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Just over 20 years ago, heart rate vari-
ability (HRV) analysis, was introduced
to rheumatologists as a tool to assess
autonomic nervous system (ANS)
stress state (1). For much longer, pa-
tients in this field have voiced concern
that stress flared their disease activity,
contributed to impaired therapeutic re-
sponses, and may have even contrib-
uted to disease onset. Today, HRV has
advanced in software, hardware, and
applications to potentially offer a para-
digm shift to integrate ANS stress state
as a meaningful personalised, precision
medicine component to achieve supe-
rior rheumatology care.

Heart rate variability analysis

Long before it was standardised by the
Task Force of The European Society of
Cardiology and The North American
Society of Pacing and Electrophysiol-
ogy (2), HRV was a tool primarily used
by cardiologists to measure ANS state
as a risk factor for cardiovascular dis-
ease outcomes. It is based on the cor-
relation of ANS state with respiratory
sinus arrythmia.

With inhalation, chest pressure falls
to draw in air. Simultaneously, this re-
duced chest cavity pressure causes slight
expansion of the ascending aorta. Local
baroreceptors sense a relative reduction
in blood pressure and signal the brain
(through the ANS) to increase pulse rate.
With exhalation, the reverse occurs.
Consequently, respiratory sinus arryth-
mia leads to ‘variability’ on an electro-
cardiogram (ECG) rhythm strip with
accelerating and decelerating heart
rate. Of particular importance, this phe-
nomenon attributed to respiratory sinus
arrythmia is gradually abolished with
increasing sympathetic activity. Hence,
HRYV has become an indirect measure
of ANS state modulated peripherally
by the central brain and brainstem.

HRYV outputs validated in 1996 include
time and frequency domain calcula-
tions based on ECG rhythm strips as
brief as 5-minutes. The simplest time
domain output is the standard deviation
(SD) of all beat-to-beat time distances
(called N-N) as SDNN. This basic sta-
tistical calculation has been extended
to include a cornucopia of additional
outputs, including standard deviation
of the standard deviation (SDSD), the
root mean square of the standard devia-
tion (RMSSD), and many more math-
ematical calculations (3).

Fast Fourier Transform of the data al-
lows HRV frequency domain analysis
which is reported as high frequency
(HF), low frequency (LF) and very
low frequency (VLF) and Total Power
(HF+LF+LVF). HF (0.15-04 Hz) is
overwhelmingly related to respiratory
sinus arrhythmia and is considered a
parasympathetic surrogate. LF (0.04—
0.15 Hz) reflects mixed parasympa-
thetic and sympathetic impact and VLF
(0.003-0.04 Hz) remains controversial,
although some authors suggest it re-
flects thermoregulation in response to
ambient temperature changes (2).

A poignant limitation of classic HRV
is lack of a specific measure for sym-
pathetic state. While HF is accepted
as a reflection of parasympathetic ac-
tivity, LF is a mix and not reflective
of pure sympathetic neuromodulation.
In order to cope, many consider sym-
pathetic activity as the inverse of HF,
but while these two functions compete
continuously for predominance and
are inversely correlative, they are not
perfectly inversely correlative. As an
alternative, many authors rely on LF/
HF as an indicator of ANS balance. (2).

Clinical application

In 1998, HRV demonstrated discrimi-
nation between patients with fibromy-
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algia (FM) and age-matched controls
(1). Between midnight and 4 am, pa-
tients with FM exhibited higher levels
of sympathetic activity. Others cor-
roborated this reporting (4), which re-
sulted in a paradigm shift in the FM
perspective among many researchers.
Regardless of the pathophysiology to
be eventually proposed, dysautonomic,
hyper-sympathetic state would have to
be reconciled in the pathophysiology
of FM.

