 
the foot still in the ice slurry, BP, HR, and left ventricular 
function measurements were repeated. 
 Stroke volume (ml) was calculated as LV end-diastolic 
volume (ml) minus LV end-systolic volume (ml). Cardiac 
output, (CO) (l/min) was calculated as the product of stroke 
volume, SV (ml) and heart rate, HR (beat/minute).
 Statistical analyses were carried out using GraphPad 
Statistical software, Prism 5 for Windows (GraphPad 
Software, San Diego, California, USA). Data were expressed 
as mean ± Standard Error of Mean, (SEM).Test for normality 
of distribution was carried out using the Shapiro-Wilk test and 
where the test failed, the Mann-Whitney U test was carried 
out to detect differences between the non-parametric data. 
Differences between means were compared using Student's 
paired t-test. Statistical significance was accepted at 95% 
confidence interval.

RESULTS
 The characteristics of the participants are as shown in 
Table 1. The participants were age-matched. However, the 
females weighed slightly more than the males and their body 
mass index (BMI) was also significantly higher.
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(EF). In the male participants, CPT significantly increased 
the EDV when compared with the baseline values. Stroke 
volumes post CPT was significantly higher (p = 0.004) in 

males when compared with female participants though there 
was no significant difference in the magnitude of response of 
SV to CPT between the two groups (Table 3).

Weight (kg) 62.23 ± 8.36 66.07±2.14 0.047

 (1.52 – 1.86) (1.52-1.86)
-2BMI (kg m ) 21.9 ± 2.5 23.6±0.5 0.039

 (45 – 80) (48-84)

 (range) (range)

Table 1: Characteristics of participants

 X ± SD (n = 26) X ± SD (n = 25) p

Age (year) 23.55 ± 3.82 22.05 ± 2.82 >0.5

 (16.3 -26.3) (17.3-29.2)

 (18-34) (18-34) 

Height (m) 1.68 ± 0.08 1.66±0.03 >0.5

 %Δ 31 ± 3 23 ± 3 0.03*

 After CPT   141 ± 3 132 ± 2 0.008*

KEY: n = number of participants; CPT = cold pressor test; NS = not significant; %Δ = magnitude of 
change; SBP = systolic blood pressure; DBP = diastolic blood pressure; MABP = mean arterial 
blood pressure.

 After CPT 108 ± 3 99 ± 4 0.04* 

DBP (mmHg) Before CPT  70 ± 1 71 ± 1 0.40NS
 After CPT  92 ± 3 87 ± 2 0.04*

Table 2: Sex differences in the magnitude of blood pressure response to the cold pressor test 

 %Δ 17 ± 2 14 ± 2 0.15 NS

Parameters  Male (n = 26) Female (n = 25) p  

SBP (mmHg) Before CPT 120 ± 1 116 ± 2 0.02 *

MABP (mmHg) Before CPT   88 ± 1 87 ± 1 0.26NS

 %Δ 23 ± 2 14± 5 0.05

Table 3: Magnitude of left ventricular function response to the cold pressor test

CO (l/min) Before CPT   4.23 ± 0.19 4.42 ± 0.17 0.23 NS

EF (%) Before CPT  61.23 ± 1.13 62.61 ± 1.20 0.20 NS
 After CPT 59.96 ± 1.43 62.32 ± 1.21 0.11 NS 

ESV (ml) Before CPT 40.78 ± 1.403 5.40 ± 1.61 0.005*
 After CPT 44.85 ± 2.21 36.61 ± 2.12 0.005*
    %Δ 9.87 ± 4.01 3.58 ± 3.92 0.13 NS
SV (ml/beat) Before CPT 65.23 ± 2.60 59.44 ± 1.65 0.03*
 After CPT 67.35 ± 2.68 53.72 ± 2.38 0.0002*
 %Δ 5.31 ± 4.51 8.70 ± 4.34 0.30 NS
HR (beats/min) Before CPT 67.96 ± 1.63 73.68 ± 2.35 0.07NS 

