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ABSTRACT

Background. Heart rate variability (HRV) is a measure of the interplay between sympathetic and
parasympathetic influences on heart rate. Higher HRV is usually associated with relaxation and
health benefits, lower HRV with stress/pathology. HRV is used increasingly in acupuncture research.
Electroacupuncture (EA) and transcutaneous electrical acupoint stimulation (TEAS) are frequently
used modalities, variants of manual acupuncture (MA). This is the fourth of a series of conference
posters from a study investigating the effects of EA and TEAS on HRV and the EEG
(electroencephalograph).

Objectives. To assess how treatment factors — particularly stimulation frequency (Hz) — contribute to
changes in HRV.

Methods. Three small pilot studies were conducted. All intervention and monitoring ‘segments’
lasted for 5 minutes. In Pilot 1 (N=7, 12 visits in all), 5-minute electrocardiograph (ECG) monitoring
followed each intervention segment. In Pilot 2 (N=12, 48 visits) & Pilot 3 (N=4, 16 visits), 5-minute
monitoring and stimulation were concurrent; ECG and then photoplethysmography (PPG) were
used, and HRV (or pulse rate variability, PRG) derived from raw interbeat interval data following
standard procedures, including artefact processing. Stimulation was at different combinations of the
acupoints LI4 and ST36, and at either 2.5 Hz or 10 Hz. Eight HRV/PRV measures were selected for
analysis. For each factor, numbers of significant differences in these measures were counted (N),
and normalised percentage differences calculated (Diff%). In addition, coefficient of variance (CV),
Cohen’s d (effect size) and correlation ratio eta (n) were computed for the differences in measures
induced by the various factors.

Results. Several methods of assessing differences suggested a small, non-significant difference in
HRV measures in favour of 2.5 Hz. However, most of these could be explained by intrinsic variation
(CV) of the measures rather than as a specific effect of stimulation frequency.

Further analysis. There were highly significant correlations between N, Diff%, d and n for the
treatment factor comparisons made (e.g. stimulation frequency, amplitude, location, visit,
participant and baseline values of five main HRV measures). The sum of n? for all factors considered
was 0.678, suggesting that >2/3 of factors responsible for variance in outcomes were identified. This
variance was mostly dependent on differences among participants, and least on stimulation
frequency.




Conclusions. The analytical methods employed are accessible even to those with little statistical
expertise. They offer a simple way of assessing the contribution of different experimental factors to
outcomes when statistical significance is elusive and sample size is small. They are thus be
appropriate for application in acupuncture research, which tends to involve a number of
independent variables in small-scale studies. However, a mixed models approach and multivariate
analysis should also be used to analyse new and existing results, with Bootstrap to ensure a
sufficiently large sample size.

In this study, the effects of stimulation frequency on HRV are likely to be masked by those of other
treatment factors.
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BACKGROUND

Heart rate variability (HRV)

Heart rate variability (HRV) is a measure of the continuous interplay between sympathetic and
parasympathetic influences on heart rate (HR), and is considered to communicate information about
autonomic flexibility and the capacity for regulated emotional response [Appelhans & Luecken
2006].

Assessment of HRV from the electrocardiograph (ECG) is an established technique in medicine
[Gevirtz 2011], standardised since 1996 [Malik 1996]. It is used increasingly in medical research, as is
pulse rate variability (PRV) from the photoplethysmograph (PPG), although the two methods are not
completely interchangeable, particularly in disordered breathing or mentally stressful conditions
[Dehkordi et al. 2013; Khandoker et al. 2011; Schafer et al. 2013; Wong et al. 2012].

A number of HRV measures are available, all derived from the R-to-R (RR) inter-beat interval of the
ECG. Corresponding PRV measures are derived from pulse cycle intervals [Schéfer et al. 2013] (Fig 1).




Inter-beat Interval (IBI)

Also called the “N to N™ wave for “Normal to Normal™
as all “odd™ heart beats and artefacts are excluded

Fig 1. Inter-beat interval in HRV and PRV.

HRV is used increasingly in medical research, as can be seen from searching PubMed (Fig 2).
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Fig 2. Numbers of studies in PubMed for consecutive 5-year periods
when searching for ‘HRV (NOT rhinovirus)’ (15 Feb 2012).

For simplicity, here the term HRV will be used generically, although data was gathered using a PPG in
the majority of Pilot 2 sessions and in all Pilot 3 sessions.

In general, reduced HRV is associated with ageing [Frewen et al. 2013; Fuller-Rowell et al. 2013;
Nunan et al. 2010; Russoniello et al. 2013; Umetani et al. 1998] and increased risk of morbidity in
many different conditions [Chang et al. 2014; Fagundes et al. 2011; Javorka et al. 2005; Kim et al.
2005; Kim et al. 2006; Lackschewitz et al. 2008; Lee et al. 2011; Malik 1996; Milovanovic et al. 2009;
Zulli et al. 2005]. It is also found, for example, in heavy drinkers [Thayer et al. 2006] and stress-
precipitated smoking [Ashare et al. 2012], as well as in chronic smokers (and even in the offspring of



the latter) [Dinas et al. 2013]. Of particular interest here is the association of reduced HRV with
workplace stress [Rieger et al. 2014], anxiety [Cervantes Blasquez et al. 2009; Pittig et al. 2013], a
potentiated startle reflex [Ruiz-Padial et al. 2003] and a tendency to panic [Friedman & Thayer
1998]. In contrast, those with higher HRV tend to perform better than those with low HRV on taxing
cognitive tasks or in stressful situations (for example, the threat of electric shock) [Hansen et al.
2009]. Increased HRV is often considered an objective measure of improved subjective relaxation
[Bothe et al. 2014; Lee et al. 2013; McFadden et al. 2012; Markil et al. 2012].

HRV measures — overview

HRV can be evaluated using different methods, usually grouped under the headings of ‘time
domain’, ‘frequency domain’, ‘rhythm pattern analysis” and ‘nonlinear methods’. Rhythm pattern
analysis was not used here.

Time domain methods are based on the normal-to-normal (NN) or RR interval (Fig 1). For short
recordings (~5 minutes), frequency domain methods are more readily interpreted physiologically
than time domain methods [Acharya et al. 2006; Faust et al. 2012; Malik 1996]. They focus
specifically on frequency changes and power spectral density, estimated non-parametrically using
the simple Fast Fourier Transform (FFT) algorithm (Welch’s periodogram).

HRV reflects the stochastic autonomic input to the heart [Baillie et al. 2009]. Efferent vagal activity is
accepted as a major contributor to the high frequency component of HRV (HF, 0.15-0.4 Hz), whereas
the LF component (LF, 0.04-0.15 Hz) may include both sympathetic and vagal influences [Malik
1996]. Thus the LF/HF ratio is considered by some to mirror sympatho/vagal balance, and by others
to reflect sympathetic modulation [ib.]. In any case, an increased LF/HF ratio is often associated with
stress in some form or other [Cervantes Blasquez et al. 2009; Sauvet et al. 2009]. Thus, unlike HF
absolute power (HFpwr) and the other HRV measures used in these Pilots, which increase with
parasympathetic activation and reduced stress, LF/HF may decrease.

The normal RR series has been described as ‘nonchaotic, nonlinear, and multifractal ‘ [Baillie et al.
2009], and so has frequently been subjected to nonlinear analysis. Reduced (fractal) complexity and
stronger regularity may indicate deactivation of control loops within the cardiovascular system and a
diminished adaptability of the cardiac pacemaker [Schubert et al. 2009]. Such an increase in more
highly ordered dynamics has been associated with several pathologies, including Parkinson's disease
(tremor), obstructive sleep apnoea, sudden cardiac death, epilepsy and foetal distress syndrome
[Vaillancourt et al. 2002]. Many recent studies have used nonlinear methods to explore this field,
although there is some lack of agreement on whether nonlinear methods are less [Malik 1996] or
more [Schubert et al. 2009] sensitive than linear ones. In any case, nonlinear methods have been
found particularly suited to short HRV records [Khandoker et al. 2009] and so to test-retest
evaluations [Maestri et al. 2007].

Because it was suspected that application of a regularly repeating stimulus as with EA/TEAS might
reduce HRV complexity, three nonlinear methods were selected in this pilot study: Correlation
dimension (D,) [Carvajal et al. 2005; Melillo et al. 2011], Approximate entropy (ApEn) [Carvajal et al.
2005; Richman & Moorman 2000] and Sample entropy (SampEn) [ib; Mohebbi & Ghassemian 2012].
All three measure the complexity or irregularity of the RR series, albeit in different ways [Richman &
Moorman 2000; Yang et al. 2001]. Historically, D, was used initially in HRV studies, followed by ApEn,



and then SampEn. As for the linear measures, higher values of D, and ApEn indicate lower
predictability [Nazeran et al. 2006], and reduced values may be predictive of morbidity, mortality
[Pincus 2001] or stress [Mellilo et al. 2011]. The same is true for SampEn, a similar but less biased
measure particularly suited to shortterm ECG recordings [Bornas et al. 2006; Henry et al. 2010;
Khandoker et al. 2009; Lake et al. 2002; Richman & Moorman 2000; Vuksanovi¢ & Gal 2005]. Both D,
and SampEn were found to increase significantly in one study of reflexology [Joseph et al. 2004].
However, increases in SampEn have not always been associated with beneficial findings [Ahamed et
al. 2006; Akar et al. 2001; Mateo et al. 2012].

HRV reliability and changes over time

Short recordings of indices such as HF and total power repeated after several months show that
their stability (test-retest reliability) is excellent (0.76-0.80 in one study of 70 healthy subjects), with
that for HF the best [Alraek & Tan 2011]. However, many HRV measures can vary widely between
individuals even within the same study, particularly HF [Nunan et al. 2010]. Relative reliability, the
degree to which individuals maintain their position in a sample with repeated measurements, can be
contrasted with absolute reliability, the degree to which repeated measurements vary for the
individual, even if relative reliability is maintained [Anon n.d.]. In healthy subjects, there may be
relatively large day-to-day random variations in HRV (i.e. low absolute reliability), which may make
the detection of intervention effects using HRV difficult in individual participants [Sookan & McKune
2012].Similarly, HRV measurements in type 2 diabetics are characterised by poor absolute reliability
but substantial to good relative reliability [Sacre et al. 2011]. In general terms, linear HRV indices
show worse absolute reliability than nonlinear ones [Maestri et al. 2007; Sookan & McKune 2012].

Shortterm measures of HRV rapidly return to baseline after transient perturbations induced by mild
exercise and other interventions, but take longer to do so following more powerful stimuli, such as
maximum exercise [Malik 1996]. On this basis, it was thought suitable to make several repeat
recordings of HRV during each participant visit.

HRV and acupuncture

Acupuncture research using both HRV and PRV has also become more frequent in recent years, so
that currently in PubMed nearly 2% of all HRV and PRV studies are on acupuncture-related topics
(whereas less than 0.1% of all studies indexed in PubMed are on acupuncture) [PubMed searches].
However, only recently have acupuncture-based HRV studies started to investigate the effect of
using different acupuncture points [Kaneko et al. 2013; Litscher et al. 2013; Matsubara et al. 2011;
Wu et al. 2009; Yang et al. 2013], and none appear to have explored using different frequencies of
electroacupuncture (EA) or transcutaneous electrical acupoint stimulation (TEAS).

A literature review of HRV changes in response to acupuncture conducted in 2012 as a basis for the
present study found the following:

HF power may decrease [EA: Chang et al. 2005] or increase [acupressure: Matsubara et al. 2011; MA:
Haker et al. 2000; Hsu et al. 2007; Kurono et al. 2011; Li et al. 2003], or initially increase and then
decrease [MA: Streitberger et al. 2008], or only increase after stimulation [Haker et al. 2000]. In
conscious rats, EA increased HF [Imai et al. 2009].



LF power may decrease [MA: Agelink et al. 2003; Backer et al. 2008; Hsu et al. 2007] or increase
[MA: Haker et al. 2000; Li et al. 2003; EA: Chang et al. 2005]. Whether LF power decreases or
increases may depend on stimulation location, both with MA [Uchida et al. 2010] and EA [Imai et al.
2009].

LF/HF may decrease (Acupressure: Arai et al. 2011; EA: Imai et al. 2008; MA: Agelink et al. 2003;
Chae et al. 2011, Hwang et al. 2011; Wang et al. 2011) or increase (MA: Streitberger et al. 2008
(shortterm); EA: Chang et al. 2005; Wu et al. 2009]. Again, whether LF/HF decreases or increases
may depend on stimulation location [MA: Saito ; EA: Imai et al. 2009].

Thus:

e HRin general decreases (with MA or EA).

e HF power may decrease or increase, usually the latter (sometimes with MA it may increase
and then decrease, or only increase following stimulation).

e LF power may decrease or increase (with MA or EA).

e LF/HF may decrease or increase (with MA or EA).

e Fatigue and location of stimulation may affect directions of change.

OBIJECTIVES

To apply manual acupuncture (MA), electroacupuncture (EA) and transcutaneous electrical acupoint
stimulation (TEAS) to healthy participants using a standard protocol, and assess changes in HRV due
to the following factors:

e Stimulation frequency (Hz) [primary objective]
e Stimulation location (Loc)

e Stimulation duration (Dur)

e Stimulation amplitude (Amp)

e Stimulation modality (Mod)

e Participant (ID)

e Visit (V)

e Baseline HRV (B)

Ranges tested:

Hz 2.5Hz, 10 Hz

Loc B (‘Bottom’, ST367), L (‘Left’ LI4 & ST36), R (‘Right’ LI4 & ST36), T (‘Top’, LI4?),
Bilat* (L & R), LLSS* (B & T)

Dur 5, 10, 15 or 20 minutes

Amp Pilot 1: 2.5-10.0 dial units; Pilot 2 and Pilot 3 (EA): 0.2-8.8 mA;
Pilot 3 (TEAS): 0.2-24.7 mA

Mod Pilots 1 and P3 (TEAS): TEAS; Pilots 2 and P3 (EA): MA and EA

ID Pilot 1: 7 participants; Pilot 2: 12 participants; Pilot 3: 4 participants

(all of whom also took part in Pilot 1)

[* In Pilot 1 only]




Visit Pilot 1: 2 visits; Pilots 2 and 3: 4 visits
Baseline Values of all 8 HRV measures at baseline (EO1)

METHODS

Participants

Ethics committee approval for this study was obtained from the University of Hertfordshire,
provided that participants were professional acupuncturists or other complementary health
practitioners with prior experience of acupuncture. Healthy volunteers were recruited from
members of the Acupuncture Association of Chartered Physiotherapists and the British Acupuncture
Council, and from local practitioners known to the lead researcher (DM).

Exclusion criteria were past head injury, epilepsy, current cancer, wearing of an implanted electronic
device, dependence on psychoactive medication and pregnancy.

ECG/PPG were used to gather data as a basis for assessing HRV/PRV in a study with the wider aims
of investigating the effects of TEAS and EA on the electrical activity of the brain (using
electroencephalography, EEG) and the heart.

Participants were asked to abstain from consuming caffeine, nicotine, alcohol or a heavy meal for at
least two hours before attending for a session. They were also asked to avoid any strenuous activity
to which they were not accustomed for two hours before or after attending a session.

On arrival, participants were seated in a comfortable chair with arms. An explanation of the
experiment was provided, after which they had the opportunity to ask questions and then signed a
consent form and completed some brief state questionnaires (they had already received detailed
information about the study and completed several online background and trait questionnaires
beforehand). Any wrist bangles or bracelets were removed, and ECG electrodes or a PPG were
positioned. Subjects were asked to remain relaxed but awake. To avoid unduly affecting the HRV,
they were instructed to ‘breathe normally’. Talking during recording was discouraged, and in general
the atmosphere in the room was one of calm concentration. TS took charge of the recording and
timing, DM of the stimulation.

Protocols

Three small pilot studies were conducted. All intervention and ECG/PRV monitoring ‘segments’
lasted for 5 minutes.

In Pilot 1, 5-minute ECG monitoring followed each intervention segment. In Pilots 2 & 3, 5-minute
monitoring and stimulation were concurrent.

Acupoint and electrical parameter factors tested are as listed above, under Objectives.

In Pilot 1 (TEAS), all point combinations were used in every session, in balanced order. Five
participants attended for two sessions (2.5 Hz or 10 Hz TEAS), two for only one session each.




In Pilot 2, one point combination was used per session, and 12 participants attended for four
sessions. In Pilot 3, two combinations were used per session, and four participants from Pilot 1 (a
year before) also attended for four sessions, each experiencing four of a possible eight interventions.

LI EC_|EOI | TEASI |TEAS2 | TEAS3 | TEAS4 | TEASS | TEAS6 |EO2 |

9 time slots, all eyes closed (EC) except for EC 1 and EOQ2 (eyes open)

Pilot 2. [EOI |MAI [EAI |EA2 [EA3 |EA4 |MA2 [EO2
FICCRE EOI |MAI |EAI [EO2 |[MA2 |EA2 |EO3 | TEASI |EO4 | TEAS2 EOS |
or

[EOI | TEASI |EO2 [ TEAS2 |EO3 |MAI EAI |[EO4 |MA2 |EA2 |EOS |

Fig 3. Order of ‘segments’ in each Pilot

TEAS in Pilot 1 was carried out using an Equinox stimulator (Equinox, Liverpool). In Pilots 2 and 3,
both EA and TEAS were from a Classic4 stimulator (Harmony Medical, London). Acupuncture
needles (Classic Plus, 25 mm x 0.22 [HMD Europe]) and self-adhering electrodes (Stimex, 32 mm
diam. [schwa-medico, Ehreingshausen]) were also supplied by Harmony Medical.

Data collection

Procedures used for HRV data collection and analysis followed the accepted standards [Malik 1996].
In Pilot 1 and the first two sessions of Pilot 2, the EEG-202 [Mitsar, St Petersburg]) was used to
gather ECG data from three 24 mm diameter disposable gel electrodes [ARBO, Henleys Medical
Supplies, Welwyn Garden City], with passive and ground electrodes on one forearm (usually the
right) and the active electrode on the other forearm. After that, a Nexus Blood Volume Pulse Sensor
was used as the PPG, usually attached to the forefinger or middle finger of the right hand. A
sampling rate of 1024 Hz was used. Data was sent from the NeXus-10 physiological amplifier via
Bluetooth link to a laptop for processing using BioTrace software. The inter-beat interval was
calculated in BioTrace, and then exported as a text file for further processing.

Fig 4. Sensors used. Left: Passive and ground ECG electrodes on right forearm, with TEAS stimulation
electrode at LI4. Right: BVP sensor on left forefinger.

Data was processed using open-access Kubios HRV software v 2.0 (Biosignal Analysis and Medical
Imaging Group, University of Eastern Finland: [Kubios HRV 2012], commonly used in HRV studies.
Following visual inspection of raw records for ectopic beats, missing data and noise, artefact
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preprocessing was conducted in Kubios using a ‘medium’ setting with ‘smoothness priors’
detrending to reduce the requirement that data for the nonlinear measures should be tested for
nonlinearity and stationarity prior to HRV determination. The standard HRV frequency bands
described above were used. Other Kubios default options adopted were 256 points/Hz for spectrum
estimation, 256 second windowing with 50% overlap for FFT spectrum analysis, and embedding
dimension m of 2 for ApEn and SampEn (tolerance 0.2 x SDNN), but 10 for D, (threshold 3.1623 x
SDNN) [Tarvainen & Niskanen 2012].

