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Abstract

Introduction: Rheumatoid arthritis is the most common form of chronic systemic inflammatory arthritis.
Research participants with a recent diagnosis of RA will have their cardiovascular autonomic functioning
assessed by measuring their resting heart rate variability.

Materials & Methods: The present study was a case-control investigation undertaken at the
Neurophysiology laboratory, specifically within the Department of Physiology, GMC Siddipet,
Telangana, India. The study was conducted from June 2022 to May 2023. A total of 20 individuals who
had just received a diagnosis of rheumatoid arthritis were selected for participation in this study. These
individuals were recruited from the Rheumatology outpatient department at the GMC Siddipet,
Telangana, India.

Result: In RA patients, the heart rate and systolic blood pressure were higher. Patients with RA had
significantly lower SDNN, SDSD, RMSSD, NN50, LF and HF power in nu and total power than healthy
controls. Seropositive patients had higher LF power in the normalized unit than seronegative individuals.
When compared to seronegative patients, the LF/HF ratio rose in seropositive patients. Seropositive
participants had lower HF power in the normalized unit than seronegative subjects did. We also noticed
that the study group had higher RF, CRP, and platelet counts, which were related to higher
sympathovagal imbalance. This shows how significant these factors are in the development of
cardiovascular risk in RA patients.

Conclusion: The standard basic investigation of RA can include the straightforward, noninvasive resting
HRV analysis. Regular evaluation of the biomarker’s platelet count, CRP and RF may aid in the early
detection of cardiovascular complications in RA patients.
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Introduction

Rheumatoid arthritis (RA) is widely recognized as the prevailing form of chronic systemic inflammatory
arthritis. The condition is distinguished by the presence of symmetrical polyarthritis, which causes
deformation and can vary in both extent and severity ™. This is accompanied by synovitis of the joint
and tendon sheaths, as well as the loss of articular cartilage and erosion of the bone near the affected
joints. Cardiovascular system involvement is a significant complication in the context of extra-articular
symptoms of rheumatoid arthritis (RA), and it has the potential to result in sudden cardiac death. The
median life expectancy of men is reduced by an average of 7 years, while for women it is shortened by 3
years in comparison to the control population !,

Arrhythmia and myocardial infarction are two factors in why rheumatoid arthritis (RA) patients
sometimes experience sudden cardiac mortality. When the autonomic nervous system's normal
operations are disturbed, cardiovascular events can occur. Autoantibodies that attack nerve growth factor
also damage the superior cervical ganglion and the vagus nerve, leading to arrhythmia and myocardial
infarction ™. When inflammatory mediators and immunological complexes are present, ischemia
develops. The hypothalamic-pituitary-adrenal (HPA) axis is less sensitive in patients with chronic
inflammatory diseases like rheumatoid arthritis (RA). Because of this impaired sensitivity, not enough
cortisol is produced in response to inflammation . As a result, estrogen receptor expression is
upregulated in synovial cells and sympathetic activity is increased, circulating cytokines are increased,
sympathetic innervation of the local synovium is decreased. Neuroendocrine disorders in RA patients are
exacerbated by the aforementioned variables. Therefore, inflammatory mediators, endocrine
abnormalities and autoantibodies all have a role in the development of autonomic dysfunction in
rheumatoid arthritis (RA) 1.

Heart rate variability (HRV) is a straightforward and noninvasive method used to evaluate cardiovascular
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autonomic function. The task can be easily executed. The quantification measurement pertains to the
variability of sinus rhythm. The extent to which the heart is influenced by sympathetic and
parasympathetic activity determines the outcome. The device is capable of identifying the initial
dysregulation of autonomic equilibrium. The reduction in variability of biological signals serves as an
indicator of potential loss in homeostatic self-regulation .

Numerous research pertaining to cardiovascular events in rheumatoid arthritis (RA) have been conducted
in Western countries. However, there is a lack of sufficient studies analyzing autonomic imbalance in the
Indian population, and the existing evidence shows inconsistencies ® *. The variability in abnormality
may be attributed to the incorporation of different quantities of tests. The objective of our study was to
evaluate the autonomic function in individuals with rheumatoid arthritis (RA) by the utilization of resting
heart rate variability (HRV) analysis. In this investigation, we hope to learn more about how HRV
indices relate to inflammatory biomarkers such rheumatoid factor, C-reactive protein, and platelet count.

