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Abstract

:

Heart rate variability (HRV) is a known measure of cardiac autonomic function. A cardiovascular autonomic dysfunction (CAD), measured as changes in HRV, is usually presented after an infectious process. The aim of the present study is to assess the association between serum inflammatory markers and CAD. For this purpose, 50 volunteers (13 of them recovering from an infection) were recruited and followed-up for 6 weeks. Their serum inflammatory biomarkers (CRP, IL1, IL4, IL6, IL10, and TNFalpha) were quantified throughout those weeks, along with their HRV resting, in response to the Valsalva maneuver, metronome breathing, standing and sustained handgrip. The correlation of within-subject changes in both HRV and inflammatory biomarkers was assessed to evaluate the concurrent changes. An inverse within-subject correlation was found between CRP and HRV in response to the Valsalva maneuver (rho (95% CI): −0.517 (−0.877 to −0.001); p = 0.032) and HRV standing (rho (95% CI): −0.490 (−0.943 to −0.036); p = 0.034). At the beginning, increased values of CRP are found along with reduced levels of HRV. Then, the CRP was reduced, accompanied by an improvement (increase) in HRV. These results suggest that CRP is a potential marker of CAD. Whether it is the cause, the consequence or a risk indicator non-causally associated is still to be determined.
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1. Introduction


The role of the parasympathetic nervous system in modulating the inflammation process has been widely discussed, with a range of evidence supporting the involvement of vagal stimulation on decreasing the amount of pro-inflammatory markers in response to inflammation [1,2]. The “cholinergic anti-inflammatory pathway” is the process by which, in the event of an infection and consequent secretion of pro-inflammatory cytokines in the periphery, the central nervous system (CNS) responds by secreting acetylcholine via different routes, including the vagal route [3,4,5,6]. This acetylcholine interacts with the nicotinic acetylcholine receptor subunit α7 (α7nAChR) expressed on the membrane of the innate immune cells to stop the secretion of pro-inflammatory cytokines [7,8,9,10]. As a result, this avoids an over exposure to pro-inflammatory cytokines, as that may damage tissue, impair organ function and could even be lethal [11,12].



The cholinergic anti-inflammatory pathway has been widely studied. In a study by Van Westerloo et al. [13], a group of mice with induced peritoneal sepsis underwent unilateral vagotomy. These authors showed that there was an enhanced host response to infection as, by suppressing the effect of the vagus nerve on the cells of the innate system, there was no release of acetylcholine, which, in turn, did not inhibit the secretion of pro-inflammatory biomarkers. Schulte et al. [14] performed a unilateral cervical vagotomy in lipopolysaccharide (LPS)-induced septic rats, and they found that their levels of pro-inflammatory markers were increased because of the vagotomy. Similarly, Li-Sha et al. [15] concluded in their study that the vagotomy was associated with an inhibition of the cholinergic anti-inflammatory pathway, and therefore an over-secretion of pro-inflammatory cytokines. In order to reach these conclusions, they performed a unilateral right cervical vagotomy in a group of mice (n = 40), which had viral myocarditis, and they measured the levels of inflammatory biomarkers IL1, IL6 and TNFα. The results of this group were compared to a group of mice that were subjected to a sham surgery (n = 40) and showed that levels of measured cytokines were significantly higher in the vagotomy group compared to the sham group (p < 0.05). All these studies demonstrate that vagus nerve inhibition enhances the inflammatory response to body injury by increasing the release of inflammatory biomarkers, which can potentially cause effects that are worse than the infection itself [16,17].