HRV measures

Of the 47 possible HRV measures available as outputs from Kubios (9 time domain, 26 frequency
domain, 12 nonlinear), a number were discounted because of only being suited to longterm (e.g. 24-
hour) monitoring, others because of their known variation with respiration and emotional state, and
others because of difficulties of interpretation. The remaining eight measures were considered
appropriate for our purposes:

Time domain (3)

e RR Mean R-R interval (ms)
e SDNN R-R standard deviation (ms)
e RMSSD Root mean square of successive differences (ms)

Frequency domain (FFT spectrum using Welch’s periodogram) (2)

e HFpwr HF power (mA?)
e LF/HF LF/HF power ratio,

Nonlinear (3)

e ApEn Approximate entropy

e SampEn Sample entropy

e D, Correlation dimension.
Analysis

Differences in these HRV measures for the above experimental factors were assessed using:

Values of the HRV measures over all segments during which stimulation was applied
Correlations between these values
Changes in HRV values between session baseline and follow-up segments

HwnNe

BER (‘beneficial effect ratio’) for a series of segments, defined as:

2 (Nincreases in 7 measures) + (N decreases for LF/HF)

2 (N decreases in 7 measures) + (N increases for LF/HF) + 1
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A BER > 0.8 indicates a beneficial effect, and one of <0.8 a hon-beneficial effect.

5. Ratios of ‘high’ and ‘low’ measures relative to the group median, either for segments during

which stimulation was applied, or comparing baseline and follow up.

In addition to the statistical significance of these assessments, ‘normalised percentage differences’,

Diff%, were calculated. For example, value Diff% for Hz is defined as:

(Value at 10 Hz) — (Value at 2.5 Hz)

(value at 2.5 Hz)

X100

For a comparison among > 2 factors, the mean Diff% for all comparisons was taken.

Statistical analysis was carried out using SPSS v20 (IBM 2011) and Excel v14 (Microsoft 2010).

RESULTS and initial analysis

(Data on which these results and analysis are based can be found in Appendices at the end of this

document.)

1. Values

Table 1. Numbers of significant differences in the 8 HRV measures for the various factors over

stimulation segments (after segments in Pilot 1; during segments in Pilots 2 and 3).

Pilot Hz Loc Dur Amp Mod ID Vv Baseline | All
Pilot1 | 2(3) 0(0) n/a 2 (6) n/a 8 (8) 1(4) (6)° 13 (27)
Pilot2 | 0(1) 0(1) 0(0) 5(5) n/a 8 (8) 1(0) (5)° 14 (20)
Pilot3 | 1(1) 0(1) n/a 5(5) 0(0) 5(6) 0(0) (6)° 11 (19)
(EA)

Pilot3 | 0(0) 0(0) n/a 1(1) 0(0) 5(6) 0(0) (5)° 6(12)
(TEAS)

All 3(5) 0(2) 0(0) 13(17) | 0(0) 26 (28) | 2(4) (22)° 46 (77)

T-tests or 1-way ANOVA with Bootstrap were used except for Baseline, not yet computed (Mann-

Whitney or Kruskal-Wallis test counts in parentheses). a. Averages over 5 initial measures, rounded

to nearest whole number.

This allows a rough estimate of the contribution of each factor to the changes in HRV that result

from stimulation. Although 77 out of 256 (8 x 8 x 4) possible comparisons (30%) were significant

when using non-parametric tests, 66 of these, or more than 25% were attributable to the effects of

stimulation amplitude, participant ID and values at baseline.

Table 2. Numbers of significant differences in each HRV measure for the various factors over

stimulation segments (non-parametric results and all results for Baseline not yet entered).

| RR | SDNN

| RMSSD | HFpwr | LF/HF

’ ApEn

] SampEn | D,

| Al
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Hz (0) (0) (1) (1) (0) (2) (1) (0) (5)
Loc (0) (0) (0) (0) (0) (2) (0) (0) (2)
Dur (0) (0) (0) (0) (0) (0) (0) (0) (0)
Amp 2(3) 2(3) 1(2) 0(2) 1(1) 1(1) 3(2) 3(3) 13
(17)
Mod | (0) (0) (0) (0) (0) (0) (0) (0) (0)
ID (4) (4) (4) (4) (2) (2) (4) (4) (28)
v (0) (1) (1) (0) (1) (0) (1) (0) (4)
All (7) (8) (8) (7) (4) (7) (8) (7) (56)

Significant comparisons occurred for all HRV measures 7 or 8 times, except for LF/HF, for which

significant differences only occurred 4 times.

1.Values (Hz)

In Pilot 1 (P1), only three HRV measures demonstrated significant differences for the two stimulation

frequencies: RMS SD, HFpwr and SampEn. In Pilot 2 and Pilot 3 (EA segments), only ApEn showed

significant differences.

Analysing actual differences in mean values rather than their significance was more informative. To

make comparison across the different measures meaningful, normalised percentage differences

(Diff%) were considered (as defined above):

Measures showing greatest absolute (un-signed) Diff% for the two frequencies in more than one
Pilot were SDNN (2), RMS SD (2) and HFpwr (2); those showing least differences were RR (3) and
SampEn (3), with similar results when HF/LF is used instead of LF/HF. Thus the first three of these

measures might be more sensitive to differences in stimulation frequency than the last two.

However, it should be noted that SDNN, RMS SD and HF anyway showed greater intrinsic variation

(coefficient of variance, CV, or normalised standard deviation, nSD) than RR and SampEn, regardless

of stimulation frequency:

Unpacking nSD for the individual EA segments in Pilot 2 shows a very similar pattern:

Fig 5. Normalised standard deviation (coefficient of variance) of HRV measures
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Fig 6. Normalised standard deviation (coefficient of variance) of HRV measures
for individual stimulation segments in Pilot 2 (P2).

The same pattern is also recognisable in nSD at baseline:

1.8

Values nSD

1.6

14 -
1.2 -

1
0.8
0.6

P11 nSD EO1

. P2 nSD EO1
e P3 nSD EO1
0.4 ——mean

0.2

Fig 7. Normalised standard deviation (coefficient of variance) of HRV measures
for baseline stimulation segments (EO1) in all Pilots.

This can also be visualised as in Fig 8 (note that the CVs here were normalised separately, so that this
comparison is one of overall pattern, not of numerical values).

12
CV at baseline & during stimulation
1
Baseline
0.8 —
(mean)
—
0.6 —
Stimulation
0.4 - mP1TEAS
mP2EA
02 1 mPIEA
s mP3 TEAS
RR  SDNN HFpwr RMSSD LF/HF ApEn SampEn D2

Fig 8. Comparing CV (nSD) patterns at baseline and for stimulation segments
(values normalised separately).

Although LF/HF (and D, to a certain extent), like SDNN, RMS SD and HFpwr showed higher nSD than
RR and SampEn, they do not appear to be particularly responsive to frequency.
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As Table 3 below shows, when the sign of Diff% is considered, in P1 (TEAS), P3 (EA) and P3 (TEAS), it
was negative for more measures than it was positive. In other words, in these Pilots, especially P3

(EA), more HRV measures were higher for 2.5 Hz than for 10 Hz.

Table 3. Normalised percentage differences (Diff%) between means (10 Hz — 2.5 Hz)

10Hz- | RR SDNN RMS HFpwr | LF/HF ApEn SampEn | D, + - mean
2.5 Hz SD

P1 1.427 | -16.966 | -23.221 | -16.610 -7.816 -7.015 3.524 | 16.163 3+5- -6.314
P2 1.534 -1.134 4.752 11.098 -1.140 3.557 -0.407 | -7.060 4+4- 1.400
P3 EA -0.441 | -22.293 | -22.427 | -60.011 | -21.185| -12.136 13.240 | -5.668 1+7-| -16.365
P3 2316 | -33.652 | -25.029 | -57.361 | -62.626 -3.129 0.528 4.200 3+45- | -21.844
TEAS

mean 1.209 -18.51 | -16.481 | -30.721 | -23.192 -4.681 4.221 1.908 3+5-| -10.781
4= 3+1- 0+4- 1+3- 1+3- 0+4- 1+3- 3+1- 2+2-| 11+21- -10.780

However, if HF/LF is considered rather than LF/HF, only in P3 was this the case (Table 4), although

now the mean Diff% for all HRV measures is negative for all Pilots.

Table 4. Diff% between means when HF/LF is considered instead of LF/HF.

10 Hz — HF/LF +- mean
2.5 Hz

P1 2.891 4+4- -4.976
P2 -17.715 4+4- -0.672
P3 EA -2.203 1+7-| -13.992
P3 TEAS -15.311 3+5-| -15.930
mean -8.085 3+5- -8.893
+- 1+3-(12+20- -8.892

Further details on differences in HRV measures for the two frequencies can be found in Appendix C.

1. Values (Hz, Loc)

In Pilot 2, averaged over the four EA segments, greatest difference between the two frequencies

occurred for two of the measures at each location (B, L, R and T), as in the examples in Fig 9.
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Fig 9. Mean absolute differences (10 Hz — 2.5 Hz) in HRV measures
at different stimulation locations (Pilot 2, stimulation segments).

The number of measures greater than the mean for all Locations was as follows:

L2,Band R4, T5 (excluding SDNN, for which the mean value at T was only 0.004, or 0.4%, less than
the mean for all Locations). In Pilot 2, more measures showed significant differences for the two
frequencies when stimulation was at R or T points, rather than L or B (see Appendix C for details).

Thus here T appeared to be the Location where greatest differences might be found.

1.Values (Dur)

If there is a general ‘relaxation effect’ over the course of a session, regardless of the intervention
used, mean RR is likely to increase over time. The graphs in Fig 10 compare results for the three
Pilots.

0.98
097 | | mean RR
0.96
0.95 - = e= P12.5
0.94 - == == P110
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091 - m—P3 2.5

09 - s P3 10
0.89 - T T | [ | [ 1
o088 =" ] session segments (time)

1 2 3 4 5 6 7 8 9 10 11

Fig 10. Changes in RR over time, suggesting a small ‘relaxation effect’
that may not be due to stimulation.

For both stimulation frequencies, RR can be seen to increase over time in Pilot 1 (9 segments) and
Pilot 3 (11 segments). In Pilot 2, which in most sessions consisted of 8 segments, the same pattern
holds, although there is a decrease at both frequencies between segment 7 (MA2) and segment 8
(EO2). At 2.5 Hz, this decrease started after the last segment of EA (segment 6), and RR decreased
dramatically after segment 8. Segments 9 and 10 were added to assess the effect of extended
monitoring; needles had been removed, and no further stimulation was provided (N=4 for 2.5 Hz,
N=7 for 10 Hz).
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The sudden decrease in mean RR in segment 9 appears to be mostly attributable to one session
with participant (6899) who at baseline, even before stimulation, commented “I’'m very tense, |

don’t know why. My body feels tense. My jaw is feeling tense even though | know it’s not
supposed to”. During segment 9, this participant reported that a pre-existing shoulder pain

“[feels] in spasm now ... more aware of it as the rest of me is more relaxed; | can feel it twitching”.

For segments EA1 to EA4 in P2, changes in the various measures over time (EA1-EA4) are more easily
compared if units are normalised. In Fig 11 this has been done by equating the maximum in the

comparison with 1.
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Fig 11. Changes during stimulation in Pilot 2 for each HRV measure taken separately,
showing a possible effect of stimulation duration.

For six measures, changes with 2.5 Hz and 10 Hz over the four EA segments were in opposite
directions, and for the remaining two in the same direction (Table 5).

Table 5. Changes during stimulation in Pilot 2: + increasing; — decreasing.

2.5Hz 10 Hz

RR + +
SDNN + -
RMSSD + -
HFpwr + -
LF/HF + -
ApEn + -
SampEn - +
D, + +

All 7+ 5 -

Thus most measures increased over time at 2.5 Hz, but more decreased than increased at 10 Hz.

However, these differences may well be due to the inherent variability of the measures themselves
(cf Figs 6-8 above).

1. Values (Amp)

Transforming Amp into a 2-valued variable Amp-N, with Amp-N = 1 if Amp = median amplitude for
that Pilot and Amp-N = 0 if Amp < median amplitude for the Pilot, shows that it has a considerable
effect on HRV.

Median values of Amp were:

P1 5.125 units on the Equinox device amplitude dial

P2 1.200 mA (as indicated by the Classic4 programming screen)
P3EA 1.100 mA

P3 TEAS 4.700 mA.

The significance of the resulting differences in HRV for the two Amp-Ns during the stimulation
segments are shown in Table 6 below.
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Table 6. Significant differences in HRV measures for stimulation segments when Amplitude is ‘high’

or ‘low’.
Pilot RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, All
P1 0.000 ns ns ns ns ns (ns) ns (ns) 0.000 2 (6)
(0.000) | (0.008) | (0.075) | (0.015) | (0.874) (0.000)
P2 ns 0.002 ns (ns) ns(ns) | 0.001 0.047 0.021 0.011 5(5)
[0.005] | (0.002) [0.003] [0.046] [0.033] [0.013]
(0.021) (ns) (0.016) | (0.041) | (0.011)
P3 EA 0.001 0.046 0.027 ns ns (ns) ns (ns) 0.029 0.022 5(5)
[0.002] | [ns] [ns] [ns] [0.047] [0.040]
(0.001) | (0.012) | (0.006) | (0.005) (ns) (0.040)
P3 ns (ns) | ns(ns) ns (ns) ns (ns) ns (ns) ns (ns) 0.010 ns(ns) | 1(1)
TEAS [0.010]
(0.028)
All 2(3) 2(3) 1(2) 0(2) 1(1) 1(1) 3(2) 3(3) 13
(17)

T-test; [Bootstrap; equal variances not assumed]; (Mann-Whitney U test; 2-tailed asymptotic
significance)

In contrast, during the stimulation segments there were no significant differences in HRV measures
for Loc B versus Loc T (generally the largest differences for the various Loc combinations) in P1, P2 or
P3 (EA or TEAS) (See Appendix D). Thus the effect of Amp (Amp-N) on the HRV appears to be far
stronger than that of Loc.

2. Correlations
2. Correlations between values (Hz)

Taking all Pilots together, there are more significant correlations overall for 2.5 Hz than 10 Hz (with
more significant at the 0.01 level and fewer at the 0.05 level), but the proportion of these is not
significantly different from that expected by chance (Table 7).

Table 7. Numbers of significant correlations between HRV measures for all Pilots.

25Hz | 54 (44** 10%)
10 Hz 49 (34** 18%)
Spearman’s rho. ** 2-tailed significance at 0.01 level; * at 0.05 level.

Here Diff%: -9.26%.

2. Correlations between values (Visit)

There are more significant correlations between HRV measures in Visit 1 than subsequent visits.
Further data on correlations can be found in Appendix G.

3. Changes in HRV values

3. Changes in values over 5-minute segments (Hz)

The overall change in a HRV measure from beginning to end of a session (or part-session) of n
segments of equal duration is given by S, —S;, where S, is the value of the measure at the end of the
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session or part-session, and S; its value at the beginning. The change during each segment m is given
by Sm - Sm—l- Thus Sn - S1 = (Sn - Sn—l) + (Sn—l_ Sn—Z) + .. (53 - SZ) + (SZ - Sl )

In other words, S, —S;1 = n x (average segment change).

As we are concerned here more with differences between groups than comparing changes during
individual segments within a session, 5-minute segment changes will not be considered further at
this juncture.

3. Changes in HRV values from baseline to follow up (Hz)

Changes between baseline (EO1) and final session segments (EO2 or EO5, depending on Pilot
protocol) were assessed for frequency-dependent normalised differences (Diff):

Diff = [(value at 10 Hz) — (value at 2.5 Hz)]/(value at 2.5 Hz).

Table 8. Normalised differences (Diff) for changes between baseline and follow up.

HRV P1 Diff P2 Diff | P3 EA Diff | P3 TEAS Diff | 10 Hz>2.5 | 10Hz<2.5 Ratio
measure Hz [A] Hz [B] A/B
RR -0.993 2.715 -0.476 1.690 1,1,0,1 0,0,1,0 3:1
SDNN -34.580 | -0.266 2.591 13.273 0,0,1,1 1,1,0,0 2:2
RMS SD 0.268 -1.404 -7.882 0.378 0,0,0,1 1,1,1,0 1:3
HFpwr -1.025 -0.745 -14.569 2.758 0,0,0,1 1,1,1,0 1:3
LF/HF -0.379 -0.796 -0.439 -6.996 0,0,0,0 1,1,11 0:4
HF/LF 0.358 -0.617 -0.525 -0.508 1,0,0,0 0,1,1,1 1:3
ApEn -3.011 -1.188 -4.578 0.488 0,0,0,1 1,1,1,0 1:3
SampEn 4,123 -3.482 -3.713 -2.158 0,0,0,0 1,1,11 0:4
D, 4.892 -0.557 -1.470 2.066 0,0,0,1 1,1,1,0 1:3
N+&- 3+, 5— 1+, 7— 1+, 7— 6+, 2— 9 [10] 23 [22] p=0.020
Diffs [4+,4-] | [0+, 8] [1+, 7-] [6+, 2] [p=0.050]
mean -3.838 -0.715 -3.820 1.440 2.866 -2.930 -0.950
Diff [-3.746] | [-0.693] [-3.828] [2.484] [-2.075] [-0.710]

Results when HF/LF is used rather than LF/HF are indicated in square brackets.
P-values are from the Binomial test for the ratio of positive to negative Diffs.

No differences in any pre-to-post HRV values for the two frequencies were significant, but in each
Pilot, except for P3 (TEAS), there was a greater average pre-to-post increase in HRV measures at 2.5
Hz than at 10 Hz. The Binomial test of the ratio of negative to positive Diffs showed significance
when LF/HF is used (p=0.020), and near-significance when HF/LF is used instead (p=0.050).

Frequency for EA may have more of a differential effect than for TEAS.

Of the different HRV measures, only RR and SDNN tended not to show consistently higher values at
2.5 Hz than 10 Hz. When (absolute) Diffs were ranked, RR and SampEn were each ranked highest or
next to highest twice in the four Pilots, and SDNN and D, (or HF/LF) were twice ranked lowest or
next to lowest. Thus RR and SampEn might be more sensitive to stimulation frequency than SDNN
and D,. Adding rankings together suggests that, in addition to RR and SampEn, RMS SD and HFpwr
might also vary considerably with stimulation frequency (Fig 12).
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Fig 12. Ranked and summed pre-to-post absolute Diffs (10 Hz — 2.5 Hz)
for HRV measures in the 3 Pilots.

However, coefficients of variance for the (absolute) Diffs indicate that changes of HFpwr and
SampEn in response to stimulation frequency may in part be due to their intrinsic variability (Fig 13).
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Fig 13. CV (nSD) of pre-to-post absolute Diffs (10 Hz — 2.5 Hz)
for HRV measures in the 3 Pilots.

4.Beneficial effect ratio (BER)
4. Beneficial effect ratio (BER) (Hz, Mod)
Table 9 shows the BER for the three Pilots.

Table 9. BER for the three Pilots, data separated for stimulation frequency (Hz) and modality (Mod).

P1 TEAS | P2 EA P3 EA P3 TEAS | mean mean mean
(all) (EA) (TEAS)
2.5 1.742 0.418 1.167 1.061 1.097 0.793 1.402
10 1.375 0.446 1.504 0.908 1.058 0.975 1.142
Diff% -21.1 6.7 28.9 -14.4 -3.5 23.0 -18.6
10>2.5 n y y n n y n

Here the TEAS Pilots suggest greater BER for 2.5 Hz, but the EA Pilots for 10 Hz. Mean BER is greater
for 2.5 Hz than for 10 Hz, and at both frequencies is greater for TEAS than for EA (Fig 14). However,
none of these findings are statistically significant.
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Fig 14. BER for the three Pilots, showing differences between EA and TEAS
for the two stimulation frequencies.

4. Beneficial effect ratio (BER) (Visit)
Table 10 shows the BER for the three Pilots.

Table 10. BER for the three Pilots, data separated for Visit (V) and modality (Mod).

Visit P1 P2 P3 EA P3 TEAS
1 1.430 1.164 1.093 1.256

2 1.518 1.084 1.299 0.757

3 1.263 1.023 0.843

4 1.304 1.021 1.083
significance | ns® ns® ns’ ns®

a. Mann-Whitney U test; b. Kruskal-Wallis test

There is no real consistency of change over visits for the different interventions (Fig 15).
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Fig 15. BER for the three Pilots, data separated for Visit (V)

Table 11 shows the same data, separated out by stimulation frequency.
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Table 11. BER for the three Pilots, data separated for Visit (V) and Frequency (Hz).

