
Heart Rate Variability as a Biomarker to Characterize Autonomic Responses to 
Different COVID-19 Vaccine Technologies Under Orthostatic Stress

Ana L. G. Santos¹-4, Samuel M. Camargo¹¹, Kelly C. B. Silva¹¹¹¹¹¹¹¹², Daniel G. Goroso¹˒³
¹ University of Mogi das Cruzes, São Paulo, Brazil 

² São Leopoldo Mandic de Araras School of Medicine, São Paulo, Brazil³ School of Physical 
Education, Universidad Nacional de Tucumán, Argentina

4 University of Sao Paulo, Sao Paulo, Brazil
Summary

Heart  rate  variability  (HRV)  is  a  non-invasive  
biomarker of cardiovascular autonomic modulation. This  
study evaluated HRV during a standardized Tilt Test in 27 
participants  grouped  by  first  COVID-19  vaccine  
technology: Vaccine 1,  viral vector (n=11); Vaccine 2,  
inactivated virus (n=4); and Vaccine 3, mRNA (n=12).  
ECG-derived NN intervals  were  analyzed  globally  and  
during baseline (0-15 min), orthostatic stress (15-30 min),  
and recovery (30-50 min). Clinical data were integrated  
using Power BI,  statistical  analyses were performed in  
Jamovi, and phase-specific analysis used PyBioS. Global  
HRV  showed  significant  between-group  differences  in  
SDNN  (p=0.0189),  HF  (p=0.0476),  and  heart  rate  
variation  (p=0.0124).  Phase-specific  HRV  parameters  
showed  no  significant  between-group  differences  
(p>0.05),  indicating  that  the  clearest  differences  were  
detected in global HRV rather than in an isolated Tilt Test 
phase.  Age  differed  among  groups  and  should  be  
considered in future studies. These findings support HRV  
as  a  signal-derived  biomarker  for  characterizing  
autonomic response patterns across vaccine technology  
groups, without establishing causality.
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1. Introduction
The Tilt Test is used to assess cardiovascular responses 

to orthostatic stress and to investigate the regulation of the 
autonomic  nervous  system.  The  protocol  used  in  this 
project lasts 50 minutes, with 15 minutes in the horizontal 
position,  15 minutes with a  70° tilt  and 20 minutes  of 
recovery  in  the  horizontal  position.  During  orthostatic 
stress,  changes in heart rate and beat-to-beat  variability 
provide  quantitative  information  about  cardiovascular 
autonomic regulation.

HRV is a non-invasive biomarker obtained from ECG-
derived  NN  intervals  and  has  been  applied  in  the 
evaluation of  autonomic modulation.  Previous work by 
this research group has used HRV during the Tilt Test to 
investigate  autonomic  regulation  in  post-COVID-19 
participants  [2,9,18].  Current  work  extends  this  signal 
processing  approach  to  groups  defined  by  COVID-19 
vaccine technology.

Previous  reports  have  discussed  cardiovascular  and 
autonomic events following SARS-CoV-2 infection and 
vaccination  [1,3–6,17,19,20].  However,  the  present 
analysis was not designed to establish vaccine causality. Its 
originality  lies  in  combining  a  standardized  orthostatic 
stimulus with global and phase-specific features derived 
from HRV NN in the same computational flow. Therefore, 
HRV  is  investigated  as  a  signal-derived  biomarker  to 
characterize measured autonomic responses, rather than as 
proof of an effect on the vaccine platform.

The hypothesis is that HRV parameters obtained during 
orthostatic  stress  can  be  investigated  as  signal-derived 
biomarkers  to  characterize  cardiovascular  autonomic 
regulation  between  vaccine  technology  groups,  without 
assuming a priori that the groups differ.

2. Objective
To  investigate  cardiovascular  autonomic  regulation 

associated with different COVID-19 vaccine technologies 
using global and phase-specific HRV parameters extracted 
from ECG-derived NN intervals during the Tilt Test, along 
with clinical profile.

3. Materials and Methods
Data  were  collected  at  the  Polyclinic 

Hospital/University of Mogi das Cruzes (UMC). The study 
is part of the FAPESP project (Scholarship 21/14231-0) 
and  was  approved  by  the  Institutional  Research  Ethics 
Committee (64561022.7.0000.5497). Data collection was 
performed using the PC1000 ECG system (TEB, Brazil), 
electrodes,  a  reclining  table,  and  an  automatic  digital 
sphygmomanometer (HEM-7320-Br, OMRON).

