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Abstract: In a previous study using mobile-health technology (mHealth), we reported a robust
association between chronic fatigue symptoms and heart rate variability (HRV) in female patients with
myalgic encephalomyelitis /chronic fatigue syndrome (ME/CEFS). This study explores HRV analysis
as an objective, non-invasive and easy-to-apply marker of ME/CFS using mHealth technology, and
evaluates differential gender effects on HRV and ME/CFS core symptoms. In our methodology,
participants included 77 ME/CFS patients (32 men and 45 women) and 44 age-matched healthy
controls (19 men and 25 women), all self-reporting subjective scores for fatigue, sleep quality, anxiety,
and depression, and neurovegetative symptoms of autonomic dysfunction. The inter-beat cardiac
intervals are continuously monitored/recorded over three 5-min periods, and HRV is analyzed
using a custom-made application (iOS) on a mobile device connected via Bluetooth to a wearable
cardiac chest band. Male ME/CFS patients show increased scores compared with control men in
all symptoms and scores of fatigue, and autonomic dysfunction, as with women in the first study.
No differences in any HRV parameter appear between male ME/CFS patients and controls, in
contrast to our findings in women. However, we have found negative correlations of ME/CFS
symptomatology with cardiac variability (SDNN, RMSSD, pNN50, LF) in men. We have also found a
significant relationship between fatigue symptomatology and HRV parameters in ME/CFS patients,
but not in healthy control men. Gender effects appear in HF, LF/HF, and HFnu HRV parameters.
A MANOVA analysis shows differential gender effects depending on the experimental condition in
autonomic dysfunction symptoms and HF and HFnu HRV parameters. A decreased HRV pattern in
ME/CFS women compared to ME/CFS men may reflect a sex-related cardiac autonomic dysfunction
in ME/CFS illness that could be used as a predictive marker of disease progression. In conclusion,
we show that HRV analysis using mHealth technology is an objective, non-invasive tool that can be
useful for clinical prediction of fatigue severity, especially in women with ME/CFS.

Keywords: mHealth; heart rate variability; HRV; ME/CFS; myalgic encephalomyelitis; chronic
fatigue syndrome; gender differences

1. Introduction

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a disorder char-
acterized by medically unexplained and persistent fatigue. Symptoms fluctuating in
frequency/severity during the natural course of illness include severe, disabling fatigue,
as well as musculoskeletal pain, sleep disturbance, orthostatic intolerance, post-exertional
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malaise, headaches, and impaired concentration, and short-term memory. Often patients
experience distress and disability, which may be exacerbated by a lack of understanding
from others [1,2].

A variety of studies have been performed to establish objective biomarkers of ME/CFS
disease, including molecular imaging and neuro-functional imaging using magnetic res-
onance imaging (MRI), magnetoencephalogram (MEG), positron emission tomography
(PET), or microRNA expression [3,4]. However, since most of these techniques are expen-
sive and unaffordable, other non-invasive procedures capable of associating a biomarker
with fatigue and/or accompanying symptoms are being investigated. To address this, heart
rate variability analysis (HRV) could become an objective, non-invasive and easy-to-apply
marker. Heart rate variability (HRV) is defined as the fluctuations in the time interval
between consecutive beats [5]. HRV is a valid and reliable index to assess the autonomic
balance between the sympathetic and the parasympathetic system [6]. Indeed, HRV is
considered an index of autonomic resilience, since it reflects the ability to recover from
exposure to both physical and psychological stressors [7,8].

HRYV is an underlying physiological mechanism that may play an important role in
describing autonomic dysfunction in ME/CFS research and clinical practice [9,10]. In a
meta-analysis, including 64 articles, it was concluded that differences in heart rate and
HRV parameters indicate that ME/CFS patients have altered autonomic cardiac regulation
compared to healthy controls [11]. HRV analysis has a prognostic value to predict fatigue
severity and exacerbation of autonomic symptoms in ME/CFS, and it is widely used
to assess the impact of autonomic imbalance in ME/CFS [12,13]. Previous studies have
shown altered sympatho-vagal balance (autonomic modulations) in women with ME/CFS
highlighting that lower HRV predicts fatigue status in some patients [14].

HRV is a very affordable marker to track using mobile health (mHealth) technology
as it is easy to objectively record the inter-beat interval (RR interval) and apply algorithms
to calculate and analyze HRV parameters. In general, using any of the capabilities of a
smartphone for assessing or monitoring health or lifestyle can be called mHealth [15].
More specifically, the term mHealth has been defined as “the use of mobile computing and
communication technologies in health care and public health” [16].

Returning to ME/CFS, most studies are conducted with samples where women
predominate, even though men do also present ME/CFS. For example, in a review about
malfunctioning of the autonomic nervous system (ANS) in patients with ME/CFS [13],
the authors were able to include twenty-seven articles in the range of methodological
quality, of which 25 had only women participants, and 2 had a patient group of men and
women. The total number of participants included in those 27 studies was 743 ME/CFS
patients, of which 74% (550) were women, and only 26% (193) were men. The only study
in that review examining gender differences found that healthy women had a different
cardiovascular response to upright tilt compared to healthy men and that this could
indicate a predisposition of women to postural insufficiency [17]. In the above-mentioned
meta-analysis on the evidence of altered cardiac autonomic regulation in ME/CFS [11],
the 64 included studies reported on 2286 ME/CEFES patients. Of these studies, 14 recruited
exclusively female participants, and 50 studies recruited a mixed-gender sample where
79% were female (n = 1803). The authors of this review comment that it was not possible to
analyze results based on gender, due to the tendency to report all results within a single
sample despite differences in participant characteristics. In another study, 824 ME/CFS
patients attending two hospital units were evaluated, of which 74% (550) were women, and
only 26% (193) were men, but no gender differences were analyzed [18]. Taken together,
this data suggests a higher clinical ME/CFS incidence in women than in men.

Instead, there is substantial evidence of gender differences in reference to the function-
ing of the ANS. Some studies have suggested a greater reactivity of the parasympathetic
system in women compared with men, and greater reactivity of the sympathetic nervous
system in men compared with women. In concrete, healthy men have been reported to have
high indices of sympathetic function, including muscular sympathetic nerve activity [19],
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neuron number in sympathetic ganglia [20], and the HRV parameter LF/HF [21]. Other
studies found that healthy women show a lower LF/HF power ratio than men, suggesting
a preponderance of vagal over sympathetic responsiveness [22-24]. Additionally, higher
LF power in men has been found in several studies, suggesting the preponderance of
sympathetic control of cardiac function [25-28]. Thus, there is growing evidence suggest-
ing gender differences in ANS activity in chronic conditions, but this has not been fully
addressed in ME/CFS patients. For example, most previous neuroimaging studies either
limited their subject samples to one gender [29] or did not directly assess gender effects in
samples that combined males and females with ME/CEFS [30].

Thus, there are few studies on ME/CFS in men, and of the studies that include
men, none analyze gender differences using HRV analysis in autonomic dysfunctions
derived from ME/CEFS. In this study, we aim to: (1) Explore HRV analysis as an objective,
non-invasive and easy-to-apply marker of ME/CFS in men, using mHealth technology;
(2) assess whether HRV parameters are associated with early self-reported symptoms in
men with ME/CFS; and (3) evaluate gender-related differences in HRV and self-reported
symptoms in patients with ME/CFS.

2. Materials and Methods
2.1. Participants

A prospective, cross-sectional cohort study of thirty-two males with ME/CFS was
recruited from a single outpatient tertiary-referral center (ME/CFS Clinical Unit, Vall
d’Hebrén University Hospital, Barcelona, Spain) from March 2015 to March 2016. All
patients were potentially eligible if they met the 1994 CDC/Fukuda criteria [31]. Nineteen
age- and sex-matched non-fatigued healthy controls were recruited through word-of-
mouth from the hospital and the local community. The 51 men (32 ME/CFS patients and
19 healthy controls) specific for this study were compared with 70 women (45 ME/CFS
patients and 25 healthy controls) analyzed in a previous study [14], combined into a
unique data set. All participants were of Caucasian descent, from the same geographical
area, and had a sedentary lifestyle at the time of the study. Exclusion criteria for the
study were previous or current diagnosis of autoimmune conditions, multiple sclerosis,
psychosis, major depression, cardiovascular, hematological disorders, infectious diseases,
sleep apnea or thyroid-related illnesses, pregnancy or breast-feeding, smoking, hormone-
related drugs, and symptoms of ME/CEFS that did not fit to the case criteria used for this
study. All participants voluntarily provided written, signed informed consent prior to
study participation.

