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INTRODUCTION 

Isometric handgrip is widely used to activate 

cardiovascular control mechanisms under experimentally 

manageable conditions. Sustained contraction increases 

arterial pressure and, depending on the intensity and 

duration of the contraction, recruits central command, 

mechanically sensitive muscle afferents, metabolically 

sensitive muscle afferents, and arterial baroreflex 

resetting. Mild head-down tilt redistributes blood 

centrally and may load cardiopulmonary and arterial 

baroreceptors. Combining the maneuvers, therefore, 

appears to create a simple competition between a 

sympathetic exercise stimulus and a parasympathetic 

volume-loading stimulus. The underlying physiology is 

less binary. 

 

The two divisions of the autonomic nervous system are 

partly independent rather than opposite ends of a single 

scale. Sympathetic and parasympathetic outputs can 

change reciprocally, concurrently, or with different time 

courses.
[1]

 Moreover, autonomic traffic is organ-specific. 

Cardiac vagal modulation can coexist with sympathetic 

vasoconstrictor activity without implying that 

sympathetic and vagal influences are simultaneously 

opposing one another at the sinoatrial node. Heart rate 

and blood pressure are final common outcomes and do 

not reveal which combination of neural and mechanical 

influences produced them. 

 

This distinction is especially important when interpreting 

handgrip in the context of head-down tilt. An 

experimental design can combine stimuli expected to 

have opposing effects without proving opposing efferent 

activity. The appropriate first question is therefore not 

whether the maneuvers create ―autonomic conflict,‖ but 

which afferent pathways are recruited, which efferent 
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ABSTRACT 

Isometric handgrip and mild head-down tilt are sometimes combined to examine the interaction between exercise-

related sympathetic activation and volume-related autonomic control. The resulting physiology is frequently 

described as sympathetic–parasympathetic coactivation or autonomic conflict, although those terms require 

evidence beyond the nominal effects of the two manoeuvres. This focused narrative review evaluates how the 

exercise pressor reflex, central command, arterial baroreflex, and cardiopulmonary reflexes interact during 

handgrip and central volume loading. Mild head-down tilt increases central filling, but its autonomic effects vary 

with the angle, duration, arterial pressure, respiration, and baseline volume status; therefore, it is not a selective 

parasympathetic stimulus. Available studies support context-dependent reflex weighting, attenuation, or dominance 

rather than a fixed binary opposition. Heart rate variability, blood pressure variability, and baroreflex sensitivity 

can characterize integrated regulation but cannot independently demonstrate simultaneous sympathetic and vagal 

activation of the heart. The most defensible interpretation of combined handgrip and mild head-down tilt is reflex 

integration unless branch-specific, temporally aligned measurements establish cardiac coactivation. The term 

autonomic conflict should be reserved for circumstances with a credible electrophysiological mechanism and 

rhythm outcome. A stimulus–state–outcome framework can improve study design, terminology, and inference in 

combined autonomic challenges. 
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targets are measured, and how the integrated response 

changes with stimulus intensity and time. The stronger 

term, autonomic conflict, was developed principally for 

potentially arrhythmogenic cardiac interactions, 

particularly during cold-water submersion, and should 

not be generalized to all combined autonomic 

challenges.
[2] 

 

This focused review examines the physiological basis 

and measurement requirements for interpreting 

concurrent isometric handgrip and mild head-down tilt. It 

distinguishes reflex integration, autonomic coactivation, 

and autonomic conflict; evaluates the principal human 

experiments relevant to central volume loading during 

exercise-related activation; and proposes a practical 

framework for future studies. The review deliberately 

concentrates on this experimental model rather than 

attempting a comprehensive account of autonomic 

coactivation across clinical and environmental settings. 

