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Background: Hyperactive heart fire syndrome is characterized by anxiety, insomnia,
dream-disturbed sleep, tongue ulcers, heat in the hands, and palpitations. However,
syndrome differentiation is often subjective due to a lack of objective, quantifiable
variables.
Objectives: To identify changes in heart rate variability (HRV) and psychometric analysis
in patients with hyperactive heart fire syndrome.
Methods: Healthy controls (n = 33) were compared to patients with hyperactive heart
fire syndrome (n = 48) from the Integrative University Clinic of the State University of
Ecatepec Valley (CIU-UNEVE). Physiological outcome measures included heart rate
(HR), the standard deviation of the normal-to-normal heartbeat intervals (SDNN), low (LF)
and high frequency (HF) power, and the LF/HF ratio. Psychometric outcome measures
included the Athens Insomnia Scale (AIS) and the Hamilton Anxiety Rating Scale (HARS).
Results: Compared to controls, hyperactive heart fire patients had higher HR (9.6 ±
2.62%), LF (22 ± 4.21%) and LF/HF ratio (23 ± 3.14%), and lower SDNN (21 ± 2.33%)
and HF (18 ± 4.61%). Patients showed increased anxiety, both with somatic (33 ± 11.2%)
and psychic symptoms (39 ± 10.5%) with more difficulty falling asleep (47 ± 9.9%) and
diurnal impact of sleep (31 ± 9.6%).
Conclusion: Hyperactive heart fire patients may have a sympathovagal imbalance due to
a reduced parasympathetic tone and/or adominant sympathetic tone, which may be at the
origin of the observed symptoms of insomnia and anxiety.
Keywords: Hyperactive heart fire syndrome, Heart rate variability, Anxiety, Insomnia,
Palpitations

INTRODUCTION
Traditional Chinese Medicine (TCM) is an ancient
healthcare system, with applicability to several diseases, with
both preventive and curative provisions [1-3]. Syndrome dif
ferentiation plays a crucial role in TCM to establish diagnoses
and decide on therapies, such as moxibustion, acupuncture,
herbs, and massage; moreover, it consolidates clinical practice
with basic theories of TCM [2,4]. Syndrome differentiation
is predominantly based on personal experience and inter
pretation of signs and symptoms by the practitioner [5,6], using
usually qualitative (not quantitative) variables [4,7,8], thus

constituting a subjective factor in TCM. There is increasing
interest in investigating the biomedical origins of these signs
and symptoms to provide a more objective interpretation
of TCM in line with evidence-based Western medicine
and systematize the relationship between specific signs and
symptoms and particular syndromes and diseases [8-10].
Within the context of TCM, hyperactive heart fire synd
rome is characterized by anxiety, insomnia, dream-disturbed
sleep, tongue ulcers, heat in the hands, and palpitations [11].
From a Western perspective, these signs and symptoms may
arise in the course of various diseases. However, different
syndromes may share a common biomedical basis in TCM [4].
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The autonomic nervous system (ANS) constitutes a part of
the peripheral nervous system that modulates spontaneous
physiological processes such as heart rate, arterial pressure,
respiration, digestion, and sexual arousal; two of its important
divisions are the sympathetic and the parasympathetic
system [12,13]. Evidence indicates that a maladaptive ANS
plays an important role in the pathophysiology of several
diseases, including inflammatory bowel disease [14], func
tional dyspepsia [15], chronic fatigue syndrome [16,17],
chronic obstructive pulmonary disease [18], kidney disease
[19], cardiovascular disease [20], hepatic diseases [21], type2 diabetes mellitus [22,23], vexation, anxiety, and insomnia
[24,25]. Heart rate variability (HRV), i.e., the spontaneous
variation of heart rate on a beat-to-beat basis, offers a noninvasive and continuous method to quantify ANS activity,
and in particular, the contributions of the sympathetic and
parasympathetic branches and the sympathovagal balance
[26-28], using statistical analysis in the time and/or frequency
domain [22,23]. HRV is shown to relate to attention regu
lation, affective information processing, physiological flexi
bility, cerebral blood flow [29,30], sleep, inflammation,
perception, and cognition [31].
In the present study, we hypothesized that the symptoms
observed in patients with hyperactive heart fire syndrome,
specifically anxiety and sleep impairment, may be related to
alterations in the ANS and/or the sympathovagal balance. We
compared HRV between controls and hyperactive heart fire
patients, applying time-domain analysis such as the standard
deviation of normal-to-normal heartbeat intervals (SDNN)
and Fourier spectral analysis, including low-frequency power
(LF), high-frequency power (HF), and the LF/HF ratio. We
also applied questionnaires to assess the level of insomnia
and anxiety, using the Athens Insomnia Scale (AIS) and the
Hamilton Anxiety Rating Scale (HARS). While focusing on
the hyperactive heart fire syndrome using HRV analysis, as
a more general objective, we also aim to demonstrate how
syndrome differentiation in TCM may be approached, using
objective and quantitative methods to unravel the underlying
physiopathological mechanisms and their biomedical origins.