2.2. General Procedure for Data Collection

The general procedure was identical to the one followed in the previous study with
female ME/CFS patients and healthy control participants [14]. Briefly, all eligible partic-
ipants attended the first interview where sociodemographic and self-reported outcome
questionnaires were collected. They were asked about their fatigue severity, neuroveg-
etative complaints, sleep quality, anxiety and depression, and symptoms of autonomic
dysfunction. After the first interview, participants were assigned dates for the following
additional HRV recording sessions.

2.3. Measures

The following symptom assessment tools were used to evaluate all participants under
the supervision of two trained investigators who ensured compliance. A validated Spanish
translation of the validated English version was used for all questionnaires.

2.3.1. Neurovegetative Complaints Questionnaire (NCQ)

The original Neurovegetative Complaints Questionnaire (NCQ) consisted of 28 items
concerning headaches, problems with falling asleep, restlessness, chest pain, indigestion,
slowness of working, sensitivity to light, effort, flushing, concentration, dyspnea, pref-
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erence for being left alone, tiredness, fainting, heart palpitations, noise, difficulty with
doing two tasks simultaneously, preference for working at one’s own pace, dizziness,
depression, wet hands, crying spells, altered libido, irritability, lack of initiative, awakening
at night, defeatism, and not being appreciated by others. Participants had to indicate the
frequency of occurrence of these symptoms on a 4-point Likert scale (1 = no, never; 2 = yes,
sometimes; 3 = yes, regularly, and 4 = yes, often). Higher scores indicated more autonomic
complaints [32].

2.3.2. Fatigue Impact Scale

The Fatigue Impact Scale (FIS-40) is a 40-item questionnaire to assess fatigue symp-
toms as part of an underlying chronic condition. It includes three domains reflecting the
perceived feeling of fatigue: Physical (10-items), cognitive (10-items), and psychosocial
functions (20-items). Each item is scored from 0 (no fatigue) to 4 (severe fatigue). The
overall score is calculated by adding together the responses to the 40 questions (ranging
from 0-160). Higher scores indicate increased functional limitations, due to fatigue [33].

2.3.3. Composite Autonomic Symptom Scale

For measuring autonomic dysfunction, all participants were screened using the Com-
posite Autonomic Symptom Scale (COMPASS-31), a 31-item questionnaire designed to
evaluate the frequency and severity of autonomic function symptoms, grouped in six
domains: Orthostatic intolerance (4-items), vasomotor (3-items), secretomotor (4-items),
gastrointestinal (12-items), bladder (3-items) and pupillomotor systems (5-items). Added
together, the six domain scores provide a total COMPASS-31 score ranging from 0 to
100—with higher scores indicating more severe autonomic complaints [34].

2.3.4. Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) is the most commonly used sleep quality
questionnaire in research settings, consisting of 19-item self-administrated questions to
assess sleep disturbances over the previous month. Scores are acquired on each of seven
components of sleep quality: Subjective sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction.
Each domain is scored from 0 to 3 (0 = no sleep problems and 3 = severe sleep problems).
The overall PSQI score ranges from 0 to 21 points, with a score of > 5 indicating poorer
sleep quality [35].

2.3.5. Hospital Anxiety and Depression Scale

To assess anxiety and depression symptoms, the Hospital Anxiety and Depression
Scale (HADS) was used. The HADS is a validated 14-item self-reported measure (seven
associated with anxiety symptoms and 7 with depression) that addresses the preceding
week in an outpatient clinical practice. Each item is scored on a 4-point Likert scale (e.g.,
as much as I always do 0 = not quite so much; 1 = definitely not so much; 2 = and not
at all; 3 = giving maximum subscale scores of 21 for depression and anxiety, respectively.
Scores of 0-7 are interpreted as normal, 8-10 as mild symptoms, 11-14 as moderate, and
15-21 as severe for either anxiety or depression. The total HADS score ranges from 0 (no
anxiety /depression) to 42 (severe anxiety/depression) [36].

2.3.6. Heart Rate Variability Recording and Analysis

The assessment of heart rate variability was performed between 3:00 p.m. and 6:00 p.m.
in a semi-dark room at the local ME/CFS Clinical Unit, maintained at a temperature
between 20-24 °C. Participant’s session ratings of inter-beat cardiac intervals (RR intervals)
were continuously monitored /recorded over three 5-min periods on different days and
weeks. These three different recordings were done with a time interval of 7 to 21 days
between 2 consecutive recordings. For the final analysis of each variable, the values
obtained in the three independent recordings were averaged. Participants were asked to
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Evaluation #1
Date: 111012016 11:29:17

Situation : 45 min / després de / Entrenamen

Evaluation #2

SITUATION OF THE ASSESSMENT

abstain from caffeine, alcohol, and physical activity for 12 h prior to testing. In each session,
participants were directed to lie supine without speaking or moving for the duration of the
session. After five minutes of rest, the heart rate variability data was registered, recording
continuously for five minutes of natural breathing [37].

The RR intervals were detected with a wearable cardiac chest band (Polar Band H7;
Polar Electro, Finland). This band sends every second a data packet containing the average
heart rate and all the RR intervals detected since the last packet with a resolution of
1/1024 s. The field containing the RR intervals is empty if a heartbeat has not been detected,
since the last transmission. The information is sent using a Bluetooth Low Energy (BLE)
connection to minimize energy consumption. All the RR intervals received were converted
to a resolution of 1 ms and saved locally in a mobile device with the FitLab® App (Health
and SportLab, Barcelona, Spain). Figure 1 shows different screenshots of the app with
prompts for completing data related to the recording conditions.

15:10 TEZD 5:00

Evaluation Session Evaluation Session Cardiac Test (HRV) Polar Band H7

situation in

Evaluation before or after the situation:

How
BEFORE AFTER

o
)5“ Seated
Time before or after the situation:
Car HRV ery

Instant Heart Rate

PUT ON THE BAND
AND ACTIVATE
BLUETOOTH

00.. &

00:00 -]

e Lying

C Eff

Heart Rate (BPM)

e

Figure 1. Screenshots sequence corresponding to the custom-made application (FitLab® App). The first screen (left) shows

all the stored recordings in the app pending to be synchronized with the server and the possibility to start a new one

(“+” symbol). The next three screens ask for the situation where the recording takes place. The last screen (on the right)

shows the instantaneous heart rate (in BPM) and the RR series.

The analysis of the RR series was performed on a remote server. The system permitted
HRV recordings, while checking the quality of the data in real-time. The accuracy and
reliability of the Polar cardiac band were previously tested against the gold standard
based on the ECG [38]. For HRV analysis, we followed the recommendations of the Task
Force of the European Society of Cardiology and the North American Society of Pacing
and Electrophysiology [39]. All the recordings were pre-analyzed to detect artifacts and
erroneous data before the HRV analysis. A maximum error of 10% of RR intervals was
accepted and filtered. The error correction of the RR series was based on outliers “ detection.
The median of the last 10 RR intervals was used. The outliers were classified in false
positives, false negatives, or ectopic beats. A correction in the RR series was applied to
keep the total duration of the recording [40].

For the time-domain analysis, the mean of RR intervals (meanRR), the standard
deviation of all RR intervals (SDNN), the root mean square of differences (RMSSD) of
successive RR intervals, and the mean number of times an hour in which the change in
successive normal sinus (RR) intervals exceeds 50 msec (pNN50) were calculated. For
frequency-domain analysis, all RR series were resampled at 4 Hz using a shape-preserving
piecewise cubic interpolation prior to the HRV analysis. The power spectrum of the
resampled time series was estimated using the Fast Fourier Transform after removing the
mean of the time series and multiplying the time series by a Hann window [37]. The power
densities in the very low frequency (VLF) band (0.00-0.04 Hz), the low frequency (LF) band
(0.04-0.15 Hz), and the high frequency (HF) band (0.15-0.40 Hz) were calculated from
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each 5-min spectrum by integrating the spectral power density in the respective frequency
bands. Additional calculations included the LF/HF ratio, as well as the normalized LF and
HF values (LFnu and HFnu, respectively).

