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Greater muscle strength is associated with reduced autonomic reactivity 

Maior força muscular está associada à reatividade autonômica reduzida 

Una mayor fuerza muscular está asociada con reactividad autonómica reducida 
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Abstract 

We aimed to investigate the autonomic responses to cold pressor test (CPT) in individual with different levels of 

muscle strength. 57 male subjects participated in the study. Volunteers were divided in tertiles according to their level 

of relative handgrip strength as Low (LS), Medium (MS) and High (HS). For the CPT the volunteers remained seated 

in resting for 15 minutes and inserted the right hand in cold water for two minutes. Blood pressure (BP) measurements 

were taken at rest, during CPT and during recovery. HRV was continuously recorded during the entire protocol. All 

three groups had similar BP variation, with the values of systolic blood pressure (SBP) increasing during CPT and 
diminishing during recovery until the third minute. At the first CPT minute LS group showed a substantial increase in 

low-frequency (LF) activity and a diminished high frequency (HF). LS also presented higher and lower values of LF 

and HF, respectively, than MS group at the first CPT minute. HS showed an increased vagal activity during recovery. 

In conclusion, individuals from LS presented similar BP responses to CPT than MS and HS groups but with higher 

sympathetic activation. HS individuals presented an elevated vagal activity during recovery. 

Keywords: Heart rate; Heart rate variability; Handgrip; Cardiovascular; Stress; Physical fitness. 

 

Resumo  

Nosso objetivo foi investigar as respostas autonômicas ao teste pressor a frio (CPT) em indivíduos com diferentes 

níveis de força muscular. 57 sujeitos do sexo masculino participaram do estudo. Os voluntários foram divididos em 

tercis de acordo com seu nível de força de preensão manual relativa como Baixo (LS), Médio (MS) e Alto (HS). Para 

o CPT os voluntários permaneceram sentados em repouso por 15 minutos e inseriram a mão direita em água fria por 
dois minutos. As medidas da pressão arterial (PA) foram realizadas em repouso, durante o TCP e durante a 

recuperação. A VFC foi registrada continuamente durante todo o protocolo. Os três grupos apresentaram variação 

semelhante da PA, com os valores da pressão arterial sistólica (PAS) aumentando durante o TCP e diminuindo na 

recuperação até o terceiro minuto. No primeiro minuto do CPT, o grupo LS mostrou um aumento substancial na 

atividade de baixa frequência (LF) e uma diminuição na alta frequência (HF). LS também apresentou valores maiores 

e menores de BF e AF, respectivamente, do que o grupo MS no primeiro minuto do TCP. HS mostrou um aumento da 

atividade vagal durante a recuperação. Em conclusão, os indivíduos de LS apresentaram respostas de PA semelhantes 

ao CPT do que os grupos MS e HS, mas com maior ativação simpática. Indivíduos com HS apresentaram atividade 

vagal elevada durante a recuperação. 

Palavras-chave: Frequência cardíaca; Variabilidade da frequência cardíaca; Força; Atividade física. 

 

Resumen  

Nuestro objetivo fue investigar las respuestas autonómicas a la prueba de presión en frío (CPT) en individuos con 

diferentes niveles de fuerza muscular. 57 sujetos masculinos participaron en el estudio. Los voluntarios se dividieron 

en terciles de acuerdo con su nivel relativo de fuerza de agarre, como Bajo (LS), Medio (MS) y Alto (HS). Para el 

CPT, los voluntarios se sentaron en reposo durante 15 minutos e insertaron su mano derecha en agua fría durante dos 

minutos. Las mediciones de la presión arterial (PA) se realizaron en reposo, durante la PCT y durante la recuperación. 
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La VFC se registró de forma continua a lo largo del protocolo. Los tres grupos mostraron una variación similar en la 

PA, con los valores de la presión arterial sistólica (PAS) aumentando durante la PCT y disminuyendo en la 

recuperación hasta el tercer minuto. En el primer minuto de CPT, el grupo LS mostró un aumento sustancial en la 
actividad de baja frecuencia (LF) y una disminución en la alta frecuencia (HF). LS también mostró valores más altos y 

más bajos para BF y AF, respectivamente, que el grupo de MS en el primer minuto de TCP. HS mostró un aumento en 

la actividad vagal durante la recuperación. En conclusión, los individuos LS mostraron respuestas de PA similares a 

CPT que los grupos MS y HS, pero con mayor activación simpática. Los individuos con HS mostraron una alta 

actividad vagal durante la recuperación. 