All these studies corroborate the involvement of the autonomic nervous system (ANS) on modulating the initial inflammatory response to infection by means of the cholinergic anti-inflammatory pathway. However, it is worth noting that most of the research found on this topic comes from experimental studies conducted on animal populations under controlled laboratory conditions (such as induced sepsis). This point was also noticed by Marsland et al. [18] who agreed that, to their knowledge, there was no clinical study to explore the effect of vagal activity on the immune response to injury and/or pathogens. They therefore used a sample of 183 healthy adults, and they studied the relationship between HRV and the production of lipopolysaccharide-induced inflammatory cytokines and they found out that, as suggested by animal studies, autonomic vagal dysfunction in humans is correlated with an enhanced secretion of pro-inflammatory cytokines (IL1, IL6 and TNFα) without affecting the secretion of anti-inflammatory cytokines. The study conducted by Marsland et al. [18] is pioneering in the human study of vagal activity and its association with the innate immune response. Furthermore, Williams et al. [19] carried out a meta-analysis on HRV and inflammatory markers in humans from 1996 onwards (159 studies), and they found that most research suggested a negative correlation between HRV and inflammatory markers. The authors concluded there was a need to further understand the complex mechanisms related to why this association existed, and therefore recommended the need for further research. Moreover, a point that needs to be noted is that Williams et al. [19] included in their meta-analysis any human study that assessed HRV and inflammatory biomarkers. However, a great number of the studies that were included in this meta-analysis focused on the relationship between HRV and inflammatory biomarkers, either in healthy subjects or in cardiovascular disease and depression. Only three studies [20,21,22] explored the association between HRV and a suite of inflammatory makers in sepsis (C-reactive protein, IL6 and IL10).



Papaioannou et al. [20] carried out a study to explore whether CAD was associated with increased levels of CRP and IL6. They assessed, during 6 days, the HRV of 45 critically ill septic patients, while being sedated and intubated in an ICU, and they measured their IL6 and CRP levels. Papaioannou et al. [20] agreed with what has previously been discussed, as they found that autonomic dysfunction as assessed by HRV was associated with a higher inflammatory response in septic patients. In addition to this, Taheishi et al. [21,22] conducted similar studies to Papaionnou et al. [20], as they evaluated the association between the HRV of patients admitted to an ICU with sepsis and their levels of IL6. These authors concurred with the previous authors, as they concluded that an inverse correlation appeared to exist between the levels of IL6 and HRV. However, it needs to be highlighted that all the latter studies [20,21,22] used a sample of critically ill septic patients who had been admitted to an ICU and, as Papaioannou et al. [20] state, factors, such as sedation time, medications used and breathing patterns when on mechanical support, need to be considered as they can all affect the HRV values. Furthermore, as the patients in those studies were critically ill, the HRV was assessed while resting and no other stimuli could be applied to further evaluate the integrity of the ANS, as suggested by Ewing [23]. Lastly, it needs to be considered that, in these studies, patients were not followed-up for a long period of time, and therefore it can be argued that the recovery pattern of both the HRV and inflammatory markers was not able to be fully evaluated. It is for these reasons that further research is needed to explore the relationship between HRV and inflammatory markers in the context of an infection. The current study is therefore designed to provide further knowledge of the association between CAD and inflammatory biomarkers in a sample of individuals with community-acquired bacterial infections, which did not required ICU admission and that were hemodynamically stable to undertake the HRV assessment as developed by Ewing [23].



Cardiovascular autonomic dysfunction is the alteration of the normal ANS function that has an adverse effect on an individual’s health [24]. The heart rate variability (HRV), which is the measurement of the temporal variability in between heart beats in relation to the mean HR [25,26,27], appears to be one of the best markers to assess cardiac autonomic function [28,29,30]. Cardiovascular autonomic dysfunction is associated with infectious processes [31,32]. Furthermore, de Castilho et al. [33], Pandey et al. [34] and Tang et al. [35] concluded that abnormalities in autonomic cardiovascular reflexes as measured by the heart rate variability (HRV) are associated with a higher risk of death.



In this observational longitudinal study of patients with an acute bacterial infection and healthy-control participants, the serum inflammatory biomarker concentrations are measured (CRP, IL1, IL4, IL6, IL10 and TNFα), and the cardiovascular autonomic function assessed. It is hypothesized that, during the recovery period from an acute bacterial infection, some inflammatory markers may be a useful biomarker to promptly identify cardiovascular autonomic dysfunction.