 

MATERIALS AND METHODS 

This article is a focused narrative review. The Scale 

guided its conduct and reporting for the Assessment of 

Narrative Review Articles, including a defined purpose, 

a description of the literature identification process, 

appropriate referencing, and explicit scientific 

reasoning.
[3]

 A narrative method was selected because 

the relevant evidence spans heterogeneous protocols, 

autonomic measurements, stimulus intensities, and 

endpoints, making a single pooled effect estimate 

unsuitable.
[4] 

 

Targeted searches of PubMed/PMC and Europe PMC 

were conducted through 1 September 2026. Search 

concepts included ―isometric handgrip,‖ ―exercise 

pressor reflex,‖ ―muscle metaboreflex,‖ ―head-down 

tilt,‖ ―central volume loading,‖ ―cardiopulmonary 

baroreflex,‖ ―autonomic coactivation,‖ ―autonomic 

conflict,‖ ―heart-rate variability,‖ and ―baroreflex 

sensitivity.‖ Reference lists of relevant articles were also 

examined. Human experimental studies were prioritized; 

selected animal or conceptual studies were retained when 

they clarified reflex integration or measurement validity. 

The synthesis was purposive rather than systematic: 

duplicate independent screening, formal risk-of-bias 

grading, and meta-analysis were not undertaken. 

Interpretation emphasized stimulus dose, anatomical 

target, measurement specificity, temporal overlap, and 

whether the outcome was hemodynamic or 

electrophysiological. 

 

DISCUSSION 

Exercise-related autonomic control during isometric 

handgrip 

Sustained handgrip is not a unitary sympathetic stimulus. 

At the onset of contraction, central command and the 

muscle mechanoreflex contribute to cardiovascular 

adjustment. With continued contraction, local metabolite 

accumulation progressively recruits group III and IV 

muscle afferents and the metaboreflex. Arterial pressure 

rises through changes in cardiac output, vascular 

resistance, or both, while the arterial baroreflex is reset to 

operate around a higher pressure rather than switched 

off. Respiratory pattern, breath holding, discomfort, 

fatigue, and the muscle mass engaged can materially 

alter the response. 

 

These components develop on different time scales. A 

brief contraction at low intensity may primarily reflect 

central command and mechanical input, whereas 

sustained contraction at 30% of maximum voluntary 

contraction can become metabolically demanding. The 

percentage of maximum voluntary contraction is 

therefore not an autonomic dose in itself. Duration, force 

stability, post-exercise ischaemia, perceived exertion, 

and subject characteristics must also be considered. Post-

exercise ischaemia is useful because it maintains 

metabolic afferent stimulation after contraction ends, but 

it removes central command and much of the mechanical 

and respiratory context of active exercise. 

 

The interaction between the muscle metaboreflex and 

baroreflex pathways illustrates why reflex responses 

should not be reduced to branch labels. In instrumented 

dogs, metaboreflex activation and carotid baroreceptor 

unloading produced additive increases in pressure 

through partly different haemodynamic mechanisms.
[5]

 

Concurrent reflex activation, therefore, does not 

necessarily mean concurrent activation of cardiac 

sympathetic and parasympathetic efferents. A pressure 

response may be mediated by cardiac output, vascular 

conductance, or flow redistribution, and the dominant 

mechanism may change with workload and baseline 

state. 

 

Katayama and colleagues conducted an informative 

human experiment that combined cardiopulmonary 

receptor loading with graded activation of the 

metaboreflex. Nine young men performed handgrip at 

20%, 30%, and 40% of maximum voluntary contraction, 

followed by post-exercise ischemia; lower-body positive 

pressure was used to load cardiopulmonary receptors. 

Muscle sympathetic nerve activity decreased during 

loading after the low- and moderate-intensity conditions 

but not after the highest-intensity condition.
[6]

 The result 

supports intensity-dependent attenuation or override of 

cardiopulmonary sympathoinhibition. It does not 

demonstrate cardiac sympathetic–vagal coactivation 

because the recorded signal represented sympathetic 

vasoconstrictor traffic to skeletal muscle rather than 

cardiac sympathetic activity, and cardiac vagal efferent 

activity was not directly established. 