Pilot Visit 2.5Hz 10 Hz diff% p value
P1 1 1.952 0.845 -56.7 0.001
2 1.324 1.905 43.9 0.003
P2 1 1.939 1.925 -0.7 ns
2 1.230 0.939 -23.7 ns
3 1.218 1.308 7.4 ns
4 1.082 1.525 40.9 ns
P3 EA 1 1.39 0.80 -42.4 ns
2 1.38 1.22 -11.6 ns
3 0.29 1.75 503.4 ns
4 1.10 0.94 -14.5 ns
P3 TEAS 1 1.43 1.08 -24.5 ns
2 0.93 0.58 -37.6 ns
3 0.75 0.94 25.3 ns
4 1.23 0.93 -24.4 ns

Although there appears to be little consistency of pattern for the normalised difference between
BER, s and BER across the different interventions, curiously in P2 and P3, BER;p > BER, 5 in visit 3,
but otherwise BER;q < BER, 5. In P1, BER;g > BER, 5 in visit 2.

4. Beneficial effect ratio (BER) (Loc)
Table 12 shows BER for the three Pilots, data separated for Location (Loc) and Frequency (Hz).

Table 12. BER for the three Pilots, data separated for Location (Loc) and Frequency (Hz).
Pilot Location | 2.5Hz | 10 Hz Diff%
P1 B (St36°) | 1.564 |0.939 | -40.0
L (Left) 0.818 | 2.389 192.1
R (Right) | 0.752 | 0.650 | -13.6
T (L14%) 1.038 |2.389 | 130.2

L&R 2.113 | 1.175 |-44.4
(Bilat)
B&T 2.350 | 0.357 |-84.8
(LLSS)

P2 B(St36%) | 1.273 |1.327 |4.2

L (Left) 1.059 |1.251 |18.1

R (Right) | 1.333 | 1.192 -10.6

T (LI4%) 1.040 |1.155 |[11.1
(no differences significant)

Differences were in the same direction for L, R and T in the two Pilots, but not for B.

Note that in P3, each BER measure was calculated for two locations, so could not be analysed here.

4. Beneficial effect ratio (BER) (ID)
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BER for individual participants in Pilots 1 and 3 was analysed (Table 13).

Table 13. Comparison of BER in Pilots 1 and 3 for individual participants.

ID P1 P3 EA normalised P3 TEAS normalised normalised
difference % difference % | difference %
(P3-P1) (P3 - P1) (P3 TEAS - EA)

8311 0.832

8875 1.124

8680 1.127 1.101 -2.3% 1.022 -9.3% -7.2%

7032 1.148

2185 1.284 0.964 -24.9% 0.932 -27.4% -3.3%

8954 1.377 0.937 -32.0% 0.827 -39.9% -11.7%

5611 2.896 1.433 -50.5% 1.159 -60.0% -19.1%

BER was less in P3 than in P1 for all repeating participants, whether EA or TEAS is considered,

suggesting a possible ‘novelty effect’ in Pilot 1.

BER was less for TEAS than for EA in Pilot 3, suggesting either a novelty effect (participants were

already familiar with TEAS in the experimental setting from P1), or that TEAS is in fact less effective

than EA.

Participant 5611 appears to be a ‘strong responder’ for all three interventions, whereas for 8680

there was least (normalised) difference between BER across the interventions; 8680 could therefore

be considered as exhibiting less variation in responsiveness.

Fig 16 shows the variation in participant BER responsiveness in Pilots and 3. Note the difference

between 8680 and 5611, for example, in the two Pilots.
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Fig 16. BER for the participants in Pilots 1 and 3.

Table 14 shows the same data, separated out by stimulation frequency.
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Table 14. BER in Pilots 1 and 3 for individual participants, separated out by stimulation frequency

(BERs in bold are those larger for that stimulation frequency than the other).

P1 P3 EA P3 TEAS

ID | 2.5 10 diff% | 2.5 10 diff% | 2.5 10 diff%
2185 | 1.272 1.109 -12.8 | 1.220 0.709 -41.9 | 0.856 1.008 |17.8
5611 | 4.720 2.332 -50.6 | 1.297 1.570 21.0 | 1.1486 0.833 | -27.5
7032 1.262 345
8311 0.826
8680 | 1.377 0.601 -56.4 | 1.202 1.001 16.7 | 1.083 0.961 | -11.3
8875 | 0.908 1.484 63.4
8954 | 0.916 1.900 107.4 | 0.951 0.922 -3.0 | 0.821 0832 |13

8680 is the only participant for whom the difference between 2.5 and 10 Hz is consistent across all

three interventions (with BER greater for 2.5 Hz than 10 Hz). This echoes the result above, where

8680 showed least variation in responsiveness.

5. Ratios of high and low measures relative to the group median

5. Ratios of high and low measures (Hz)

Taking all stimulation segments together in each Pilot, and considering all HRV measures, ratios of

number of high to number of low measures relative to the median for each Pilot were as shown in
Table 15 and Fig 17 (with ‘high’ and ‘low’ reversed for LF/HF).

Table 15. Ratios of number of high to number of low measures relative to the median for each Pilot

at start (EO1), end (final EO) and in stimulation segments (with ‘high’ and ‘low’ reversed for LF/HF).

Pilot Segments 2.5Hz | 10 Hz | start 2.5Hz | 10Hz | end 2.5Hz | 10 Hz

P1TEAS |3to8 1.071 | 0.867 | EO1 1.286 | 0.920 | EO2 1.286 | 1.400

P2 EA 3to6 1.032 | 0.954 | EO1 1.021 | 0.979 | EO2 1.065 | 0.794

P3 EA EA1, EA2 1.000 |2.354 | EOlor | 1.000 | 0.882 | EO30or | 1.065 | 0.829
EO3 EO5

P3 TEAS | TEAS], 0.969 | 0.969 | EOlor | 1.286 | 1.000 | EO3 or | 0.778 | 0.730
TEAS2 EO3 EO5

means 1.018 | 1.286 1.148 | 0.945 1.049 | 0.938
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Fig 17. Top Left: Pilot 1; Top Right: Pilot 2; Bottom Left: Pilot 3 EA; Bottom Right: Pilot 3 TEAS.

At first sight, it appears that in P1 and P2, but not P3, there are more ‘high’ (H) than ‘low’ (L) values

of HRV measures (H/L ratio > 1) for 2.5 Hz than 10 Hz stimulation. However, this may be due to a

difference at baseline: in all three Pilots, ratios for 2.5/10 Hz >1 prior to stimulation (‘start’ column),

and this inequality was maintained post-stimulation (‘end’ column) except in P1.

Thus no conclusions on the effects of stimulation frequency can be drawn from these figures.

5. Ratios (Visit)

Note, however, that comparing high to low ratios for Visit rather than Hz, all three ratios (during
Segments, and at start and end) were greater in Visit 1 than in Visit 2 (except for Segments in P2),
and more often >1 in Visit 1 (11 instances) than in Visit 2 (3 instances) (Table 16).

Table 16a. High/Low (H/L) ratios (stimulation segments only): means for each Visit.

Table 16b. High/Low (H/L) ratios (start and end segments only):

Pilot Segments | V1 V2 V3 \'Z!

P1TEAS | 3to8 1.105 | 0.796

P2 EA 3tob 1.065 | 1.122 | 0.753 | 1.076

P3 EA EA1, EA2 | 1.000 | 0.939 | 0.600 | 2.368

P3 TEAS | TEASI], 1.207 | 0.524 | 0.778 | 1.783
TEAS2

means

means for each Visit.

Pilot start | V1 V2 V3 V4 end V1 V2 V3 V4
P1 EO1 1.333 | 0.818 EO2 1.435 | 1.222

TEAS

P2 EA | EO1 1.133 | 0.959 | 1.000 | 0.920 | EO2 0.920 | 0.846 | 0.778 | 1.182
P3EA | EO1/3 | 1.000 | 0.524 | 1.286 | 1.133 | EO3/5 | 1.000 | 0.882 | 0.684 | 1.286
P3 EO1/3 | 1.286 | 1.000 | 0.882 | 1.462 | EO3/5 | 1.133 | 0.391 | 0.684 | 1.000
TEAS

means 1.188 | 0.825 | 1.056 | 1.172 1.122 | 0.835 | 0.715 | 1.156

This suggests that in general there was a greater responsiveness in Visit 1, when participants might
not have been sure what to expect, compared with subsequent visits, when they were more familiar

with the setting and protocol. This is shown graphically in Fig 18.
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Fig 18. H/L ratios for the different visits in each Pilot, in the start, stimulation and end segments.

Top Left: Pilot 1; Top Right: Pilot 2; Bottom Left: Pilot3 EA; Bottom right: R Piolt 3 TEAS.

In Pilot 1, Visit 1 showed more high HRV values than V2. In Pilot 2, there was no clear pattern of
increase or decrease in H/L ratios. In Pilot 3, there were no clear parallel trends for EA and TEAS,
although the last visit appeared to result in highest H/L ratios during stimulation than the other
visits. This suggests a possible cumulative effect of treatment (although this was not evident in Pilot
2), but may also be partly a baseline effect (higher for TEAS in Visit 4, but not for EA).

5. Ratios (Loc)

Table 17. H/L ratios compared by Location

(note that only in Pilot 2 is it possible to assess EO1 and EO2 for Loc).

Pilot Segments | B L R T Bilat | LLSS
P1TEAS | 3to8 1.043 | 1.043 |0.778 |1.087 | 1.133|0.778
P2 EA EO1 1.233 | 1.042 | 0.846 | 0.920

P2 EA 3to6 1.098 | 0.864 |1.110 | 0.920

P2 EA EO2 1.182 | 0.745 | 1.087 | 0.745

P3 EA EA1,EA2 | 1560 |0.939 |0.778 | 1.133

P3 TEAS | TEAS], 1.065 | 1.065 | 1.065 | 0.730

TEAS2
means 1.197 | 0.950 | 0.944 | 0.923

The overall means suggest that higher HRVs (ratio >1) are found at B, then at L, R and lower at T

(ratio<1). However, ratios are not greatly different from 1 in any Pilot, except for Pilot 3 (EA), where
B shows most high values.
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Fig 19. Graphical representation of H/L ratios for the three Pilots. Top Left: Pilot 1; Top Right: Pilot2;

Bottom Left: Pilot 3 EA; Bottom Right: Pilot 3 TEAS.

5. Ratios (Mod)

Note that for Segments in Table 24 (p. 34), CV is consistently higher for EA than for TEAS in Pilot 3.
This is not the case when comparing Pilot 1 (TEAS) and Pilot 2 (EA).

5. Ratios (ID)

Some participants scored consistently higher than others in Pilot 1, with differences in EO1 carrying
through to EO2. Four showed an overall increase in counts over the course of sessions, 2 a decrease,
and 1 a decrease during stimulation compared to before and after.

In Pilot 2, again there were high and low scorers, with 3 showing increasing numbers of ‘high’ values

over the course of a session, 5 decreasing numbers, 2 showing an increase during stimulation
compared to before and after, and 2 a decrease during stimulation compared to before and after
(Fig 20).
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Fig 20. H/L ratios, showing different patterns of change over the course of sessions in each Pilot.
Top Left: Pilot 1; Top Right: Pilot 2; Bottom Left: Pilot 3 EA; Bottom Right: Pilot 3 TEAS.

Although 8954 showed relatively low H/L ratios in both Pilot 1 and Pilot 3 and 8680 showed middling
ratios in both Pilot 1 and Pilot 3, ratios were low for 2815 and 5611 in Pilot 1, but higher in Pilot 3.
This suggests that whereas some participants may show similar characteristics at different times, for
others these may change. Thus it would make sense to compare changes within sessions rather
than between sessions, and for each participant separately, rather than grouping them together, or
at least separating out ‘strong reactors’ and ‘weak reactors’.

5. Ratios (ID, Mod)

In Pilot 3, ratios were of a similar order for EA and TEAS each participant: for 5601 and 8680, ratios
were high, for 8954 low, and for 2185 somewhere between. However, apart from 8954, patterns of
changing ratios from EO1-2>segments—>EO2 were dissimilar for the two interventions (EA and TEAS).

FURTHER ANALYSIS

Baseline comparisons: Test-retest reliability (TTR)

Significant correlations between values of HRV measures for the initial segments of all Visits were
counted (SPSS bivariate correlations, with default SPSS Bootstrap settings, and Spearman’s rho as a
confirmatory non-parametric coefficient).

In Pilot 1, 4 measures showed significant TTR in the initial ‘eyes-closed’ segment (EC1), and 2 in the
initial ‘eyes-open’ segment (EO1).

In Pilot 2, significant TTR for all 6 pairwise Visit combinations was found for four HRV measures, with
least TTR for ApEn (2 comparisons significant) and SampEn (1 comparison significant), indicating
that these nonlinear measures may be very sensitive to noise (in contrast, D, showed good TTR for 4
comparisons).

In Pilot 3, only 4 measures showed significant TTR, and then only for one comparison each. Only D,
showed significant TTR when EO1 results for P1 and P3 were compared for those who participated in
both Pilots.

Table 18 summarises these findings.
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Table 18. Counts of significant test-retest reliability (TTR) for values of HRV measures in segments
EO1 (Pilots 1-3) and EC1 (P1) — shown as P1(C).

HRV V1-V2 V1-V3 V1-V4 V2-V3 V2-V4 V3-v4 All
RR P2 P2 P2 P2 P3 P2 P2 7
SDNN P1(C) P1 P2 P2 P2 P2 P2 9
P2 P3
RMSSD P2 P2 P2 P2 P2 P2 6
HFpwr P1(C) P2 P2 P2 P2 P2 P2 7
LF/HF P1(C) P2 P2 P2 4
ApEn P2 P2 P3 3
SampEn P2 1
D, P1(C) P1 P2 P2 P2 P3 7
P2
All 14 4 5 6 7 8 44
(4C100)

This is illustrated in graphic form in Fig 21, showing total number of significant visit-to-visit

correlations for each HRV measure (Pilots 1 and 3). Greater test-retest reliability (more correlations)

suggests greater stability of the measure.
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Fig 21. Total number of significant visit-to-visit correlations for each HRV measure in Pilots 1 and 3.
It is instructive to compare Fig 21 with the nSD charts above (Figs 6-8, 13).
High or low baseline HRV measures as another factor in outcome

HRV measures at baseline (EO1) were compared to the median for the whole Pilot sample

(all participants, in all segments), transformed into binary numbers (1 if > median, 0 if < median), and
relabelled as RR-ini, SDNN-ini, etc.. Median values for Pilot 1 were taken from the Pilot 1 data alone,
but for each of Pilot 2 and 3 from their combined data. In addition to the usual 8 HRV measures,
peak LF frequency was coded into 1s and Os in the same way (as ‘LFpk-ini’), and also relative to 0.1
(see Appendix A), as ‘LFpk-0.1".

In each Pilot, significant differences in HRV values during stimulation segments were found
depending on initial state, using the Mann-Whitney U test (2-tailed asymptotic significance), and
counted.
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The initial values which differentiated between values in stimulation segments of over half the HRV
measures were then tabulated (Table 19).

In addition, the correlation ratio eta (n) (see below, p. 40) were calculated. Those HRV measures for
which eta (n) was highest or lowest were also tabulated.

Following analysis of Pilot 1, LFpk-0.1 was excluded from further analysis as having the lowest mean
eta (n) across all measures (see Appendix F).

Table 19. Summarising significant differences in HRV values during stimulation segments
resulting from high or low initial values.

Pilot initial HRV HRV most | HRV least initial initial | stim eta | stim
with most affected affected eta (n) eta (n) | (n) eta (n)
effect largest least largest least

P1 RR, SDNN, RR ApEn SDNN ApEn RR ApEn
RMS SD, D,, SampkEn RR LF/HF SDNN SampEn
HFpwr, D,,

LFpk

P2 SDNN, RMS RMS SD RR SDNN RR RMSSD | ApEn
SD, HFpwr, HFpwr LF/HF RMSSD | LF/HF SDNN RR
ApEn,

SampkEn, D,,
LFpk

P3 EA RR, SDNN, RMS SD LF/HF SampEn | ApEn D, ApEn
RMS SD, HFpwr ApEn HFpwr | LFpk | RR LF/HF
HFpwr,

SampkEn, D,

P3 TEAS | RR, HFpwr, SDNN LF/HF D, LFpk D, ApEn

D, RMS SD ApEn HFpwr ApEn RR LF/HF
HFpwr

Those initial measures with most effect over all Pilots were HFpwr and D, (4 occurrences), with RR,
SDNN and RMS SD not far behind (3 occurrences). Those measures most affected by baseline values
during stimulation segments were RMS SD and HFpwr (3 occurrences), those least affected being
LF/HF and ApEn (3 occurrences).

No initial measure showed consistent largest eta more than twice in the above Table, but ApEn
occurred 3 times as the initial measure with lowest eta. Of the measures during stimulation
segments showing highest eta, only RR occurred 3 times in Table 19, and of those showing lowest
eta, ApEn appeared 4 times.

On the basis of these results, the 5 measures in bold above (3 time domain, 1 frequency domain,
1 nonlinear) were selected for calculation of mean CV (normalised SD) and eta (n) (Table 20, and
see below, pp. 41, 42).
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Table 20. Number of significant differences in HRV measures (in stimulation segments) induced by
the five most influential HRV measures at baseline, with corresponding correlation ratios eta (7).

HRV N Significant differences Correlation ratio eta (n)

P1 P2 P3 EA P3 TEAS | mean P1 P2 P3 EA P3 TEAS | mean
RR 6 2 6 6 5 0.381 | 0.185 | 0.276 | 0.372 0.304
SDNN 6 5 5 4 5 0.417 | 0.463 | 0.379 | 0.269 0.382
RMS 6 5 5 4 5 0.354 | 0.435 |0.339 | 0.290 0.355
SD
HFpwr | 5 6 6 6 5.75 0.280 | 0.396 | 0.407 | 0.385 0.367
D, 5 6 6 6 5.75 0.292 | 0.365 | 0.388 | 0.412 0.364
mean 56 |48 |5.6 5.2 5.3 0.345 | 0.369 | 0.358 | 0.346 0.354

Table 21. Mean eta (7) for each HRV measure in stimulation segments,
for the five selected baseline measures taken together.

Pilot RR SDNN | RMS SD | HFpwr LF/HF ApEn SampEn | D, mean
Pilot 1 0.531 | 0.424 | 0.420 0.351 0.159 0.106 0.197 0.570 0.345
Pilot 2 0.208 | 0.558 | 0.563 0.439 0.190 0.105 0.312 0.574 0.369
Pilot 3EA | 0.566 | 0.383 | 0.357 0.249 0.091 0.105 0.444 0.662 0.358
Pilot 3 0.406 | 0.375 | 0.415 0.260 0.190 0.132 0.367 0.621 0.346
TEAS
mean 0.428 | 0.435 | 0.439 0.325 0.1575 | 0.112 0.330 0.607 0.355
CVof g 0.378 | 0.195 | 0.200 0.274 0.296 0.119 0.315 0.072 0.032

Association of ID and Visit with baseline values (B)

A Chi-square (Xz) test for Values during stimulation segments was conducted to assess the

association between initial state and ID or Visit (Table 22).

Table 22. Results of the Chi-square (XZ) test for Values during stimulation segments,

showing mean Pearson’s Xz) in each Pilot, and whether the test results were significant.

Pilots 1-3 ID Visit
P1 P2 P3 P1 P2 P3

RR-ini 0.001 <0.001 | <0.001 | ns ns 0.008
SDNN-ini <0.001 | <0.001 | <0.001 | <0.001 |o0.001 <0.001
RMSSD-ini | <0.001 | <0.001 | <0.001 | <0.001 | 0.004 <0.001
HFpwr-ini <0.001 | <0.001 |<0.001 |ns ns 0.008
LF/HF-ini <0.001 <0.001 <0.001 ns <0.001 <0.001
ApEn-ini <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001
SampEn-ini | <0.001 | <0.001 | <0.001 | 0.043 0.049 <0.001
D,-ini <0.001 <0.001 <0.001 ns <0.001 <0.001
LFpk-ini <0.001 | <0.001 | <0.001 |0.013 ns 0.004
mean 49.417 | 235.114 | 74.364 | 8.846 19.448 | 33.631

Note that the value of xz depends on the degrees of freedom, so is bound to be lower for Visit (df 1
or 3)than ID (df 6, 11 or 3).