2. Materials and Methods


An exploratory longitudinal observational study was conducted to explore the relationship between cardiovascular autonomic dysfunction and systemic inflammation induced by bacterial infection. The study was conducted at the Royal Bournemouth Hospital (University Hospitals Dorset, Bournemouth) in the UK and it was approved by the Local Research Ethics Committee (Ref 08/H0201/23). Each patient received verbal information about the study, a patient information sheet and a consent form. Patients were assured that their participation was anonymous and would not interfere with their medical treatment, and that they could withdraw from the study at any time. The study was conducted according to the principles stated in the Declaration of Helsinki.



2.1. Inclusion and Exclusion Criteria


The general inclusion criteria were: (a) any person who was over 18 years old and was able to freely agree to participate; (b) participants needed to be clinically stable by the time the first cardiovascular autonomic assessment was conducted (week 1 from hospital admission); and (c) participants needed to be able to satisfactorily perform the autonomic function tests.



The exclusion criteria were: (a) patients with significant communication difficulties (e.g., severe aphasia); (b) patients with severe cognitive impairment (mini-mental state examination (MMSE) 24 or less); (c) patients who were unable to stand or hold their breath to perform the Valsalva maneuver; (d) patients who had a past history of, or active, vascular or cardiovascular problems, such as myocardial infarction, coronary artery disease, heart failure and stroke, as the HRV of these patients could already be compromised; (e) patients with Parkinson’s disease; (f) diabetic individuals; (g) patients with a known autonomic dysfunction or orthostatic hypotension; (h) patients with depression; and (i) patients who were on drugs known to affect the autonomic function, such as beta blockers and antidepressants.




2.2. Subjects and Groups


The participants who met the inclusion criteria and agreed to participate were included in one of the two different groups:



Infection group: 13 patients who were admitted with a diagnosis of an active and symptomatic bacterial infection were recruited. Patients in this group were included regardless of when the infection had started, as long as the patient was symptomatic and required inpatient treatment. Those patients whose infections were hospital-acquired were excluded because this group of patients was more likely to be particularly ill or immunosuppressed, which could therefore introduce bias into the autonomic assessment results. Patients who were seriously ill or were deemed unlikely to recover sufficiently to take part in the study within the subsequent 6 weeks were not approached. At the time of their first autonomic function tests (1 week after agreeing to participate), participants were clinically stable: adequately hydrated with an improving biochemical profile, apyrexial (Ta < 37.8 °C), systolic blood pressure > 90 mmHg, heart rate ≤ 100 beats/minute, respiratory rate ≤ 20 respirations/minute and pulse oximetry ≥ 90%, treatment started and well enough to participate in the assessment protocol [36,37,38,39].



Healthy control group: 37 subjects were included in this group. Individuals in this group had not had a bacterial infection requiring treatment for the previous 6 months. Participants in this group were selected with age and sex as similar as possible to the infection group.



Sample size was calculated a priori for a different objective than the one presented in this manuscript, to ensure 90% power for the comparison of CRP between groups for an expected difference of at least 60 mg/dL.




2.3. Assessment of the Heart Rate Variability (HRV)


The baseline autonomic function assessment was performed 1 week from hospital admission (week 1), and thereafter at the follow-up visits (week 2 and week 6) (in the healthy group, the baseline autonomic assessment was conducted in week 1 and then 6 weeks later). Autonomic function tests were based on the widely used Ewing method [23]. This method was validated by the American Diabetes Association and American Academy of Neurology in 1988. The latter Association launched a consensus statement in 1988 that declared that the Ewing method “had been validated and had been shown to be reliable and reproducible to correlate with each other and with tests of peripheral somatic nerve function”. They therefore recommended its use both for clinical and research purposes [40]. The acquisition system used a multi-channel biosensor manufactured by Procomp Infinity, with an ECG, photoplethysmography (PPG) and chest wall movement sensor. Recording was at a very fast sampling rate of 2048 Hz.



Participants were asked to have a light breakfast and refrain from smoking or drinking coffee and alcohol for at least 2 h before performing the test. Furthermore, all participants were asked to adopt a 30-to-45 degrees tilt position. All participants’ appointments were made during the morning or early hours of the afternoon. In addition to this, participants were all assessed in a quiet room with a comfortable temperature (approximately 23 °C). Participants were asked to rest for 10 min before commencing the tests in an attempt to obtain the baseline conditions for HR and BP.