2.4. Data Analysis

All calculations were performed with the IBM SPSS Statistics package for Mac OS
(version 21). Calculation of HRV parameters was carried out with FitLab software (Health-
SportLab.com, Barcelona, Spain) and MATLAB environment (MathWork, Natick, MA,
USA). In the first part of Section 3, the differences between the newly reported data from
the two groups of men were assessed with the t-test for independent samples, and the
Mann-Whitney U non-parametric test when appropriate. Pearson correlation analyses were
performed to test bivariate associations between questionnaire scores and HRV indices, or
between questionnaire scores and themselves. To evaluate the relative relationship between
the most significant HRV indices and fatigue dysfunction, we performed separated linear
regression analyses in control subjects and ME/CFS patients. The significance threshold
was set at p < 0.05. In the second part of Section 3, we report the differential gender effects
and interactions with the ME/CFS fatigue condition shown by the two-way analysis of
variance (ANOVA) applied to HRV data of male and female participants. HRV variables
for the men were obtained from recordings of the participants included in the current study;,
whereas the data for women correspond to the participants reported in a previous, recently
published article [14]. Gender (male and female) and health condition (control, ME/CFS)
were used as independent variables in the two-way ANOVA, and Duncan’s test was used
for post-hoc comparisons between pairs of groups. HRV data from two participants, one
of the ME /CFS women and one of the control men, were discarded, due to unsuccessful
processing of HRV recordings.

3. Results
3.1. Demographic and Clinical Characteristics of Participants (Men)

Table 1 shows descriptive statistics for the control group and ME/CFS patient men.
There were no differences in age and BMI between ME/CFS patients and controls. Heart
rate and systolic arterial pressure were higher in ME/CFS patients compared with control
participants (p < 0.05). Diastolic arterial pressure was also high in ME/CFS patients
(p =0.054).

Table 1. Baseline demographic and clinical parameters among participants (men).

. Controls ME/CFS

Variable (@ =19) (@ =32) p-Value
Age (years) 47.32 +£ 1.51 47.38 £ 1.52 N.S.
BMI (kg/m?) 24.69 + 0.80 23.69 £+ 0.51 N.S.
SAP (mmHg) 122.1 £ 243 131.8 £ 2.54 0.014
DAP (mmHg) 7791 £ 1.51 82.38 + 1.68 0.054
HR (beats/min) 62.79 + 1.33 70.13 £ 1.85 0.007
NCQ (number) 0.26 £ 0.10 7.97 £ 046 <0.001
FIS-40

Global score (0-160) 11.68 + 4.02 135.8 + 3.91 <0.001

Physical 247 £1.05 36.50 + 0.62 <0.001

Cognitive 3.58 £ 1.00 3472 +£0.72 <0.001

Psychosocial 5.63 £ 2.06 64.59 £+ 2.41 <0.001
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Table 1. Cont.

. Controls ME/CFS
Variable (0 =19) (= 32) p-Value
COMPASS-31
Global score (0-100) 20.57 £2.93 56.83 + 2.42 <0.001
Orthostatic intolerance 3.11 £ 041 7.56 + 0.36 <0.001
Vasomotor 0+0 1.28 +0.26 <0.001
Secretomotor 0.58 +£0.21 3.94 +£0.29 <0.001
Gastrointestinal 5.84 +£1.03 11.0 + 0.90 0.001
Bladder 0.58 +0.18 3.62 +0.48 <0.001
Pupillomotor 3.16 £ 0.70 9.69 4+ 0.63 <0.001
PSQI
Global score (0-21) 4.32 +0.67 14.28 4+ 0.77 <0.001
Subjective sleep quality 0.53 +0.14 2.28 +0.14 <0.001
Sleep latency 0.53 +0.18 1.84 +£0.18 <0.001
Sleep duration 0.95+£0.16 1.88 +0.19 0.001
Habitual sleep efficiency 0.42 £0.23 1.72+0.22 <0.001
Sleep disturbances 1.00 £ 0.11 2224011 <0.001
Sleeping medication 0.32£0.13 191 +0.24 <0.001
Daytime dysfunction 0.58 +0.14 244 +0.14 <0.001
HADS
Global score (0-42) 726+ 1.0 27.38 +1.36 <0.001
Anxiety 5.21 +0.70 14.03 £+ 0.67 <0.001
Depression 2.05 +0.49 13.34 4+ 0.85 <0.001

Baseline self-reported outcome scores (global and subscales) of core symptoms, as explained in Methods 2. Values
express mean £ SEM for each item. Abbreviations: BMI, Body mass index; SAP, systolic arterial pressure; DAP,
diastolic arterial pressure; HR, heart rate; NCQ, neurovegetative complaints questionnaire, FIS-40, 40-item fatigue
index scale; COMPASS-31, 31-item abbreviated composite autonomic symptom score; PSQI, Pittsburgh sleep
quality index; HADS, Hospital Anxiety and Depression Scale.

3.2. Self-Reported Measures (Men)

The neurovegetative complaints (NCQ), as well as the physical, cognitive, psychoso-
cial, and total fatigue (FIS-40) scores reported by ME/CFS patients, were much higher
than those reported by healthy controls, thus being a robust between-group significant
difference (p < 0.001; Table 1). The higher scores on those measures are consistent with the
diagnosis of ME/CFS. In the COMPASS-31 questionnaire, the ME/CFS patients reported
increased orthostatic intolerance, vasomotor, secretomotor, bladder, pupillomotor (all
p < 0.001), gastrointestinal (p = 0.001) and total COMPASS-31 score (p < 0.001), compared
with the control participants (Table 1). These results are also consistent with the increased
number of autonomic symptoms reported in the neurovegetative complaints questionnaire
(NCQ; Table 1). In the PSQI questionnaire, the ME/CFES patients had increased symptoms
referring to subjective sleep quality, sleep latency, sleep efficiency (all p < 0.001), and sleep
duration (p = 0.001), compared with the control participants. They also reported increased
sleep disturbances, greater use of sleep medication, and increased daytime dysfunction
compared with control participants (p< 0.001; Table 1). The total PSQI score was three
and a half times higher in ME /CFS patients compared with controls (p < 0.001; Table 1).
ME/CFS patients reported higher scores (10-11 points more) of anxiety and depression in
the HADS questionnaire, compared with controls (p < 0.001; Table 1).

3.3. Heart Rate Variability Indices (Men)

All recordings were analyzed for the presence of artifacts. Recordings with more than
10% of artifacts were rejected (6% of the total); 75% of the recordings were artifact-free, and
the remaining were corrected. The signal error average for all RR records of the study was
0.72%, similar to other studies [41]. The time-domain analysis of RR intervals revealed no
differences between that ME/CFS patients and healthy controls in any of the time-domain
or frequency-domain parameters (Table 2). However, although the differences are not
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statistically significant, the control group shows higher values in all parameters than the
ME/CFS group.

Table 2. HRV parameters among participants (men).

. Controls ME/CFS
Variable (n =19) (= 32) p-Value
RR mean (ms) 901.6 +41.0 861.3 £20.5 N.S.
SDNN (ms) 41.02 4+ 4.52 37.38 +£2.99 N.S.
RMSSD (ms) 29.37 £ 4.04 23.84 £ 2.67 N.S.
PNN50 (%) 10.79 +2.82 6.37 £ 1.52 N.S.
LF (ms?) 897.5 £ 298.8 663.6 +177.3 N.S.
HF (ms?) 411.1 £115.0 287.4 £54.8 N.S.
LE/HF 2.96 + 0.55 2.83 +0.35 N.S.
HFnu 33.11+£3.73 31.36 £2.03 N.S.

Values are presented as means &= SEM. Abbreviations of HRV parameters: MeanRR, mean of RR intervals; SDNN,
standard deviation of all RR intervals; RMSSD, root mean square of differences of successive RR intervals; pNN50,
the proportion derived by dividing the number of interval differences of successive RR intervals greater than
50 ms by the total number of RR intervals; LF, low frequency band (0.04-0.15 Hz); HF, high frequency band
(0.15-0.40 Hz); LF/HF ratio; HFnu, normalized HF value.

3.4. Correlation and Regression Analyses (Men)

Table 3 displays the correlation analysis between self-reported symptoms and HRV
parameters for the total sample of men (n = 51). The only significant relationships are nega-
tive correlations between the COMPASS-31 gastrointestinal factor and SDNN (p = 0.042),
RMSSD (p = 0.037), pNN50 (p = 0.04) and LF (p = 0.006), and between the physical scale of
FIS-40 and pNN50 (p = 0.049).

Table 3. Pearson correlation coefficients (r) between HRV parameters and self-reported measures (1 = 51 men).