In Pilots 1 and 2, initial values are closely associated with ID, but much less so with Visit.
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In Pilot 3, unlike P1 and P2, not only are initial values closely associated with ID, but also with Visit

(although not to the same extent).

The association for ID was further explored for the individual participants. Obviously some

participants showed more high or more low initial HRV measures; sometimes the proportion of

these was significant. However, proportions (and significance) were not consistent across visits, as

shown in Table 23.

Table 23. Participants in Pilots 1 to 3 showing significant differences in numbers of baseline ‘high’

and low’ values for the 9 HRV measures tabulated in Table 22.

Pilot ID High/low initial With LF/HF Binomial
HRV reversed significance
Pilot 1 2185 3/15 3/15 0.008
8875 15/3 13/5 0.008 (ns)
Pilot 2 4290 25/11 27/9 0.029 (0.004)
5044 11/25 15/21 0.029 (ns)
5611 12/24 10/26 ns (0.011)
6899 23/13 25/11 ns (0.029)
7815 8/28 4/32 0.001 (<0.001)
7904 24/12 28/8 ns (0.001)
Pilot 3 8680 13/23 9/27 ns (0.004)
8954 28/8 24/12 0.001 (ns)

The high/low proportions were also not consistent over longer periods: although 2185, for instance,

showed significantly more high than low initial measures in Pilot 1, in Pilot 3 this was no longer the

case.

When LFpk-0.1 (rather than LFpk-ini) was considered in isolation, then participant 8680 showed high

initial LFpk (>0.1) in one session of Pilot 1, and in all four sessions in Pilot 3. Two participants in Pilot
2 (4290 and 6899)showed high initial LFpk-0.1 in 3 out of 4 sessions. Others only showed high initial
LFpk-0.1 in 2 sessions at the most. 11 out of the total 19 participants in the three Pilots

demonstrated high initial LFpk-0.1 in one or more sessions (25 out of a total of 76 sessions, or

approximately 1/3).

Further data on differences in HRV measures with baseline state can be found in Appendix F.
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Coefficients of variance (normalised SD) and effect size

5. Ratios — Coefficients of variance (normalised SD)

Table 24. Coefficients of variance (normalised SD) for H/L ratios.

Comparison Pilot EO1 Segments EO2 mean CV (SD)
Hz P1 0.235 0.149 0.060 0.149
P2 0.030 0.055 0.206 (0.153)
P3 EA 0.089 0.571 0.176
P3 TEAS 0.177 0 0.045
Visit P1 0.339 0.113 0.230 0.293
P2 0.092 0.168 0.190 (0.163)
P3 EA 0.334 0.637 0.261
P3 TEAS 0.229 0.513 0.414
ID P1 1.254 1.159 1.172 1.030
P2 1.928 1.081 1.074 (0.360)
P3 EA 0.608 0.841 0.711
P3 TEAS 0.645 0.789 1.097
Loc P1 n/a 0.143 (0.161°%) | n/a 0.193 (0.069)
P2 0.167 0.125 0.243 [0.196
P3 EA n/a 0.306 n/a (0.067)7
P3 TEAS n/a 0.171 n/a
Amplitude P1 n/a 1.095 n/a 0.826
P2 n/a 1.098 n/a (0.313)
P3 EA n/a 0.540 n/a
P3 TEAS n/a 0.569 n/a
Dur P2 only n/a 1.165 (0.037) | n/a 1.165 (0.037)
Baseline P1 n/a not calculated
P2 n/a
P3 EA n/a
P3 TEAS n/a

a. Including Bilat and LLSS
Time did not permit calculation of CV for Baseline state.

As expected, CV is highest for ID, followed by Visit and then Loc. CV is least for Hz. Note the strong
effect of stimulation amplitude.

5. Ratios — Effect size using modified Cohen’s d

One measure of effect size, most commonly used for independent samples (as when comparing a
treatment and a non-treatment group), is Cohen’s d [Anon (Wikipedia); Cohen 1992; Tas-Cebe &
Cummings 2013; Thalheimer & Cook 2002]. A d of <0.015 is considered negligible, around 0.20 (0.15-
0.4, or 0.2 to 0.3) small, around 0.5 (0.4-0.75) medium, and around 0.80 large (or >075, sometimes
subdivided into large, 0.75-1.1, and very large, 1.1-1.45). Cohen’s d is most meaningful when
calculated after rejecting the null hypothesis in a statistical test [Anon 2010-2012]. However, it is still
a useful indicator of the magnitude of mean differences where the truth or otherwise of a null
hypothesis cannot be established. Where such quantification is problematic, “Cohen's effect size
criteria may serve as a last resort” (Ellis 2010).
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The equation for Cohen’s d for two groups (1 and 2, with means m; and m,, standard deviations sd;
and sd, and numbers n; and n,) is:

d= (my—my)
(pooled sd)

Where pooled sd = \/(n1—1)5d12 + (n,—-1)sd,’

V (n1+n,-2)

In some discussions of Cohen’s d the ‘— 2’ is included in the denominator (Hartung et al. 2008); in
others it is omitted (Thalheimer & Cook 2002). It is included here to give a more stringent
assessment of effect size. Whether it is included or not was found to have a negligible effect on
whether d is classified as small, medium or large.

Cohen’s d is used in this analysis on the assumption that the groups compared are in effect
independent (because of the number of independent variables considered). However, given that
each Pilot is structured as a complex cross-over, with the same participants usually included at least
twice in each comparison, n was determined from the number of ‘cases’ in the SPSS Descriptives
output, not from the number of participants.

When comparisons were between more than two groups (e.g., comparing the effects of participant
ID or stimulation Loc on outcome), the mean of Cohen’s d for the various inter-group comparisons is
presented.

When calculating Cohen’s d for summed high/low ratios, some individual ratios will have zero as the
denominator (if all HRV measures in the comparison concerned are ‘high’), giving infinite values.
However, in these Pilots, there are only 13 such ratios, three of which do not contribute to Cohen’s d
for stimulation segments (Table 25).

Table 25. 8/0 ratios [those highlighted do not contribute to calculated Cohen’s d]

P1 P2 P3 EA P3 TEAS

V1T10 8311 V2 T2.5EA14290 n/a V1L 2.5TEAS1 8680
V1EO2 10 8311 V2 T2.5EA4 4290

V2 L 10 8875 V2T 2.5 MA2 4290

V2 Bilat 108875 | V2B 2.5EO1 7815
V3 L 10 MA2 7815
V4T25EO17815
V4T2.5EA4 7815
VAT2.5MA2 7815

By replacing 8/0 with 7/1 for the remaining 10 ratios, approximate values for Cohen’s d were then
calculated (Table 26).

Table 26. Cohen’s d (calculated using Descriptives exported from SPSS into Excel).
Where more than one inter-group comparison is possible, max and min d were calculated,
and then their mean (median).

35



Comparison Pilot EO1 Segments EO2 mean d
(SD)

Hz P1 0.272 0.074 0.125 0.217
P2 0.056 0.179 0.157 (0.157)
P3 EA 0.414 0.069 0.348
P3 TEAS 0.0475 0.349 0.508

Visit (max, min) | P1 0.358 0.164 0.149 0.376
P2 0.129 (0.217, 0.040) 0.061 (0.115, 0.006) | 0.284 (0.490, 0.077) | (0.227)
P3 EA 0.600 (1.054, 0.145) 0.520 (1.002, 0.037) | 0.455 (0.766, 0.144)
P3TEAS | 0.461(0.799, 0.122) 0.823 (1.253,0.393) | 0.508 (0.910, 0.105)

ID (max, min) P1 25.103 (50.205, 0) 1.332(2.334,0.329) | 13.218" (‘infinity’, 0) | 4.156
P2 0.332 (0.612, 0.051) 1.712 (3.249, 0.175) | 2.034 (4.068, 0) (7.470)
P3 EA 0.658 (1.259, 0.056) 1.122 (2.034,0.209) | 0.439 (0.694, 0.183)
P3 TEAS 1.095 (1.536, 0.653) 1.356 (2.323,0.389) | 1.466 (2.116, 0.815)

Loc (max, min) P1 n/a 0.313 (0.465, 0.160) | n/a 0.225
P2 0.152 (0.247, 0.056) 0.096 (0.180, 0.011) | 0.153 (0.268,0.037) | (0.115)
P3 EA n/a 0.401 (0.742,0.059) | n/a
P3 TEAS n/a 0.233(0.384,0.082) | n/a

Amplitude P1 n/a 1.006 n/a 0.562
P2 n/a 0.085 n/a (0.510)
P3 EA n/a 0.999 n/a
P3 TEAS n/a 0.158 n/a

Dur P2 only n/a 113 (0.118) n/a 113 (0.118)

b. Interpolated as mean of EO1 and Segment entries.

As for CV, Cohen’s d is highest for ID, followed by Amp, Visit and then Loc. It is least for Hz. Time did
not permit calculation of Cohen’s d for Baseline state.

5. Ratios — Comparing CV and Cohen’s d

Both CV and Cohen’s d are normally distributed, and with acceptable skewness and kurtosis (albeit

only just acceptable skewness for Cohen’s d). Comparison between them shows good correlation for
the factors Hz, V, ID and Loc (Fig 22).
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Fig 22. Correlation between CV and d for the factors Hz, V, ID and Loc.

However, correlation is less good if Amp is included as an additional factor (Fig 23 Left), and poor if

the results for Dur from Pilot 2 are also included (Fig 23 Right).
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Fig 23. Left: Correlation between CV and d for the factors Hz, V, ID, Loc and Amp.
Right: Correlation for the same factors, and also Dur.

Diff% for the various methods of analysis (Values, Correlations, BER and H/L ratios) used in this
study

In Table 27, Mean [and Max] Diff%s are entered for all comparisons when these are between more
than two factors (e.g., for Visit in Pilot 2 or Pilot 3, or for ID or Loc in all Pilots). Other than for
comparisons by frequency and pre-to-post values, data was sorted to ensure that all these Diff%’s
were positive.

Table 27. Diff% for the various methods of analysis (Values, Correlations, BER and H/L ratios)
used in this study.

value correls pre-to- BER H/Lratio | H/L ratio H/L ratio
post value
Hz segments | start end
P1 -6.314 -23.53 -72 -21.1 -33.249 -28.460 8.865
P2 1.400 18.75 -72 6.7 -9.484 -11.876 -34.154
P3 -16.365 0.00 -382 28.9 33.300 -11.800 -24.636
EA
P3 -21.844 57.14 144 -14.4 0.000 -22.240 -6.170
TEAS
Visit segments | start end
P1 3.513 26.67 5603.196 6.154 38.806 96.000 22.358
P2 17.047 21.429 1602.068 11.328 23.932 11.981 25.980
[30.489] | [45.455] | [3795.295] | [20.295] | [48.860] [23.188] [51.948]
P3 12.136 170.833 621.701 14.524 118.898 68.013 41.774
EA | [24.350] | [466.667] | [1246.671] | [27.228] | [294.737] | [145.455] | [87.912]
P3 15.901 39.206 17.110 35.630 108.546 35.515 90.861
TEAS | [31.467] | [80.000] [28.275] [65.918] | [240.316] | [65.641] [189.630]
ID segments | start end
P1 50.758 135.331 705.997 61.683 355.559 443.636 1078.942
[134.723] | [566.667] | [10948.01] [1320.000] | [2933.333] | [4800.000]
P2 58.426 101.760 -480.847 26.617 246.731 388.496 259.786
[263.909] | [600.000] | [3187.908] | [74.884] | [1774.040] | [3200.000] | [2240.000]
P3 24.703 85.000 529.694 53.050 395.181 284.318 422.657
EA [48.452] | [175.000] | [1672.184] | [27.770] | [880.000] | [727.273] | [1088.000]
P3 46.979 66.667 36.244 20.659 | 259.557 358.254 497.576
TEAS | [101.666] | [133.333] | [57.375] [40.200] | [673.684] | [853.333] | [1520.000]
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Loc segments | start end
P1 3.927 6.250 n/a 10.406 6.107 n/a n/a
[9.266] [12.500] [21.626] | [13.674]
{15.913
[42.857]}
P2 10.149 11.197 72.304 10.626 17.185 16.829 36.237
[19.156] [23.077] [-5495.08] | [18.505] | [28.448] [28.858] [58.537]
P3 6.599 66.667 n/a n/a 48.570 n/a n/a
EA [11.136] [150.000] [100.571]
P3 21.076 92.857 n/a n/a 22.939 n/a n/a
TEAS | [40.470]] | [175.000] [45.878]

a. In {}s: including Bilat and LLSS.

Taking the mean (rather than max) absolute values, averaging over all columns, Diff%s are ranked as

follows:

P1

P2

P3 EA
P3 TEAS

Out of a possible 28 individual columns, in 22 ID ranks highest, and in 18 Hz ranks lowest. Thus, as

Loc<< Hz<<ID<V
Hz< lLoc<<ID<V
Loc<Hz<<V<ID
Hz < Loc <V << ID.

with CV and Cohen’s d, of the four factors included in this Table, ID appears to have the most effect
on HRV outcomes, and Hz the least.

Partial correlations between Cohen’s d, CV and Diff% for the various methods of analysis used

Partialling out the effects of Pilot and the various factor Comparisons, Table 28 shows the

correlations which remain significant (for Segments only) when calculated using Bootstrap (with

SPSS default settings).

Table 28. Significant partial correlations between Cohen’s d, CV and Diff%

for the various methods of analysis used.

all Cohen's d | Diff% Diff% Diff% Diff% H/L
values (1) correlations (2) BER (4) ratios (5)

CV %k k k% * k% %k

Cohen's d ok * ok ok

Diff% values *ok

(1)

Diff% correls *

(2)

Diff% BER *ok

(4)

** p<0.01; * p<0.05.

R? values for the correlations with Diff% are shown in Table 29. For the count of significant

differences, see Table 1; for eta (), see next section, p. 40.
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Table 29. Correlation coefficients for some Diff% results with other methods of assessing effect.

all Diff% Diff% Diff% Diff% H/L mean nSD
values (1) correlations (2) BER (4) ratios (5) (excl BER)

Ccv 0.984 0.841 0.001 0.927 0.917 0.078
Cohen's d 0.999 0.755 0.017 0.944 0.899 0.142
eta (n) 0.960 0.878 0.001 0.871 0.903 0.055
N signif diffs | 0.994 0.690 0.021 0.977 0.887 0.193
mean 0.984 0.791 0.010 0.930 0.902

nSD 0.018 0.107 1.052 0.048 0.014

These findings support the use of three of the methods of analysis used in this study, in particular
the Values and H/L ratios. However, BER is clearly assessing something rather different. Note that
dispersion of R? was low for CV and eta (n), and higher for Cohen’s d and the count of significant
differences.

Example: Diff% and nSD (CV) for Pilot 2 (segments EA1 to EA4)

If the absolute (non-signed) differences in value of the various measures are normalised and taken
as percentages (Diff%), they correlate very closely with coefficient of variance (CV), i.e. the
normalised standard deviation nSD, of the measures themselves for the same sample (Pilot 2, EA1 to
EA2), as shown in Fig 24.

cv EAlto EA4
0.35

LF/HF
03 4’

R2= 0961
0.25 /
0.2 /
o5 SDNN& 7 *
' RMSSD 4 —
oa . e HFpwr
¢ D2
0.05 =
, {‘ ApEn mean Diff%
) 5 10 15 20 25

Fig 24. Scatter plot of CV vs mean Diff% for the 8 HRV measures in Pilot 2,
segments EA1 to EA4, showing how they are closely correlated.

Correlation ratio eta (#) for factors in this study

To confirm that the effect of Amp (Amp-N) on the HRV appears to be far stronger than that of Loc
(above, Values (Amp), p. 19), a comparison was made of the correlation ratio eta (#) for the various
factors (Table 30).
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Table 30. Correlation ratio eta (7) for stimulation amplitude with some
nominal independent variables (significant values of # in bold).

Pilot Hz Visit Time Loc B&T ID
only

P1 0.265 0.006 0.164 0.395 0.526 0.789

P2 0.099 0.179 0.213 0.396 0.403 0.771

P3EA | 0.252 0.296 0.164 0.366 0.520 0.615

P3 0.005 0.296 0.167 0.363 0.418 0.583

TEAS

In Pilot 1, for baseline values of the different HRV measures, eta () for stimulation amplitude was
>0.4 only for HFpwr-ini (0.410), RR=ini (0.426) and D,-ini (0.697). In Pilots 2 and 3, eta (1) did not
reach 0.4 for any HRV measure. Thus there does not appear to be some ‘HRV type’ of participant
with a particularly low or high tolerance for electrical stimulation.

This suggests that Amp is not a major confounding factor for any results other than ID.

Table 31 shows the mean eta () for the different factors (during stimulation segments only), with
correlations for Amp values with HRV measures.

Table 31. Mean eta (7) for the different factors (during stimulation segments only), with correlations
for Amp values with HRV measures (p values shown as ** (*) for Pearson <0.01 (Spearman <0.05)).
Eta (n7) values in bold if > 0.75.

Pilot | Factor RR SDNN | RMS HFpwr | LF/HF | ApEn SampEn | D, mean
SD
P1 Hz 0.068 | 0.208 | 0.267 | 0.082 0.032 | 0.155 | 0.316 0.049 | 0.147
Loc 0.033 | 0.077 | 0.150 | 0.217 0.128 | 0.123 | 0.234 0.094 | 0.132
Amp ** n(**) n(*) | n(**) |n() |n(n) |n(n) ** 2(5)

Amp-N 0.479 | 0.192 | 0.081 | 0.139 0.069 | 0.067 | 0.678 0.102 | 0.226

ID 0.459 | 0.707 | 0.594 | 0.535 0.496 | 0.433 | 0.303 0.830 | 0.545
\Y 0.132 | 0.209 | 0.196 | 0.030 | 0.071 | 0.164 | 0.405 0.057 | 0.158
Time 0.424 | 0.414 | 0.297 | 0.264 | 0.338 | 0.258 | 0.277 0.586 | 0.357

Segment | 0.076 | 0.191 | 0.202 | 0.205 0.186 | 0.272 | 0.220 0.077 | 0.179

Baseline 0.531 | 0.424 | 0.420 | 0.351 | 0.159 | 0.106 | 0.197 0.570 | 0.345

P2 Hz 0.064 | 0.011 | 0.054 | 0.050 |0.004 |0.141 |0.009 | 0.053 | 0.048
Loc 0.177 | 0.157 | 0.166 | 0.077 |0.124 | 0.080 |0.097 |0.123 | 0.125
Amp ) [ n*F) () [ **(n) [**(n) | n(**) | n(n) n(*) [4(4)
Amp-N | 0.127 | 0.227 |0.100 | 0.079 |0.257 |0.144 |0.168 | 0.182 | 0.161
ID 0.890 | 0.871 | 0.863 | 0.876 |0.766 | 0.536 | 0.738 | 0.842 | 0.798
v 0.184 | 0.180 | 0.155 |0.118 |0.212 | 0.077 |0.095 | 0.146 | 0.146
Time 0.408 | 0.400 | 0.565 |0.710 |0.283 |0.124 |0.181 | 0.494 | 0.396

Dur/Segm | 0.025 | 0.034 | 0.018 | 0.024 | 0.044 | 0.100 | 0.099 0.065 | 0.051

Baseline 0.208 | 0.558 | 0.563 | 0.439 | 0.190 | 0.105 | 0.312 0.574 | 0.369

P3EA | Hz 0.032 | 0.210 | 0.196 | 0.220 |0.146 |0.413 |0.289 | 0.039 | 0.193
Loc 0.215 | 0.306 | 0.303 | 0.325 |0.480 | 0.336 | 0.200 | 0.195 | 0.295
Amp FEF) ) ) () * ) | n(n) | n(n) * 4 (6)

(**)

Amp-N 0.548 | 0.329 | 0.363 | 0.262 0.172 | 0.217 | 0.373 0.406 | 0.334
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ID 0.790 | 0.498 | 0.551 | 0.393 0.307 | 0.328 | 0.818 0.726 | 0.551

\Y 0.421 | 0.383 | 0.378 | 0.322 | 0.342 | 0.391 | 0.178 0.368 | 0.348

Time 0.360 | 0.375 | 0.318 | 0.213 0.075 | 0.066 | 0.406 0.608 | 0.303

Segment | 0.096 | 0.223 | 0.197 | 0.256 | 0.178 | 0.304 | 0.225 0.052 | 0.191

Baseline 0.566 | 0.383 | 0.357 | 0.249 | 0.091 | 0.105 | 0.444 0.662 | 0.358

P3 Hz 0.137 | 0.248 |0.215 | 0.207 |0.177 |0.122 |0.014 |0.023 |0.143

TEAS
Loc 0.296 | 0.218 | 0.154 | 0.268 | 0.323 | 0.308 | 0.396 | 0.190 | 0.269
Amp *(*) |n(n) |n() [n() [n(n) |n(n) |*(n) n(n) |2(1)
Amp-N | 0.330 | 0.264 | 0.213 | 0.254 |0.150 |0.156 | 0.444 | 0.102 | 0.239
ID 0.823 | 0.561 | 0.616 | 0.481 |0.302 |0.254 |0.758 | 0.672 | 0.558
v 0.291 | 0.382 | 0.355 | 0.409 |0.312 |0.242 | 0.043 | 0.349 | 0.298
Time 0.225 | 0.318 |0.331 |0.231 |0.113 | 0.146 | 0.415 | 0.499 | 0.285

Segment | 0.124 | 0.359 | 0.388 | 0.323 0.277 | 0.303 | 0.231 0.282 | 0.286

Baseline 0.406 | 0.375 | 0.415 | 0.260 0.190 | 0.132 | 0.367 0.621 | 0.346

P3 Mod 0.069 | 0.083 | 0.022 | 0.074 0.101 | 0.084 | 0.101 0.060 | 0.074
Segment | 0.128 | 0.271 | 0.274 | 0.260 0.290 | 0.302 | 0.247 0.214 | 0.248

mean 0.298 | 0.313 | 0.304 | 0.271 0.217 | 0.209 | 0.302 0.321

cv 0.790 | 0.581 | 0.628 | 0.683 0.707 | 0.585 | 0.681 0.824

As in the other analyses conducted, ID is the factor showing greatest effect.