The project  database contains 71 participants.  In the 
present analysis, only participants with a clinical profile 
and corresponding export in the NN interval were retained. 
Three clinical records with no NN exports were excluded, 
resulting in 27 participants with no history of COVID-19. 
Participants had to be between the ages of 18 and 75, have 
negative pregnancy and PCR tests when applicable, have 
no heart disease, and not continuously use medications that 
alter the autonomic nervous system.

Participants were classified according to the technology 
of the first dose of the vaccine: Vaccine 1 comprised the 
viral vector group (n=11), Vaccine 2 the inactivated virus 



group (n=4) and Vaccine 3 the mRNA group (n=12). Trade 
names were not used for group identification.

The workflow of signal processing and data integration 
was:  clinical  interview and Tilt  Test;  ECG acquisition; 
Export of NN ranges; global HRV analysis; phase-based 
analysis of cardiovascular signals; integration with clinical 
variables;  and  statistical  comparison.  Global  statistical 
analysis of HRV was performed in Jamovi. Phase-based 
analysis was performed using PyBioS [16]. Power BI was 
used to integrate anamnesia information and physiological 
data, and to support data visualization [8].

For  phase  analysis,  the  NN intervals  were separated 
according  to  the  standardized  periods  of  the  Tilt  Test: 
baseline (0-15 min), tilted/orthostatic stress (15-30 min), 
and  recovery  (30-50  min).  Each  period  was  analyzed 
separately. The phase characteristics reported were mean 
heart rate, mean NN, SDNN, RMSSD, NN50 and pNN50.

Age was maintained in the clinical profile as a factor to 
be considered in interpretation and in future studies, while 
the main inferential  focus of the present study was the 
comparison of HRV between vaccine technology groups.

4. Results
The final analysis included 27 participants: Vaccine 1 

(n=11), Vaccine 2 (n=4), and Vaccine 3 (n=12). The results 
are presented as clinical profile, global HRV and specific 
HRV by phase.

Table 1. Clinical profile by vaccine technology group.

Among  the  clinical  profile  variables,  weight 
(p=0.2722), height (p=0.0871), BMI (p=0.5939) and sex 
distribution (p=0.7726) did not differ significantly between 
the groups. Age varied between the groups (p=0.0035); 
however, age is not treated as a primary outcome of this 
study and should be considered as a potential  factor in 
future studies evaluating HRV among vaccine technology 
groups.

The clearest global differences in HRV were observed 
for  SDNN  (p=0.0189),  HF  (p=0.0476)  and  heart  rate 
variation (p=0.0124), all reaching p<0.05. The other global 
HRV parameters did not reach the pre-defined significance 
threshold. These findings constitute the main differences 
between groups observed in the present data set.

Table 3. HRV parameters for 0-15 minutes 

Table 4. HRV parameters for 15-30 minutes 

Table 5. HRV parameters for 30-50 minutes 

No phase-specific between-group comparisons reached 
p<0.05 in the periods 0-15 min, 15-30 min, or 30-50 min. 
Thus,  statistically  significant  HRV  differences  in  this 
dataset were observed in the global analysis, and not in the 



individual phases of the Tilt Test.

5. Discussion
The main HRV findings were the overall differences 

between groups in SDNN, HF and heart  rate  variation. 
SDNN  reflects  the  overall  variability,  these  results 
demonstrate  measurable  differences  in  ECG-derived 
variability characteristics between the vaccine technology 
groups of  the present dataset.  Age also varied between 
groups, and should be treated as a potential factor to be 
examined more specifically in future studies with larger 
and more balanced samples.

Phase-specific analysis provides a complementary view 
of the orthostatic stress response. The periods of 0-15 min, 
15-30 min of orthostatic stress and 30-50 min of recovery 
were  analyzed  separately.  Although  HRV  parameters 
changed throughout the Incline Test, no specific between-
group comparisons per phase reached p<0.05. Therefore, 
the clearest differences between the groups were identified 
in the overall HRV, and not in the isolated phases.

The main limitations remain the modest and unequal 
sizes of the groups, especially Vaccine 2. The statistical 
results  describe  associations  in  physiological  signals 
measured according to vaccine technology.

6. Conclusion
HRV obtained during a standardized Tilt Test can be 

used  as  a  signal-derived  biomarker  to  characterize 
cardiovascular  autonomic  responses  between  vaccine 
technology  groups.  In  the  updated  sample,  the  clearest 
between-group  differences  were  observed  in  global 
variation  in  SDNN,  HF,  and  heart  rate,  while  phase-
specific HRV showed no significant differences between 
groups. Age should be considered as a potential factor in 
future studies, especially in larger, more balanced samples. 
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