Mean RR SDNN RMSSD pPNN50 LF HF LF/HF HFnu
PSQI
Sleep quality —0.086 —0.084 —0.128 —0.121 —0.076 —0.108 —0.052 0.014
Sleep latency —0.158 —0.076 —0.118 —0.113 —0.088 —0.055 —0.011 0.047
Sleep duration —0.16 —0.166 —0.246 —0.19 —0.166 —0.256 0.037 —0.059
Habitual sleep efficiency —0.119 —0.123 —0.146 —0.06 —0.152 —0.035 —0.066 0.115
Sleep disturbances —0.12 —0.164 —0.188 —0.201 —0.209 —0.136 —0.092 0.076
Sleeping medication —0.234 —0.072 —0.125 —0.092 —0.166 —0.051 0.009 0.04
Daytime dysfunction —0.062 —0.081 —0.126 —0.176 —0.142 —0.095 —0.091 0.059
Global score —0.175 —0.136 —0.193 —0.167 —0.181 —0.127 —0.046 0.056
NCQ —0.232 —0.185 —0.235 —0.241 —0.152 —0.213 0.06 —0.126
FIS-40
Physical —0.173 —0.184 —0.239 —0.279% —0.167 —0.223 —0.055 —0.018
Cognitive —0.176 —0.146 —0.208 —0.258 —0.121 —0.193 —0.027 —0.026
Psychosocial —0.201 —0.199 —0.237 —0.278 —0.135 —0.215 —0.048 —0.008
Global score —0.189 —0.183 —0.232 —0.276 —0.141 —0.213 —0.045 —0.016
HADS
Anxiety —0.123 —0.101 —0.085 —0.086 —0.07 —0.064 —0.139 0.107
Depression —0.228 —0.236 —0.231 —0.224 —0.134 —0.214 —0.003 —0.026
Global score —0.189 —0.183 —0.173 -0.17 —0.11 —0.153 —0.066 0.035
COMPASS-31
Orthostatic intolerance —0.14 —0.094 —0.141 —0.124 —0.074 —0.079 —0.095 0.019
Vasomotor —0.214 —0.079 —0.075 —0.121 0.073 —0.046 —0.008 0.016
Secretomotor —0.143 —0.22 —0.253 —0.235 —0.223 —0.19 0.074 —0.08
Gastrointestinal —0.061 —0.288 * —0.296 * —-0.291*  —0.382* -0.221 —0.193 0.195
Bladder —0.107 —0.142 —0.178 —0.192 —0.126 —0.197 0.006 —0.078
Pupillomotor —0.089 —0.122 —0.147 —0.18 —0.156 —0.118 —0.116 0.066
Global score —0.148 —0.19 —0.23 —0.222 —0.194 —0.167 —0.085 0.032

Significance: * p < 0.05; ** p < 0.01.
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A simple linear regression analysis revealed clear differences among the study partici-
pants, since ME/CFS patients showed significant relationships between the physical factor
of FIS-40 and HRV parameters, such as SDNN (Figure 2A, 3 = —0.487, p = 0.0047), RMSSD
(Figure 2B, p = —0.394, p = 0.0258), LF (Figure 2C, p = —0.537, p = 0.0015), HF (Figure 2D,
B =—0.421, p = 0.0165), and pNN50 (3 = —0.378, p = 0.033). No such associations were
found for any HRV domain in healthy controls (Figure 2).
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Figure 2. Simple regression analysis between physical fatigue perception (FIS-40) and HRV parameters differentiating
ME/CFS patients (1 = 32) and Control men (n = 19). Physical FIS-40 score is significantly explained from (A) SDNN
(p =0.005), (B) RMSSD (p = 0.026), (C) LF (p = 0.002), and (D) HF (p = 0.016), for ME/CFS patients (black squares, upper
regression lines), but not for those healthy controls (white circles, bottom regression lines).

Table 4 shows Pearson correlations between global scores of self-reported PSQI, NCQ,
FIS-40, COMPASS-31, and HADS questionnaires. All correlations were positive, highly
significant, and higher than 0.73 (p < 0.001). Most correlation coefficients were higher
than 0.8 (Table 4).

Table 4. Pearson correlations between global questionnaire scores for the total sample (1 = 51 men).

NCQ FIS-40 HADS COMPASS-31
PSQI 0.788 ** 0.819 ** 0.817 ** 0.825 **
NCQ 0.872 ** 0.770 ** 0.849 **
FIS40 0.871 ** 0.817 **
HADS 0.737 **

** Significance (p < 0.001).

3.5. Differential Gender Effects and Interactions on Clinical Parameters

The data from men in the current study were combined with the data obtained from
women in a previous study [14] into a unique data set and subsequently analyzed to
evaluate significant gender effects and interactions with healthy or ME/CFS conditions.



Sensors 2021, 21, 3746 10 of 19

Table 5 shows the baseline demographic and clinical parameters for men and women
by group, and also shows significant gender effects and/or significant ‘gender*condition’
interactions (two-way ANOVA analysis). All variables, except age and BMI, showed a
significant condition effect (Control vs. ME/CFS), with a level of significance of p < 0.01 for
SAP and DAP and p < 0.001 for all other clinical variables. Considering only gender, with-
out considering the group or experimental condition, women had lower SAP (p < 0.001),
increased HR (p = 0.004), increased vasomotor domain score (p = 0.034) and a marginally
significant increase in secretomotor domain score (p = 0.061) in the COMPASS-31, compared
with men (Table 5). The only variable that showed a differential gender effect of the health
condition was NCQ (p = 0.023), revealing that in women, ME/CFS patients showed a
greater increase of neurovegetative complaints compared with the control group than the
corresponding increase showed by men (see NCQ values in Table 5).

Table 5. Baseline demographic and clinical parameters (mean £ SEM) for men and women by group (data for women from
Escorihuela et al., 2020 [14]).

Male Female GENDER Dif.

Variable Controls ME/CFS Controls ME/CFS p-Value

n=19) (n=32) (n =25) (n =45)
Age (years) 4732 +1.51 4738 +£1.52 4496 £+ 1.30 46.41 + 0.84 N.S.
BMI (kg/mz) 24.69 + 0.80 23.69 + 0.51 23.77 + 0.61 24.59 + 0.69 N.S.
SAP (mmHg) 122.1 +2.43 131.8 = 2.54 * 115.2 £2.15 121.2 £1.99 * <0.0012
DAP (mmHg) 77.91 + 1.51 82.38 +1.68* 74.45 4+ 1.56 79.56 + 1.38 * 0.0552
HR (beats/min) 62.79 +1.33 70.13 £1.85* 67.71 +1.93 7472 £1.21* 0.004 2
NCQ (num) 0.26 = 0.10 7.97 £+ 0.46 ** 0.40 £ 0.15 10.11 £ 0.28 ** 0.023b
FIS-40
Global score (0-160) 11.68 £ 4.02 135.8 & 3.91 ** 17.12 £ 3.25 140.9 £ 1.79 ** <0.001
Physical 247 +£1.05 36.50 + 0.62 ** 4.60 4+ 0.94 36.95 + 0.39 ** <0.001
Cognitive 3.58 & 1.00 34.72 £+ 0.72 ** 448 +1.03 35.73 + 0.66 ** <0.001
Psychosocial 5.63 + 2.06 64.59 1+ 2.41 ** 8.04 + 1.46 68.27 4+ 1.04 ** <0.001
COMPASS-31
Global score (0-100) 20.57 +£2.93 56.83 + 2.42 ** 27.31 +2.42 80.10 + 2.91 ** <0.001
Orthostatic intolerance 3.11 + 0.41 7.56 £ 0.36 ** 2.52 +0.25 7.45 4+ 0.31 ** <0.001
Vasomotor 0+0 1.28 £ 0.26 ** 0.48 +0.21 1.93 £ 0.24 ** 0.034 2
Secretomotor 0.58 + 0.21 3.94 + 0.29 ** 0.76 - 0.18 4.73 £ 0.18 ** 0.0612
Gastrointestinal 5.84 +1.03 11.0 £ 0.90 ** 5.60 4+ 0.74 13.45 + 0.68 ** 0.001
Bladder 0.58 +0.18 3.62 +0.48 ** 0.32 +£0.11 3.48 + 0.32 ** <0.001
Pupillomotor 3.16 = 0.70 9.69 £ 0.63 ** 2.96 + 0.46 10.32 £ 0.55 ** <0.001
PSQI
Global score (0-21) 4.32 + 0.67 14.28 £+ 0.77 ** 4.52 4+ 0.63 15.05 £ 0.57 ** <0.001
Subjective sleep quality 0.53 +£0.14 2.28 +£0.14 ** 0.56 +0.12 223 +£0.14 ** <0.001
Sleep latency 0.53 +0.18 1.84 £0.18 ** 0.72 +£0.17 1.89 £ 0.16 ** <0.001
Sleep duration 0.95 £ 0.16 1.88 £0.19 * 0.92 £0.17 2.05 + 0.13 ** 0.001
Habitual sleep efficiency 0.42 +0.23 1.72 £0.22 ** 0.56 +0.22 195+ 0.17 ** <0.001
Sleep disturbances 1.00 £ 0.11 222 4+ 0.11* 1.04 £ 0.07 2.27 +0.13 ** <0.001
Sleeping medication 0.32 £0.13 1.91 £0.24 ** 0.44 £0.12 2.55 + 0.11 ** <0.001
Daytime dysfunction 0.58 +0.14 2.44 4+ 0.14 ** 0.44 +0.12 2.55 + 0.11 ** <0.001
HADS
Global score (0-42) 726 £1.0 27.38 £+ 1.36 ** 5.15 4+ 0.70 26.68 + 1.41 ** <0.001
Anxiety 5.21 +0.70 14.03 £ 0.67 ** 3.96 + 0.41 13.73 £ 0.73 ** <0.001
Depression 2.05 4+ 0.49 13.34 £ 0.85 ** 1.16 +£0.29 12.95 £ 0.68 ** <0.001