MATERIALS AND METHODS
1. Ethical aspects

The research protocol was approved by the Ethics Com
mittee of the State University of Ecatepec Valley (Act. No.
008-2017), following the ethical norms of institutional and
national research committees, the Helsinki declaration (and
later amendments thereof), and customary international
ethical standards. Before the study, all participants were
briefed on the purpose and aspects of the research project and
signed informed consent.
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2. Study setting

All study settings were similar to a clinical trial that the
authors recently conducted for another TCM syndrome
(Olivera-Toro et al. [8]). The present research project was a
transverse study conducted from August 2017 to July 2018.
A survey was used to acquire data from possible participants
in the Integrative University Clinic of the State University
of Ecatepec Valley (CIU-UNEVE). A total of 33 volunteers,
including 19 (58%) women and 14 (42%) men, in the age
group 45-58 years (average of 50.3 ± 8.2 years) and 48 patients
with hyperactive heart fire syndrome, including 30 (63%)
women and 18 (38%) men, in the age group 47-66 years
(average of 61.2 ± 7.6 years) accepted to participate in the
research project. The patient population is a convenience
sample of patients with hyperactive heart fire symptoms
visiting the university hospital during the research period.
1) Inclusion criteria
An advertisement was used for enlisting participants from
the CIU-UNEVE who met the following requirements: hyper
active heart fire patients according to the Guiding Principles
of Clinical Research on Traditional Chinese Medicine [11,32]
with the following symptoms:
(1) Primary symptoms directly related to hyperactive heart
fire, such as vexation, insomnia, palpitations, and dreamdisturbed sleep.
(2) Secondary symptoms: flushed face, ulceration, and pain
in the mouth and/or tongue, rapid pulse.
(3) Diagnostic criteria: A diagnosis of hyperactive heart fire
was established in case of a red tongue in combination with 2
primary symptoms or together with 1 primary symptom and
at least 2 secondary symptoms.
Two co-authors of the present study, who were licensed
acupuncturists, identified TCM syndrome differentiation.
A questionnaire classifying different TCM symptoms was
developed to check for the inclusion criteria for hyperactive
heart fire syndrome. A physical examination was conducted
for the tongue and to read the pulse according to the
hyperactive heart fire guidelines. Syndrome differentiation
was complemented by the Athens Insomnia Scale (AIS)
and the Hamilton Anxiety Rating Scale (HARS) to evaluate
insomnia and anxiety levels in patients with hyperactive
heart fire.
2) Exclusion criteria
Indications of endocrine, severe psychiatric or psychological
disorders, diagnosis of cancer of any nature, inflammatory
diseases, such as rheumatoid arthritis, or a clinical history of
heart disease were reasons for excluding participants from the
study. Any subject on related medication (e.g., psychotropic
drugs and caffeine) was excluded. Refusal to sign informed
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consent or incapacity to complete the questionnaires led to
exclusion from the study.