 %Δ 47.55 ± 8.63 15.92 ± 6.39 0.003*

 After CPT 89.42 ± 2.52 94.20 ± 3.15 0.25NS

 After CPT 5.98 ± 0.26 5.08 ± 0.26 0.009 *

 %Δ 32.62 ± 3.09 27.92 ± 2.88 0.39NS

 %Δ  1.43 ± 2.65 0.12 ± 2.18 0.35 NS
EDV (ml) Before CPT 105.30 ± 3.46 97.57 ± 2.71 0.04*
 After CPT 113.30 ± 3.79 6.62 ± 3.23 0.0007 **
 %Δ 8.61 ± 2.97 0.64 ± 4.33 0.07NS

Parameters  Male (n = 26) Female (n = 25) p

KEY: n = number of participants; CPT = cold pressor test; NS = not significant; EF = Ejection 
Fraction; EDV = End Diastolic Volume; ESV = End Systolic volume; SV = Stroke Volume; HR 
= Heart Rate; %Δ = magnitude of change
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 Our result show that women responded with a higher 
change in cardiac output following exposure to CPT. This is 
consistent with previous report that sowed men responding to 

 In the present study, we assessed sex disparity in 
sympathetic stimulation by means of the cold pressor test 
(CPT), on blood pressure parameters and left Ventricular 
(LV) functions in normotensive young adults. We observed 
that: 1). The baseline systolic blood pressure (SBP), end 
diastolic volume (EDV), end systolic volume (ESV) and 
stroke volume (SV) were higher in males. 2). Sympathetic 
stimulation via CPT elevated cardiac output (CO), SBP, 
diastolic blood pressure (DBP) and mean arterial blood 
pressure (MABP) in both male and female participants. 3). 
CPT elevated EDV and ESV only in the male participants. 4). 
CPT had no effect on ejection fraction (EF) and SV in both 
male and female participants.  5). The post CPT values of CO, 
EDV, ESV, SV, SBP and MABP were higher in male 
participants. 6). The magnitude of response of EDV, ESV, SV, 
and SBP to CPT were similar in both groups. However, the 
magnitude of response of CO, DBP and MABP to CPT was 
higher in the male participants. 
 That the baseline SBP in male was higher compared to 
that in the females in this study is consistent with findings 
from other studies and this been largely attributed to the role 
of sex hormones as testosterone has been reported to play a 
role in the development of high BP while oestrogen is 
protective.[18] From puberty onwards, BP parameters are 
usually higher in males when compared with age-matched 
premenopausal females.[4] In adolescents, BP is lower in 
boys compared with girls mainly due to lower SV in girls.[19] 
With respect to CVDs, men are at greater risk, and the 
incidence of hypertension in men is greater than for 
premenopausal women of the same age.[19,20]

 The elevation in cardiac output (CO), SBP, diastolic 
blood pressure (DBP) and mean arterial blood pressure 
(MABP) in both male and female participants after CPT 
support the sympathetic stimulating effect of CPT. 
Stimulation of the sympathetic nervous system has been 
shown to increase heart rate, cardiac contractility, venous 
capacitance as well as constricting the resistance vessels.[22]
 The higher magnitude in the response of CO, DBP and 
MABP to CPT in the males suggest sexual dimorphism in the 
response to sympathetic stimulation by CPT. The concept that 
males and females use the two arms of the baroreflex system 
differently (4), further sheds more light on the higher 
magnitude of response of in males. For instance, at all ages, 
women have been reported to have more reduced sympathetic 
activities and enhanced parasympathetic activity as male 
have higher plasma norepinephrine levels than women.[23]
 The cold pressor test is used clinically to evaluate 
arterial and LV functions (3) as well as predict future 
cardiovascularevents.[24] The increased magnitude of 
response to cardiovascular parameters in males when 
compared with the females in this study, is consistent with the 
higher susceptibility and prevalence of hypertension and 
CVD in males when compared with age-matched 
premenopausal women.[20,25]

DISCUSSION

Likewise, the higher basal EDV values that was observed in 
male in the present study is consistent with previous findings 
that reported a higher EDV in males compared with females 
with no difference in EF.[21]

6. World Health Organization. The World Health Report 
2002: Reducing risks, promoting healthy life. World 
Health Organization 2002

 We conclude that the response of LV functions to 
sympathetic stimulation via CPT exhibit sexual dimorphism 
with greater magnitude of vascular reactivity in the male 
participants.