 

Central volume loading during mild head-down tilt 

Head-down tilt shifts blood toward the thorax, alters 

cardiac filling, and may load low-pressure 

cardiopulmonary receptors. Depending on the tilt angle 

and the resulting change in pressure, arterial baroreceptor 

input may also be altered. These afferent effects can 

inhibit sympathetic vasoconstrictor traffic, but they do 
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not necessarily increase cardiac vagal activity or cause 

bradycardia. Mechanical changes in venous return, 

stroke volume, and afterload further influence the 

measured cardiovascular response. 

 

Acute 6° head-down tilt is therefore best regarded as a 

central-volume-loading maneuver rather than a selective 

parasympathetic stimulus. Durocher and colleagues 

reported that an isolated 6° tilt did not change muscle 

sympathetic nerve activity or heart rate, whereas mental 

stress increased both; responses during combined stress 

and tilt were largely additive.
[7]

 Cui and colleagues 

showed that central venous distension could inhibit 

muscle sympathetic nerve activity without producing a 

corresponding bradycardia.
[8]

 These findings separate 

vascular sympathetic inhibition from cardiac vagal 

activation and demonstrate why a stimulus label cannot 

substitute for measurement. 

 

Responses also vary with gravitational dose. Graded 

head-down tilt produces continuous changes in central 

hemodynamics and derived autonomic indices rather 

than an all-or-none switch to parasympathetic control.
[9]

 

Studies using heart rate variability, blood pressure 

variability, and baroreflex sensitivity during transient 

mild tilt likewise describe integrated cardiovascular 

regulation; they do not directly record either of the 

cardiac autonomic branches.
[10]

 Baseline hydration, 

recent exercise, sex, age, respiratory pattern, meal status, 

and the speed of postural transition may change the 

response and should be standardized or reported. 

 

The physiological effect of head-down tilt during 

handgrip consequently depends on what the exercise 

response has already changed. An exercise-induced rise 

in arterial pressure can activate arterial baroreflex 

buffering even while central command and muscle 

afferents sustain sympathetic drive. Central filling may 

preferentially reduce sympathetic vasoconstrictor traffic, 

whereas heart rate remains influenced by vagal 

withdrawal, circulating catecholamines, and mechanical 

changes. The combined condition can therefore show a 

smaller-than-expected rise in one endpoint, an additive 

change in another, and little change in a third without 

inconsistency. 

 

Reflex integration is the primary interpretation 

The available evidence favors flexible, endpoint-specific 

reflex integration. Four patterns are plausible. First, 

responses can be additive when the pathways affect 

different effectors. Second, one input can attenuate 

another without abolishing it. Third, a sufficiently strong 

input can dominate the expressed response. Fourth, a net 

response can be small because opposing effects converge 

on the same endpoint. Only the last pattern raises the 

possibility of same-organ coactivation, and even then, 

the net endpoint alone cannot demonstrate it. 

 

A related experiment shows how stimulus strength and 

reflex identity can reverse the apparent hierarchy. In 

trained divers, cold-face immersion and breath-holding 

during post-exercise ischemia after 30% handgrip 

reduced heart rate and cardiac output, indicating 

dominance of the diving response for these endpoints.
[11]

 

This does not contradict the attenuation of 

cardiopulmonary sympathoinhibition observed during 

stronger metaboreflex activation.
[6]

 Cold-face immersion 

recruits a potent trigeminal diving response, whereas 

mild tilt primarily changes central volume. The afferent 

pathway, stimulus magnitude, efferent target, and timing 

are different. 