3. Physiological monitoring

Heart rate variability (HRV) analysis was based on
surface electrocardiography (ECG). All recording sessions
were conducted at a similar time of the day (from 09:00 to
11:00 AM) to eliminate any possible circadian influence on
heart rate. All recordings were made at the same ambient
temperature of 25℃ in a quiet examination room. Measure
ments were taken in a seated position using an examination
chair with knee and trunk-thigh angles of 120 and 135
degrees, respectively.
1) Electrocardiographic (ECG) recordings and heart rate
variability (HRV) analysis
All participants were instructed to rest for 10 min in a
seated position before recording the ECG signal. A detailed
description of the measurement equipment, recording
procedure, and verification and cleaning of the recorded
signals can be found in the study by Olivera-Toro et al. [8].
The derived normal-to-normal (N-N) heartbeat intervals
were analyzed in the time and frequency domain using the
Kubios HRV software (version 2.2, Matlab Kuopio, Finland)
[33]. Measures from the time domain were the average heart
rate (HR) and the standard deviation of normal-to-normal
heartbeat intervals (SDNN). Indices from the spectral
analysis were low-frequency power (LF) or energy of the
Fourier power spectrum from 0.04 to 0.15 Hz, high-frequency
power (HF), or energy in the power spectrum between 0.15
and 0.40 Hz, where LF is interpreted as an estimate of activity
of the sympathetic nervous system, and HF as an estimate of
the parasympathetic system and the LF/HF ratio reflects the
sympathovagal balance [26-28].

4. Questionnaires
1) Anxiety scale
We used the validated Spanish translation of the Hamilton
Anxiety Rating Scale (HARS), which quantifies symptoms
related to anxiety and shows good test-retest reliability and
concurrent validity [34]. The scale measures psychic and
somatic anxiety, using 14 items corresponding to specific
symptoms in a range of 0 (absent) to 4 (severe). The total score
ranges from 0-56, where a result of less than 17 corresponds
to mild severity, 18-24 with mild to intermediate severity, and
25-30 with intermediate to severe. Cronbach alpha levels for
the HARS are 0.92-0.98 [35].
2) Insomnia scale
We used the validated Spanish translation of the Athens

Insomnia Scale (AIS), which quantifies a variety of insomniarelated symptoms in the form of a short self-report tool, using
a total of 8 statements, following the ICD-10 criteria [36]. Each
item of the AIS is rated on a scale of 0 (absent) to 3 (severe),
the total score ranging from 0-24. The AIS includes sleeprelated symptoms (problems with falling asleep, waking up at
night, waking up too early in the morning, sleep duration and
quality) and complaints related to daytime functioning (wellbeing, physical and mental acuity, drowsiness). The Cronbach
alpha levels for the AIS are above 0.80 [37].

5. Statistical analysis

Average values and standard deviation (SD) were calculated
for each of the HRV indices mentioned before for each study
population and expressed in percent values (%) for healthy
volunteers. Statistical significance was determined using
either a parametric Student’s t-test or a non-parametric
Wilcoxon test, depending on the characteristics of the distri
bution of the HRV indices. Demographic parameters were
compared between both groups using a Student’s t-test or
a chi-squared test. All statistical tests were performed by
blinded biostatisticians using the Graph-Pad Prism software
(version 5, San Diego Ca.), and a value of p < 0.05 was
considered statistically significant.

Table 1. Baseline data of healthy controls and patients with hyper
active heart fire
Characteristic
Demographics
Age (years)
Sex ratio (male/female)
Weight (kg)
Height (meters)
Body mass index (kg/m2)
Body fat (%)
Visceral fat (%)
Basal metabolism (Kcal)
Skeletal muscle (%)
Metabolic age (years)
Lifestyle factors
Smoking
No
Yes
Alcohol consumption
No
Yes
Physical exercise
Never or moderate
Frequently

Controls
(n = 33)

Hyperactive
heart fire
(n = 48)

50.3 ± 8.2
61.2 ± 7.6
14/19
18/30
66.5 ± 11.2
68.4 ± 9.7
1.8 ± 0.71
1.6 ± 0.9
29 ± 4.9
27 ± 5.1
45 ± 10.2
38 ± 14.1
12.1 ± 1.9
10.3 ± 4.2
1521 ± 153
1599 ± 162
27.1 ± 5.6
28.2 ± 4.9
64 ± 12.15 65.1 ± 11.9

p>
0.05

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

30 (90.9%)
3 (9.1%)