Keywords: Frecuencia cardíaca; Variabilidad de la frecuencia cardíaca, Fuerza; Actividad física. 

 

1. Introduction 

Modern society has been exposed to an increasing frequency of acute stress situations. Thus, both the autonomic, 

metabolic, cardiovascular and even inflammatory responses can become hyper-reactive to acute situations, and thus with an 

increased chance of cardiovascular events (Nawrot, Perez, Kunzli, Munters, & Nemery, 2011). Moreover, stress management 

and lifespan are also negatively associated (Koenig, Walker, Romeo, & Lupien, 2011). For example, Keller et al. (Keller et al., 

2012) demonstrated that stress-reactive individuals present an increased risk of 43% to premature death than non-reactive 

individuals. 

On the other hand, it is suggested that high levels of physical fitness might be associated with a lower chance of 

cardiovascular events (Blair, Cheng, & Holder, 2001; Blair et al., 1996). In addition, it has been shown that even a single 

exercise session performed before stress situations may be helpful to attenuate hyper-reactivity to stress. MacDonald et al. 

(MacDonald, Hogben, Tarnopolsky, & MacDougall, 2001), acutely submitted 8 physically active men to 30 minutes of aerobic 

exercise in cycle ergometer and then to simulation of several situations of activities of daily living and reported a lowered 

blood pressure reactivity in relation to the control session without exercise. Similarly, Ribeiro et al. (Ribeiro et al., 2011) 

submitted 12 university professors to 30 minutes of aerobic cycle ergometer exercise and demonstrated a lower BP response in 

subsequent teaching hours compared to the control session. These investigations were done acutely, observing he effects of a 

single exercise session on blood pressure responses to daily living situations, and little is known regarding the effects of 

physical fitness level on reactivity to stress. 

Traditionally, aerobic fitness has been the most commonly used parameter to predict the risks of cardiovascular events 

and mortality (Blair et al., 1996). Recently, Oliveira-Silva et al. (Oliveira-Silva et al., 2016) evidenced that cardiovascular 

reactivity to commercial flights, as measured through HRV markers of sympathetic activity, were lowered in the participants 

with a higher fitness level and leaner body composition. However, additional investigations looking for the effects of strength 

on stress reactivity are needed. Among the methods applied to evaluate the cardiovascular reactivity to stress, the cold pressor 

test (CPT), which is considered a sympathetic-excitatory maneuver, is a simple, non-invasive and validated test (Lafleche, 

Pannier, Laloux, & Safar, 1998). This protocol has been widely used to predict cardiovascular diseases (Kasagi, Akahoshi, & 

Shimaoka, 1995; Menkes et al., 1989; Nisell, Hjemdahl, Linde, & Lunell, 1985) by the analysis of physiological parameters 

such as, blood pressure (Moriyama & Ifuku, 2010; Sinha & Dubey, 2016), heart rate (Okada et al., 2016) or adrenergic 

hormones (Nami et al., 1981). 

Mostly of the hemodynamic and endocrine responses to static stress protocols may be due to increased sympathetic 

activation and parasympathetic withdrawn (Salman, 2016).  It has been demonstrated that individuals with decreased heart rate 

variability (HRV) at rest, a reflection of increased sympathetic tone, have greater chances of cardiovascular events (Dekker et 

al., 2000; Sajadieh, Rasmussen, Hein, & Hansen, 2003). Nevertheless, HRV responses to CPT have been poorly investigated. 