 

The terms used to describe these findings should track 

the strength of the evidence. ―Combined autonomic 

stimuli‖ describes the protocol. ―Reflex integration‖ 

refers to the central and peripheral processing of 

concurrent inputs. ―Reflex competition‖ is reasonable 

when the expected effects oppose one another on a 

specified endpoint. ―Autonomic coactivation‖ should be 

reserved for evidence that sympathetic and 

parasympathetic outputs increase within overlapping 

time windows, with the target organ stated. ―Autonomic 

conflict‖ should imply a potentially hazardous cardiac 

configuration with a plausible electrophysiological 

consequence, not merely competing hemodynamic 

effects.
[2] 

 

This terminology avoids two common errors. The first is 

treating sympathetic and parasympathetic activity as a 

single balance that must move in opposite directions. The 

second is inferring cardiac coactivation from cross-organ 

measurements. Increased muscle sympathetic nerve 

activity, along with increased vagally mediated heart rate 

variability, for example, supports sympathetic-vagal 

coordination in the vasculature and the heart. It does not 

establish simultaneous sympathetic and vagal action at 

the heart. 

 

What common measurements can establish? 

Heart rate, blood pressure, stroke volume, and cardiac 

output are essential outcomes but are not branch-specific 

autonomic measures. Heart rate reflects intrinsic 

pacemaker activity, autonomic input, circulating 

hormones, respiration, temperature, and baroreflex 

feedback. Blood pressure depends on cardiac output, 

vascular resistance, arterial properties, and the 

mechanical effects of posture. An unchanged heart rate 

or pressure during the combined condition cannot be 

interpreted as cancellation between two large neural 

inputs unless those inputs are measured independently. 

 

High-frequency heart rate variability and time-domain 

indices, such as the root mean square of successive 

differences, can index cardiac vagal modulation when 

respiration, recording duration, signal quality, artifact 

correction, and stationarity are adequately 

controlled.
[12,13]

 They are not direct measures of absolute 

vagal firing. Low-frequency heart rate variability 

contains substantial contributions from the baroreflex 

and parasympathetic systems and should not be used as a 
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direct measure of cardiac sympathetic activity; the low-

frequency/high-frequency ratio does not quantify 

sympathovagal balance.
[14]

 Simultaneous increases in 

low-frequency power and root mean square of successive 

differences, therefore, do not demonstrate coactivation. 

 

The pre-ejection period can support inferences about 

beta-adrenergic myocardial influence, but it is sensitive 

to preload, afterload, posture, and electromechanical 

timing.
[15]

 These conditions change during both head-

down tilt and handgrip. Component values and 

hemodynamic covariates should therefore be reported 

rather than relying on a composite autonomic balance 

score. Muscle sympathetic nerve activity is a direct 

measure of postganglionic sympathetic vasoconstrictor 

traffic to skeletal muscle, but it is not a recording of 

cardiac sympathetic nerves.
[16] 

 

Baroreflex sensitivity describes an input–output 

relationship rather than tonic branch activity. Cardiac 

baroreflex estimates are strongly influenced by vagal 

mechanisms at rest, while sympathetic baroreflex 

analysis relates pressure changes to muscle sympathetic 

bursts and depends on recording length and analytic 

decisions.
[17]

 Heart-rate variability, blood-pressure 

variability, and baroreflex sensitivity are consequently 

valuable as complementary indicators of integrated 

control, but none independently proves cardiac 

sympathetic–vagal coactivation. 

 

For a strong claim of cardiac coactivation, a study should 

pair a respiration-controlled cardiac vagal measure with a 

defensible cardiac sympathetic measure and align them 

within the same time window. The protocol should 

record electrocardiographic rhythm, beat-to-beat 

pressure, respiration, force, and the timing of posture 

changes; it should also report preload- and afterload-

sensitive hemodynamics when the pre-ejection period is 

used. Pharmacological blockade or selective stimulation 

can strengthen causal inference, although these 

approaches introduce their own translational 

limitations.
[18] 

 

Practical implications for combined handgrip-tilt 

studies 

A factorial design is preferable to comparing the baseline 

with the combined condition alone. At minimum, 

separate baseline, handgrip, head-down tilt, and 

combined handgrip–tilt conditions allow calculation of 

whether the combined response is additive, attenuated, or 

interactive. Randomizing condition order where feasible, 

providing adequate recovery, and repeating trials can 

reduce carryover and improve reliability. Predefined 

early and late epochs are useful because central 

command, metabolite accumulation, vagal withdrawal, 

and central-volume effects do not peak simultaneously. 