* Differences with controls for the same gender (p < 0.05). ** Differences with controls for the same gender (p < 0.001). * Gender differences
for all samples. ® Gender differences depending on the group (gender x group significant interaction).
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3.6. Gender Effects and Interactions on HRV

Table 6 shows the HRV parameters for men and women by group, and also shows
significant gender effects and/or significant ‘gender*condition’ interactions (two-way
ANOVA analysis).

Table 6. HRV parameters for men and women by group (data for women from Escorihuela et al., 2020 [14]).

Male Female p-Value (ANOVA)

Variable M-Controls M-ME/CFS W-Controls W-ME/CFS Gender Gender by

(n=19) (n =32) (n = 25) (n = 45) Group
RRmean (ms) 901.6 +41.0 861.3 +£20.5 904.40 + 27.63 809.40 £ 13.54 * N.S. N.S.
SDNN (ms) 41.02 £+ 4.52 37.38 £2.99 50.06 + 4.16 33.97 £2.03 ** N.S. N.S.
RMSSD (ms) 29.37 4+ 4.04 23.84 £+ 2.67 42.49 +5.25 22.09 &£ 1.72** N.S. 0.071
PNN50 (%) 10.79 £2.82 6.37 £1.52 20.46 £ 3.89 5.44 4 1.09 ** N.S. N.S.
LF (ms?) 897.5 +298.8 663.6 +177.3 1014.60 £ 247.5 453.10 £ 68.40 % N.S. N.S.
HF (ms?) 411.1 +£115.0 287.4 +54.8 944.90 £ 241.8 274.73 £ 4247 ** 0.037 0.036
LF/HF 2.96 + 0.55 2.83 +£0.35 1.39 £ 0.25 221 +£020* <0.001 0.065
HFnu 33.11+3.73 31.36 +£2.03 49.07 £+ 3.31 35.77 £1.99 * N.S. 0.035

Values are shown as mean £ SEM. * Differences with controls for the same gender (p < 0.05). ** Differences with controls for the same
gender (p < 0.001). “Gender”: Gender differences for all samples. “Gender by Group”: Gender differences depending on the group (gender
x group significant interaction). Abbreviations of HRV parameters: MeanRR, mean of RR intervals; SDNN, standard deviation of all RR
intervals; RMSSD, root mean square of differences of successive RR intervals; pNN50, the proportion derived by dividing the number of
interval differences of successive RR intervals greater than 50 ms by the total number of RR intervals; LF, low frequency band (0.04-0.15
Hz); HF, high frequency band (0.15-0.40 Hz); LF/HF ratio; HFnu, normalized HF value.

In Figures 3 and 4, we combine the HRV parameters for women [14] with the new
ones obtained from men. Interestingly, the values of HF and its derivatives LF/HF and
HFnu revealed significant gender effects (Table 6). Moreover, HF and HFnu presented
significant ‘gender*condition” interactions (p < 0.05), and LF/HF a marginally significant
‘gender*condition’ interaction (p = 0.065; Table 6). Post-hoc comparisons on LF revealed that
the two groups of men did not show any difference, nor were differences found with control
women or female ME/CFS patients (Figure 4A). By contrast, female ME/CFS patients had
decreased HF and HFnu values compared to control women, whereas the two male groups
did not differ between them or the female ME/CFS patients. The control group of women
showed higher values on these parameters (Figure 4B,D). Post-hoc comparisons of the
LF/HF ratio showed the same between-group differences, but in an inverse relationship,
thus the female control group had the lowest ratio and differed from all the other groups
(Figure 4C).
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Figure 3. Comparison of the HRV time-domain indices in the whole sample. Mean + SEM of (A) mean of RR intervals
(meanRR), (B) standard deviation of all RR intervals (SDNN), (C) root mean square of differences of successive RR intervals
(RMSSD), and (D) the proportion derived by dividing the number of interval differences of successive RR intervals greater
than 50 ms by the total number of RR intervals (pNN50). a,b Mean values with unlike letters were significantly different
between groups (two-way ANOVA and Duncan’s post hoc comparison, p < 0.05). W-C: Healthy control women (1 = 25);
W-F: ME/CFS women (n = 44); M-C: Healthy control men (1 = 18); M-F: ME/CFS men (n = 32).
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Figure 4. Comparison of the HRV frequency-domain indices in the sample. Mean + SEM of (A) power of the low frequency
band (LF), (B) power of the high frequency band (HF), (C) LF/HF ratio, and (D) normalized HF value (HFnu). a,b Mean
values with unlike letters were significantly different between groups (two-way ANOVA and Duncan’s post hoc comparison,
p < 0.05). W-C: Healthy control women (1 = 25); W-F: ME/CFS women (n = 44); M-C: Healthy control men (n = 18); M-F:

ME/CFS men (n = 32).
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4. Discussion

This study was designed to explore HRV analysis as an objective, non-invasive and
easy-to-apply marker of ME/CFS using mHealth technology. We analyzed the relation-
ship of HRV parameters with self-reported symptoms of fatigue, autonomic dysfunction,
subjective sleep quality, and anxiety/depression symptoms in men with ME/CFS. Also,
we analyzed differential gender effects on healthy vs. ME/CFS conditions, comparing the
new data on men from the current study with the data on women obtained in a previous
study [14] combined into a unique data set. Finally, we briefly explore mHealth devices
and compare them with what has been done in this article.

4.1. Analysis for Men

Our study is one of the few that has analyzed ME/CFS disorder in a reasonably large
sample of men and compared it with a sample of women under experimental control
conditions. Our results revealed that male ME/CFS patients self-reported severe fatigue,
autonomic dysfunction, decreased sleep quality, and increased anxiety and depression
symptoms, together with increased higher heart rate and blood pressure values at rest
compared with male healthy controls. Specifically, the differences were more than 7 points
in the NCQ score, more than 36 points in the COMPASS-31 total score, more than 120 points
in the FIS-40 total score, around 10 points more in the PSQI total score, and 20 points
more in the HADS total score. At the clinical level, all these differences indicate severe
symptomatology in male ME/CFS patients, an aspect that is poorly documented in the
literature. Besides, there was a high association between the male questionnaire scores
themselves, indicating a close relationship between all the symptoms, consistent with the
strong association that appeared in female ME/CFS patients [14].

We did not find any significant difference in HRV parameters in male ME/CFS patients
compared with male healthy controls. However, all time-domain parameters (RRmean,
SDNN, RMSSD, and pNNb50) had a higher value in the control group, indicating greater
cardiac variability (although significance was not achieved). It might be possible for them
to reach significance in a larger sample, since they are consistent with the increased cardiac
variability of control participants reported in previous studies [42]. Thus, the greater
cardiac variability in the male control group would be related to better health, in agreement
with other studies [43], since in resting conditions, a “healthier heart” shows greater
cardiac variability and a lower level of heart rate, as it is related to a greater activation of
the parasympathetic system and better physical condition. The values of the parameters
analyzed went in the same direction as in our previous study comparing female ME/CFS
patients vs. female healthy controls [14].