The following sequence of tests was used to assess the cardiac autonomic reflexes:




	
HRV in response to the Valsalva maneuver (40 mmHg maintained for 10 s).



	
HRV in response to metronome breathing (at 6 breaths per minute for 2 min).



	
HRV in response to standing up.



	
HRV in response to sustained handgrip (30% of maximum strength for 3 min).









2.4. Measurement of Serum Inflammatory Markers


Serum concentrations of C-reactive protein, IL1, IL4, IL6, IL10 and TNFα were measured in participants in the infection group in weeks 1, 2 and 6. Participants in the healthy group had the levels of the inflammatory biomarkers measured in weeks 1 and 6. Cytokines were measured by using commercialized and standardized kits, which used the traditional enzyme-linked immunosorbent assay (ELISA).




2.5. Data Analysis


Baseline characteristics of participants were described using the mean and standard deviation for quantitative variables and absolute frequency and percentages for qualitative variables. Associations between the continuous variables of cardiovascular autonomic function and inflammatory biomarkers at baseline (in both groups and only in the infection group) were estimated using the Spearman’s Rho Correlation Coefficient. Furthermore, to study the correlation between HRV and blood cytokines, repeated measures correlation were performed. The within-subject correlation coefficients are presented to account for the correlation between the changes in both assessed variables. Analyses were performed using STATA/SE version 16.1 (StataCorp, College Station, TX, USA), two-sided p-values were used and the statistical significance threshold was set a priori at 0.05.





3. Results


3.1. Study Population


A total of 50 participants who met the inclusion criteria was enrolled in this study. There were 37 and 13 participants in the healthy group and infection group, respectively (see Table 1).



Most participants in the infection group were admitted to the hospital with pneumonia (38.5%). One individual suffered from a urinary tract infection and another one with cellulitis. In addition to this, 46.15% presented with different types of infection, including lower respiratory tract infection, infective exacerbation of COPD, infective exacerbation of asthma and pyelonephritis. All of them were discharged from the hospital before week 6 of the follow-up.




3.2. Cardiovascular Autonomic Function


The great majority of individuals in the healthy group presented with a normal cardiovascular autonomic function both in weeks 1 and 6. On the other hand, the results of the cardiovascular autonomic function assessment in the infection group showed that 40% of individuals had an abnormal cardiovascular autonomic function in the first visit. Among the participants with available information in week 6, 33.3% had an abnormal function, although they were already at home. In Figure 1 (and Figure S1), the evolution of HRV throughout the study time is presented for both groups. The data have been standardized in relation to baseline measurements to enhance comparability. As it can be seen in the figure, improvements in HRV can be observed in the infection group, but not for all indicators. Crude summaries of HRV over time for each group can be found in supplemental Table S1. Disbalances between groups may, to some extent, explain the differences between the infection and control groups.




3.3. Inflammatory Markers


The inflammatory markers profile was vastly abnormal in the infection group in week 0, and those values seemed to improve throughout the weeks. Expectedly so, the inflammatory markers profile was in the majority normal in the healthy control group. In Figure 2, the progression of the inflammatory markers’ levels throughout the weeks is presented both for the infection and control groups. The data have been standardized in relation to the baseline measurements to enhance comparability. As it can be seen in the figure, the inflammatory markers improve from week 1 to week 6 in the infection group, except for the IL4 and IL10.




3.4. Cardiovascular Autonomic Dysfunction and Inflammatory Markers


The correlation between the inflammatory markers and HRV was analyzed at weeks 1 and 6, and the results show that the inflammatory biomarkers generally show an inverse association with the HRV parameters in both weeks 1 and 6 in the infection group. There was a very strong inverse association between the CRP and HRV in response to the Valsalva maneuver (rho = −0.826), which was statistically significant (p = 0.011). Furthermore, the IL6 and the resting HRV showed a moderate inverse association (rho= −0.661), which was also statistically significant (p = 0.038). These inverse associations were mirrored in week 6 in the infection group, but, as it can be seen in Table S2, those negative associations were generally weaker than it was appreciated in week 6. However, it is worth noting that IL6 still presented strong inverse associations with the resting HRV and the HRV in response to standing up (rho = −0.757 and rho= −0.766, respectively), which were statistically significant (p = 0.018 and p = 0.016) (see Table 2).