Advanced non-linear HRV analysis
brought to light additional information
on FM dysautonomia that was not evi-
dent using traditional linear HRV math-
ematical calculations. When compared
to matched healthy controls, women
suffering from FM have decreased mul-
tifractality in heart-beat time-series,
unveiling deranged ANS resilience.
In addition to decreased non-linearity,
FM patients presented stronger anticor-
relation in heart-beat directionality. In
other words, women suffering from FM
lose the healthy heart-beat harmonious
swaying, potentially explaining the de-
velopment of chronic fatigue (4).

It should be acknowledged that most
rheumatologic research associating
HRV parameters with symptoms have
been cross-sectional in nature. Never-
theless, there are several longitudinal
investigations in FM looking at non-
drug therapy effect on symptoms and
on HRV modification. In some of these
studies, clinical improvement corre-
lated with HRV changes. Tai Chi train-
ing (5), aerobic exercise (6), resistance
exercise (7), or hydrotherapy (8) led
to improved HRV parameters accom-
panied by decreased FM symptoms.
Other prospective studies on FM have
not found such correlation (9). Clearly,
more research is needed in this area.

In 2000, Elenkov et al. published a
compelling review with over 400 ref-
erences for the connection between
two “Super Systems”’(10): the im-
mune system and mutually direct and
indirect wiring with the ANS. Exam-
ples include non-synaptic autonomic-
sympathetic innervation of lymphoid
organs, expression of adrenoreceptors
on lymphoid cells, sympathetic control
of lymphocyte traffic, catecholamine
modulation of cellular and humoral
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immunity, and lymphocyte prolifera-
tion and maturation.

In 2002, Tracey presented the Cholin-
ergic Anti-inflammatory Reflex (11) as
an essential mechanism by which the
parasympathetic vagus nerve modu-
lates inflammation. The vagus is com-
prised of afferent (25%) and efferent
(75%) fibres to monitor and attenuate
systemic inflammation, respectively.
Vagus nerve stimulation was eventually
proposed as a potential complementary
pathway to reduce inflammation with
and without accompanying immuno-
suppression (12). In rheumatoid arthri-
tis (RA), vagus nerve stimulation was
reported to significantly reduce disease
activity as well as reduce inflammatory
cytokines (13).

Obstructive sleep apnea is also a well-
documented sympathetic arousal ill-
ness leading to cardiovascular disease
mortality. Effective treatment with
continuous positive airway pressure
(CPAP) reduces this dysautonomic risk
of cardiovascular mortality and can be
quantified with HRV. Shimizu reported
a 54% prevalence of obstructive ap-
nea among 94 predominantly Japanese
women (85%) with RA (14). A subset
of 7 patients with an apnea-hypopnea
index >20 was treated with CPAP, with-
out altering immunosuppressive thera-
py. Treatment of co-morbid obstructive
sleep apnea in patients with RA re-
sulted in a 35% decrease in joint count
and C-reactive protein over 5 months.
Deep breathing exercises to increase
parasympathetic tone have also been
proposed to improve management of
RA and systemic lupus erythematosus
(SLE) (15).

HRYV has generally been used to assess
the deleterious impact of an autoim-
mune disease on ANS function. In-
versely, classic HRV has also been used
to predict clinical course and has cor-
related with RA disease activity (16).
In SLE, Thanou reported that HRV cor-
related with SLE flare and inflamma-
tory cytokine levels (interferon, tumour
necrosis factor-a) (17). In a case-con-
trolled study of ankylosing spondylitis,
a sympathetic predominant ANS profile
by HRV correlated with the presence
of peripheral joint disease, uveitis, and
higher inflammatory markers, while

BASDAI, BASFI and BAS-G did not
(18).

Finally, Koopman evaluated patients
at risk for developing RA, including
family history, laboratory parameters
and arthralgias without arthritis. After
30.7 months, 14 of 45 (31%) developed
RA. A novel risk factor identified was
ANS profile demonstrated by increased
resting heart rate (hazard ratio 1.098:
95% CI 1.012-1.191, p=0.025) and
decreased parasympathetic activity by
HRV (19).