46 (95.8%)
2 (4.2%)

ns
ns

27 (81.1%)
6 (18.9%)

39 (82.6%)
9 (17.4%)

ns
ns

31 (94.1%)
2 (5.9%)

45 (93.3%)
3 (6.7%)

ns
ns

Average values ± standard deviation are shown.
ns = no significant difference between groups.
www.journal-jams.org
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RESULTS

3. Questionnaires

1. Participant characteristics

Table 1 shows the general characteristics of the 2 study
groups. A total of 81 participants (33 healthy volunteers and
48 patients) were diagnosed with hyperactive heart fire. We
detected no significant differences for any of the charac
teristics included in Table 1.

1) Anxiety scale
Fig. 2 and Table 3 show the results for the HARS. Both
somatic (panel A) and mental symptoms of anxiety (panel B)
were significantly larger in patients with hyperactive heart
fire for healthy volunteers.

2. HRV analysis

Fig. 1 and Table 2 show the results for HRV indices for the 2
study populations. In the time domain, we found that HR was
significantly higher in patients with hyperactive heart fire
than in healthy volunteers (panel A), whereas SDNN showed
a significant decrease (panel B). In the frequency domain, we
found an increase in LF (panel C) and LF/HF (panel E) and
a decrease in HF (panel D), and these differences were also
significant.

Table 2. Summary of HRV analysis results of patients with hyper
active heart fire syndrome
Parameter

Controls (n = 33)

Hyperactive heart
fire (n = 48)

p

HR
SDNN (ms)
LF
HF
LF/HF

61 ± 3.5
63 ± 9.4
808 ± 103
1020 ± 127
1.1 ± 0.2

68 ± 4.2*
49 ± 6.6**
1129 ± 95.9**
867 ± 91.5**
1.4 ± 0.4**

0.016
0.001
0.003
0.001
0.002

Mean values (± SE) for the parameter of each group.
HRV = Heart Rate Variability.
*p < 0.05 vs. controls. **p < 0.01 vs. controls.
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0
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0
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E
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Hyperactive
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Hyperactive
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Fig. 1. Average heart rate (HR) and heart rate variability (HRV) parameters in healthy volunteers (n = 33) and patients with hyperactive heart
fire syndrome (n = 48) are shown as average values ± standard deviation (SD). (A) Average heart rate (HR). (B) Standard deviation of normalto-normal heartbeat intervals (SDNN). (C) Low-frequency power (LF). (D) High-frequency power (HF). (E) LF/HF ratio. Bars indicate **p < 0.01,
*p < 0.05.
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2) Insomnia scale
Fig. 3 and Table 3 show the results for the AIS. Both sleeprelated symptoms (panel A) and complaints related to
daytime functioning (panel B) were significantly higher in
patients with hyperactive heart fire for healthy volunteers.

DISCUSSION
1. Autonomous nervous system and heart rate
variability (HRV)

The present study used HRV as a non-invasive physio
logical measure to evaluate (for the first time) the state of the
autonomous nervous system in patients with hyperactive
heart fire. The patients showed a significantly larger HR
and LF and a significantly lower SDNN, thus indicating an
increased dominance of the sympathetic nervous system
in healthy volunteers. However, HF showed a significant
decrease, indicating a less active parasympathetic nervous
system. The LF/HF ratio was significantly higher in
patients than in healthy volunteers, suggesting an increased
sympathetic and/or decreased parasympathetic activity.
Therefore, it seems reasonable to infer that hyperactive heart
fire syndrome is related to an altered sympathovagal balance.