The correlation of the within-subject changes was assessed to evaluate the concurrent changes. When both groups were analyzed, an inverse within-subject correlation was found between CRP and HRV in response to the Valsalva maneuver (rho (95% CI): −0.258 (−0.508 to −0.008); p = 0.040) and HRV standing (rho (95% CI): −0.325 (−0.549 to −0.089); p = 0.007) (Table 3). In addition to this, a positive within-subject correlation was found between IL4 and HRV standing (rho (95% CI): 0.304 (0.027 to 0.580); p = 0.032). When the results from the infection group were explored, the results showed an inverse within-subject correlation between the CRP and the HRV in response to the Valsalva maneuver (rho (95% CI): −0.517 (−0.877 to −0.001); p = 0.032) and HRV standing (rho (95% CI): −0.490 (−0.943 to −0.036); p = 0.034). Moreover, IL6 appeared to show a tendency towards an inverse within-subject correlation with the HRV standing (rho (95% CI): −0.448 (−0.812 to −0.141); p = 0.071) and the HRV in response to metronome breathing (rho (95% CI): −0.406 (−0.978 to −0.266); p = 0.226) (Table 3).





4. Discussion


The data of this study revealed that the levels of a number of inflammatory markers (CRP, IL6) are inversely associated with the HRV for most of the parameters in weeks 1 and 6 in the infection group. This would mean that the lower the HRV at those points (and therefore more abnormal), the higher the level of those inflammatory markers. In addition to this, the results show that this inverse association existed throughout the weeks, so that, as individuals were recovering from the infection, the cardiovascular autonomic function was also recovering (HRV was increasing), and therefore the inflammatory markers decreased. This is particularly relevant for the CRP and the IL6, which showed the strongest negative associations both in weeks 1 and 6 and throughout the weeks.



CRP is an acute phase protein that is mainly produced in the liver in response to the elevation of pro-inflammatory cytokines, such as IL6 [41,42]. CRP rises 4 to 6 h from infection onset and is known to increase exponentially in the acute stage of infection in response to the higher levels of IL6 [43,44,45], reaching a maximum peak level 36–50 h after the inflammatory stimulus onset [46]. Furthermore, the levels of CRP rapidly decrease once the stimuli ends [46]. On the other hand, IL6 levels commence to rise just a few minutes from the infection onset [47]. Zhang et al. [48] and Endeman et al. [49] further state that IL6 in the acute stage of a bacterial infection is both needed and expected, as IL6 is one of the essential pro-inflammatory cytokines that initiates the early innate immune response to tissue damage as it attracts the macrophages and the monocytes, which work on clearing the invading pathogen. However, IL6 levels should decreased shortly after the infection starts (within the following 24 h) [46,50]. Moreover, Sun et al. [51] and McNicholas et al. [52] state that IL6 levels should considerably decrease 2 days from the beginning of antibiotic therapy. In addition to this, a number of studies have shown that persistently higher levels of IL6 lead to worse clinical outcomes [53,54].



The kinetics of the IL6 profile post-bacterial infection cannot be clearly defined as other factors related to the inflammatory response and the host response to the antibiotics need to be considered. However, what seems to be clear is that the levels of IL6 should decrease by week 1, post-antibiotic therapy and most definitely 6 weeks later. In addition to this, and considering that IL6 is a potent CRP secretion inducer, the CRP is also known to decrease exponentially post-acute infection and once the stimuli for its secretion ends [46].



It is interesting to note that, although the TNFα and IL-1 did not show statistically significant correlations with the HRV, the trend and direction of those correlations were generally negative when the parameters were evaluated for week 1 in the infection group. This would make sense as those biomarkers have also been observed to be elevated in the presence of autonomic dysfunction [4,14]. On the other hand, this negative trend was not fully appreciated when the within-subject associations were evaluated for IL1 and HRV in the infection group.