Measures with the highest mean eta (1) are SDNN and SampEn; those with the lowest mean eta ()
are LF/HF and ApEn.

Table 32 shows the mean eta (1) for the various comparisons, combined for the different Pilots.

Table 32. Mean eta (n) for the various comparisons, combined for the different Pilots.

Factor Mean (SD) CVofn
Hz 0.133 (0.061) 0.458
Loc 0.205 (0.089) 0.435
Amp-N 0.240 (0.071) 0.298
ID 0.613(0.123) | 0.201
V 0.237 (0.101) 0.425
Time 0.335(0.051) 0.152
Segment 0.177 (0.096) 0.546
Baseline 0.355 (0.011) 0.032

Interaction between factors (independent variables) — the XZ test

To further explore the role of Amp-N (Amp transformed into binary numbers), Chi-square (xz) tests
for various categorical variables were performed (Table 33).

41




Table 33. Results of the Chi-square (xz) test for Values during stimulation (EA or TEAS) segments.

2

X Amp-N vs ID Time vs ID Amp-N vs Loc Amp-N vs Hz

P1 37.455 (p<0.001, | 148.800 (p<0.001, | 4.303 (ns, df 5) 5.719 (p=0.017,
df 5) df 15) df 1)

P2 66.510 (p<0.001, | 365.929 (p<0.001, | 41.244 (p<0.001, | 14.139 (p<0.001,
df 11) df 22) df 3) df 1)

P3 EA 20.825 (p<0.001, | 32.000 (p<0.001, | 0.508 (ns, df 3) 2.032 (ns, df 1)
df 3) df 3)

P3 TEAS 12.698 (p=0.005, | 32.000 (p<0.001, | 4.571 (ns, df 3) 0.000 (ns, df 1)
df 3) df 3)

Thus, as originally planned when allocating visit times to participants, Time and ID are closely
associated. Also closely associated are ID and stimulation amplitude — some participants prefer, or
can tolerate, stronger stimulation.

Interestingly, the association between Amplitude and Loc is only significant in Pilot 2. Nonetheless,
in all Pilots mean amplitude was greatest at B (5ST36%) and least at T (LI4%), ranked order in Pilots 2
and 3 being: B>L>R>T. In Pilot 1, order was B>R>L>T (although, when results were split by Hz, at 10
Hz Amp was higher in Pilot 3 TEAS at R than B). In Pilots 1 and 2, the difference between Amp for B
and the next greatest Amp was more for 2.5 Hz than 10 Hz (this was not the case in Pilot 3). In this
context it is important to remember that calculation of eta (n) shows that Amp is only a significant
confounder for ID, not for Loc, Time, Visit or Hz (even when only the extremes of T and B are
considered for Loc).

The interaction of Amp and Hz should also be noted as a possible confounding factor. In Pilot 1,
mean amplitude for 10 Hz was greater than for 2.5 Hz at all locations. In contrast, in Pilot 2 mean
amplitude was greater for 2.5 Hz than 10 Hz at both LI4% (T) and ST367 (B), although these
differences were not significant.

In no Pilot did the Chi-square (XZ) test indicate a significant association between Hz and Loc.

CONCLUSIONS

Few differences are significant for any of the comparisons undertaken, and few are consistent across
all Pilots. In particular, it is not possible from these data to state unequivocally that the effect of one
frequency is greater than that of the other, or that one is more likely than the other to benefit
health.

However, comparing CV and Cohen’s d for H/L ratios with the eta () values obtained above, and
bearing in mind the numbers of significant differences for the various comparisons (Table 1), as well
as the correlations with Diff% (Tables 28, 29, pp. 39, 40), it becomes evident that these five methods
of assessing how much an experimental factor in these Pilots affects outcome are broadly in
agreement (Table 34).
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Table 34. Five methods of assessing how much an experimental factor

in these Pilots affects outcome.

Factor N significant mean CV Effect size d mean eta (1) mean Diff%
differences (SD) (SD) (SD) Values (SD)

Hz 5 0.149 (0.153) | 0.217 (0.157) | 0.133(0.061) | 11.481(9.302)

Loc 2 0.193 (0.069) | 0.225 (0.115) 0.205 (0.089) 10.438 (7.536)

Visit 4 0.293 (0.163) | 0.376 (0.227) | 0.237(0.101) | 12.150 (6.128)

Amp 17 0.826 (0.313) | 0.562 (0.510) | 0.240(0.071) | n/a

Dur 0 1.165(0.037) | 0.113 (0.118) 0.051 (0.033) n/a

Baseline 21 n/a n/a 0.355(0.011) | n/a

ID 28 1.030 (0.360) | 4.156 (7.470) 0.613(0.123) | 45.217 (14.481)

mean nSD 0.990 0.450 0.931 0.356 0.589

n/a: not yet calculated.

For example, there is excellent correlation between CV and Cohen’s d (R*=0.988) when factors Amp
and Dur are excluded. This decreases to 0.623 if Amp is included, and 0.206 if Duration is included as
well (Table 35). R* for other comparisons are shown below (for those with Diff%, see above, Table
29).

Table 35. Correlations between CV, d and eta (7).

Comparison

CV vs eta

CVvsd

dvs eta

RZ

0.991 (0.667; 0.071)

0.988 (0.623; 0.206)

0.970 (0.968; 0.909)

Note that, although in all three comparisons, R? decreases if Amp and Dur are included, this
decrease is only marginal (to 0.909) for the correlation between Cohen’s d and 7. Given that #° is,
like Cohen’s d, also a measure of effect size, this is not surprising.

Table 36. Correlations of N (number of significant differences) with CV, d and eta (7).

Comparison Nvs CV Nvs d N vs eta

R? 0.965 (0.940; 0.202) 0.989 (0.781, 0.780) 0.848 (0.740; 0.792)

Correlations between N, which is quite a gross estimate of effect, with the more formal effect size
estimates (Cohen’s d and eta) are surprisingly good (Table 36). (N vs eta is 0.792, for example, when
Baseline is included, and 0.803 with Baseline excluded.)

There is less dispersion of CV and Cohen’s d than the other approach used to assess the impact of
protocol factors on HRV measures, but they all indicate that there is considerable variation with
participant (ID) and baseline (B), and little with stimulation frequency (Hz). Diff%, for example, is
much less for Loc and Hz than for ID and Visit in all Pilots, with the rank order (for all Pilots
considered together) being ID, Visit, Hz, Loc (although this varies in individual Pilots).

Thus the effects of the ID, Baseline, Amp, V, Loc and possibly Dur may mask those of Hz.

In theory, in a formal multivariate analysis where all factors are identified (and there is no additional
error factor), the sum of 172 for these is 1 (whether within or between subjects). Here it is 0.678,
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suggesting that over 2/3 of the factors responsible for variance in outcomes have been accounted
for.

Limitations
It is difficult to draw convincing conclusions from these three Pilot studies, for various reasons.

1. In Pilot 1, monitoring occurred after each 5-minute segment of stimulation, whereas in Pilots 2
and 3, it was carried out during stimulation.

2. In Pilot 1 and the first two sessions in Pilot 2, ECG/HRV was used, but thereafter PPG/PRV.
3. Too many variables were involved, particularly in Pilots 1 and 3, where sample size was small.

4. Furthermore, varying the order of interventions only added unnecessary complexity, especially in
Pilot 3, where there might be an order effect for the three interventions used (MA, EA and TEAS).
Here RR tended to increase marginally more during the whole session with 2.5 Hz than 10 Hz, and
this was more marked when EA preceded TEAS (suggesting perhaps that ending a session with TEAS
would be more relaxing than ending it with EA). In contrast, at 10 Hz, TEAS first could be interpreted
as more relaxing.

5. Other interactions between the various factors compounded this problem — for example,
between Amp and Hz, or Amp and Loc, or Amp and ID.

6. Differences at baseline were sometimes considerable, with individual participant tendencies at
baseline tending to be repeated throughout subsequent segments, regardless of stimulation.

More specifically, the value of all measures at baseline tended to be maintained throughout
subsequent segments (in 40 out of 64 segments, or 62.5%, in Pilot 1; in 42 segments, or 75%, in Pilot
2, and in 67 segments, or 83.75%, in Pilot 3) (cf. Fig 8, above). This was least often the case for LF/HF
(occurring in only 10 out of a possible 24 segments) and D, (13 segments), most often for HFpwr
(difference maintained in all 24 segments in the three Pilots) and RR (22 segments). The only
measure which, in all three Pilots, was higher at baseline for 10 Hz than for 2.5 Hz, was LF/HF.

7. in the context of this study, Cohen’s d needs to be interpreted with caution [Clark n.d.]. Results
should not be taken to indicate that the factors considered contribute to the overall variance of HRV
outcomes in a completely precise way. They are only a guide to ranking their effect. More formal
multivariate analysis under expert guidance from a statistician would be required to take this
further.

Future directions

Any further investigations should be designed carefully in order to obviate or compensate for these
problems.

For example, small-scale Pilots should focus on individual participants, within individual sessions,
and with stimulation at a single location within each session, rather than attempting to compare the
effects of several variables at once. Careful attention should be paid to the effects of stimulation
Amp, as well as Hz. One factor that has not been addressed so far is whether monitoring was
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conducted during or after stimulation. Thus a possible next step would be to design a Pilot in which
different frequencies of stimulation are used within each session, at the same locations, monitoring
for HRV both during and after each stimulation segment. Another factor which has not been
investigated is whether prior experience of EA or TEAS affects outcome. The data from Pilots 1 and 2
should be explored for this possibility before proceeding to recruit for further investigations.

The basic analytical methods employed so far are accessible even to those with little statistical
expertise. They offer a simple way of assessing the contribution of different experimental factors to
outcomes when statistical significance is elusive [Tas-Cebe & Cummings 2013] and sample size is
small. They would thus be very appropriate in acupuncture research, which tends to involves quite a
number of independent variables in small-scale studies. In addition, they provide useful indicators
for further analysis. However, in principle —and using Bootstrap or with given a sufficiently large
sample size — this should make use of more advanced methods such as mixed models and
multivariate methodology in order to properly assess the interactions of the experimental factors
(e.g. Hz and Loc) and their relative contribution to changes in HRV.
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APPENDICES

Appendix A. LF peak frequency

In principle, LF peak frequency should approach 0.1 Hz (respiratory rhythm) with increased

relaxation:

PSD (ms2!Hz)

e

B HRV Power Spectrum

VLF HF

50 4 <0.04 0.15-0.4

40 4

30 4

20 4

10 A

0 e —
(1] 0.2 0.3

Frequency (Hertz)

0.4

Changes in LF pk were assessed from Kubios.

In Pilots 1 and 3, mean LF pk moved further from 0.1 Hz over the course of the session, and in Pilot 2

LF pk approached 0.1 Hz more closely. In all Pilots, the direction of change varied with Hz, ID and V,

but with little agreement across different Pilots.

EO1 to EO2.
EO1 EO2 closer to 0.1 | significant
(SD dec)
P1 0.077 0.075 n (y) n
(0.031) (0.023)
P1 Hz 2.5y (y) n
10n (y)
P1 Amp n/a
P1ID 4y3n n
P1V vinv2y n
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D EO1 EO2 closer to 0.1 increases
Hz (SD dec)
2185 | 0.056641 | 0.070313 | Y (n) y
5611 | 0.095703 | 0.103516 | Y (y) y
7032 1 058594 | 0.089844 | y (-) y
8311 | 0.070313 | 0.050781 | n (-) n
8680 | 0.113282 | 0.048828 | n (y) n
8875 | 0.066407 | 0.095703 | Y (n) y
8954 | 0.064454 | 0.060547 | n (y) n
All 4y3n 4y3n
Pilot factors | EO1 EO2 closer to 0.1 | significant
(SD dec)
P2 0.087 0.087 y (y) n
(0.031) (0.031)
P2 Hz 25n(y) n
10y (n)
P2 Amp n/a
P2 1D 4y8n y
P2V vinv2y y (baseline
vinvdn difference)
ID EO1 EO2 closer increases
3235 | 0.093756 | 0.086427 | n (n) n
4290 | 0.121088 | 0.108887 | Y (n) n
5044 | 0.080078 | 0.079102 | n (n) n
5115 | 0.051758 | 0.057943 | v (y) y
5453 | 0.091797 | 0.072266 | n (y) n
6899 | 0.101559 | 0.086919 | n (y) n
7112 | 0.057617 | 0.088542 | y (n) y
7338 | 0.087891 | 0.085286 | n(n) n
7501 | 0.09668 | 0.111328 | n(y) y
7815 | 0.107422 | 0.113281 | n(n) y
7904 | 0.055664 | 0.0625 | Y (y) y
9960 | 0.092773 | 0.081055 | n (y) n
All 4y8n 5y7n
Pilot factor | EO1 EO2 closer to 0.1 | significant
(SD dec)
P3 0.101 0.083 n (n) y
(0.025) (0.027)
P3 Hz 2.5n(y) y
10 n (n)
P3 Amp n/a
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P3 1D Oy4n
P3V vinv2n
v3v3invdn

ID | EO1 EO2 closer increases
2185 | 0.105469 | 0.083869 | n (n*) n
5611 | 0.083984 | 0.092529 | n(n) y*

8680 | 0.118164 | 0.079834 | n* (y*) | n*
8954 | 0.09668 | 0.075195 | n* (n) n*
All Oy4n ly3n
* Agreement with P1

Appendix B. Differences with stimulation frequency (Hz) in the three Pilots

Pilot 1
Hz (by Visit)
2.5vs RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N
10 Hz signif
Both ns ns 0.024 (0.039) | ns ns 0.007 ns 2 (3)
visits [0.020] [0.007]
(0.009) (0.005)

Visit1 | ns <0.001 0.002 (0.027) | 0.012 0.010 <0.001 ns 5 (5)

[0.007] [0.006] [0.025] | [0.017] | [0.001]

(<0.001) | (0.002) (0.011) | (<0.001)
Visit 2 ns ns ns ns 0.023 ns ns ns 1(0)

T-test; equal variances not assumed (Mann-Whitney U test); 2-tailed significance

This suggests an order effect, with more differences (or, in general, more variation?) in Visit 1
compared with Visit 2.

Pilot 1
Hz (by Loc)

No difference between HRV measures for the two frequencies were significant, at any of the 6
Locations.
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Pilot 1

Hz (by ID)

Significant differences between HRV measures for the two frequencies, by ID.

2.5vs RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N signif

10 Hz

2185 0.016 (0.025) | 0.005 2(3)
[0.016] [0.036]
(0.016) (0.004)

5611 <0.001 0.003 <0.001 | 0.008 0.003 5(5)
[0.001] [0.012] | [0.004] | [0.045] [0.013]
(0.004) (0.004) | (0.004) | (0.004) (0.004)

7032/ <0.001 0.024 0.006 <0.001 | 4(4)

8311 [0.001] (0.016) [0.013] [0.007]
(0.004) (0.010) (0.004)

8680 <0.001 0.001 0.001 0.010 0.038 0.011 6 (6)
[0.001] [0.004] | [0.002] | (0.004) | (0.037) (0.010)
(0.004) (0.004) | (0.004)

8875 0.009 0.006 0.014 0.009 (0.025) | 4(5)
[0.015] [0.014] | (0.004) [0.020]
(0.025) (0.010) (0.010)

8954 <0.001 | 0.001 0.001 0.009 <0.001 0.001 6 (6)
[0.002] | [0.037] | [0.010] | [0.042] [0.002] [0.010]
(0.004) | (0.004) | (0.004) | (0.004) (0.004) (0.004)

N signif | 6 (6) 1(1) 3(3) 4 (5) 5(5) 1(1) 3(3) 4 (5) 27 (29)

T-test [Bootstrap; equal variances assumed] (Mann-Whitney U test); 2-tailed significance

Here SDNN and ApEn were the measures least sensitive to differences in stimulation frequency, and
RR the most sensitive (followed by LF/HF and then HFpwr and D, tied). 8680 and 8954 were the
participants most sensitive to stimulation frequency difference, and 2185 the participant least

sensitive to this difference.
Pilot 2

(EA segments only)

Hz (by Visit)
2.5vs RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N
10 Hz signif
ALL [0.049]
visits (0.039)
Visit 1 0(0)
Visit 2 | 0.006 0.003 0.001 0.005 0.018 5(5)
[0.011] | [0.004] | [0.002] | [0.010] [0.012]
(0.011) | (0.003) | (0.001) | (0.004) (0.024)
Visit 3 0.039 0.019 0.010 <0.001 | 4(4)
(0.010) | [0.027] | [0.018] [0.001]
(0.001) | (0.010) (0.001)
Visit 4 0.038 0.024 0.041 3(2)
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[0.036] [0.038] [0.035]
(0.019) (0.032)
N 1(1) 3(3) 2(2) 3(2) 1(1) 2(2) 12
signif (11)
1-way ANOVA [Bootstrap; equal variances assumed] (Kruskal-Wallis test); 2-tailed significance
The lack of significant difference in Visit 1 as against the other Visits is intriguing, suggesting a
possible cumulative effect.
Pilot 2
(EA segments only)
Hz (by Loc)
25vs | RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N
10 Hz signif
ALL ns ns ns ns ns (0.039) ns ns
[0.049]
B <0.001 1(1)
[0.001]
(<0.001)
L 0.015 1(1)
[0.047]
(0.008)
R 0.046 0.001 0.007 0.004 4(3)
[0.049] [0.005] | [0.011] [0.012]
(0.039) | (0.002) | (0.005)
T 0.045 0.028 0.009 <0.001 4(1)
[0.042] | [0.026] | [0.011] [0.001]
(<0.001)
N 2(2) 2(1) 2(1) 1(0) 2 (1) 1(1) 0(0) 0(0) 10
signif (6)

In Pilot 2, there were more frequency-dependent differences when stimulation was applied at R and
Tthanat B and L.