 

Handgrip force should be normalized to a recent 

maximum voluntary contraction and continuously 

displayed or recorded. Contraction duration, fatigue, 

perceived exertion, breathing, and any Valsalva 

maneuver should be documented. The tilt angle, 

transition speed, stabilization period, support surface, 

and baseline volume status should be specified. Because 

mild tilt may have a small autonomic effect, 

manipulation checks such as stroke volume, central 

venous surrogates, or muscle sympathetic nerve activity 

are particularly valuable. 

 

Analyses should retain the components of each derived 

metric. Reporting heart rate together with absolute high-

frequency power or root mean square of successive 

differences is more interpretable than reporting only 

normalized units or a ratio. If the pre-ejection period is 

used, concurrent stroke volume and pressure help assess 

loading effects. A significant interaction between 

handgrip and tilt establishes statistical non-additivity, not 

the biological mechanism; target-specific measures must 

support the mechanism. 

 

Table 1 summarizes the principal distinctions. The 

proposed hierarchy is intentionally conservative: 

stimulus labels support statements about the protocol, 

paired target-specific measures support coactivation, and 

electrical outcomes, together with a plausible 

mechanism, are required before invoking autonomic 

conflict. This hierarchy should improve reproducibility 

while preventing the pathologization of normal reflex 

integration. 

 

Table 1: Evidentiary hierarchy for combined autonomic challenges. 

Claim Minimum supporting evidence Preferred interpretation 

Combined stimuli Documented handgrip and tilt exposure Protocol description only 

Reflex integration 
Factorial endpoint responses with temporal 

alignment 

Additive, attenuated, dominant, or 

interactive response 

Cross-organ coactivation 
Branch-specific measures from named, 

different organs 
State both organs explicitly 

Cardiac coactivation 
Paired cardiac sympathetic and vagal 

measures in overlapping epochs 
Same-organ autonomic coactivation 

Autonomic conflict 

Cardiac coactivation or rapid alternation, 

plus a plausible electrical mechanism and 

rhythm outcome 

Potentially arrhythmogenic cardiac 

configuration 
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Limitations 

This review used a focused narrative method and did not 

claim exhaustive retrieval, independent duplicate 

selection, formal risk-of-bias assessment, or quantitative 

synthesis. The relevant studies are heterogeneous and 

often involve small samples of healthy young 

participants. Lower-body positive pressure, post-exercise 

ischaemia, mental stress, cold-face immersion, and head-

down tilt are physiologically informative but not 

interchangeable. Direct cardiac sympathetic and vagal 

recordings are rarely feasible in humans, so important 

inferences remain dependent on complementary 

surrogate measures. The proposed terminology and 

evidentiary hierarchy should be tested prospectively 

rather than treated as a validated diagnostic system. 

 

CONCLUSION 

Combined isometric handgrip and mild head-down tilt is 

best understood as a model of context-dependent reflex 

integration. Handgrip recruits several exercise-related 

pathways whose relative contributions evolve with 

intensity and duration. Mild head-down tilt changes 

central hemodynamics but does not reliably produce 

isolated parasympathetic activation. The integrated 

response may be additive, attenuated, dominated by one 

input, or different across cardiac and vascular endpoints. 

Heart rate variability, blood pressure variability, and 

baroreflex sensitivity describe important features of this 

regulation, but cannot independently establish 

simultaneous sympathetic and vagal cardiac activity. 

Investigators should separate the stimulus, measured 

efferent state, and target-organ outcome; identify the 

organ represented by each measure; and reserve 

autonomic conflict for a cardiac configuration with a 

credible electrophysiological consequence. This 

precision allows the handgrip-tilt model to address reflex 

physiology without making claims that the available 

measurements cannot support. 
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