Materials and Methods

The present study was a case-control investigation undertaken at the Neurophysiology laboratory,
specifically within the Department of Physiology, at GMC Siddipet, Telangana, India. The study was
conducted from June 2022 to May 2023. A total of 20 individuals who had just received a diagnosis of
rheumatoid arthritis were selected for participation in this study. These individuals were recruited from
the Rheumatology outpatient department at the GMC Siddipet, Telangana, India.

Inclusion Criteria

= 20 to 60 years of age, encompassing both sexes.

= Rheumatoid arthritis was determined to exist using the EULAR classification criteria-2010.
= Patients who have just received a diagnosis but have not yet begun treatment.

Exclusion Criteria

= Alcoholic and a smoker.

= Neurological conditions and bronchial asthma.
=  Pregnant women’s.

Methodology

The research was carried out in the neurophysiology lab from 10 AM to 1 PM. The facility was kept
serene with little lighting and a temperature range of 25 to 280 C. Prior to recording, a 2-hour fast
without beverages was made sure of. The subjects were instructed to urinate. The participant received
thorough guidance on the material and had all of their questions answered. The subjects were then asked
for their free, written consent. The individuals underwent a quick preliminary general and clinical
evaluation. The test volunteers were given comfort and space to unwind. Blood samples of 2ml were
taken for the RF and CRP assays and 1.8ml were taken in an EDTA-coated test tube for the platelet
count. It was measured in centimeters of height and kilograms of weight. After the individuals had rested
for 10-15 minutes in the supine posture, the blood pressure, heart rate, and respiration rate were all
recorded. Following spirit cleaning, the electrodes were attached in the following locations:

Statistical analysis
The data that was obtained was subjected to analysis using SPSS version 17. Descriptive statistics,
specifically the mean and standard deviation, were employed to elucidate the properties of the data.

Results

Table 1: Study baseline and control group characteristics

Group No. Mean

Ade in vears Cases 10 10.51
gemy Control 10 10.20
Cases 10 12.24

BMI Control 10 12.53

There is no statistically significant difference observed in the age and BMI between the study group and
the control group. Therefore, both the research and control groups exhibit comparability.
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Table 2: Comparison of study and control group mean HR, SBP and DBP

Sr. No. Group N
1 Mean HR Cases 10

) (bpm) Control 05

2 SBP Cases 10

) (mmHg) Control 05

3 DBP Cases 10

) (mmHg) Control 00

The study group exhibited a statistically significant increase in the mean heart rate compared to the
control group. The study group exhibited a statistically significant increase in systolic blood pressure
compared to the control group. There was no statistically significant variation observed in the diastolic
blood pressure.

Table 3: Study and control groups

Parameter Study Control
Mean SD Mean SD
LF n.u. 65.25 | 21.87 | 53.01 | 1551
HF n.u. 35.27 | 18.14 | 46.87 | 1541
LF/HF 3.81 3.24 2.00 0.77

The study group exhibited higher levels of LF power in normalized units (n.u.) and a higher LF/HF ratio
compared to the control group. The study group exhibited a decrease in HF power in normalized units
compared to the control group.

Table 4: Comparing time domain metrics between seropositive and seronegative study group participants

Sero-positive Sero-negative
Mean SD Mean SD
HR (bpm) 78.12 8.9 78.12 8.6
RR (ms) 760.51 | 84.24 | 640 339.9
SDNN (ms) 25.1 9.81 | 25.32 8.14
RMSSD (ms) 21.27 | 1014 | 327 16.98

The RR interval, SDNN and RMSSD exhibited a decrease in the seropositive subjects compared to the
seronegative individuals.

Table 5: Comparison of frequency domain metrics in research group CRP positive and negative patients

CRP-positive CRP-negative
Mean SD Mean SD
LF nu 64.78 21.28 62.19 22.7
HF nu 34.77 18.15 34.49 21.14
LF/HF 3.14 3.1 3.87 3.31

The participants who tested positive for C-reactive protein (CRP) exhibited higher levels of low
frequency (LF) power in normalized units and an elevated LF/HF ratio. The patients who tested positive
for C-reactive protein (CRP) exhibited a reduction in normalized unit of high-frequency (HF) power.
However, such results did not demonstrate statistical significance.