In the current study, the correlations between HRV parameters and self-reported
fatigue scores were not as consistent as they were in the study in women. Notably, the only
significant correlation that appeared between HRV parameters and self-reported symptoms
in the male sample was between the physical scale of the FIS-40 and the gastrointestinal
scale of the COMPASS-31. In the male sample, the FIS-40 physical scale was negatively
associated with pNN50. Since this parameter indicates the percentage of normal successive
RR intervals in which the change exceeds 50 ms, that negative relationship indicates that
increased fatigue is associated with shorter variation between successive RR intervals,
meaning less HRV. In addition, the gastrointestinal domain of autonomic dysfunction was
negatively associated with SDNN, RMSSD, and pNNG50 (the three main HRV indices of the
time-domain analysis) and the LF component. It is considered that pNN50 and RMSSD
are measures of parasympathetic activity, whereas SDNN reflects both sympathetic and
parasympathetic modulation of heart rate. Regarding the LF (absolute power of the low fre-
quency band) and HF (power of the high frequency band) components, vagal activity is the
major contributor to the HF component, whereas the LF component is more controversial
although considered by some as a marker of sympathetic activity; furthermore, diminished
RMSSD and pNNb50 can be interpreted as decreased vagal activity [44]. Overall, those
relationships had the expected sign in our study: High fatigue or high gastrointestinal
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dysfunction were associated with less HRV variability, thus suggesting that those HRV
variables are susceptible to be further explored as physiological biomarkers for fatigue
symptoms in men.

Nonetheless, a closer inspection of the regression analysis suggested that physical
fatigue could work as a biomarker in men. This analysis detected specific relationships
for male ME/CFS patients that did not appear in the male healthy controls. Only the male
ME/CEFS patients showed a significant relationship between the physical scale of FIS-40
and HRV parameters. Inverse relationships with time-domain parameters, such as SDNN
and RMSSD, line up with predicted symptomatology of higher physical fatigue with less
cardiac variability, in agreement with other studies [7,43,45]. However, the results of the
frequency-domain parameters are not so clear, since both HF and LF showed a similar
inverse relationship with the physical fatigue score of FIS-40. The negative relationship
between HF and physical fatigue in male ME/CEFS patients is consistent with those of the
temporal-domain, indicating more severe physical fatigue associated with less parasym-
pathetic predominance, in line with previous works [14]. In apparent inconsistency, the
same type of relationship appeared between LF and physical fatigue, when it would be
expected that more physical fatigue should be related to more sympathetic predominance.
However, both vagal and sympathetic activity can contribute to LF variability [39], and LF
values could be influenced by respiratory sinus arrhythmia (RSA) [46]. Overall, the two
parameters assessing parasympathetic and vagal activity, RMSSD, and HF, respectively,
showed a robust relationship with self-reported physical fatigue severity in male ME/CFS
patients, but not in healthy males. SDNN and LF, also showed the same pattern, but the
interpretation of these two parameters is more controversial. In any case, such relationships
had the expected sign, such that less HRV was associated with more severe fatigue symp-
toms. These results suggest that SDNN, RMSSD, LF, and HF could have certain predictive
value for physical fatigue self-perception in male ME/CEFS patients, RMSSD, and HF to a
greater, and SDNN and LF to a lesser extent.

4.2. Analysis of Gender Differences

There are very few studies that have analyzed gender differences in ME/CFS patients.
In the previously mentioned review on malfunctioning of the ANS [13], the only study in
the review that examined gender differences found that healthy women had a different
cardiovascular response to upright tilt compared to healthy men and that this could
indicate a predisposition of women to orthostatic intolerance. However, these differences
between male and female ME/CFS patients were not observed in another study. In
their review about malfunctioning of the ANS in patients with ME/CFS (743 patients),
Cauwenmergh et al. [13] accounted for a total of 74% of women in the samples from the
reviewed studies. Only one study aimed to analyze gender differences; all the rest of the
studies grouped men and women indiscriminately as patients.

In our study, to further investigate differential gender outcomes, we analyzed the two
male and female samples in a two-way (2 x 2) design with a health condition (control,
ME/CEFS) and gender (male, female) as factors. Overall, women show lower SAP, increased
HR, increased NCQ symptoms, and increased vasomotor domain score compared with
men. Analyzing the clinical parameters, the only variable that showed a differential
gender effect depending on health condition was NCQ. On average, female ME/CFS
patients had an NCQ score of 9.71 points NCQ above the level of female healthy controls,
whereas male ME/CFS patients scored 7.71 points above the level of male healthy controls.
These results would indicate a higher level of autonomic dysfunction in female vs. male
ME/CEFS patients. Likewise, our results revealed gender differences for SAP, DAP, HR, and
autonomic secretomotor and vasomotor dysfunctions between men and women. Women
had lower systolic and diastolic blood pressures and higher heart rates compared with men.

Regarding HRV analysis, the profile of male ME/CEFS patients differs from that of
female ME/CFS patients, and robust differences were shown between female healthy
controls and female ME/CFS patients, the latter group exhibiting lower values of time-
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and frequency-domain HRV parameters than the former [14]. The fact that these dif-
ferences in HRV parameters did not reach significance in the study with men could be
explained according to some studies reporting gender differences in short-term HRV [9,47].
Voss et al. [9] analyzed the influence of gender and age on short-term HRV in healthy
subjects (782 women and 1124 men). They found significant modifications of the HRV
indices, especially in the frequency domain, according to gender for people in an age
range between 25 and 49 years, which would include those in our sample. For his part,
Vaschillo et al. [47] also found gender differences related to HRV parameters when applying
biofeedback techniques.

The correlations between HRV parameters and self-reported fatigue symptom scores
that appeared in men are quantitatively consistent with those of women, since the sign of
the correlations indicated less cardiac variability associated with more severe symptomatol-
ogy as in the study on women. Thus, the relationship with time-domain HRV parameters
(SDNN, RMSSD, and pNNb50) showed the same trend in both genders. It can be interpreted
in terms of greater severity of physical symptomatology is associated with worse cardiac
variability, which agrees with other studies. To this effect, [42] consider that time-domain
HRV parameters are biomarkers of psychophysiological and cardiovascular health; Mather
and Thayer [8] proposed that the high amplitude oscillations in heart rate positively affect
neural networks in the brain; and McCraty and Shaffer [48] found that higher levels of
HRYV are associated with health, adaptability, resilience, and self-regulatory capacity.

Regardless of health condition, all HF-related parameters revealed significant gender
effects. The total sample of women showed higher HF and HFnu values than men, and
lower LEF/HF values (indicating that HF weighs more on women). This would indicate
greater parasympathetic activation among women, in line with what other works ex-
pose [22-24]. However, when we analyzed gender differences considering the interaction
with health status, we find specific differences for fatigued women, pointing out that this
group is driving the differences. ME/CFS women showed lower HF and HFnu values
than control women, whereas the two male groups did not differ between them nor from
ME/CFS women (Figures 4B and 2D). Thus, ME/CFS women appear to behave just like
men by showing less activation of the parasympathetic system than healthy women. This
lower parasympathetic predominance is also observed in the higher values of the LF/HF
proportion for ME/CFS women, as well as for men (Figure 4C). Therefore, everything
indicates that ME/CFS disorder has differential effects in women, decreasing the usual
parasympathetic activation in healthy women to a level typical for men.

Regardless of gender, the total sample of ME/CFS patients showed significantly lower
values of cardiac variability than controls. All time-domain HRV parameters (RRmean,
SDNN, RMSSD, and pNN50) indicated a worse autonomic balance in ME/CFS patients
than in healthy participants. Indeed, HRV is considered an index of autonomic resilience
because it reflects the ability to recover from exposure to both physical and psychological
stressors [7,43,45]. HRV has been demonstrated as a robust biomarker of psychophysiolog-
ical health, good fitness level, and well-being [8,49-51]. In fact, high HRV is considered
a good biomarker of physical health [42], or a good preventive indicator of physical in-
juries [52], whereas low HRV has been associated with, among other things, high risk
of cardiovascular diseases [53], diabetes [54], cognitive impairment [55], and psychiatric
disorders [56,57], such as depression or anxiety [58,59].