5. Oloyo AK, Imaga NO Fatope Y, Sofola OA. Sex 
differences in cardiac and renal responses to a high salt 
diet in Sprague-Dawley rats. Heliyon 2019;5:e01665

stress by increasing vascular resistance due to increased 
vasoconstriction and increased sympathetic discharge to the 
blood vessel whereas women increased heart rate thereby, 
increasing cardiac output. Therefore, BP increase in females 
is usually due to CO increase while it is due to elevated 
systemic vascular resistance in males,[2,19] suggesting a 
fundamental sex disparity in basic mechanism of BP 
regulation in males and females.

2. Lovallo WR, Gerin W. Psychophysiological reactivity: 
mechanisms and pathways to cardiovascular disease. 
Psychosomatic Medicine 2003;65:36-45

 The elevated post CPT values of EDV and ESV 
observed only in the male participants is consistent with the 
reported higher sympathetic discharge in males when 
compared with female as activation of LV sympathetic 
function is associated with activation of the sympathetic 
nervous system.[26] The higher post CPT values of CO, EDV, 
ESV, SV, SBP and MABP of males participants when 
compared with that of the female participants in this study is 
further consistent with the sex disparity in cardiovascular 
functions as a whole and the LV function specifically. Left 
ventricular geometry differs between men and women [27] 
and this imparts on LV systolic function.[4] Women have 
been reported to have smaller LV chambers and lower stroke 
volumes but a higher resting HR which accounts for the 
similar cardiac output with men.[28,29]

REFERENCES
1. Carthy ER. Autonomic dysfunction in essential 

hypertension: a systematic review. Annals of Medicine 
and Surgery 2014;3:2-7 

3. Silverton DU, Michael J. Cold stress and the cold 
pressor test. Adv Physiol Educ 2013;37:93-96

4. Huxley VH. Sex and the cardiovascular system: the 
intriguing tale of how women and men regulate 
cardiovascular function differently. Adv Physiol Educ 
2007;31:17-22 

7. Chen H, Shao M, Li Y. The characteristics of soil water 
cycle and water balance on steep grassland under 
natural and simulated rainfall conditions in the Loess 
Plateau of China. Journal of Hydrology 2008;360:242-
251 

8. EliasSO,Ajayi RE. Effect of Sympathetic Autonomic 
Stress from the Cold Pressor Test on Left Ventricular 
Function in Young Healthy Adults. Physiol Rep, 
2019;7:e13985 

9. Northcote RJ, Cooke MB. How useful are the cold 
pressor test and sustained isometric handgrip exercise 
with radionuclide ventriculography in the evaluation 
of patients with coronary artery disease? Heart 
187;57:319-328 

10. Kelsey RM, Alpert BS, Patterson SM, Barnard M. 

LASU Journal of Medical Sciences, Volume 4(2), July-December 2019; ISSN:2672-5193 57

Gender effect on Left Ventricular response to CPT



12. Chobanian AV, Bakris GL, Black HR, Cushman WC, 
Green LA, Izzo JL Jr.,et al. The Seventh Report of the 
Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure: the 
JNC 7 report. JAMA 2003;289:2560-2572.

14. Hartwich D, Fowler KL, Wynn LJ, Fisher JP. 
Differential responses to sympathetic stimulation in 
the cerebral and brachial circulations during rhythmic 
handgrip exercise in humans.  Exp Physiol. 
210;95:1089–1097.

17. Elias SO, Sofola OA, Jaja SI. Vascular Reactivity and 
Salt Sensitivity in Normotensive and Hypertensive 
Adult Nigerians. J. Afr. Ass. Physiol. Sci 2014;2:95-
103. 

13. Maron BJ, Pelliccia A. The heart of trained athletes: 
cardiac remodeling and the risks of sports, including 
sudden death. Circulation 2006;114:1633-1644.

15. Lang RM, Badano LP, Mor-Avi V, Afilalo J, 
Armstrong A, Ernande L, et al. Recommendations for 
cardiac chamber quantification by echocardiography 
in adults: an update from the American Society of 
Echocardiography and the European Association of 
Cardiovascular Imaging. European Heart Journal-
Cardiovascular Imaging 2015;16:233-271.  