Discussion

The most common extra-articular effect of RA is cardiovascular system involvement. The pathogenesis
relies heavily on inflammatory mediators and autoantibodies. Early detection and treatment of the
cardiovascular issue in RA improves prognosis and quality of life. In both healthy and ill individuals,
HRV can be used as a noninvasive indicator of autonomic nervous system function. What follows is the
examination of supine resting short-term heart rate variability.

The average SBP was controlled at 118.37.06 among the participants in the research. The study group
had significantly higher SBP than the control group. These findings provide more evidence that
sympathetic overactivity is present in RA patients. Consistent with the findings of Laden et al. and Piha
et al. Parasympathetic efferent vagal damage may be to blame for the increased heart rate, as suggested
by the research of Ewing et al. HRV "® ! is a helpful, non-invasive method for assessing autonomic
nerve function.

Any fluctuation in resting HRV increases the likelihood of adverse cardiac events. The following are the
results of an HRV analysis using HRV analysis software version 2.2 on 5-minute recordings from the
study and control groups. This demonstrated, with high statistical certainty, that RA patients exhibited
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elevated levels of sympathetic activity. The normalized HF power was significantly lower in the study
group compared to the healthy controls. This was a statistically significant finding. This demonstrates
that RA patients no longer experience parasympathetic emotions. Although there was a general decline in
power in the study group, it was not statistically significant when compared to the control group. This
demonstrates the decreased state of the cardiovascular autonomic nerve system in RA patients. The
LF/HF ratio was significantly higher in the research group than in the controls %231,

This is evidence of the dysfunction of the sympathetic nervous system, which characterizes RA patients.
Our study's overall frequency domain parameters demonstrate that RA patients have a condition of
depressed vagal tone on the heart and an altered sympathovagal balance. Our findings matched those of
the Everngul et al. study exactly. He noticed a significant drop in HF and an increase in LF and the
LF/HF ratio, both of which are indicative of a predominance of the sympathetic activity of the heart. In
contrast, Yadav et al. ™ * studied the Indian population and discovered that HRV is reduced in RA
patients due to a drop in both LFms2 and HFms2.

An increase in sympathetic activity and a decrease in parasympathetic vagal tone may contribute to an
elevated heart rate, as proposed by Sandhuetal. This diminished parasympathetic tone may lead to an
increase in heart rate. Eighty percent of our study participants tested positive for RF, whereas twenty
percent tested negative for the virus. This could be due to the fact that the participants were all referred to
the rheumatology clinic as outpatients. According to the research conducted by Kuriya, Boultry and
Machold, 80% of people with RA will have a positive rheumatoid factor test at some point. However,
only 40% are positive at the onset of clinical symptoms 1671,

From August of 1981 through August of 2010, Sune F. Nielsen et al. conducted a prospective cohort
research. The total population was calculated to be 9,712 persons. According to the study's findings,
people with elevated rheumatoid factor in the general population had a 26-fold increased risk of
developing rheumatoid arthritis in the road. In the frequency domain, normalized measures of LF power
were greater in seropositive patients than in seronegative people. Seropositive patients had a higher
LF/HF ratio compared to their seronegative counterparts 2%, These results demonstrate that
seropositive patients exhibit elevated sympathetic activity. The normalized HF power of seropositive
participants was lower than that of seronegative persons. In statistical terms, it was a big deal.
Seropositive patients' levels of parasympathetic inhibition are revealed %,

Sixty-two percent of the participants' serum tested positive for CRP. C-reactive protein and rheumatoid
factor values were negative in all of the healthy controls. In frequency domain measurements, the CRP
positive patients had more LF power than the CRP negative patients, as expressed in normalized units.
These results demonstrate a sympathetic predominance in CRP-positive patients. Subjects with elevated
C-reactive protein had reduced HF power in the normalized unit compared to those without the protein.
Positive CRP tests reveal how much the parasympathetic system is being shut down in a patient. No
statistical evidence existed to suggest its relevance. This may be due to insufficient data ** %!,