Some limitations of the present work should be acknowledged. First, the sample size of the study is small and that may limit the power to detect some correlations as statically significant. However, some comparisons were sufficiently powered as some statistically significant results were obtained. Second, the infection group and the healthy control group are different in some baseline characteristics. However, this limitation would have only affected the results of the comparison between groups. The main result is based on within-person changes in inflammatory markers and HRV, and therefore not confounded by between-group disbalances. On the other hand, some strengths should also be noted. The repeated measurement of both HRV and inflammatory biomarkers allowed us to study the process of recovery from an acute bacterial infection.



The inverse association that was found between those inflammatory markers and HRV in the acute stage of a bacterial infection indicate that the cardiac autonomic dysfunction could potentially lead, as discussed in this piece of work, to an enhanced inflammatory response, as the cholinergic anti-inflammatory pathway would be dysfunctional. Therefore, these inflammatory markers could be utilized as biomarkers for the presence of cardiac autonomic dysfunction. This would help to promptly identify those patients that may require additional assessments and care in relation to the cardiac autonomic dysfunction.




5. Conclusions


HRV appears to be reduced in the recovery period of an acute bacterial infection, and reductions in HRV appeared to be inversely associated with on-going subclinical inflammation. The existence of cardiovascular autonomic dysfunction during the recovery period of an acute bacterial infection could increase the risk of suffering from cardiovascular problems, and the over exposure to pro-inflammatory cytokines could be more damaging than the infection process itself. This study suggests that CRP and IL6 need to be considered as potential biomarkers of cardiovascular autonomic dysfunction. Whether it is the cause, the consequence or a risk indicator non-casually associated is still to be determined.
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Figure 1. Progression of the heart-rate variability parameters throughout the weeks in both the control (dotted gray line) and infection (solid black line) groups: (a) HRV resting; (b) HRV breathing; (c) HRV Valsalva maneuver; (d) HRV standing; and (e) HRV sustained handgrip. 
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Figure 2. Progression of the inflammatory markers’ levels throughout the weeks in both the control (dotted gray line) and infection (solid black line) groups: (a) C-reactive protein; (b) IL1; (c) IL4; (d) IL6; (e) IL10; and (f) TNFα. 
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Table 1. Baseline characteristics according to the study group.
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	Characteristic 1
	Healthy Control Group
	Infection Group





	N
	37
	13



	Age (years; mean (range))
	52.4 (33–76)
	47.9 (24–69)



	Sex (% females)
	67.6%
	46.2%



	Smokers (%)
	16.2%
	38.5%



	Alcohol intake >14 units/week (%)
	5.4%
	7.7%



	Independent with ADLs (%)
	100%
	100%



	White blood cells × 109/L
	- 2
	15.4 (5.9)



	CRP (mg/L)
	- 2
	145 (107)



	Oxygen sat (%)
	- 2
	96 (3)



	Pyrexia (%)
	- 2
	61.5%







1 Data are the means and standard deviations, unless otherwise stated. 2 These data were not collected in the healthy control group.
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Table 2. Spearman’s correlation coefficients and p-values for the week 1 association between heart-rate variability (HRV) and inflammatory markers. 1
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Group

	