Pilot 2

(EA segments only)

Hz (by ID)

Significant differences between frequencies for the various participants in Pilot 2.

2.5vs RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N
10 Hz signif
3235 0.049 0.010 0.07 3(1)
[0.013] [0.024]
(0.021)
4290 0.004 1(1)
[0.005]
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(0.005)

5044 0(0)
5115 | 0.027 0031 |2(2)
[0.046] [0.037]
(0.036) (0.027)

5453 0.001 1(1)

[0.006]
(0.002)
6899 0.003 | 0.002 2(2)
[0.002] | [0.042]
(0.004) | (0.004)
7112 0.038 1(1)
(0.046)
7338 | 0.001 1(1)
[0.005]
(0.001)
7501 | 0.001 | (0.036) |0.002 |0.018 (0.016) | 3(5)
[0.001] [0.003] | [0.035]
(0.005) (0.005) | (0.012)
7815 0.029 1(1)
[0.049]
(0.027)
7904 [0.049] 0(0)
9960 0.019 0.015 |2(2)
[0.027] [0.040]
(0.036) (0.006)
N signif | 3 (3) 1(2) 2(2) 2(2) 3(2) 1(1) 2(2) 3(3) 17
(17)

T-test [Bootstrap; equal variances assumed] (Mann-Whitney U test); 2-tailed significance, asymptotic

Here 7501 shows most frequency-dependent differences in HRV measures, 5044 and 7904 fewest

such differences. RR and D, (and LF/HF) are the HRV measures here most sensitive to frequency

effects, ApEn the least sensitive. 7501 is the participant most sensitive to stimulation frequency,
5044 and 7904 the least sensitive.

Pilot 3

(EA segments only)

Hz (by Visit)

25vs | RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N

10 Hz signif

ALL ns ns ns ns ns 0.019 ns ns

visits (0.019)

Visit1 | <0.001 | 0.002 0.001 0.009 0.009 0.008 6 (6)
(0.021) | (0.021) | (0.021) | (0.021) | (0.021) (0.021)

Visit 2 0 (0)

Visit 3 0.025 0.036 2(2)

(0.021) | (0.021)
Visit 4
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N 1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 8(8)

signif

Pilot 3

(TEAS segments only)

Hz (by Visit)

2.5vs RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N

10 Hz signif

ALL ns ns ns ns ns ns ns ns

Visit1 | 0.001 0.009 0.021 0.026 <0.001 | 5(5)
(0.021) | (0.021) | (0.021) | (0.021) (0.021)

Visit2 | 0.026 0.041 2 (1)
(0.021)

Visit 3 (0.021) | (0.021) | (0.021) 0.031 0.007 2 (5)

(0.021) | (0.021)

Visit4 | (0.043) 0(1)

N 2(3) 1(2) 2(2) 1(2) 0(0) 1(1) 1(1) 1(1) 9

signif (12)

T-test [Bootstrap; equal variances not assumed] (Mann-Whitney U test); 2-tailed significance,

asymptotic

There are more significant changes in Visit 1 than visits 2 or 4 (and for the EA segments, than visit 3

as well), suggesting a possible order effect, but many possible factors could account for this.

Pilot 3
(EA and TEAS segments)
25vs | RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N
10 Hz signif
ALL ns ns ns ns ns 0.026 ns ns 1(1)
[0.016]
(0.032)
Visit1 | <0.001 | 0.002 0.002 0.006 (0.021) <0.001 |5(6)
[0.001] | [0.046] | [0.044] | [0.049] [0.001]
(0.001) | (0.001) | (0.001) | (0.001) (0.001)
Visit2 | 0.004 1(1)
[0.017]
(0.005)
Visit 3 0.032 0.033 (0.006) <0.001 | <0.001 4 (5)
(0.001) | (0.021) [0.019] | [0.003]
(0.001) | (0.002)
Visit 4 0.044 1(1)
(0.021)
N 2(2) 2(2) 3(3) 1(2) 0(1) 2(2) 1(1) 1(1) 12
signif (14)

T-test [Bootstrap; equal variances assumed] (Mann-Whitney U test); 2-tailed significance, asymptotic
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The same order effect is evident here as when the EA and TEAS segments are considered separately.
Pilot 3

(EA segments only)

Hz (by Loc)

No significant differences were found for any Location between the two frequencies.

Pilot 3

(TEAS segments only)

Hz (by Loc)

2.5vs 10
Hz

RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D,

ALL ns ns ns ns ns ns ns ns

B

L 0.019
(0.021)

R

T

T-test [Bootstrap; equal variances not assumed] (Mann-Whitney U test); 2-tailed significance,
asymptotic

Pilot 3

(EA segments only)

Hz (by ID)

2.5vs RR SDNN RMS HFpwr LF/HF ApEn SampEn | D, N

10 Hz SD signif

2185 0.030 (0.043) 1(2)
(0.021)

5611 0(0)

8680 (0.043) (0.043) 0(2)

8954 0.039 1(1)

(0.043)
N signif | 1 (1) 0(1) 0(0) 1(2) 0(1) 0(0) 0 (0) 0 (0) 2 (5)

T-test [Bootstrap; equal variances not assumed] (Mann-Whitney U test); 2-tailed significance,

asymptotic

Both 2185 and 8680 showed significant differences in two HRV measures for stimulation frequency;
5611 showed none.
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Pilot 3

(TEAS segments only)

Hz (by ID)

2.5vs RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N

10 Hz signif
2185 0(0)
5611 (0.043) 0(1)
8680 0(0)
8954 0(0)
N signif | 0(0) 0(0) 0(0) 0(0) 0(1) 0(0) 0(0) 0(0) 0(1)

T-test [Bootstrap; equal variances assumed] (Mann-Whitney U test); 2-tailed significance, asymptotic

Clearly, using TEAS, there was little significant frequency dependence effect, whereas there was

slightly more when using EA.

Pilot 3
(EA and TEAS segments)
Hz (by ID)
2.5vs RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N
10 Hz signif
2185 0.006 0.045 2(2)
[0.013] (0.021)
(0.021)
5611 0(0)
8680 0.049 1(0)
8954 0.005 0.025 2(2)
[0.010] | [0.023]
(0.016) | (0.021)
N signif | 1 (1) 1(0) 1(1) 2(2) 0 (0) 0 (0) 0(0) |5(4)

T-test [Bootstrap; equal variances assumed] (Mann-Whitney U test); 2-tailed significance, asymptotic

These results are comparable to those for EA alone. Again, there is little association between these

results and those for Pilot 1, although 8954 appears quite responsive to the frequency difference in
both Pilots.
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Compilation of results for all Pilots:

HRV measures (Hz)

Diff%
10 Hz | Highest | Lowest
-25 abs abs
Hz diff% diff%
P1 RMS SD RR
SDNN | SampEn
P2 HFpwr | SampEn
D, SDNN
P3 EA | HFpwr RR
RMS SD D,
P3 LF/HF | SampEn
TEAS SDNN RR
mean | HFpwr RR
LF/HF D,

Measures that tend to show greatest differences for the two frequencies in more than one Pilot are
SDNN (2), RMS SD (2) and HFpwr (2), and those showing least differences are RR (3) and SampEn (3).

However, replacing LF/HF with HF/LF:

10 Hz | Highest | Lowest
-25 abs abs
Hz diff% diff%
P1 RMSSD | RR
SDNN HF/LF
P2 HF/LF SampEn
HFpwr | SDNN
P3 EA | HFpwr RR
RMS SD | HF/LF
P3 SDNN SampEn
TEAS HFpwr RR
mean | HFpwr RR
SDNN D,

Measures that tend to show greatest differences for the two frequencies in more than one Pilot are
now SDNN (2), RMS SD (2) and HFpwr (3), and those showing least differences are RR (3), HF/LF (2)

and SampEn (2).

Significance of differences in HRV measures according to stimulation frequency.

2.5vs RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N
10 Hz signif
P1 0.024 (0.039) 0.007 2(3)
[0.020] [0.007]
(0.009) (0.005)
P2 [0.049] 1(1)
(0.039)
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P3 EA 0.019 1(1)
(0.019)

P3 0(0)

TEAS

T-test [Bootstrap; equal variances not assumed] (Mann-Whitney U test); 2-tailed significance,

asymptotic.

No measures demonstrate significant differences over all Pilots, although ApEn demonstrates

significant differences in two separate Pilots. Using HF/LF instead of LF/HF did not change this for

any Pilot.

Compilation of results for all Pilots: Hz (by Visit)

Pilot | 2.5 RR SDNN RMS HFpwr | LF/HF ApEn SampEn | D, N
vs 10 SD signif
Hz
P1 Vi <0.001 0.002 (0.027) | 0.012 0.010 <0.001 5(5)
[0.007] | [0.006] [0.025] | [0.017] | [0.001]
(<0.001) | (0.002) (0.011) | (<0.001)
V2 0.023 1(0)
P2° | V1 0(0)
V2 0.006 | 0.003 0.001 0.005 0.018 | 5(5)
[0.011] | [0.004] | [0.002] | [0.010] [0.012]
(0.011) | (0.003) | (0.001) | (0.004) (0.024)
V3 0.039 0.019 0.010 <0.001 | 4 (4)
(0.010) | [0.027] | [0.018] [0.001]
(0.001) | (0.010) (0.001)
V4 0.038 0.024 0.041 3(2)
[0.036] [0.038] [0.035]
(0.019) (0.032)
P3 Vi <0.001 | 0.002 0.001 0.009 0.009 0.008 | 6(6)
EA (0.021) | (0.021) | (0.021) | (0.021) | (0.021) (0.021)
V2 0(0)
V3 0.025 0.036 2(2)
(0.021) | (0.021)
Va
P3 Vi 0.001 | 0.009 0.021 0.026 <0.001 | 5(5)
TEAS (0.021) | (0.021) | (0.021) | (0.021) (0.021)
V2 0.026 0.041 2 (1)
(0.021)
V3 (0.021) | (0.021) | (0.021) 0.031 0.007 2 (5)
(0.021) | (0.021)
V4 | (0.043) 0(1)

T-test [Bootstrap] (Man-Whitney), 2-tailed asymptotic. a. Bootstrap equal variances not assumed.
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In P1, P2 and P3 (EA), there are more significant differences between measures for the two

frequencies in V1 than subsequent visits, but in P3 (TEAS), most significant differences are found in
V1and V3.

Compilation of results for all Pilots: Hz (by Loc)

2.5vs 10 | RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D,
Hz
ALL ns ns ns ns ns 0.026 ns ns
[0.016]
(0.032)
B ns ns ns ns ns ns ns ns
L ns ns ns ns ns ns ns ns
[0.043]
(0.046)
R ns ns ns ns ns ns ns ns
T ns ns ns ns ns ns ns ns

1-way ANOVA [Bootstrap] (Kruskal-Wallis test)

There are few convincing patterns of interaction between Hz and Loc across all Pilots. Comparison

between the Pilots is a little more revealing:

Pilot | 2.5 RR SDNN RMS HFpwr | LF/HF ApEn SampEn | D, N
vs 10 SD signif
Hz
P1 B
L
R
T
P2 B <0.001 1(1)
[0.001]
(<0.001)
L 0.015 1(1)
[0.047]
(0.008)
R 0.046 0.001 0.007 0.004 4(3)
[0.049] | [0.005] | [0.011] [0.012]
(0.039) | (0.002) | (0.005)
T 0.045 0.028 0.009 <0.001 4 (1)
[0.042] | [0.026] | [0.011] [0.001]
(<0.001)
P3 B
EA
L
R
T
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P3 |B
TEAS
L 0.019 1(1)
(0.021)
R
T

It is interesting that the only Pilot showing any significant results is P2, where the same location was
stimulated consistently for 20 minutes per session, whereas in P1 and P3, various locations (6 in P, 2
in P3) were stimulated for only 5 minutes each per session. In P2, more measures showed significant
differences for the two frequencies when stimulation was at R or T points, rather than L or B.

Compilation of results for all Pilots: Hz (by ID)

Sensitivity to differences in stimulation frequency.

Pilot Least sensitive Most sensitive Least sensitive to | Most sensitive to
measure measure stim frequency stim frequency
P1 (TEAS) SDNN RR 2185 8680
ApEn 8954
P2 (EA) ApEn RR 5044 7501
D, 7904
P3 (EA)? RMS SD HFpwr 5611 2185
ApEn 8680
SampEn
D,
P3 (TEAS)"
P3 (EA & TEAS) ApEn LF/HF 5611 2185
SampEn 8954
D,

a. Data poor; b. Data insufficient

Although data is sparse, there are some parallels here in responsiveness for two of those who took
part in both Pilot 1 and Pilot 3 (8680 and 8954). That there are fewer significant differences overall in
Pilot 3, compared to in Pilot 1, might indicate a habituation or learning process, or a difference when

measures are recorded during, rather than after, the intervention.

Of the HRV measures, it appears that APEn is consistently insensitive to frequency-induced

differences, but that RR may be the most sensitive measure. These findings are consistent with those

in Table E1 below (for Bonferroni post hoc tests).

Interestingly, 5611 reported subjective changes that differed with the two frequencies used, but this

is not really supported by the HRV findings.
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Appendix C. Differences with visit (V) in the three Pilots

Pilot 1
Visit 1 RR SDNN RMS SD  HFpwr LF/HF ApEn SampEn D, N
Vs visit signif
2
ns (0.022) | 0.022 ns (0.001) | ns 0.010 ns 2 (4)
(0.037) (0.001)
T-test; equal variances not assumed (Mann-Whitney U test); 2-tailed significance
Pilot 2
(EA segments only)
Among RR SDNN RMS SD HFpwr LF/HF ApEn SampEn D,
visits
ns ns ns ‘ 0.035 ‘ ns ‘ ns ns ns
1-way ANOVA,; equal variances not assumed (Kruskal-Wallis test); 2-tailed significance
Pilot 3
(EA and TEAS segments)
Among RR SDNN RMS SD HFpwr LF/HF ApEn SampEn D,
visits
ALL | (0.048) |ns ns ns | ns | ns ns ns
(Kruskal-Wallis test); 2-tailed significance
Compilation of results for all Pilots (Visit)
RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N
signif
p1° (0.022) | 0.022 (0.001) 0.010 2 (4)
(0.037) (0.001)
p2° 0.033 0.029 2 (1)
(0.035)
P3 EA
P3
TEAS"

a. T-test (Mann-Whitney U test); b. 1-way ANOVA (Kruskal-Wallis test). 2-tailed significance.

There are more significant differences among visits in P1 than in the other Pilots.
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Appendix D. Differences with stimulation location (Loc) in the three Pilots

Pilot 1

The Kruskal-Wallis test showed no significant differences among Locations in Pilot 1.

Pilot 2

The Kruskal-Wallis test showed no significant differences among Locations in Pilot 2.

Pilot 3 (EA)

The Kruskal-Wallis test showed no significant differences among Locations in Pilot 3 (EA).

Pilot 3 (TEAS)

The Kruskal-Wallis test showed no significant differences among Locations in Pilot 3 (TEAS).

No significant differences among Locations were found in any Pilot using 1-way ANOVA or Kruskal-

Wallis test with Bootstrap.

Appendix E. Differences with participant (ID) in the three Pilots

Pilot 1

among RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D,

IDs
<0.001 <0.001 <0.001 0.001 0.001 0.030 0.013 <0.001
(<0.001) | (<0.001) | (<0.001) | (<0.001) | (<0.001) | (0.028) (0.012) (<0.001)

1-way ANOVA (Kruskal-Wallis test)

Non-significant differences between participants (post-hoc Bonferroni test, with default settings)

Among | RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N non-
IDs signif
2185 5611 5611 5611 5611 5611 5611 5611 7032 34 (34)
7032 8311 8311 7032 7032 7032 8311 8954
8954 8680 8680 8311 8311 8311 8680
8954 8954 8680 8680 8680 8875
8954 8875 8875 8954
8954
5611 8680 7032 7032 7032 7032 7032 7032 8311 31(38)
8954 8311 8311 8311 8311 8311 8311 8680
8680 8680 8680 8875 8680 8680 8875
8954 8954 8954 8954 8875 8875
8954 8954
7032 8311 8311 8311 8311 8311 8680 22 (33)
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8680 8680 8680 8680 8680 8875
8875 8875 8875 8875 8875 8954
8954 8954 8954 8954
8311 8680 8680 8680 8680 8680 8680 8875 18 (36)
8954 8875 8875 8875 8875 8875
8954 8954 8954 8954 8954
8680 8875 8954 8954 8954 8875 8875 8875 11 (36)
8954 8954 8954 8954
8875 8954 8954 8954 8954 8954 5(23)
8954 0(34)
N non- 7 14 17 18 20 20 19 6 121
signif (234)

Thus the least sensitive HRV measures to differences among participants in Pilot 1 were LF/HF and

ApEn, the most sensitive being RR and D,. Of the participants, 8875 conformed least to the overall

group response pattern (only 23 non-significant differences), and 5611 conformed most (38 non-

significant differences).

Pilot 2

(EA segments only)

among RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D,

IDs
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
(<0.001) | (<0.001) | (<0.001) | (<0.001) | (<0.001) | (<0.001) | (<0.001) | (<0.001)

1-way ANOVA (Kruskal-Wallis test)

These results, identical for the two tests used, are highly significant.

Non-significant differences between participants (post-hoc Bonferroni test, with default settings).

Among | RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N
IDs non-
signif
3235 | 6899 5115 5044 5044 4290 4290 4290 5044 46
9960 7338 5115 5115 5115 5044 5453 5115 (46)
9960 5453 5453 5453 5453 6899 7338
7112 7112 6899 6899 7112 7501
9960 7501 7112 7501 7815 7815
7904 7338 7815 9960 9960
9960 7815 7904
7904 9960
9960
4290 | 5044 5044 7815 7815 5115 5044 5115 5044 35
5453 7501 5453 5453 5453 7501 (38)
7338 6899 6899 6899 7815
7501 7112 7338 7112 9960

68




7338 7501 7815
7815 7815 7904
7904 7904 9960
9960 9960
5044 | 5453 7501 5115 5115 5453 7338 5115 30
7338 7815 7501 5453 7112 7501 7338 (38)
7501 9960 6899 7338 7501
7904 7112 7501 7815
7501 7815 9960
7904 7904
9960 9960
5115 | 7112 5453 7112 5453 5453 7112 5453 7112 39
7815 7112 7501 6899 6899 7338 6899 7338 (50)
7904 7904 9960 7112 7112 7501 7112 7501
9960 7501 7338 7815 7815 9960
7904 7815 7904 7904
9960 7904 9960 9960
9960
5453 | 7904 6899 6899 6899 6899 6899 6899 6899 29
7112 7112 7112 7112 7501 7112 7904 (45)
7904 7904 7501 7338 7815 7815
7904 7815 7904 7904
7904 9960 9960
9960
6899 7112 7904 7112 7112 7815 7112 7904 18
7904 7501 7338 9960 7815 (36)
7904 7815 7904
7904 9960
9960
7112 | 7815 7904 7904 7501 7338 7338 7815 5115 19
7904 7815 7501 7904 7904 (44)
7904 7815 9960
9960 7904
9960
7338 | 7501 7815 7501 7815 7815 7501 7501 7501 17
9960 7815 7904 7815 7815 (35)
9960 7904 9960
9960
7501 | 9960 7815 9960 7904 7815 7815 10
9960 7904 9960 (39)
9960
7815 | 7904 7338 7904 7904 7904 9960 10
7501 9960 9960 9960 (46)
7904 9960 9960 9960 3 (47)
9960 0
N non- | 18 22 20 33 45 51 37 30 256
signif

Thus in Pilot 2 the least sensitive HRV measures to differences among participants were LF/HF and
ApEn, the most sensitive RR, SDNN and RMS SD. Of the participants, 7338 conformed least to the
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overall group response pattern (only 35 non-significant differences), and 5115 conformed most (50

non-significant differences).