19. Syme C, Shin J, Richer L, Gaudet D, Paus T, Pausova 
Z. Sex Differences in Blood Pressure Hemodynamics 
in Middle-Aged Adults with Overweight and Obesity. 
Hypertension 2019;74:407-412.

11. World Medical Association. World Medical 
Association Declaration of Helsinki – Ethical 
principles for medical research involving human 
subjects. As modified by the 64th World Medical 
Assembly (WMA) General Assembly, Brazil 2013

Racial differences in hemodynamic responses to 
environmental thermal stress among adolescents. 
Circulation 2000;101:2284-2289.

16. Wilson D, Fiori A, Brucker KD, Dijck PV, Stateva 
L.Candida albicans Pde1p and Gpa2p comprise a 
regulatory module mediating agonist-induced cAMP 
signaling and environmental adaptation. Fungal Genet 
Biol 2010;47:742-52.

18. Hay M, Huxley VH. Sexual dimorphism in 
hypertension. In: Molecular Mechanisms of 
Hypertension, eds DiPette D, Schiffrin E, Re R, 
Sowers JR, Taylor & Francis, Philadelphia, 2006; 
pp407-414

20. Messerli FH, Garavaglia GE, Schmieder RE, 

23. Geelen G, Laitinen T, Hartikainen J, Bergstrom K, 
Niskanen L. Gender influence on vasoactive hormones 
at rest and during a 70-degree head-up tilt in healthy 
humans. J Appl Physiol 2020; 92:1401–1408.

26. Yotti R, Ripoll C, Benito Y, Catalina MV, Elizaga J, 
Rincon D, et al. Left ventricular systolic function is 
associated with sympathetic nervous activity and 
markers of inflammation in cirrhosis. Hepatology 
2017;65:2019-2030

22. Triposkiadis F, Karayannis G, Giamouzis G, 
Skoularigis J, Louridas G, Butler J. The sympathetic 
nervous system in heart failure physiology, 
pathophysiology, and clinical implications. J Am Coll 
Cardiol 2009;54:1747-1762. 

21. Yamada AT, Campos NetoGde C, Soares J Jr., Giorgi 
MCP, Araújo F, Meneghetti JC et al.Gender differences 
in ventricular volumes and left ventricle ejection 
fraction estimated by myocardial perfusion imaging: 
comparison of Quantitative Gated SPECT (QGS) and 
Segami software programs. Arq Bras Cardiol 
2007;88:285–290

24. Nitenberg A, Valensi P, Sachs R, Cosson E, Attali JR, 
Antony I. Prognostic value of epicardial coronary 
artery constriction to the cold pressor test in type 2 
diabetic patients with angiographically normal 
coronary arteries and no other major coronary risk 
factors. Diabetes Care 2004;27:208–215.

Sundgaard-Riise K, Nunez BD, Amodeo C. Disparate 
cardiovascular findings in men and women with 
essential hypertension. Ann Intern Med 1987; 
107:158–161 

25. Syme C, Abrahamowicz M, Leonard G, Perron M, 
Richer L, Veillette Set al. Sex differences in blood 
pressure and its relationship to body composition and 
metabolism in adolescence. Archives of Pediatrics & 
Adolescent Medicine 2009;163:818-825.

27. Celentano A, Palmieri V, Arezzi E,Cramariuc D, 
Wachtell K, Boman K,et al. Gender differences in left 
ventricular chamber and midwall systolic function in 
normotensive and hypertensive adults. J Hypertens 
2003;21:1415–1423

28. Barnett SR, Morin RJ, Kiely DK, Gagnon M, Azhar G, 
Knight EL, Nelson JC, Lipsitz LA: Effects of age and 
gender on autonomic control of blood pressure 
dynamics. Hypertension 1999;33:1195–1200.

29. Merz AA, Cheng S: Sex differences in cardiovascular 
ageing. Heart 2016;102:825-831

58 LASU Journal of Medical Sciences, Volume 4(2), July-December 2019; ISSN:2672-5193 

Gender effect on Left Ventricular response to CPT


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