	
Resting HRV

	
HRV in Breathing

	
HRV Valsalva

	
HRV Handgrip

	
HRV Standing






	
Total sample

	
CRP

	
−0.153; p = 0.309

	
−0.168; p = 0.269

	
−0.303; p = 0.046

	
−0.096; p = 0.539

	
−0.252; p = 0.099




	
IL1β

	
−0.050; p = 0.736

	
0.065; p = 0.667

	
0.124; p = 0.418

	
−0.063; p = 0.684

	
−0.032; p = 0.835




	
IL4

	
0.100; p = 0.504

	
0.170; p = 0.260

	
0.083; p = 0.586

	
0.087; p = 0.574

	
0.444; p = 0.002




	
IL6

	
−0.226; p = 0.127

	
−0.132; p = 0.383

	
−0.003; p = 0.985

	
−0.299; p = 0.049

	
0.129; p = 0.400




	
IL10

	
−0.025; p = 0.869

	
0.195; p = 0.194

	
0.102; p = 0.505

	
0.182; p = 0.236

	
0.192; p = 0.207




	
TNFα

	
0.028; p = 0.853

	
−0.256; p = 0.086

	
0.308; p = 0.040

	
−0.047; p = 0.763

	
−0.225; p = 0.137




	
Infection group

	
CRP

	
−0.317; p = 0.406

	
−0.224; p = 0.533

	
−0.826; p = 0.011

	
0.000; p = 1.000

	
−0.417; p = 0.265




	
IL1β

	
−0.058; p = 0.873

	
0.378; p = 0.252

	
−0.138; p = 0.724

	
−0.407; p = 0.243

	
0.174; p = 0.631




	
IL4

	
0.394; p = 0.259

	
−0.019; p = 0.956

	
−0.257; p = 0.505

	
0.039; p = 0.915

	
0.575; p = 0.082




	
IL6

	
−0.661; p = 0.038

	
−0.464; p = 0.151

	
−0.510; p = 0.160

	
−0.322; p = 0.364

	
−0.115; p = 0.751




	
IL10

	
0.355; p = 0.314

	
0.089; p = 0.794

	
0.312; p = 0.414

	
0.236; p = 0.511

	
−0.082; p = 0.822




	
TNFα

	
−0.333; p = 0.347

	
−0.309; p = 0.355

	
0.318; p = 0.404

	
−0.103; p = 0.776

	
−0.406; p = 0.244








1 Data presented are the Spearman’s rho and p-value.
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Table 3. Spearman’s correlation coefficients and p-values for the week 1 within-subject association between the heart-rate variability (HRV) and inflammatory markers. 1
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Group

	

	
Resting HRV

	
HRV in Breathing

	
HRV Valsalva

	
HRV Handgrip

	
HRV Standing






	
Total sample

	
CRP

	
−0.160; p = 0.196

	
−0.027; p = 0.853

	
−0.258; p = 0.040

	
−0.006; p = 0.967

	
−0.325; p = 0.007




	
IL1β

	
−0.110; p = 0.472

	
0.020; p = 0.877

	
0.258; p = 0.051

	
−0.092; p = 0.533

	
0.079; p = 0.546




	
IL4

	
0.109; p = 0.490

	
0.258; p = 0.126

	
0.211; p = 0.112

	
−0.099; p = 0.437

	
0.304; p = 0.032




	
IL6

	
−0.261; p = 0.043

	
−0.106; p = 0.426

	
−0.060; p = 0.650

	
−0.193; p = 0.134

	
−0.148; p = 0.302




	
IL10

	
−0.193; p = 0.227

	
−0.025; p = 0.886

	
−0.006; p = 0.963

	
0.003; p = 0.983

	
0.143; p = 0.320




	
TNFα

	
0.039; p = 0.766

	
−0.158; p = 0.296

	
−0.110; p = 0.432

	
0.124; p = 0.423

	
−0.245; p = 0.103




	
Only infection group

	
CRP

	
−0.427; p = 0.123

	
−0.357; p = 0.235

	
−0.517; p = 0.032

	
−0.105; p = 0.704

	
−0.490; p = 0.034




	
IL1β

	
0.218; p = 0.175

	
0.218; p = 0.159

	
0.306; p = 0.044

	
0.044; p = 0.808

	
0.306; p = 0.052




	
IL4

	
0.261; p = 0.431

	
0.220; p = 0.509

	
0.306; p = 0.368

	
−0.410; p = 0.151

	
0.328; p = 0.259




	
IL6

	
−0.315; p = 0.330

	
−0.406; p = 0.226

	
−0.273; p = 0.380

	
−0.042; p = 0.909

	
−0.448; p = 0.071




	
IL10

	
−0.268; p = 0.415

	
0.094; p = 0.779

	
0.022; p = 0.949

	
−0.076; p = 0.830

	
0.087; p = 0.786




	
TNFα

	
−0.336; p = 0.334

	
−0.189; p = 0.558

	
−0.308; p = 0.333

	
0.242; p = 0.446

	
−0.287; p = 0.340








1 Data presented are the within-subject Spearman’s rho and p-value.
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