Pilot 3

(EA segments only)

among RR SDNN RMS SD HFpwr LF/HF ApEn SampEn | D,

IDs
<0.001 0.043 0.016 ns ns ns <0.001 <0.001
(<0.001) | (<0.001) | (0.002) (0.001) (<0.001) | (0.003)

1-way ANOVA (Kruskal-Wallis test; asymptotic significance)

Non-significant differences between participants (post-hoc Bonferroni test, with default settings)

Among | RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N
IDs non-
signif

2185 8954 5611 5611 5611 5611 5611 5611 8680 21
8680 8680 8680 8680 8680 8680 8954 (21)
8954 8954 8954 8954 8954 8954

5611 8680 8680 8680 8680 8680 8680 11
8954 8954 8954 8954 8954 (17)

8680 8954 8954 8954 8954 8954 5(18)

8954 0(18)

N non- | 2 5 5 6 6 6 4 3
signif

Here the least sensitive HRV measures to differences among participants were again HFpwr, LF/HF

and ApEn, the most sensitive being RR. Of the participants, 5611 conformed least to the overall

group response pattern (17 non-significant differences), and 2185 conformed most (21 non-

significant differences).

Pilot 3

(TEAS segments only)

among RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D,

IDs
<0.001 0.013 0.004 0.008 <0.001 0.001
(0.001) (0.002) (0.003) (0.001) (0.018)

1-way ANOVA (Kruskal-Wallis test; asymptotic significance)

Non-significant differences between participants (post-hoc Bonferroni test, with default settings)

Among | RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N non-
IDs signif
2185 8680 5611 5611 5611 5611 5611 8680 8680 19 (19)
8954 8954 8954 8680 8680 8680 8954 8954
8954 8954 8954
5611 8680 8680 8680 8680 8680 8680 11 (16)
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8954 8954 8954 8954 8954
8680 8954 8954 8954 8954 8954 8954 6 (18)
8954 0(19)
N non- | 3 4 4 6 6 6 3 4 36 (62)
signif

Here the least sensitive HRV measures to differences among participants were HFpwr, LF/HF and

ApEn, the most sensitive are RR and SampEn. Of the participants, 5611 conformed least to the

overall group response pattern (16 non-significant differences), and 2185 and 8954 conformed most

(19 non-significant differences).

Pilot 3
(EA and TEAS segments)
among RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D;
IDs
<0.001 <0.001 <0.001 0.005 ns ns <0.001 <0.001
(<0.001) | (<0.001) | (<0.001) | (<0.001) (<0.001) | (<0.001)

Non-significant differences between participants (post-hoc Bonferroni test, with default settings)

Among | RR SDNN RMS SD | HFpwr LF/HF ApEn SampEn | D, N
IDs non-
signif
2185 8954 5611 5611 5611 5611 5611 8680 8680 17
8954 8954 8954 8680 8680 8954 8954 (17)
8954 8954
5611 8680 8954 8680 8680 8680 8680 10
8954 8954 8954 8954 (15)
8680 8954 8954 8954 3(12)
8954 0(16)
N non- | 2 4 3 4 6 6 2 3 30
signif (60)

Here the least sensitive HRV measures to differences among participants were again LF/HF and

ApEn, the most sensitive being RR and SampEn. Of the participants, 8680 conformed least to the

overall group response pattern (12 non-significant differences), and 2185 conformed most (17 non-

significant differences).
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Compilation of results for all Pilots (ID)

among RR SDNN RMS SD HFpwr LF/HF ApEn SampEn | D;

IDs

P1 <0.001 <0.001 <0.001 0.001 0.001 0.030 0.013 <0.001
(<0.001) | (<0.001) | (<0.001) | (<0.001) | (<0.001) | (0.028) (0.012) (<0.001)

P2 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
(<0.001) | (<0.001) | (<0.001) | (<0.001) | (<0.001) | (<0.001) | (<0.001) | (<0.001)

P3 EA <0.001 0.043 0.016 ns ns ns <0.001 <0.001
(<0.001) | (<0.001) | (0.002) (0.001) (<0.001) | (0.003)

P3TEAS | ns <0.001 0.013 0.004 0.008 ns ns <0.001

(0.001) (0.002) (0.003) (ns) (0.001)

1-way ANOVA (Kruskal-Wallis test, 2-way asymptotic significance)

Here, those measures most likely to indicate significant differences among participants across all
Pilots are SDNN, RMS SD and D,; those least likely are ApEn, followed by RR, LF/HF and SampEn.

Table E1. Comparing non-significant differences in HRV measures and participants in Pilots 1-3 (post-

hoc Bonferroni test)

Pilot Least sensitive Most sensitive Most conformist | Least conformist
measure measure response response

P1 (TEAS) LF/HF RR 5611 8875
ApEn D,

P2 (EA) LF/HF RR 5115 7338
ApEn SDNN

RMS SD

P3 (EA) HFpwr RR 2185 5611
LF/HF
ApEn

P3 (TEAS) HFpwr RR 2185 5611
LF/HF SampEn 8954
ApEn

P3 (EA & TEAS) LF/HF RR 2185 8680
ApEn SampEn

In italics: participants in only one Pilot.

Here, there is agreement between the two Pilots that LF/HF and ApEn are the least sensitive

measures to detect differences between individual participants, RR being the most sensitive.

However, there is no consistent pattern of least or most conformist for those who took part in both
Pilot studies (2185, 5611, 8680 and 8954), indicating that sensitivity to stimulation frequency effects
will change on different occasions.
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Appendix F. Differences with baseline state (B) in the three Pilots

HRV measures at baseline (EO1) were compared to the median for the whole sample (all

participants, in all segments), transformed into binary numbers (1 if > median, 0 if < median), and

relabelled as RR-ini, SDNN-ini, etc.. In addition, peak LF frequency was coded into 1s and Os in the

same way (as ‘LFpk-ini’), and also relative to 0.1 (see Appendix A), as ‘LFpk-0.1".

Number of significant differences in HRV values during stimulation segments dependent on initial

state, using the Mann-Whitney U test (2-tailed asymptotic significance):

Pilot 1 RR SDNN | RMSSD | HFpwr | LF/HF ApEn SampEn | D, N All
RR-ini 0.000 | 0.000 | 0.000 0.000 0.000 0.135 0.706 0.000 6
SDNN-ini 0.000 | 0.000 | 0.000 0.000 0.368 0.107 0.003 0.000 6
RMSSD-ini | 0.000 | 0.000 | 0.000 0.000 0.235 0.864 0.003 0.000 6
HFpwr-ini 0.000 | 0.016 | 0.003 0.002 0.277 0.496 0.177 0.000 5
LF/HF-ini 0.451 | 0.028 | 0.954 0.846 0.000 0.157 0.170 0.016 3
ApEn-ini 0.063 | 0.581 | 0.057 0.040 0.000 0.033 0.173 0.180 3
SampEn-ini | 0.012 | 0.115 | 0.566 0.685 0.364 0.014 0.025 0.064 3
Do-ini 0.000 | 0.000 | 0.008 0.000 0.205 0.553 0.837 0.000 5
LFpk-ini 0.000 | 0.000 | 0.000 0.000 0.630 0.658 0.658 0.000 5
LFpk-0.1 0.022 | 0.804 | 0.232 0.161 0.019 0.640 0.173 0.040 3
N All 8 7 6 7 4 2 3 8 45

Thus initial values of RR, SDNN, RMS SD, HFpwr, D, and LFpk (but not LFpk-0.1) differentiated

between values in stimulation segments of over half the HRV measures. Those measures that were

most affected by these initial values were RR and D,, whereas ApEn and SampEn were least affected.

Correlation ratio eta (n)

Pilot 1 RR SDNN | RMSSD | HFpwr LF/HF ApEn SampEn | D, mean
RR-ini 0.772 | 0.276 | 0.469 0.379 0.413 0.144 0.034 0.563 0.381
SDNN-ini 0.480 | 0.636 | 0.651 0.511 0.045 0.168 0.387 0.461 0.417
RMSSD-ini | 0.415 | 0.593 | 0.555 0.439 0.011 0.018 0.378 0.420 0.354
HFpwr-ini 0.443 | 0.286 | 0.280 0.274 0.134 0.082 0.168 0.569 0.280
LF/HF-ini 0.059 | 0.262 | 0.001 0.063 0.421 0.236 0.170 0.331 0.193
ApEn-ini 0.138 | 0.107 | 0.200 0.154 0.212 0.247 0.158 0.085 0.163
SampEn-ini | 0.313 | 0.241 | 0.162 0.156 0.265 0.277 0.235 0.157 0.226
D,-ini 0.544 | 0.330 | 0.144 0.151 0.190 0.119 0.017 0.838 0.292
LFpk-ini 0.411 | 0.473 | 0.375 0.352 0.076 0.010 0.022 0.573 0.287
LFpk-0.1 0.201 | 0.057 | 0.053 0.002 0.175 0.054 0.138 0.298 0.122
mean 0.397 | 0.356 | 0.315 0.275 0.196 0.145 0.174 0.444 0.288

The three comparisons in red are those where baseline was associated with values of the same

measure in the stimulation segments; those in bold are where eta (n) 20.750; those underlined are

the maxima in their rows. Mean eta (n) in the bottom row was based on the 9 “-ini’ baseline

measures (excluding LFpk-0.1). LFpk-0.1 was excluded from further analysis as having the lowest

mean eta (n) across all measures.
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Mean eta (n) was largest for SDNN, then RR, of the initial values, and lowest for ApEn and LF/HF. For

the values in stimulation segments, it was largest for RR and SDNN, and lowest for ApEn and

SampéEn.

Significant differences in HRV values during stimulation segments. Median values were calculated for
both P2 and P3 together.

Pilot 2 RR SDNN | RMSSD | HFpwr | LF/HF ApEn SampEn | D, N All
RR-ini 0.000 | 0.360 | 0.111 0.850 0.850 0.000 0.057 0.381 2
SDNN-ini 0.566 | 0.000 | 0.000 0.000 0.743 0.339 0.000 0.000 5
RMSSD-ini | 0.164 | 0.000 | 0.000 0.000 0.493 0.292 0.000 0.000 5
HFpwr-ini 0.512 | 0.000 | 0.000 0.000 0.003 0.899 0.000 0.000 6
LF/HF-ini 0.259 | 0.151 | 0.000 0.000 0.000 0.277 0.302 0.059 3
ApEn-ini 0.111 | 0.000 | 0.002 0.020 0.004 0.000 0.003 0.046 7
SampEn-ini | 0.010 | 0.000 | 0.000 0.000 0.543 0.934 0.000 0.000 6
D-ini 0.959 | 0.000 | 0.000 0.000 0.010 0.064 0.011 0.000 6
LFpk-ini 0.000 | 0.000 | 0.002 0.004 0.965 0.008 0.018 0.178 6
N All 3 7 8 8 4 3 7 6 46

Here initial values of SDNN, RMS SD, HFpwr, ApEn, SampEn, D, and LFpk differentiated between

values in stimulation segments of over half the HRV measures. Those measures that were most

affected by these initial values were RMS SD and HFpwr, whereas RR and LF/HF were least affected.

Correlation ratio eta (n)

Pilot 2 RR SDNN | RMSSD | HFpwr LF/HF ApEn SampEn | D, mean
RR-ini 0.775 | 0.040 | 0.100 0.000 0.074 0.301 0.133 0.054 0.185
SDNN-ini 0.000 | 0.779 | 0.729 0.617 0.263 0.042 0.500 0.774 0.463
RMSSD-ini | 0.146 | 0.691 | 0.702 0.574 0.240 0.048 0.425 0.655 0.435
HFpwr-ini 0.094 | 0.623 | 0.715 0.626 0.059 0.000 0.353 0.694 0.396
LF/HF-ini 0.070 | 0.072 | 0.391 0.472 0.415 0.061 0.064 0.146 0.211
ApEn-ini 0.147 | 0.323 | 0.174 0.073 0.290 0.346 0.241 0.220 0.227
SampéEn-ini | 0.140 | 0.479 | 0.387 0.355 0.229 0.027 0.415 0.489 0.315
D,-ini 0.025 | 0.656 | 0.567 0.380 0.314 0.133 0.151 0.691 0.365
LFpk-ini 0.384 | 0.296 | 0.230 0.267 0.187 0.218 0.200 0.153 0.242
mean 0.198 | 0.440 | 0.444 0.374 0.230 0.131 0.276 0.431 0.315

Mean eta (n) was largest for SDNN, then RMS SD, of the initial values, and lowest for RR and LF/HF.
For the values in stimulation segments, it was largest for RMS SD and SDNN, and lowest for ApEn

and RR.

Significant differences in HRV values during stimulation segments. Median values were calculated for
both P2 and P3 together.

Pilot 3 EA RR SDNN | RMSSD | HFpwr | LF/HF ApEn SampEn | D, N All
RR-ini 0.000 | 0.008 | 0.036 0.008 0.414 0.669 0.003 0.002 6
SDNN-ini 0.055 | 0.000 | 0.000 0.000 0.734 0.327 0.035 0.000 5
RMSSD-ini | 0.035 | 0.000 | 0.000 0.000 0.187 1.000 0.546 0.001 5
HFpwr-ini 0.001 | 0.000 | 0.000 0.000 0.350 0.392 0.007 0.000 6

74




LF/HF-ini 0.276 | 0.697 | 0.312 0.586 0.043 0.484 0.043 0.697 2
ApEn-ini 0.259 | 0.056 | 0.150 0.173 0.293 0.938 1.000 0.312 0
SampEn-ini | 0.004 | 0.000 | 0.000 0.000 0.820 0.044 0.006 0.000 7
D-ini 0.001 | 0.000 | 0.000 0.000 0.494 0.342 0.004 0.000 6
LFpk-ini 0.699 | 0.082 | 0.005 0.009 0.060 0.923 0.562 0.111 2
N All 5 6 7 7 1 1 6 6 39

Here initial values of RR, SDNN, RMS SD, HFpwr, SampEn and D, differentiated between values in

stimulation segments of over half the HRV measures. Those measures that were most affected by

these initial values were RMS SD and HFpwr, whereas LF/HF and ApEn were least affected.

Correlation ratio eta (n)

Pilot 3 EA RR SDNN | RMSSD | HFpwr LF/HF ApEn SampEn | D; mean
RR-ini 0.740 | 0.083 | 0.012 0.048 0.020 0.076 0.585 0.617 0.276
SDNN-ini 0.415 | 0.484 | 0.454 0.309 0.133 0.176 0.430 0.634 0.379
RMSSD-ini | 0.439 | 0.457 | 0.497 0.315 0.246 0.008 0.137 0.609 0.339
HFpwr-ini 0.603 | 0.448 | 0.428 0.279 0.051 0.127 0.530 0.790 0.407
LF/HF-ini 0.164 | 0.015 | 0.111 0.070 0.586 0.113 0.389 0.084 0.192
ApEn-ini 0.192 | 0.275 | 0.258 0.198 0.162 0.020 0.004 0.138 0.156
SampEn-ini | 0.545 | 0.520 | 0.496 0.346 0.078 0.366 0.554 0.702 0.451
D,-ini 0.632 | 0.442 | 0.394 0.296 0.003 0.137 0.537 0.661 0.388
LFpk-ini 0.112 | 0.205 | 0.266 0.169 0.428 0.003 0.050 0.277 0.189
mean 0.427 | 0.325 | 0.324 0.226 0.190 0.114 0.357 0.501 0.308

Mean eta (n) was largest for SampEn, then HFpwr, of the initial values, and lowest for ApEn and

LFpk. For the values in stimulation segments, it was largest for D, and RR, and lowest for ApEn and

LF/HF.

Significant differences in HRV values during stimulation segments.

Pilot 3 RR SDNN | RMSSD | HFpwr | LF/HF ApEn SampEn | D, N All
TEAS

RR-ini 0.000 | 0.001 | 0.001 0.002 0.785 0.213 0.004 0.000 6
SDNN-ini 0.498 | 0.004 | 0.005 0.032 0.734 0.851 0.122 0.046 4
RMSSD-ini | 0.624 | 0.000 | 0.000 0.005 0.940 0.522 0.498 0.013 4
HFpwr-ini 0.043 | 0.000 | 0.000 0.000 0.669 0.815 0.013 0.000 6
LF/HF-ini 0.073 | 0.640 | 0.755 0.640 0.276 0.161 0.139 0.243 0
ApEn-ini 0.018 | 0.815 | 0.785 0.460 0.697 0.938 0.938 0.350 1
SampEn-ini | 0.254 | 0.003 | 0.004 0.030 0.939 0.342 0.019 0.063 4
Do-ini 0.017 | 0.000 | 0.000 0.000 0.704 0.569 0.020 0.000 6
LFpk-ini 0.469 | 0.267 | 0.176 0.334 0.809 0.961 0.440 0.562 0
N All 4 6 6 6 0 0 4 5 31

Here initial values of RR, HFpwr and D, differentiated between values in stimulation segments of

over half the HRV measures. Those measures that were most affected by these initial values were

SDNN, RMS SD and HFpwr, whereas LF/HF and ApEn were least affected.
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Correlation ratio eta (n)

Pilot 3 RR SDNN | RMSSD | HFpwr | LF/HF ApEn SampEn | D, mean
TEAS

RR-ini 0.799 | 0.098 | 0.157 0.044 0.213 0.271 0.529 0.861 0.372
SDNN-ini 0.165 | 0.363 | 0.353 0.271 0.201 0.134 0.306 0.362 0.269
RMSSD-ini | 0.135 | 0.445 | 0.510 0.316 0.191 0.184 0.122 0.420 0.290
HFpwr-ini | 0.434 | 0.460 | 0.500 0.318 0.162 0.038 0.463 0.703 0.385
LF/HF-ini 0.332 | 0.037 | 0.067 0.069 0.018 0.190 0.273 0.266 0.157
ApEn-ini 0.424 | 0.136 | 0.079 0.123 0.145 0.071 0.018 0.139 0.142
SampEn-ini | 0.243 | 0.395 | 0.403 0.315 0.190 0.112 0.469 0.381 0.314
D-ini 0.495 | 0.507 | 0.553 0.353 0.183 0.032 0.415 0.757 0.412
LFpk-ini 0.092 | 0.195 | 0.228 0.168 0.084 0.020 0.118 0.112 0.127
mean 0.347 | 0.293 | 0.317 0.220 0.154 0.117 0.301 0.445 0.274

Mean eta (n) was largest for D,, then HFpwr, of the initial values, and lowest for LFpk and ApEn. For

the values in stimulation segments, it was largest for D, and RR, and lowest for ApEn and LF/HF.

Summarising significant differences in HRV values during stimulation segments resulting from high or

low initial values.