Mourot et al. (Mourot, Bouhaddi, & Regnard, 2009) reported that individuals presenting a higher reactivity to stress during the 
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CPT had an increased and sustained sympathetic activation, whereas the non-reactive ones had a decrease in HR after the 

initial increase, possibly due to vagal co-activation.  

The relationship of the muscle strength levels (as a measure of physical fitness level) to cardiovascular reactivity to 

CPT was not investigated yet.  The handgrip test has gained prominence as a tool to measure strength, since it allows for the 

evaluation of large groups, with low time expenditure. Not to mention that among the direct tests to measure physical qualities 

related to health, it is one of the most practical and lower cost tests (Newman et al., 2006; Rantanen et al., 2003; Sasaki, 

Kasagi, Yamada, & Fujita, 2007). Thus, the present study aimed to investigate the autonomic responses to cold pressor test 

(CPT) in individual with different levels of handgrip strength. It was hypothesized that individuals with higher muscle strength 

would have lowered autonomic and cardiovascular reactivity to stress. 

 

2. Materials And Methods 

The study was characterized as cross-sectional research which, according to (Bastos & Duquia, 2007), is an 

observational method. 

After approval by the local ethics committee (protocol: 42085515.0.0000.0029), 57 male subjects, aged between 18 to 

30 years participated in the study. Inclusion criteria were: a) free of any bone, muscle, or joint injury or neurological disorder 

that would preclude performing the experimental sessions; b) no use of any pharmacological substance that could influence 

autonomic or cardiovasculares systems, and d) only healthy individuals who signed the informed consent term would be 

included in this study. This experiment was conducted in accordance to the Declaration of Helsinki (466/2012). 

 

Sample and General Procedures 

Initially, participants had their body composition assessed. To determine body fat percentage, we performed skinfold 

measurement according to the seven folds protocol and calculation as previously described (Jackson & Pollock, 1978; Jackson, 

Pollock, & Ward, 1980; Siri, 1961). To assess physical fitness status we tested isometric strength using a dynamometer 

handgrip (Jamar®, IL, USA). This procedure was conducted as follows: the subjects remained seated with their shoulder 

adducted and neutrally rotated, elbow flexed at 90°, forearm in neutral position, and wrist between 0° and 30° dorsiflexion and 

between 0° and 15° ulnar deviation, collected three times with one-minute interval. The best of the three attempts was used for 

the strength measure (Mathiowetz et al., 1985). The relative handgrip strength (RHS) was calculated based on body mass and 

then divided in tertiles according to their level of RHS as Low (LS), Medium (MS) and High (HS) strength. 

After this initial assessment and general procedures, volunteers were divided in tertiles by their level of RHS. Each 

group had 19 subjects for final analyses. Characteristics of the sample are displayed on Table 1. The statistical power conferred 

to the main analyses (three groups; four measures; HRV) were 90% (1-β = 0.9) considering an effect size of f = 0.2 and α = 

0.05. 
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Table 1. Characteristics of the sample. Data expressed in mean and (±) standard deviation. 

 LS 

(n = 19) 

MS 

(n = 19) 

HS 

(n = 19) 

Age (y) 26.6 ± 3.9 25.3 ± 3.6 27.0 ± 5.0 

Body mass (kg) 87.0 ± 11.9 * 76.8 ± 7.5 71.7 ± 8.9 

Height (cm) 175.8 ± 6.4 173.8 ± 6.9 174.4 ± 7.7 

BMI (kg.m-2) 28.1 ± 3.9 * 25.4 ± 2.8 23.6 ± 2.8 

Body fat (%) 21.4 ± 4.4 * 17.1 ± 5.1 14.5 ± 5.0 

Waist-to-height ratio 0.51 ± 0.05 * 0.48 ± 0.04 0.46 ± 0.03 

Waist-to-hip ratio 0.88 ± 0.06 0.85 ± 0.04 0.85 ± 0.04 

Handgrip strength (kgf) 41.3 ± 6.3 44.8 ± 4.0 51.8 ± 6.4 * 

Handgrip strength 

(kgf/kg*100) 

47.6 ± 5.1 * 58.4 ± 2.7 * 72.8 ± 9.2 * 

LS: low relative strength; MS: middle relative strength; HS: high relative strength; BMI: body mass index; *: 
significant difference from the other two groups. Source: Authors. 