Next-gen HRV

Specific measures of sympathetic tone
were not available in the 1996 time or
frequency domain HRV analyses (2).
Next-generation HRV incorporates a
solution proposed by RM Bayevsky as
‘Sympathetic’, ‘Parasympathetic’ and
‘Bayevsky’s Tension index’ outputs
(20). Building on the basis of Fast Fou-
rier Transform analysis and frequency
domain calculations, these HRV out-
puts were developed independently in
Russia and the former Soviet Union
over many decades. Until recently, ac-
cess to this technology was restricted to
its use to enhance professional athletic
and US Special Forces training. This
new HRV is also supported by supe-
rior, precision location of the heartbeat.
Hospital-grade ECG sample the ECG
200-330 times per second (Hz). Next-
gen HRV samples the ECG at 8000 Hz
to reduce error in beat isolation and
measuring the time between beats. The
QRS complex is 70—100 ms (millisec-
onds). Current standard 200-330 Hz
ECG can add 2 ms of error to classic
1996 standard HRV (21).

While most clinicians and patients ac-
cept that ANS stress drives the activ-
ity of autoimmune and other diseases,
most HRV studies have generated cor-
relative rather than causal evidence.
An exception is a prospective, 52-wk,
double-blind study of patients with RA
and psoriatic arthritis initiating tumour
necrosis inhibition (TNFi). Bayevs-
ky’s outputs on day O correlated bet-
ter with ACR20/50/70 than did 1996
HRV (22). Those subjects in the high-
est parasympathetic quartile achieved
52-wk  ACR20/50/70 outcomes of
100%/88%/65%, respectively, while
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Rhythmogram
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Fig. 1. A rhythmogram plots time between heart beats (y-axis) against time (x-axis ).
Top: Prominent HRV reflecting high parasympathetic/low sympathetic state and active respiratory sinus arrythmia.
Bottom: blunted HRV reflecting low parasympathetic/high sympathetic state.
Data obtain with permission from Omegawave Oy, Espoo, Finland.

those in the lowest parasympathetic
quartile achieved 52-wk ACR20/50/70
outcomes of 40%/12%/0%, respective-
ly. For ACR70 at 52 weeks, receiver
operating characteristic area under the
curve (ROC-AUC) for Bayevsky’s
‘parasympathetic’ and ‘tension index’
were 0.926 and 0.918, respectively. To-
tal power and other 1996 HRV outputs,
while statistically significant, lagged.
Also, the previously noted application
of vagus nerve stimulation to reduce
in RA activity was evaluated in a ran-
domised, prospective, double-blind
trial (13). Nevertheless, additional lon-
gitudinal studies will be needed to de-
termine whether these reports herald a
correlative or determinative concept.

A future for immuno-autonomics?
Many efforts are currently underway —
with vagus nerve stimulation, next-gen
HRYV, small molecule parasympathetic
agonists, including a7-nicotinic acetyl-
choline receptor agonists — to mitigate
how ANS stress state appears to drive
RA, and perhaps other autoimmune dis-
eases, to excess. This link between the
immune system and the ANS, recently
described as immuno-autonomics (23),
may offer a novel opportunity to im-
prove outcomes through complemen-
tary mitigation of adverse ANS stress
state profile.

The Holy Grail of choosing the best
treatment for the individual patients
remains important, including stratifica-
tion of TNFi efficacy (24). However,
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such efforts may also be potentially en-
hanced by reducing how adverse ANS
state drives immune activity. Additional
applications, already widely considered
in cardiovascular disease, are also be-
ing tested in immuno-oncology, COV-
ID-19 cytokine storm and post-acute
sequelae of COVID-19 (PASC).

The future of medicine is, by defini-
tion, uncertain, and innovation comes
often from unexpected sources. From
oncologists, rheumatologists appropri-
ated methotrexate, and now, we have
our own immunosuppressants. From
cardiologists, rheumatologists may
next soon appropriate HRV. Only time
and thoughtful, rigorous research will
determine what may come of it.
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