The study group's platelet count increased significantly when compared to that of the control group. In
statistical terms, it was a big deal. There was a strong positive correlation between platelet count and the
LF nu LF/HF ratio. According to these results, there is a link between having a high platelet count and
having an imbalance in your sympathovagal response. Our research shows that the biomarkers RF, CRP,
and an elevated platelet count contribute to the reduced HRV and sympathovagal imbalance seen in
[rzrlezté]matoid arthritis patients, characterized by parasympathetic withdrawal and sympathetic overactivity
We looked at how RF, C-reactive protein, and platelet count relate to the autonomic balance of the
cardiovascular system. There was no association between HRV features and clinical indicators such the
Disability Assessment Scoring System-28, fatigue, joint involvement, or joint discomfort. More
information about the importance of biochemical indicators including RF, CRP, and platelet count,
among others, may be gleaned via future patient recruitment attempts and study expansion.

Conclusion

Patients with rheumatoid arthritis showed signs of increased sympathetic activity, including a higher
resting heart rate and systolic blood pressure. Patients with RA have a clear sympathovagal imbalance,
manifesting as sympathetic overactivity and parasympathetic retreat in their resting HRV. Significant
decreases in the RR interval, SDNN, and RMSSD of the study group indicate parasympathetic
withdrawal. The increased sympathetic activity caused by the absence of parasympathetic activity is
reflected in the increased LF power and decreased HF power of the study group. Increases in both the LF
and HF ratios indicate an imbalance between the sympathetic and vagal nervous systems. HRV was
lower in RA patients with elevated serum RF and CRP levels compared to those with normal serum RF
and CRP levels. Autonomic dysregulation was positively linked with patients' reports of an increase in
platelet count due to RA. Positive RF, CRP, and an elevated platelet count were all associated with an
increased risk of cardiovascular problems in RA patients, as demonstrated by these results. Thus, it may
be possible to detect cardiovascular issues in RA patients earlier with routine screening of these signs
and evaluation of cardiovascular state using HRV analysis.

301



Journal of Cardiovascular Disease Research

ISSN:0975 -3583,0976-2833 VOL14, ISSUE 12, 2023

Funding: None.
Conflict of Interest: None.

References

1. Young HA, Benton D. Heart-rate variability: a biomarker to study the influence of nutrition on
physiological and psychological health? Behavioural pharmacology. 2018 Apr;29(2-):140.

2. Liboriussen CH, Andersen SS, Andersen SS, Jensen MK, Jochumsen M, Kristensen S. Investigating
the Dose-Response Relationship between Deep Breathing and Heart Rate Variability in Healthy
Participants and Across-Days Reliability in Patients with Rheumatoid Arthritis and Systemic Lupus
Erythematosus. Sensors. 2022 Sep;22(18):68-49.

3. Lerkevang Grove E, Hvas AM, Dalby Kristensen S. Immature platelets in patients with acute
coronary syndrome. Thromb Haemost. 2009;101:151-6.

4. Ganesan S, Gaur GS, Negi VS, Sharma VK, Pal GK. Effect of yoga therapy on disease activity,
inflammatory markers, and heart rate variability in patients with rheumatoid arthritis. The Journal of
Alternative and Complementary Medicine. 2020 Jun;26(6):501-7.

5. Saraswathi PV, Neelambigai N, Arjun Mahesh, Govindarajan K. Cardiovascular parasympathetic
nervous system dysfunction in female Rheumatoid arthritis patients. Indian J physiolpharmacol.
2013;57(1):23-30.

6. Jensen MK, Andersen SS, Andersen SS, Liboriussen CH, Kristensen S, Jochumsen M. Modulating
Heart Rate Variability through Deep Breathing Exercises and Transcutaneous Auricular Vagus
Nerve Stimulation: A Study in Healthy Participants and in Patients with Rheumatoid Arthritis or
Systemic Lupus Erythematosus. Sensors. 2022 Oct;22(20):78-84.

7. Kamal A. Assessment of autonomic function in patients with rheumatoid arthritis using spectral
analysis and approximate entropy method. Neurosciences (Riyadh). 2007;12:136-9.

8. Yasova Barbeau D, Krueger C, Huene M, Copenhaver N, Bennett J, Weaver M, et al. Heart rate
variability and inflammatory markers in neonates with hypoxic- ischemic encephalopathy.
Physiological Reports. 2019 Aug;7(15):e14-110.

9. Yadav RK, Gupta R, Deepak KK. A pilot study on short term 13. heart rate variability & its
correlation with disease activity in Indian patients with rheumatoid arthritis. Indian J Med Res.
2012;136:593-8.