4.3. mHealth Technology for HRV Analysis

The diagnosis and monitoring of ME/CFS can be expensive and can take a lot of time
and equipment (e.g., an exercise intolerance test with an ergometric test of maximum oxy-
gen consumption, or a complicated neuropsychological battery for the study of cognitive
impairment). Instead, based on the method and results of our study, we show that a 5-min
HRYV test at rest can provide useful information interpreting an objective, non-invasive
and easy-to-apply marker of ME/CFS using mHealth technology. This tool can help in the
diagnosis, monitoring, and clinical prediction of fatigue severity, especially in women with
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ME/CFS. More generally, it has already been shown that mHealth systems are useful to
remotely detect changes in health parameters as HRV or heart rate (HR) in the context of
the activity or daily living. HRV can evaluate symptom severity and progression, stability,
and treatment responses [60]. For example, a recently published study analyzes the HRV
for more than eight million people collected with a sensor based on photoplethysmog-
raphy activity [61]. It shows how the HRV parameters (in the temporal and frequency
domains) change with age, gender, and during the day. Another study analyzes the effect
of adding HRV biofeedback to an app-based, remote intervention for depression and how
it can enhance the treatment outcomes [62]. More studies have been published recently
combining HRV and mHealth technologies [63—-66]. However, one of the main limitations
of those studies is the high sensitivity to the body movement and the presence of artifacts
as that most of them rely on a photoplethysmography sensor for detecting the heartbeats
or the inter-beat cardiac intervals [67,68]. The gold standard for HRV analysis is based on
the lab-ECG signal. However, this recording method requires the use of electrodes and
leads, so it is expensive, uncomfortable for the patient, and requires some training. As
an alternative to the lab-ECG, they are recently appearing portable user devices based
on mHealth technology, detecting ECG signals deriving the RR interval values for HRV
analysis [38,68,69].

5. Conclusions

The total sample results, including women and men, robustly revealed consistent
differences between ME/CFS patients and healthy controls in demographic and clinical
parameters. ME/CFS patients felt severely fatigued, complained about all autonomic
neurovegetative symptoms and dysfunctions, reported subjective poor sleep quality, and
clinical depression and anxiety symptoms. Moreover, all HRV parameters showed a
significant impairment in ME/CFS patients compared with healthy control participants.
Time- and frequency-domain parameters behaved differently in terms of differential gender
effects. Neither of the time-domain indices presented a significant gender effect and/or
a significant interaction for gender vs. health condition. By contrast, frequency-domain
parameters (HF, LF/HF, and HFnu) presented a robust significant gender effect, and HF
and HFnu presented a significant interaction for gender vs. health condition. To sum up,
HRYV analysis is presented as a good way to analyze autonomic responses, and our results
suggest that it can be useful for the diagnosis of ME/CFS. According to Cauwenmergh
et al. [13], more sensitive and direct measurements of the autonomic activity may be
necessary to establish whether slight autonomic dysfunction is involved in ME/CFS. HRV
analysis meets this requirement, and according to our results, can help to diagnose in a
simple way: (a) The severity of physical symptoms in ME/CFS patients of both genders
based on time-domain HRV parameters (SDNN, RMSSD, pNNb50); and (b) the level of
parasympathetic autonomic dysfunction in ME/CFS women based on frequency-domain
HRV parameters (HFnu, LF/HF). In conclusion, we show that HRV analysis using mHealth
technology is an objective, non-invasive tool that can be useful for diagnosis, monitoring,
and clinical prediction of fatigue severity, especially in women with ME/CFS. However,
further studies are needed to corroborate whether such gender differences in HRV are
associated with and predict fatigue severity and autonomic cardiac dysfunction in women
with ME/CEFS over time.

Author Contributions: Conceptualization, J.A., J].C.-M., L.C. and RM.E.; methodology, J.A., ].C.-M.,
L.C. and RM.E;; software, L.C. and J.R.-C.; validation, J.A., ].C.-M., L.C. and R M.E,; formal analysis,
L.C. and R M.E,; investigation, J.A., ].C.-M., L.C. and RM.E,; resources, J.A.,].C.-M., L.C. and RM.E.;
writing—original draft preparation, J.A., ].C.-M., L.C. and R M.E.; writing—review and editing, J.A.,
J.C-M,, L.C,, RM.E. and ].R.-C,; funding acquisition, L.C. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by “Ministerio de Ciencia e Innovacién” of the Spanish Govern-
ment, grant number PID2019-107473RB-C2.



Sensors 2021, 21, 3746 17 of 19

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Human Research Ethics Committee of the
Vall d'Hebroén University Hospital (protocol code CEIC/PR AG-174/2014, approved on 25 July 2014).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript,
or in the decision to publish the results.

References

1. Prins, J.B,; van der Meer, ].W.; Bleijenberg, G. Chronic Fatigue Syndrome. Lancet 2006, 367, 346-355. [CrossRef]

2. Castro-Marrero, ].; Sdez-Francas, N.; Santillo, D.; Alegre, J. Treatment and Management of Chronic Fatigue syndrome/myalgic
Encephalomyelitis: All Roads Lead to Rome. Br. J. Pharmacol. 2017, 174, 345-369. [CrossRef]

3.  Klimas, N.G,; Broderick, G.; Fletcher, M.A. Biomarkers for Chronic Fatigue. Brain Behav. Immun. 2012, 26, 1202-1210. [CrossRef]

4. Cheema, A.K; Sarria, L.; Bekheit, M.; Collado, F.; Almenar-Pérez, E.; Martin-Martinez, E.; Alegre, J.; Castro-Marrero, J.; Fletcher,
M.A,; Klimas, N.G.; et al. Unravelling Myalgic encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS): Gender-specific
Changes in the MicroRNA Expression Profiling in ME/CFS. J. Cell. Mol. Med. 2020, 24, 5865-5877. [CrossRef]

5. Shaffer, E; Ginsberg, ].P. An Overview of Heart Rate Variability Metrics and Norms. Front. Public Health 2017, 5, 258. [CrossRef]

6. Laborde, S.; Mosley, E.; Thayer, ].F. Heart Rate Variability and Cardiac Vagal Tone in Psychophysiological Research—Recommendations
for Experiment Planning, Data Analysis, and Data Reporting. Front. Psychol. 2017, 8, 213. [CrossRef]

7.  Hildebrandt, L.K.; McCall, C.; Engen, H.G.; Singer, T. Cognitive Flexibility, Heart Rate Variability, and Resilience Predict
Fine-Grained Regulation of Arousal During Prolonged Threat. Psychophysiology 2016, 53, 880-890. [CrossRef]

8.  Mather, M,; Thayer, J.F. How Heart Rate Variability Affects Emotion Regulation Brain Networks. Curr. Opin. Behav. Sci. 2018, 19,
98-104. [CrossRef]

9. Voss, A,; Schroeder, R.; Heitmann, A.; Peters, A.; Perz, S. Short-Term Heart Rate Variability—Influence of Gender and Age in
Healthy Subjects. PLoS ONE 2015, 10, e0118308. [CrossRef]

10. Li, K,; Riidiger, H.; Ziemssen, T. Spectral Analysis of Heart Rate Variability: Time Window Matters. Front. Neurol. 2019, 10, 545.
[CrossRef]

11.  Nelson, M.].; Bahl, ].S.; Buckley, ].D.; Thomson, R.L.; Davison, K. Evidence of altered cardiac autonomic regulation in myalgic
encephalomyelitis/chronic fatigue syndrome: A systematic review and meta-analysis. Medicine (Baltimore) 2019, 98, e17600.
[CrossRef]

12. Boissoneault, J.; Letzen, J.; Robinson, M.; Staud, R. Cerebral Blood Flow and Heart Rate Variability Predict Fatigue Severity in
Patients with Chronic Fatigue Syndrome. Brain Imaging Behav. 2018, 13, 789-797. [CrossRef]

13.  Van Cauwenbergh, D.; Nijs, J.; Kos, D.; Van Weijnen, L.; Struyf, F.; Meeus, M. Malfunctioning of the Autonomic Nervous System
in Patients with Chronic Fatigue Syndrome: A Systematic Literature Review. Eur. J. Clin. Investig. 2014, 44, 516-526. [CrossRef]
[PubMed]

14. Escorihuela, R.M.; Capdevila, L.; Castro, J.R.; Zaragoza, M.C.; Maurel, S.; Alegre, J.; Castro-Marrero, J. Reduced Heart Rate
Variability Predicts Fatigue Severity in Individuals with Chronic Fatigue syndrome/Myalgic Encephalomyelitis. J. Transl. Med.
2020, 18, 4-12. [CrossRef]