B

150

**
Somatic symptoms
% of control

Pyschic symptoms
% of control

A

100

50

0

Table 3. Summary of psychometric analysis results of patients with
hyperactive heart fire syndrome
Scale
Hamilton anxiety rating scale
Psychic symptom
Somatic symptoms
Athens insomnia scale
Difficulty of nighttime
sleep
Daytime impact

**
150

100

50

0

100

Hyperactive
heart fire

p

100 ± 8.2% 133 ± 11.2%* 0.024
100 ± 9.1% 139 ± 10.5%** 0.001
100 ± 7.9% 147 ± 9.9%**

0.001

100 ± 8.4% 131 ± 9.6%**

0.002

Hyperactive
heart fire

Fig. 2. Hamilton Anxiety Rating
Scale (HARS) in healthy volunteers (n
= 33) and patients with hyperactive
heart fire syndrome (n = 48). (A)
Psychic symptom, (B) Somatic
symptoms. Shown are normalized
values indicating the average and
standard deviation (SD) expressed
as a percentage (%) for healthy
volunteers. Bars indicate **p < 0.01.

Hyperactive
heart fire

Fig. 3. Athens Insomnia Scale (AIS)
in healthy volunteers (n = 33) and
the patient group with hyperactive
heart fire (n = 48). (A) Difficulty
of nighttime sleep, (B) daytime
impact. Shown are normalized
values indicating the average and
standard deviation (SD) expressed
as a percentage (%) for healthy
volunteers. Bars indicate **p < 0.01.

50

150

**

100

50

0
Controls

Hyperactive
heart fire
(n = 48)

**

Controls

B

200

Controls
(n = 33)

Normalized values indicating the average and standard deviation
(SD) expressed as a percentage (%) for healthy volunteers.
*p < 0.05 vs. controls. **p < 0.01 vs. controls.

150

Hyperactive
heart fire

Diurnal impact of the sleep
% of control

Difficulty falling asleep
% of control

Anxiety disorders are among the most prevalent and
the most costly psychiatric conditions [38]. Anxiety can be
interpreted as a reduced capacity to inhibit cognitive (e.g.,
apprehension, vigilance, and worry), affective (e.g., panic),
behavioral (e.g., avoidance), and physiological (e.g., increased
HR) responses [39]. Anxiety disorders are also related to
reduced vagal outf low and decreased HRV [39]. In the
present study, patients with hyperactive heart fire showed

0
Controls

A

2. Anxiety

Controls
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a significant increase in anxiety levels in combination with
a higher HR and a lower HRV (reduced SDNN) for healthy
volunteers.

3. Insomnia

Insomnia is the most frequent sleep complaint, with 9-15%
of the world population affected by nighttime symptoms and
their daytime consequences [24]. Various aspects of sleep are
related to the functioning of the autonomic nervous system,
including subjective sleep quality, sleep latency, and the use
of sleep medication [24,25]. Specifically, studies show that
decreased sleep quality corresponds to increased sympathetic
activity and lower HRV, although it is unclear whether
problems with sleep are the cause or the result of increased
sympathetic activation [25]. In the present study, for healthy
volunteers, we observed that hyperactive heart fire patients
showed significantly more alterations in nighttime sleep and
daytime consequences in combination with a reduced HRV
(lower SDNN) and evidence for an increased sympathetic
tone and/or a decreased parasympathetic tone.

