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Title: Impact of Cold Pressor on Muscle Metaboreflex Response 

 

Objective/Research Question: Does the cold pressor test result in an increased muscle 

metaboreflex response during a handgrip exercise? 

 

Prediction: If the cold pressor test influences the muscle metaboreflex during a handgrip 

exercise, then we expect to see increased sympathetic activation resulting in increased 

heart rate, decreased pulse transit time and increased mean arterial pressure when 

compared to responses from only the cold pressor test or muscle metaboreflex. 

 

Background:  

 

The cold pressor test (CPT) is a procedure that primarily activates the sympathetic 

nervous system (SNS) and can be used to study physiological and pain stress responses 

(Fanninger et al., 2023). During the test, participants place an extremity into ice water to 

stimulate thermoreceptors in the skin (Silverthorn and Michael, 2013, Fanninger et al., 

2023). Signals are then transmitted to the somatosensory cortex which stimulates a 

response throughout effectors of the SNS (Silverthorn & Michael, 2013; Fanninger et al., 

2023). Thermoreceptors evoke signals in ascending A-δ and C-fibres in the arm which 

transmit action potentials to the somatosensory cortex (Fanninger et al., 2023). Efferent 

nerves deliver stimuli to the effector organs, including the heart and lungs (Fanninger et 

al., 2023). SNS physiological responses to the CPT can be measured through the 

cardiovascular system and include increases in heart rate, arterial blood pressure, and 

vascular resistance (Silverthorn and Michael, 2013). In clinical systems the CPT is used 

as a measure of baroreflex modulation and is used to diagnose autonomic nervous system 

dysfunctions such as hypertension (Lamotte et al., 2021).  Cui, Wilson, and Crandall 

(2002) suggested that during the CPT there is a change in heart rate and muscle 

sympathetic nerve activity to account for baroreflex effects. They also suggest a linear 

correlation with mean arterial blood pressure and heart rate, further supporting the 

activation of the SNS during the procedure (Cui, Wilson, and Crandall, 2002).  

 

In relation to the cold pressor test, the muscle metaboreflex is another pressor test 

that often increases arterial blood pressure and sympathetic activity (Fischer et al., 2013). 

This reflex occurs when the group III and IV muscle afferents are stimulated in part by 

the accumulation of muscle metabolites during periods of exercise (Kaufman & Rybicki, 

1987). A common method to induce the muscle metaboreflex is by post-exercise 

circulatory occlusion (PECO) of the muscle that is exercising, thereby trapping the 

accumulated muscle metabolites within the region of muscle activity and triggering the 
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metabolically sensitive group III and IV afferents (Fischer et al., 2013). A study by 

Nishiyasu et al. (1994) that had participants undergo an isometric handgrip exercise 

followed by PECO found that parasympathetic tone, which was measured by observing 

the magnitude of the heart rate variability, is enhanced. This increase in parasympathetic 

tone may be able to counteract the sympathetic effects of the metaboreflex on cardiac 

autonomic tone resulting in only modest increases in heart rate (Fischer et al., 2013). This 

is why studies have often reported limited effects of the metaboreflex on increasing heart 

rate (O’Leary, 1993; Nishiyasu et al., 1994; Iellamo et al., 1999; Fisher et al., 2010). 

Therefore, we want to evaluate if the cold pressor test, which is known to increase 

cardiac sympathetic activity, is able to override the parasympathetic activity observed 

during isometric handgrip PECO. This would result in a greater increase in heart rate and 

elicit a larger metaboreflex response by further decreasing heart rate variability, 

decreasing pulse transit time, and increasing mean arterial pressure.  

To test our hypothesis, we need to compare measurements of heart rate, pulse 

transit time and mean arterial pressure under three randomized conditions: cold pressor 

test only, metaboreflex only, and both stressors combined. We can measure heart rate 

variability by extracting the R-R intervals during 5-minute response periods and then 

calculating the standard deviation between R-R intervals using time domain statistical 

analysis (Malik et al., 1996). We can also look at pulse transit time, as a surrogate for 

pulse wave velocity, to indicate increased sympathetic activation. A study by Nardone et 

al. (2018) demonstrated that acute increases in sympathetic activity via lower body 

negative pressure significantly raised central and whole-body pulse wave velocity (PWV) 

independent of changes in blood pressure, confirming a direct relationship between 

sympathetic outflow and arterial stiffness. So, we would expect pulse transit time to 

further decrease in participants undergoing various stress tests with the decreases 

occurring in the combined CPT and metaboreflex trial. 

 

Procedure/Methods:  

 

1) Recruit participants (e.g., healthy adults aged 18–40) with no known 

cardiovascular diseases.  

2) Obtain informed consent from each participant.  

3) Have participant perform maximal handgrip three times with 30s intervals to 

determine maximum handgrip.  

4) Have participant sit comfortably in a chair, feet flat on the ground, with hands 

resting on the arms of the chair.  

5) Attach ECG, CNAP machine, and loosely wrap blood pressure cuff around the 

working arm. 

6) Have participant rest for 5 minutes 

7) Measure baseline blood pressure and heart rate for 5 minutes.  
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A) Muscle Metaboreflex  

 

8) Have participant perform isometric handgrip exercise at 20% of their maximal 

grip for 3 minutes. 

9) Inflate the cuff to 240 mmHg 15s before end of exercise.  

10)  Maintain occlusion for 3 minutes while participant remains relaxed. 

11)  Monitor blood pressure and heart rate continuously during the occlusion period. 

12)  Deflate the cuff and continue to monitor blood pressure and heart rate for 5 

minutes.  

13)  Remove blood pressure cuff/hand grip transducer. 

14)  Have participant rest in a seated position for 5 more minutes. 

 

B) Cold Pressor Test 

 

15) Measure baseline temperature of the foot with the thermometer. 

16)  Instruct the participant to immerse one foot (to the ankle) in the cold pressor (~ 

4°C water) for 3 minutes. 

17)  Measure BP and HR continuously throughout. 

18)  Remove foot and measure BP & HR for additional 5 minutes. 

19)  Have participant rest for 10 minutes or until foot is at baseline temperature 

20)  Ensure baseline temperature has returned to participant’s foot before moving on. 

 

C) Perform both the cold pressor test and muscle metaboreflex at the same time 

while continuously measuring BP & HR. 

21) Perform 20% isometric handgrip for 3 minutes. 

22) Start recording HR and blood pressure while inflating the cuff to 240mmHg 15s 

before end of isometric exercise, then 30s into occlusion immerse the foot in cold water. 

23) Maintain cuff inflation and foot immersion for 3 minutes while recording HR and BP. 

24) Deflate the cuff and remove the foot while still recording HR and BP for another 5 

mins. 

 

Note: procedures A), B), and C) will be randomized to account for confounding factors 

from each previous test. Participant will also have non-exercising arm in an arm sling to 

be level with the heart. 

 

Supplies/Equipment:  

● CNAP machine for continuous blood pressure measurements 

● ECG device  

● Grip Force Transducer 

● Sphygmomanometer 
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● Power lab 

● Desktop computer 

● Lab Chart 

● Cold pressor (bucket with ice water, temperature ~0–4°C) 

● Timer or stopwatch 

● Infrared thermometer  
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