Pilot initial HRV HRV most | HRV least initial initial | stim eta | stim eta (n)
with most affected affected eta (n) eta(n) | (n) least
effect largest least largest

P1 RR, SDNN, RR ApEn SDNN ApEn RR ApEn
RMS SD, D,, SampEn RR LF/HF SDNN SampEn
HFpwr, D,,

LFpk

P2 SDNN, RMS RMS SD RR SDNN RR RMS SD | ApEn
SD, HFpwr, HFpwr LF/HF RMSSD | LF/HF SDNN RR
ApEn,

SampkEn, D,,
LFpk

P3 EA RR, SDNN, RMS SD LF/HF SampEn | ApEn D, ApEn
RMS SD, HFpwr ApEn HFpwr LFpk RR LF/HF
HFpwr,

SampéEn, D,

P3 TEAS | RR, HFpwr, SDNN LF/HF D, LFpk D, ApEn

D, RMS SD ApEn HFpwr ApEn RR LF/HF
HFpwr
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Association of ID and Visit with baseline values (B)

Results of the Chi-square (xz) test for Values during stimulation segments:

Pilot 1 ID df 6 Visit df 1

RR-ini 22.629 | 0.001 | 0.059 ns

SDNN-ini 48.000 | <0.001 | 18.514 | <0.001

RMSSD-ini | 34.971 | <0.001 | 31.092 | <0.001

HFpwr-ini | 45.000 | <0.001 | 1.029 ns

LF/HF-ini 59.657 | <0.001 | 0.059 ns

ApEn-ini 48.000 | <0.001 | 18.514 | <0.001

SampEn-ini | 58.500 | <0.001 | 4.114 0.043

Dy-ini 72.000 | <0.001 | 0.059 ns
LFpk-ini 56.000 | <0.001 | 6.171 0.013
mean 49.417 8.846

Pilot 2 ID df 11 Visit df 3
RR-ini 275.293 | <0.001 | 12.048 | 0.007

SDNN-ini 289.527 | <0.001 | 7.581 ns

RMSSD-ini | 277.031 | <0.001 | 17.592 | 0.001

HFpwr-ini 216.834 | <0.001 | 13.506 | 0.004

LF/HF-ini 236.779 | <0.001 | 1.931 ns

ApEn-ini 214.450 | <0.001 | 17.765 | <0.001
SampEn-ini | 131.500 | <0.001 | 47.245 | <0.001
D,-ini 305.512 | <0.001 | 7.838 0.049
LFpk-ini 169.097 | <0.001 | 49.523 | <0.001
mean 235.114 19.448

Pilot 3 ID df 3 Visit df 3
RR-ini 105.600 | <0.001 | 11.733 | 0.008

SDNN-ini 66.000 | <0.001 | 66.000 | <0.001

RMSSD-ini | 88.000 | <0.001 | 22.000 | <0.001

HFpwr-ini 129.067 | <0.001 | 11.733 | 0.008

LF/HF-ini 35.200 | <0.001 | 35.200 | <0.001

ApEn-ini 58.667 | <0.001 | 58.667 | <0.001

SampEn-ini | 75.429 | <0.001 | 53.079 | <0.001

D,-ini 97.778 | <0.001 | 30.730 | <0.001

LFpk-ini 13.538 | <0.001 | 13.538 | 0.004

mean 74.364 33.631




Appendix G. Correlations between HRV measures in the three Pilots

Pilot 1

(Complete sessions, all segments)

Correlations between HRV measures for complete sessions, where Spearman’s rho 20.4; [] indicates

significance but rho < 0.4. ‘All’ indicates correlations when both stimulation frequencies were taken

together, ‘2.5 Hz' and ‘10 Hz’ where the data was considered separately for each.

HRV measure | All 2.5 Hz 10 Hz 2.5Hz (N 10 Hz (N
signif corrs) | signif corrs)
RR SDNN** [HFpwr*] SDNN** 3(3) 6 (6)
RMS SD** [SampEn¥*] RMS SD**
HFpwr** D,** HFpwr**
[-LF/HF*¥] -LF/HF**
[SampEn*] [SampEn*]
DZ** DZ**
SDNN RMS SD** RMS SD** RMS SD** 6 (6) 4 (5)
HFpwr** HFpwr** HFpwr**
[LF/HF*] [LF/HF**] [-SampEn*]
[-ApEn**] [-ApEn**] D,**
-SampEn** -SampEn**
D, ** [D,*]
RMS SD HFpwr** HFpwr** HFpwr** 3 (4) 3 (5)
[-ApEn**] [-ApEn**] [-LF/HF*]
[-SampEn**] -SampEn** D,**
DZ**
HFpwr [-LF/HF*] [-ApEn*] [-LF/HF*] 3 (6) 2 (5)
[-ApEn*] [-SampEn*] D,**
[-SampEn*] [Dy**]
DZ**
LF/HF -SampEn** [-SampEn**] [ApEn*] 1(2) 2 (5)
-SampEn**
ApEn [SampEn*] 1(4) 0(1)
SampEn 0(6) 0(3)
D, 0(3) 0(4)
N signif corrs | 21 [16%* 5%*] 17 [11** 6*] 17 [12** 5%] 17 (34) 17 (34)
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Pilot 1

(TEAS segments only)

Correlations between HRV measures for TEAS segments, where Spearman’s rho 20.4; [] indicates

significance but rho < 0.4.

HRV measure | All 2.5 Hz 10 Hz 2.5 Hz (N 10 Hz (N
signif corrs) | signif corrs)
RR SDNN** [HFpwr*] SDNN** 2(2) 6 (6)
RMS SD** D,** RMS SD**
HFpwr** HFpwr**
[-LF/HF**] -LF/HF**
D,** [SampEn*]
D,**
SDNN RMS SD** RMS SD** RMS SD** 5(5) 3(4)
HFpwr** HFpwr** HFpwr**
D,** [LF/HF*] D,**
-Sampen** [-ApEn*]
[-SampEn**]
RMS SD HFpwr** HFpwr** HFpwr** 3(4) 3(5)
[-ApEn*] -ApEn** [-LF/HF*]
[-SampEn*] -SampEn** D,**
D,**
HFpwr [-LF/HF*] -SampEn* [-LF/HF*] 2 (5) 2 (5)
D,** [D,*] D,**
LF/HF [ApEn*] [-SampEn*] [ApEn*] 1(2) 2 (5)
-SampEn** -SampEn**
ApEn -SampEn** 0(2) 1(2)
SampEn 0(4) 0(3)
D, 0(2) 0(4)
N signif corrs | 17 [13** 4%] 13 [7** 6%] 17 [13** 4%] 13 (26) 17 (34)

Note that this gives the same total as when all session segments are considered, although different

correlations are responsible for the same totals.

Correlations between changes in HRV values between session baseline and follow-up segments,

where Spearman’s rho 20.4.

HRV measure | All 2.5Hz 10 Hz 2.5Hz (N 10 Hz (N
signif corrs) | signif corrs)
RR SampEn** 1(1) 0(0)
SDNN HFpwr** RMS SD** RMS SD* 2(2) 2(2)
RMS SD** HFpwr** HFpwr*
RMS SD HFpwr** HFpwr** HFpwr* 1(2) 2(3)
D,*
HFpwr D,** 0(2) 1(3)
LF/HF 0(0) 0(0)
ApEn SampEn* 1(1) 0(0)
SampEn 0(2) 0(0)
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D, 0(0) 0(2)

N signif corrs | 3 [3** 0%] 5 [4** 1%] 5 [1** 4%] 5(10) 5(10)

** 2-tailed significance at 0.01 level; * at 0.05 level; [significance of Pearson’s r].
Pilot 2
(EA segments only)

Correlations between HRV measures for EA segments, where Spearman’s rho 20.4; [] indicates
significance but rho < 0.4.

HRV measure | All 2.5Hz 10 Hz 2.5 Hz (N 10 Hz (N
signif corrs) | signif corrs)
RR [RMS SD**] [SDNN*] [-ApEn**] 5(5) 2(2)
[HFpwr*] [RMS SD**] SampEn**
[-LF/HF*] [HFpwr**]
[-ApEn**] [-ApEn**]
[SampEn**] [D**]
SDNN RMS SD** RMS SD** RMS SD** 5(6) 5 (5)
HFpwr** HFpwr** HFpwr**
[LF/HF**] [-ApEn**] [LF/HF**]
[-ApEn**] -SampEn** [-SampEn**]
-SampEn** D,** D,**
D, **
RMS SD HFpwr** HFpwr** HFpwr** 4 (6) 3(4)
[-LF/HF*] [-LF/HF**] [-SampEn*]
[-SampEn**] [-SampEn**] D,**
D, ** D, **
HFpwr [-LF/HF**] -LF/HF** [-LF/HF**] 3(6) 3(5)
[-SampEn**] [-SampEn**] [-SampEn**]
D,** D,** D,**
LF/HF [-SampEn*] [-SampEn*] 1(3) 0(2)
ApEn [-SampEn**] 0(2) 2(3)
D2*
SampEn [-D2**] [-D2**] [-D,*] 1(5) 1(6)
D, 0(5) 0(5)
N signif corrs | 20 [16** 4%] 19 [17** 2%] 16 [13** 3*] 19 (38) 16 (32)

where Spearman’s rho 20.4.

Correlations between changes in HRV values between session baseline and follow-up segments,

HRV measure | All 2.5Hz 10 Hz 2.5Hz (N 10 Hz (N
signif corrs) | signif corrs)
RR [SDNN**] HFpwr* SDNN** 1(1) 2(2)
RMS SD* HFpwr**
HFpwr**
[-LF/HF*]
[D>*]
SDNN RMS SD** HFpwr** HFpwr** 3(3) 1(2)
HFpwr** RMS SD**
[KF/HF*] LF/HF*
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RMS SD HFpwr** HFpwr** HFpwr* 1(2) 2(2)
[-LF/HF*] -LF/HF**
HFpwr 0(3) 0(3)
LF/HF [-SampEn*] 0(1) 0(1)
ApEn [D**] D,* 0(0) 1(1)
SampEn 0(0) 0(0)
D, 0(0) 0(1)
N signif corrs | 12 [6** 6%] 5 [3** 2%*] 6 [4** 2%] 5(10) 6(12)

** 2-tailed significance at 0.01 level; * at 0.05 level.
Pilot 3
(EA segments only)

Correlations between HRV measures for EA segments, where Spearman’s rho 20.4; [] indicates
significance but rho < 0.4.

HRV measure | All 2.5Hz 10 Hz 2.5 Hz (N 10 Hz (N
signif corrs) | signif corrs)
RR SDNN** RMS SD** SDNN* 4 (4) 5 (5)
RMS SD** HFpwr** RMS SD*
HFpwr** -LF/HF* HFpwr*
[-LF/HF*] D,* -SampEn*
[-SampEn**] D,**
D,**
SDNN RMS SD** RMS SD** RMS SD** 3(3) 3(4)
HFpwr** HFpwr** HFpwr**
-SampEn* D,** D,*
DZ**
RMS SD HFpwr** HFpwr** HFpwr** 2 (4) 2 (4)
-LF/HF* D,** D,*
DZ**
HFpwr [-LF/HF*] D,** D,* 1(4) 1(4)
[-SampEn*]
Dz**
LF/HF [-D,*] 0(1) 1(1)
ApEn -SampEn** -SampEn** 1(1) 0(0)
SampEn 0(1) 0(1)
D, 0(4) 0(5)
N signif corrs | 17 [12** 5%*] 11 [9%* 2%] 11 [4** 8%] 11 (22) 12 (24)
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Pilot 3

(EA segments only)

Correlations between changes in HRV values between session baseline and follow-up segments,

where Spearman’s rho 20.4.

HRV measure | All 2.5 Hz 10 Hz 2.5 Hz (N 10 Hz (N
signif corrs) | signif corrs)
RR -SampEn* ApEn** 2(2) 0(0)
[-SampEn**]
SDNN HFpwr** HFpwr** 0(0) 1(1)
RMS SD HFpwr** HFpwr* HFpwr* 1(1) 1(1)
HFpwr 0(1) 0(2)
LF/HF -ApEn* -ApEn** 0(0) 1(1)
ApEn -SampEn* -SampEn** 1(2) 0(1)
SampEn 0(2) 0(0)
D, 0(0) 0(0)
N signif corrs | 5 [2** 3%] 4 [3** 1*] 3 [2** 1%] 4(8) 3(6)

** 2-tailed significance at 0.01 level; * at 0.05 level.

Pilot 3

(TEAS segments only)

Correlations between HRV measures for TEAS segments, where Spearman’s rho 20.4; [] indicates

significance but rho < 0.4.

HRV measure | All 2.5 Hz 10 Hz 2.5Hz (N 10 Hz (N
signif corrs) | signif corrs)
RR SSDN* SDNN** D,* 4 (4) 1(1)
RMS SD* RMS SD**
D,** HFpwr**
D,**
SDNN RMS SD** RMS SD** RMS SD** 3(4) 3(3)
HFpwr** HFpwr** HFpwr**
-SampEn* D,** -SampEn**
DZ**
RMS SD HFpwr** HFpwr** HFpwr** 2 (4) 2 (3)
[-SampEn*] D,** -SampEn*
D,**
HFpwr -SampEn** D,** -SampEn* 1(4) 1(3)
DZ**
LF/HF 0(0) 0(0)
ApEn -SampEn** -SampEn** 1(1) 0(0)
SampEn 0(1) 0(3)
D, 0(4) 0(1)
N signif corrs | 13 [9%* 4%] 11 [11%* 0%] 7 [4** 3%] 11 (22) 7 (14)
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Pilot 3

(TEAS segments only)

Correlations between changes in HRV values between session baseline and follow-up segments,

where Spearman’s rho 20.4.

HRV measure | All 2.5 Hz 10 Hz 2.5 Hz (N 10 Hz (N
signif corrs) | signif corrs)
RR 0 (0) 0(0)
SDNN HFpwr* HFpwr** 2(2) 0(0)
LF/HF* D,*
D,*
RMS SD HFpwr** HFpwr* 0(0) 1(1)
HFpwr D,** D,* D,** 1(2) 1(2)
LF/HF -ApEn* 0(0) 1(1)
ApEn 0(0) 0(1)
SampEn 0(0) 0(0)
D, 0(2) 0(1)
N signif corrs | 5 3 [1** 2%] 3 [1** 2%] 3(6) 3 (6)

** 2-tailed significance at 0.01 level; * at 0.05 level.

Compilation of results for all Pilots (Correlations between HRV measures)

In the Tables below, ‘Most’ and ‘Least’ indicate HRV measures with most or least numbers of
significant correlations; ‘Most — indicates those measures with most negative correlations.

Correlations between HRV measures for stimulation (EA or TEAS) segments, where Spearman’s rho

20.4; [] indicates significance but rho < 0.4.

Pilot Hz N Most Most — Least
P1 2.5 Hz 13 [7** 6%] SDNN SampEn RR
HFpwr (4) LF/HF
(5) ApEn
D,
(2)
10 Hz 17 [13** 4*] RR LF/HF ApEn
(6) (4) (2)
P2 2.5 Hz 19 [17%** 2*] SDNN SampEn ApEn
HFpwr (5) (2)
(6)
10 Hz 16 [13** 3*] SDNN SampEn LF/HF
HFpwr (5) (2)
(5)
P3 EA 2.5 Hz 11 [9%* 2%] RR RR LF/HF
RMS SD LF/HF ApEn
HFpwr ApEn SampEn
(4) SampEn (1)
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(1)

10 Hz 11 [4%* 8% RR RR ApEn
(5) LF/HF (0)
SampEn
D,
(1)
P3 TEAS 2.5Hz 11 [11%* 0*] RR ApEn LF/HF
SDNN SampEn (0)
RMS SD (1)
HFpwr
D,
(4)
10 Hz 7 [4%* 3%] SDNN SampEn LF/HF
RMS SD (3) ApEn
HFpwr (0)
SampEn
(3)
Summary | 2.5 Hz 54 (44** 10%*) RR (2) RR (1) RR (1)
SDNN (3) LF/HF (1) LF/HF (3)
RMS SD (2) ApEn (2) ApEn (3)
HFpwr (4) SampEn (4) sampEn (1)
D, (1) D, (1)
10 Hz 49 (34** 18*) | RR(2) RR (1) LF/HF (2)
SDNN (2) LF/HF (2) ApEn (3)
RMS SD (1) SampEn (3)
HFpwr (2) D, (1)
SampEn (1)

Thus there are more significant correlations overall for 2.5 Hz than 10 Hz (with more significant at
the 0.01 level and fewer at the 0.05 level), but the proportion of these is not significantly different
from that expected by chance.

At both frequencies, SDNN and HFpwr are most often involved in more significant correlations
across all Pilots than other measures, and LF/HF and ApEn least often involved. SampkEn is involved
in more negative correlations with other measures than any other measure, again at both
frequencies.

Correlations between changes in HRV values between session baseline and follow-up segments,
where Spearman’s rho 20.4.

Pilot Hz N Most Most — Least
P1 2.5 Hz 5 [4%* 1*] SDNN none LF/HF
RMS SD D,
HFpwr (0)
SampEn
(2)
10 Hz 5 [1** 4%] RMS SD none RR
HFpwr (3) LF/HF
ApEn
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SampEn
(0)
P2 2.5 Hz 5 [3%* 2%*] SDNN none ApEn
HFpwr SampEn
(3) D,
(0)
10 Hz 6 [4** 2%*] HFpwr RMS SD SampEn
(3) LF/HF (0)
(1)
P3 EA 2.5Hz 4 [3%* 1%] RR SampEn SDNN
ApEn (2) LF/HF
SampEn D,
(2) (0)
10 Hz 3 [2%* 1*] HFpwr LF/HF RR
(2) ApEn SampEn
(1) D,
(0)
P3TEAS | 2.5Hz 3[1** 2%] SDNN none RR
HFpwr RMS SD
D, LF/HF
(2) ApEn
SampEn
(0)
10 Hz 3[1%** 2%] HFpwr (2) LF/HF RR
ApEn SDNN
(1) SampEn
(0)
Summary | 2.5 Hz 17 (11** 6%*) RR (1) SampEn (1) RR (1)
SDNN (3) SDNN (1)
RMS SD (1) RMS SD (1)
HFpwr (3) LF/HF (3)
ApEn (1) ApEn (2)
SampEn (2) SampEn (2)
D, (1) D, (3)
10 Hz 17 (8** 9*¥) RMSSD (1) | RMSSD (1) | RR(3)
HFpwr (4) LF/HF (3) SDNN
ApEn (2) LF/HF (1)
ApEn (1)
SampEn (4)
D, (1)

Here there are the same numbers of significant correlations overall for 2.5 Hz and 10 Hz (although
slightly more significant at the 0.01 level and fewer at the 0.05 level for 2.5 Hz).

At both frequencies, HFpwr is most often involved in more significant correlations across all Pilots
than other measures (though at 2.5 Hz, SDNN also appears frequently). At 2.5 Hz, LF/HF is least often
involved, and at 10 Hz, SampEn. SampEn is the only measure involved in a negative correlations
with other measures at 2.5 Hz (by default, there being few negative correlations at this frequency);
at 10 Hz, LF/HF is involved in more negative correlations than the other measures.
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Significant correlations (by Visit)

Pilot V1 V2 V3 V4

P1 19 (14** 5%) 15 (12%* 3%)

P2 16 (11*8 5*) 14 (11%* 3%) 11 (8%* 3%) 14 (11%* 3%)
P3 EA 17 (9%* 8%) 8 3 (1%* 2%) 8

P3 TEAS 9 (4** 5%) 7 5 (4%* 1%) 6

P2 & P3 42 29

All 61 44

Thus there are more significant correlations in Visit 1 than subsequent visits.

Significant correlations (by Loc)

Pilot Most correlations Fewest correlations
P1 Bilat [10: 4** 6*] LLSS [7: 6** 1%*]

P2 L[16: 10** 6*] T[13: 7** 6*]

P3 EA L [10: 6** 4*] T[4: 1** 3%]

P3 TEAS L[11: 6%* 5%] T[4]

All L most T least

Although numbers are not greatly different, of the Locs, L tends to show most correlations and T

least.

Significant correlations (by ID)

Pilot

Most correlations

Fewest correlations

P1

7032 [20: 10** 10%]
8680 [13: 9** 4%]

8311 [3: 1** 2%]
2185 [7: 4** 3*].=

P2

5115 [21: 15** 6%]
5044 [15: 10** 5%

6899 [3: 2** 1*]
7815 [5: 3** 2*]

P3 EA

8954 [11: 5** 6*]
5611 [10: 2** 8*]

8680 [4: 3** 1%]
2185 [7: 7** 0%]

P3 TEAS

other three [7]

5611 [3]

P2 & P3

All

Both 7032 and 8311 attended for only one session, so this is clearly not responsible for whether high

or low numbers of correlations are found between the HRV measures. On the other hand, 7032 had

a right bundle branch block, so it is possible that those with some cardiovascular pathology, or with

generally lower HRV (and perhaps those who are very healthy, with generally higher HRV), show
more correlations than those who are at neither extreme.

For 2185, who participated in both P1 and P3, there is some agreement here, although for EA only.
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