4. HRV as a biological marker in hyperactive heart
fire and other TCM syndromes

In Traditional Chinese Medicine (TCM), a syndrome
may imply both physical and mental symptoms. The
pathophysiologic alterations in hyperactive heart fire are
associated with fire hyperactivity and impairment of heart
yang qi and its heating and driving functions, including
blood circulation and “Shen,” usually translated as “spirit”
or “mind.” Such hyperactivity produces anxiety, insomnia,
palpitations, dream-disturbed sleep, tongue ulcers, and heat
in the hands [11]. From the perspective of Western medicine,
heart rate variability (HRV) may also be relevant for physical
and psychological well-being. Studies show that HRV is
reduced in diabetes [22,23] and obesity [30], concentration
problems, emotional dysregulation [40], depression [41],
anxiety, and sleep impairment [24,25].
Evidence shows that a common denominator may exist in
the pathogenesis of specific diseases. ANS impairment may
be a common denominator that decreases the capacity for
adaptation to perturbations and challenges from the external
environment and the maintenance of a stable internal
environment, as evidenced by HRV [29,30] and variability
of other important physiological variables, such as blood
pressure, body temperature, and physical activity [42-45].
In a recent publication, we found evidence for an altered
ANS in another TCM syndrome, the Spleen-Qi Deficiency
Syndrome (SQDS), with a similar higher HR, reduced
HRV (lower SDNN), increased LF and LF/HF, and a lower
HF, possibly due to an increased sympathetic tone and/
or decreased parasympathetic tone, and also producing
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alterations in intestinal peristalsis, gastrointestinal symptoms,
fatigue, with a decrease in attention [8].
At first sight, it may seem counterintuitive that we found
similar results for HRV in a hyperactivity and deficiency
syndrome, in particular for SDNN, LF, HF, and LF/HF.
However, from a control theory perspective, the heart is an
effector organ, and heart rate plays the role of a “regulating
variable” to maintain the corresponding “regulated variable”
of blood pressure as close as possible to its set point of 120/80
mmHg [46]. The function of heart rate variability is to
adapt to or absorb external and internal perturbations and
maintain constant blood pressure. Therefore, HRV may be
higher and blood pressure variability (BPV) lower in health.
However, in adverse conditions of aging and/or disease, HRV
is decreased (loss of adaptive capacity), and consequently,
BPV may increase (loss of Claude Bernard’s constant “milieu
intérieur” or internal environment) [43]. Therefore, global
HRV measures such as SDNN may decrease in hyperactivity
and deficiency syndromes.
In the decomposition of HRV variability in LF and HF,
the majority of adverse health conditions are associated
with increased LF, decreased HF, and/or increased LF/
HF, including various cardiovascular pathologies, such as
hypertension, congestive heart failure, mitral valve prolapse,
and cardiomyopathy [26], diabetes [47], fibromyalgia [48],
chronic fatigue [49], both hyper and hypothyroidism
[50], aging [51], and stress, panic, anxiety, or worry [27].
Reports show that only a few diseases are correlated with a
decreased LF and increased HF and/or decreased LF/HF,
such as scleroderma [52] and asthma [53]. This finding may
be explained as follows. Intrinsic heart rate, i.e., heart rate
without autonomic modulation, is about 100 bpm in the
healthy adult, higher in newborns, and decreases with age.
The parasympathetic nervous system is active in “rest and
digest” conditions, lowering the average heart rate to about
60 bpm. Vagolysis or parasympathetic inhibition is the first
adaptive response to a stressor (e.g., standing up from a seated
or lying position) that increases heart rate to compensate
for the drop in blood pressure due to orthostatic challenge.
It has the advantage of being an immediate response and
does not cost any additional energy because it corresponds
to “switching off” that particular branch of the autonomous
nervous system. Apart from inhibiting the parasympathetic
nervous system, the “fight and fight” challenge involves
sympathetic nervous system activation, increasing heart rate
to values above 100 bpm. The dynamic range of heart rate,
i.e., the minimum and maximum heart rate achievable by
parasympathetic nervous system or sympathetic nervous
system activation, decreases with age and is aggravated
by sedentarism and suboptimal physical conditions (Fig.
4). In these cases, vagolysis may not offer a sufficient first-
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HR (bpm)

Sympathetic
acceleration
Intrinsic
HR

Dynamic
range
Parasympathetic
deceleration
HR young, healthy

HRV old, disease

Age

Fig. 4. Average heart rate (HR) and heart rate variability (HRV) as a
function of age.