 

Volunteers were advised to avoid coffee, alcohol and maintain their daily life activities in the 48 hours prior to 

analysis. A preliminary verbal instruction was conducted with each individual about the procedure.  

For the CPT the volunteers remained seated at rest for 15 minutes and immerged the right hand in cold water ( 4-5 °C) 

for two minutes, as previously suggested (Hines & Brown, 1936). Blood pressure (BP) measurements were taken at rest, 

during the 1st and 2nd minute of CPT, and during recovery (1st, 3rd and 5th minutes) using an automated sphygmomanometer 

(Microlife BP3AC1-1PC).  

 

Heart Rate Variability Analysis 

HRV was continuously recorded during the entire protocol using Cardiofrequemeter (Polar® RS800CX). All 

measurements were divided in four intervals for further analyses using Kubios HRV Version 2.1 software package (Biosignal 

Analysis and Medical Imaging Group, Finland): (1) last 10 minutes of the 15 minutes at rest; (2) first minute of CPT (with 

submerged hand in cold water); (3) second minute with submerged hand in cold water during CPT; (4) the first three minutes 

of recovery from CPT; and (5) final three recovery minutes. The participants’ spectral HRV auto-regression was expressed in 

terms of three components in normalized units (n.u.): low frequency (LF) power, high frequency (HF) power, and the natural 

log of root-square-mean difference of successive normal RR intervals (LnRMSSD). Figure 1 presents low- and high-strength 

subjects HRV individual analysis at rest, CPT and recovery. Figure 1 shows the behavior of HRVduring the test. A reduction 

in HRV is observed during CPT. 
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Figure 1. Individual analysis of the heart rate variability of an individual of low relative strength (Fig. 1-A) and a subject of 

high relative strength (Fig. 1-B) at rest, during the two-minute CPT and recovery. 

 

Source: Authors. 

 

Statistical Analysis  

 After assessing normality and homogeneity of data through the Shapiro-Wilk and Levene’s test respectively, data 

were presented as means and standard deviation (±). In order to compare the characteristics of the groups, an analysis of 

variance (One Way ANOVA) was applied with Tukey’s post hoc. ANCOVA for repeated measurements with interactions 

within- and between-factors were used to compare the different moments of the different groups. Body mass index (BMI) was 

added as a covariant due to the statistical difference between groups. When any of the dependent variables did not show 

sphericity in the Mauchly’s test, the epsilon of Greenhouse-Geisser was used to analyze the F statistic. The significance level 

was set at 5% (p < 0.05). All the procedures were carried out using the Statistical Package for the Social Sciences (SPSS 21.0) 

and G*Power (version 3.1.9.2). 
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3. Results 

 The groups stratified in tertiles by using the relative handgrip strength (RHS), and the LS group presented higher 

values of body mass, BMI, body fat and waist-to height ratio for the low-strength group in comparison to middle-strength (MS) 

and high-strength (HS). Elevated values of absolute handgrip strength (AHS) were identified for the HS. Regarding RHS 

values, the three groups differed among each other (See Table 1).  

Absolute analysis demonstrated that all three groups had similar BP variation, with the values of systolic blood 

pressure (SBP) increasing during CPT and diminishing during recovery until the third minute. No between-group differences 

were identified for SBP. Diastolic blood pressure (DBP) also elevated during CPT returning to rest values at the first recovery 

minute. LS group showed higher levels of DBP than MS at the second CPT minute. As expected, mean arterial pressure 

(MAP) demonstrated higher values during CPT and inferior at the third recovery minute, which was also lower than rest values 

for the LS group (See Table 2).      