10. Akinlade OM, Owoyele BV, Soladoye OA. Heart rate variability indices, biomarkers, and cardiac
nerve density: Independent surrogate markers for diagnosis of diabetic cardiac autonomic
neuropathy in type 2 diabetes mellitus animal model. International Journal of Health Sciences. 2020
Nov;14(6):24.

11. Del Rincon ID, Williams K, Stern MP, Freeman GL, Escalantel7. A. High incidence of
cardiovascular events in a rheumatoid arthritis cohort not explained by traditional cardiac risk
factors. Arthritis Rheum. 2001;44:2737-45.

12. Edmonds ME, Jones TC, Saunders WA, Sturrock RD. Autonomic neuropathy in Rheumatoid
Arthritis. BMJ. 1979;2:173-175.

13. Kuriy B, Cheng CK, Chen HM, Bykert VVP. Validation of a prediction rule for development of
rheumatoid arthritis in patients with early undifferentiated arthritis. ANN rheum Dis. 2009;68:14-82.

14. Dubiel-Braszczok B, Nowak K, Owczarek A, Engelmann M, Gumkowska-Sroka O, Kotyla PJ.
Differential Impact of Biologic Therapy on Heart Function Biomarkers in Rheumatoid Arthritis
Patients: Observational Study on Etanercept, Adalimumab, and Tocilizumab. Current
Pharmaceutical Design. 2022 Jul;28(24):2029-37.

15. Richardson C, EMERY/; Laboratory markers of disease activity. J Rheumatol. 1996;23(44):23-30.

16. Wolfe F. The C-reactive protein but not erythrocyte sedimentation rate is associated with clinical
severity in patients with osteoarthritis of the knee or hip. J Rheumatol. 1997;24:1486-8.

17. Rantappa-Dalquist S, De Jong BAW, Berglin E, Hallmans G, Wallell G, Stenlund H, et al.
Antibodies against cyclic citrullinated peptide and IgA rheumatoid factor predict the development of
rheumatoid arthritis. Arthritis Rheum. 2003;48:2741-9.

18. Van Doornum S, McColl G, Wicks IP. Accelerated atherosclerosis: an extraarticular feature of
rheumatoid arthritis? Arthritis Rheum. 2002;46:862-73.

19. Farr M, Wainwright A, Salmon M, Hollywell CA, Bacon PA. Platelets in the synovial fluid of
patients with rheumatoid arthritis. Rheumatol. Int. 1984;4:13-7.

20. Endresen GK. Investigation of blood platelets in synovial fluid from patients with rheumatoid
arthritis. Scand J Rheumatol. 1981;10:204-8.

21. Schmitt-Sody M, Metz P, Gottschalk O, Birkenmaier C, Zysk S, Veihelmann A, et al. Platelet P-
selectin is significantly involved in leukocyte-endothelial cell interaction in murine antigen-induced
arthritis. Platelets. 2007;18:365-72.

22. Huang ZS, Jengj S, Wang CH, Yip PK, Wu TH, Lee TK. Correlations between peripheral
differential leukocyte counts and carotid atherosclerosis in non-smokers. Atherosclerosis.

302



23.

24,

25.

26.

Journal of Cardiovascular Disease Research

ISSN:0975 -3583,0976-2833 VOL14, ISSUE 12, 2023

2001;1258:431-6.

Leden I, Erikson A, Lilja B, Sturfelt G, Sundkvist G. Autonomic Nervous function in Rheumatoid
arthritis of varying severity. Scand J Rhematol. 1983;12(2):166-170.

Evrengul H, Dursunoglu D, Cobankara V, Polat B, Seleci D, Kabukcu S, et al. Heart rate variability
in patients with rheumatoid arthritis. Rheumatol. Int. 2004;24:198-202.

Sandhu V, Allen SC. The effects of age, seropositivity and disease duration on autonomic
cardiovascular reflexes in patients with Rheumatoid Arthritis. Int J Clin. Pract. 2004;58(8):740-745.
Boultry N, Do Carmpoccm, Flipo RM, Cotton A. Early rheumatoid arthritis and its differentiation
from other joint abnormalities. Eur. J Radial. 2009;71:217-24.

303