line response to stressors, and sympathetic nervous system
activation may compensate for minimal physical efforts such
as standing up or walking, corresponding to an increased
average heart rate, a decrease in SDNN and HF, and an
increase in LF and LF/HF. We assume that something
similar will be observed in most chronic-degenerative
diseases imposing chronic stress and seems to be the case
for TCM deficiency and excess syndromes discussed here.
Contrarily, few diseases seem to result from the incapacity of
the parasympathetic nervous system to decrease its activity
(e.g., asthma with excessive constriction of the bronchioles).
Cytokine production by the immune system plays an
important role in pathophysiological processes. Increased
expression of pro-inflammatory cytokines can lead to tissue
injury and damage, as is evident in chronic inflammatory
diseases, such as inflammatory bowel disease, rheumatoid
arthritis, and atherosclerosis [54]. Furthermore, subclinical
inflammation, such as low-grade systemic inflammation, is
associated with diabetes, gut dysbiosis, colitis, gastrointestinal
impairment, cardiovascular disease, obesity, anxiety,
insomnia, and psychiatric disorders [54,55], such that inflam
matory markers are significant predictors of mortality in
older adults [56].
Several clinical or preclinical studies have shown that
HRV is inversely correlated with biomarkers of systemic
inflammation and subclinical inflammation in healthy indi
viduals and those with diseases [57,58]. Specifically, decreased
HRV correlates with elevations in circulating C-reactive
proteins (CRP), interleukin (IL)-6, and fibrinogen in healthy
individuals [57,58]. Moreover, increased heart rate and
reduced heart rate variability are associated with subclinical
inflammation in healthy middle-aged and elderly subjects
[59]. It has also been proposed that HRV may be (in some
cases) a potential predictor for subsequent problems and/or
an index of disease progression.
Evidence shows that vagal tone is central to regulating
several allostatic systems, such as the cardiovascular system,

glucose regulation, the hypothalamic-pituitary-adrenal axis
function, and inflammatory processes [60,61]. The central
nervous system can decrease cytokine production via vagal
nerve activity [62,63]. Therefore, it is biologically plausible
that an altered autonomic balance can trigger low-grade
inflammation, gradually leading to loss of adaptive capacity
and symptoms associated with hyperactive heart fire as
palpitations, anxiety, and insomnia.
The brain can affect the community structure and func
tion of the gut microbiota through the vagus nerve of the
autonomous nervous system by modulating regional gut
motility, intestinal transit and secretion, gut permeability,
and potentially through the luminal secretion of hormones
that directly modulate microbial gene expression. Con
sequently, decreased vagus nerve activity may also be
associated with spleen-deficiency syndrome symptoms, such
as gastrointestinal impairment, immune alterations, fatigue,
poor memory, and reduced concentration [8].
Furthermore, factors associated with spleen qi deficiency
syndrome and low-grade inflammation correlated with a
poor diet also constitute risk factors for dysbiosis, leading
to anxiety and insomnia through bidirectional interactions
within the gut-microbiome-immune-brain axis. Moreover,
mental stress also leads to gastrointestinal alterations via the
brain-gut-microbiome axis [64]. Thus, different deficiency
and excess syndromes in TCM may be characterized by
common denominators, such as low HRV and similar im
pairment of the sympathetic-vagal balance, although it is
unknown what originates first (Fig. 5). It is feasible that lowgrade systemic inflammation, as evidenced by low HRV, also
contributes to deficiency or excess syndromes in TCM, but
further studies are necessary to test this hypothesis.

5. Relationship between meridians, acupuncture
treatment, and heart rate variability

As previously shown, HRV is a non-invasive physiological
measure to evaluate the state of the autonomous nervous
system. The present study on hyperactive heart fire syndrome
and our previous contribution on the spleen-qi deficiency
syndrome [8] discussed the role of HRV as an objective and
quantitative tool for syndrome differentiation. Most resear
chers agree that acupuncture modulates the autonomic
nervous system. Accumulating evidence shows that HRV
may also be used to evaluate the effects of acupuncture (Fig. 6)
in health and pathological conditions [65].
After electroacupuncture stimulation at the Taichong (LR3)
acupoint, heart rate slowed down, and the spectral power
density of HRV increased [66]. Acupuncture at the bladder
meridian [Dachangshu (BL25), Zhibian (BL54)], gallbladder
meridian [Huantiao (GB30), Fengshi (GB31), Yanglingquan
(GB34), Xuanzhong (GB39)], and liver meridian [Taichong
www.journal-jams.org
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Symptoms of excess
(hyperactive heart fire)
Vexation, insomnia,
palpitations and dreamdisturbed sleep

Impairment of sympathetic-vegal
balance

Reduce heart rate
variability;
Loss of adaptive
capacity (a possible
common denominator
between Chinese
syndrome)

Low-grade systemic
inflammation in Chinese
syndrome?