 

Table 2. Absolute values of systolic and diastolic blood pressure during the cold pressor test. Data expressed in mean and (±) 

standard deviation. 

 
Group Rest 

 CPT (min)  Recovery (min) 

  1st 2nd  1st 3rd  5th 

SBP 

(mmHg) 

LS 120.9 ± 7.9  130.7 ± 10.8 * 139.0 ± 13.0 *#  124.7 ± 10.9 # 117.8 ± 11.9 # 114.7 ± 13.1 * 

MS 120.3 ± 8.9  125.8 ± 9.3 * 136.3 ± 12.2 *#  124.3 ± 8.6 # 117.7 ± 8.2 # 117.3 ± 10.1 

 HS 117.7 ± 13.3  127.2 ± 11.4 136.9 ± 14.0 *#  114.7 ± 13.1 # 115.5 ± 12.0 # 114.4 ± 12.7 

DBP 

(mmHg) 

LS 75.1 ± 8.1  90.1 ± 9.3 * 93.9 ± 8.7 *†  76.7 ± 8.5 # 72.5 ± 9.5 # 72.5 ± 10.7 

MS 73.4 ± 8.6  83.0 ± 9.6 * 88.8 ± 12.1 *#  73.7 ± 11.4 # 71.4 ± 10.6 73.2 ± 10.1 

 HS 70.1 ± 8.9  83.9 ± 11.7 * 87.2 ± 12.3 *#  71.8 ± 12.5 # 68.6 ± 11.8 69.1 ± 8.5 

MAP 

(mmHg) 

LS 91.1 ± 7.7  103.6 ± 9.0 * 102.6 ± 26.5 *  93.0 ± 8.0 88.3 ± 9.2 *# 87.1 ± 10.9 *# 

MS 89.2 ± 7.9  97.7 ± 9.0 * 99.1 ± 26.6  90.7 ± 9.7 87.0 ± 8.9 # 88.0 ± 9.1 

HS 86.0 ± 9.9  98.4 ± 11.0 * 103.7 ± 12.8 *  88.4 ± 12.2 # 84.2 ± 11.0 # 84.2 ± 9.4 

CPT: cold pressor test; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; LS: low strength group 
(n=19); MS: middle strength group (n=19); HS: high strength group (n=19); *: different from rest values; #: different from previous moment; 
†: different from MS group. Source: Authors. 

 

HRV absolute analyses demonstrated a discrepant behavior between the groups. At the first CPT minute LS group 

showed a substantial increase in LF activity and a diminished HF. LS also presented higher and lower values of LF and HF, 

respectively, than MS group at the first CPT minute. Further, the recovery analysis for MS group evidenced an elevated HF 

activity and lowered LF activity during the first three recovery minutes in comparison to rest values. The HS group showed 

elevated values of LnRMSSD during recovery, which represents an increased vagal activity. (Table 3).  
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Table 3. Absolute values of heart rate variability during the cold pressor test. Data expressed in mean and (±) standard 

deviation. 

 
Group Rest 

 CPT  Recovery (min) 

  1st 2nd   3rd  3rd - 5th 

LnRMSSD LS 1.56 ± 0.33   1.52 ± 0.33 1.56 ± 0.35  1.64 ± 0.29 1.55 ± 0.32 # 

MS 1.57 ± 0.21  1.65 ± 0.25 1.68 ± 0.27 *  1.72 ± 0.27 * 1.61 ± 0.24 # 

HS 1.55 ± 0.24  1.60 ± 0.16 1.59 ± 0.22  1.73 ± 0.20 *#† 1.64 ± 0.21 *#† 

LF (n.u.) LS 66.2 ± 18.8 †  76.9 ± 12.0 **  69.2 ± 15.3  67.8 ± 9.3 † 68.3 ± 10.3 † 

MS 65.9 ± 15.4  60.5 ± 16.5 63.9 ± 16.2   57.8 ± 18.6 * 68.8 ± 12.6 †# 

HS 71.8 ± 15.6  69.8 ± 20.6 67.9 ± 25.8  65.2 ± 19.7 67.5 ± 15.6 

HF (n.u.) LS 33.8 ± 18.7 †  23.1 ± 12.0 ** 30.8 ± 15.3  32.1 ± 9.3 † 31.7 ± 10.3 

MS 34.1 ± 15.4  39.4 ± 16.5 36.0 ± 16.2  42.2 ± 18.6 * 31.1 ± 12.6 †# 

HS 28.1 ± 15.6  30.2 ± 20.6 32.0 ± 25.8  34.8 ± 19.7 # 32.4 ± 15.7 

CPT: cold pressor test; LF: low-frequency; HF: high-frequency; LS: low relative strength (n=19); MS: middle relative strength (n=19); HS: 

high relative strength (n=19); *: different from rest ; **: different from MS group. #: different from previous moment; †: different from 1st 
CPT minute. Source: Authors. 

 

Figure 2 presents the delta analysis of autonomic balance and SBP values during CPT and recovery. At the first CPT 

minute LS group presented higher levels of LF and reduced levels of HF than MS and HS group. At the final CPT minute, SBP 

substantially increased in all three groups, but the only significant change identified was for the HS group, which has 

significantly increased LF/HF ratio. During recovery, the LS group presented reduced levels of LF and increased HF in the 

first measure (3rd minute) and maintained in the final measure (5th minute). MS group showed reduced LF and increased HF 

only in the final recovery measure. No differences were identified for the HS group. 
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Figure 2. Analysis of autonomic balance. 

 

Absolute variation (Δ) of low frequency (LF), high frequency, LF / HF ratio and systolic blood pressure (PAS) during the cold pressor test 
(CPT) and recovery. White bars: low relative strength; Gray bars: average relative strength; Black bars: high relative resistance; *: Different 
from the first minute of the CPT; #: Different from the previous moment. **: different from the low resistance group. Source: Authors. 

 

4. Discussion 

 The aim of this study was to investigate the autonomic and cardiovascular outcomes to CPT in young men of different 

levels of physical fitness, as measure though handgrip relative strength (HRS). The main finding was that, although BP seems 
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to have a similar variation in all the three groups, HRV analyses demonstrated that individuals with lower HRS  presented a 

higher autonomic reactivity to CPT. 

 The first physiological trigger by an static stress (i.e. CPT) is a orchestration by a complex supramedullary network of 

neurons in the limbic system, amygdala and hypothalamus sending synaptic projections to the central autonomic centers, 

increasing sympathetic activity (Fontes, Xavier, de Menezes, & Dimicco, 2011; Fontes et al., 2014).  This sympathetic 

outflow, preparing the body to a “fight or flight” situation (Dampney et al., 2002; Salman, 2016), is responsible for increasing 

heart rate, peripheral vascular resistance, and adrenal activity (Salman, 2016; Tank & Lee Wong, 2015) in parallel to a 

decreased HRV (Mourot et al., 2009).   

 If there is no need to maintain or increase the cardiac output after the initial stress (i.e. static protocol) a quick vagal 

reactivity is promoted via baroreflex activation (DiMicco, Gale, Hamilton, & Gillis, 1979). In other words, the elevated 

peripheral vascular resistance responsible for increasing BP, is also accountable to trigger baroflexes and induces a vagal 

outflow in an attempt to return the system to homeostasis (Salman, 2016).   

 In present study the LS group had a significant increase in sympathetic activity (LF) and consequently, a reduction in 

vagal activity (HF) in the first CPT minute. However, right in the second CPT minute a substantial vagal outflow followed by a 

decreased LF activity was observed, maintaining these levels during recovery. On the other hand, the MS group had a different 

response, with a slightly and non-significant increase in HF activity and decrease in LF in the first CPT minute, which may be 

a result of a quicker vagal response in this one minute interval, as previously hypothesized (Glenn & Ditto, 2003; Sendowski, 

Savourey, Besnard, & Bittel, 1997). Indeed, it has been demonstrated that individuals with a better fitness status may have an 

elevated baroreflex sensitivity (Molgaard, Hermansen, & Bjerregaard, 1994; Taylor & Eckberg, 1996), which can be reflected 

in the present results with the increased BP but reduced LF activity for the MS group.         