Symptoms of deficiency
(spleen qi deficiency)

Fig. 5. Hypothetical explanation
of the changes in the heart rate
variability (HRV) and sympatheticvagal balance in hyperactive
heart fire syndrome and spleen qi
deficiency syndrome.

Post-pandrial bloating, fatigue,
gastrointestinal impairment, reduced
peristalsis, constirpation, poor
concentration

Pericardium
Heart
Liver
Gallbladder
Stomach
Kidney

Heart rate variability

Increase heart rate variability;
Improvement sympathovagal
balance;
Recovery of adaptive
capacity through summative
effect of acupuncture
stimulation

Fig. 6. Summary of some acupunc
ture meridians that show effects
on heart rate variability (HRV). It is
proposed that a summative effect
by the stimulation of acupuncture
points produced recovery of adaptive
capacity of the organism through the
modulation of the sympathetic-vagal
balance.

(LR3)] improve the balance of the ANS in patients during
lumbosacral acupuncture treatment [67]. Additional research
has evaluated the effect on HRV parameters of needling
at specific acupoints located at the pericardium meridian
[Neiguan (PC6)] [68,69], heart meridian [Sobu (HT8)]
[70], bladder meridian [Shenmai (BL62)], kidney meridian
[Zhaohai (KI6)] [71], and liver meridian [72].
Researchers propose that some acupoints and meridians
may have stronger inf luences on HRV than others. In
this way, Sung [73] investigated the effect of stimulation
144

www.journal-jams.org

of acupoints at different meridians along the arm and leg
on the heart rate. The acupoint Quze (PC3), located in the
pericardium meridian along the arm, increased SDNN, but
there was little change at acupoint Ququan (LR8) [73]. Also,
Shaofu (HT8), an acupoint located in the heart meridian
along the arm, decreased sympathetic activity and increased
parasympathetic nervous activity [70].
Another study found significant changes in HRV para
meters in relaxed and stressed conditions after stimulation
of acupoints located in arms [Shenmen (HT7), Neiguan
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PC6, Hegu (LI4)] and legs [Taichong (LR3), Zusanli (ST36)]
[74]. SDNN was significantly increased after acupuncture
stimulation at normal times, whereas LF/HF ratio and
LFnorm were significantly decreased, and HFnorm showed
a significant increase after acupuncture stimulation at a
term of examination stress in students [74]. Studies showed
that an acupoint located in the stomach meridian at the
lower extremities, Zusanli (ST36), enhanced the gastric
myoelectrical activity and accelerated gastric emptying
through the vagal pathway [75]. Acupuncture applied to
Shenmai (BL62) induced significant changes in SDNN, while
stimulation of Zhaohai (KI6) and sham acupuncture applied
to non-acupoints did not induce any significant changes in
SDNN [76].
Other studies showed that acupuncture applied during
resting states in healthy subjects reduced vagal tone or did not
modify the sympathovagal balance. Acupuncture attenuated
sympathoexcitation under stress or in subjects with abnormal
sympathoexcitation [77,78].
Thus, the specificity of acupoints and meridians in HRV
remains unclear due to multiple factors such as single or com
bination acupuncture stimulation, the number of rotations,
the acupuncture point as a dynamic process, physiological
states, including negative expectations such as anxiety and
stress states generated during the acupuncture intervention,
including “DeQi” responses [71,79,80]. Therefore, further
studies are necessary to clarify the specificity of acupoints
and meridians in HRV.

CONCLUSIONS
Hyperactive heart fire syndrome may be related to a sym
pathovagal imbalance with low vagal tone and/or increased
sympathetic tone, producing anxiety and insomnia. HRV
may be used as a biomarker in syndrome differentiation of
hyperactive heart fire and other TCM syndromes.
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