 For the HS group, although it is observed a similar BP response as the other groups, the autonomic activity did not 

show any significant change during CPT, but an increased vagal activity during recovery (elevated LnRMSSD). These results 

may be a reflection of more sensible sympathetic receptors, in which a smaller sympathetic activity (i.e. decreased LF) may 

induce similar cardiovascular outcomes (i.e. increased SBP). It has been demonstrated that physical activity is positively 

associated with vagal activity and baroreflex sensitivity (Molgaard et al., 1994; Taylor & Eckberg, 1996). 

 During a physiological stress protocol, such as physical exercise, a reduction in vagal activity is the initial response, 

followed by a catecholaminergic response to sustain the cardiometabolic demand (Guimaraes & Moura, 2001; Tank & Lee 

Wong, 2015). Some studies even reported a decreased sympathetic activity during a rectangular exercising protocol in athletes 

(Kamath, Fallen, & McKelvie, 1991; Shin, Minamitani, Onishi, Yamazaki, & Lee, 1995a, 1995b), which corroborates with the 

results of the present study for MS and HS subjects.  

 Additional studies investigated the autonomic response to exercise stress protocols comparing by the level of physical 

fitness and demonstrated that more trained individuals have an increased vagal activity during the test (elevated HF) than less 

trained individuals (Aubert et al., 1999; Dixon, Kamath, McCartney, & Fallen, 1992). Another one reported that, besides the 

decreased HF, also an increased LF (Furlan et al., 1993), which may represent the capacity of trained individuals to have a 

better autonomic control to increase the cardiometabolic offer via sympathetic outflow when it needs.  

 The autonomic responses to CPT have already been investigated in healthy subjects (Mourot et al., 2009), obese 

adults (Grewal, Sekhon, Walia, & Gambhir, 2015), as well as in different ethnic groups  (Okada et al., 2016) and the effect of 

gender (Fu, Witkowski, Okazaki, & Levine, 2005). However, to the best of our knowledge, this is the first study that compared 

by physical fitness (relative handgrip strength) on physiological responses to CPT.  

Furthermore, some evidence suggests that body composition alone might predict HRV at rest or during recovery from 

stress induced situations (Esco & Williford, 2013; Esco, Williford, & Olson, 2011; Oliveira-Silva et al., 2016). Esco et al. 
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(Esco et al., 2011) demonstrated that between some selected body composition parameters and VO2max, total skinfold 

thickness was the strongest predictor of rest HRV and autonomic recovery after exercise. Furthermore, Oliveira-Silva et al. 

(Oliveira-Silva et al., 2016) reported that body composition and physical fitness are positively associated with autonomic 

control during stress-induced circumstances (domestic flights). Nevertheless, the subjects on the present study have showed 

similar body composition, and the only variable that shown statistical difference (BMI) was included as a covariant in the 

comparison analyses to minimize bias. 

As a practical application, the present result suggests that handgrip strength can be used as an alternative method to 

predict possible autonomic and cardiovascular changes reactivity to stress situations. This outcome may be useful in clinical 

practice to avoid submitting hyper-reactive patients to unnecessary stress procedures by only assessing the handgrip strength. 

 

5. Conclusion  

In conclusion, individuals with lower HRS have similar BP response to CPT than middle and high HRS groups, but 

with higher sympathetic activation. We further suggest that future studies  would evaluate the possible underlying mechanisms, 

such as the adrenergic and baroreflex responses, in individuals of different fitness level, including athletes. Investigation of the 

effects of detraining-retraining on this protective cardiovascular effect of physical fitness level would also be analyzed.  
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