15.  Fiordelli, M.; Diviani, N.; Schulz, P.J. Mapping MHealth Research: A Decade of Evolution. . Med. Internet Res. 2013, 15, €95.
[CrossRef] [PubMed]

16. Free, C; Phillips, G.; Felix, L.; Galli, L.; Patel, V.; Edwards, P. The Effectiveness of M-Health Technologies for Improving Health
and Health Services: A Systematic Review Protocol. BMC Res. Notes 2010, 3, 250. [CrossRef] [PubMed]

17.  Schondorf, R.; Benoit, J.; Wein, T.; Phaneuf, D. Orthostatic Intolerance in the Chronic Fatigue Syndrome. J. Auton. Nerv. Syst. 1999,
75,192-201. [CrossRef]

18. Ruiz, E.; Alegre, J.; Quintana, A.G.; Aliste, L.; Blazquez, A.; De Sevilla, T.F. Sindrome De Fatiga crénica: Estudio De Una Serie
Consecutiva De 824 Casos Evaluados En Dos Unidades Especializadas. [Chronic fatigue syndrome: Study of a consecutive series
of 824 cases assessed in two specialized units]. Rev. Clinica Espafiola 2011, 211, 385-390. [CrossRef]

19. Ettinger, S.M.; Silber, D.H.; Collins, B.G.; Gray, K.S.; Sutliff, G.; Whisler, S.K.; McClain, ].M.; Smith, M.B.; Yang, Q.X.; Sinoway, L.
Influences of Gender on Sympathetic Nerve Responses to Static Exercise. J. Appl. Physiol. 1996, 80, 245-251. [CrossRef]

20. Beaston-Wimmer, P.; Smolen, A.J. Gender Differences in Neurotransmitter Expression in the Rat Superior Cervical Ganglion. Dev.
Brain Res. 1991, 58, 123-128. [CrossRef]

21. Huikuri, H.V,; Pikkujamsd, S.M.; Airaksinen, K.J.; Ikdheimo, M.]J.; Rantala, A.O.; Kauma, H.; Lilja, M.; Keséniemi, Y.A. Sex-Related
Differences in Autonomic Modulation of Heart Rate in Middle-Aged Subjects. Circulation 1996, 94, 122-125. [CrossRef]

22. Madden, K,; Savard, G.K. Effects of Mental State on Heart Rate and Blood Pressure Variability in Men and Women. Clin. Physiol.
1995, 15, 557-569. [CrossRef]

23. Ramaekers, D.; Ector, H.; Aubert, A.; Rubens, A.; Van De Werf, F. Heart Rate Variability and Heart Rate in Healthy Volunteers. Is

the Female Autonomic Nervous System Cardioprotective? Eur. Heart ]. 1998, 19, 1334-1341. [CrossRef]


http://doi.org/10.1016/S0140-6736(06)68073-2
http://doi.org/10.1111/bph.13702
http://doi.org/10.1016/j.bbi.2012.06.006
http://doi.org/10.1111/jcmm.15260
http://doi.org/10.3389/fpubh.2017.00258
http://doi.org/10.3389/fpsyg.2017.00213
http://doi.org/10.1111/psyp.12632
http://doi.org/10.1016/j.cobeha.2017.12.017
http://doi.org/10.1371/journal.pone.0118308
http://doi.org/10.3389/fneur.2019.00545
http://doi.org/10.1097/MD.0000000000017600
http://doi.org/10.1007/s11682-018-9897-x
http://doi.org/10.1111/eci.12256
http://www.ncbi.nlm.nih.gov/pubmed/24601948
http://doi.org/10.1186/s12967-019-02184-z
http://doi.org/10.2196/jmir.2430
http://www.ncbi.nlm.nih.gov/pubmed/23697600
http://doi.org/10.1186/1756-0500-3-250
http://www.ncbi.nlm.nih.gov/pubmed/20925916
http://doi.org/10.1016/S0165-1838(98)00177-5
http://doi.org/10.1016/j.rce.2011.02.013
http://doi.org/10.1152/jappl.1996.80.1.245
http://doi.org/10.1016/0165-3806(91)90244-D
http://doi.org/10.1161/01.CIR.94.2.122
http://doi.org/10.1111/j.1475-097X.1995.tb00544.x
http://doi.org/10.1053/euhj.1998.1084

Sensors 2021, 21, 3746 18 of 19

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.
50.

Yamasaki, Y.; Kodama, M.; Matsuhisa, M.; Kishimoto, M.; Ozaki, H.; Tani, A.; Ueda, N.; Ishida, Y.; Kamada, T. Diurnal Heart Rate
Variability in Healthy Subjects: Effects of Aging and Sex Difference. Am. J. Physiol. Circ. Physiol. 1996, 271, H303-H310. [CrossRef]
Liao, D.; Barnes, R.W.; Chambless, L.E.; Simpson, R.].; Sorlie, P.; Heiss, G.; The ARIC Investigators. Age, Race, and Sex Differences
in Autonomic Cardiac Function Measured by Spectral Analysis of Heart Rate variability—The ARIC Study. Am. J. Cardiol. 1995,
76,906-912. [CrossRef]

Kuo, T.BJ; Lin, T.; Yang, C.C.H,; Li, C.-L.; Chen, C.-F; Chou, P. Effect of Aging on Gender Differences in Neural Control of Heart
Rate. Am. . Physiol. Circ. Physiol. 1999, 277, H2233-H2239. [CrossRef]

Gregoire, J.; Tuck, S.; Hughson, R.L.; Yamamoto, Y. Heart Rate Variability at Rest and Exercise: Influence of Age, Gender, and
Physical Training. Can. J. Appl. Physiol. 1996, 21, 455-470. [CrossRef]

Ryan, S.M.; Goldberger, A.L.; Pincus, S.M.; Mietus, |.; Lipsitz, L.A. Gender- and Age-Related Differences in Heart Rate Dynamics:
Are Women More Complex Than Men? J. Am. Coll. Cardiol. 1994, 24, 1700-1707. [CrossRef]

David, S.P.; Naudet, F; Laude, J.; Radua, ]J.; Fusar-Poli, P.; Chu, I; Stefanick, M.L.; Ioannidis, ].P.A. Potential Reporting Bias in
Neuroimaging Studies of Sex Differences. Sci. Rep. 2018, 8, 6082. [CrossRef] [PubMed]

Maksoud, R.; Du Preez, S.; Eaton-Fitch, N.; Thapaliya, K.; Barnden, L.; Cabanas, H.; Staines, D.; Marshall-Gradisnik, S. A
Systematic Review of Neurological Impairments in Myalgic Encephalomyelitis/ Chronic Fatigue Syndrome Using Neuroimaging
Techniques. PLoS ONE 2020, 15, e0232475. [CrossRef]

Fukuda, K; Straus, S.E.; Hickie, I.; Sharpe, M.C.; Dobbins, J.G.; Komaroff, A. The Chronic Fatigue Syndrome: A Comprehensive
Approach to Its Definition and Study. International Chronic Fatigue Syndrome Study Group. Ann. Intern. Med. 1994, 121, 953-959.
[CrossRef]

Hoogenhout, E.M.; Van Der Elst, W.; De Groot, RH.M.; Van Boxtel, M.P; Jolles, J. The Neurovegetative Complaints Questionnaire
in the Maastricht Aging Study: Psychometric Properties and Normative Data. Aging Ment. Health 2010, 14, 613-623. [CrossRef]
Fisk, ].D.; Ritvo, P.G.; Ross, L.; Haase, D.A.; Marrie, T.J.; Schlech, W.F. Measuring the Functional Impact of Fatigue: Initial
Validation of the Fatigue Impact Scale. Clin. Infect. Dis. 1994, 18, S79-S83. [CrossRef]

Sletten, D.M.; Suarez, G.A.; Low, P.A.; Mandrekar, J.; Singer, W. COMPASS 31: A Refined and Abbreviated Composite Autonomic
Symptom Score. Mayo Clin. Proc. 2012, 87, 1196-1201. [CrossRef]

Buysse, D.].; Reynolds, C.F,; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index: A New Instrument for
Psychiatric Practice and Research. Psychiatry Res. 1989, 28, 193-213. [CrossRef]

Herrero, M.].; Blanch, J.; Peri, ].M.; De Pablo, ].; Pintor, L.; Bulbena, A. A validation study of the hospital anxiety and depression
scale (HADS) in a Spanish population. Gen. Hosp. Psychiatry 2003, 25, 277-283. [CrossRef]

Moreno, J.; Ramos-Castro, J.; Movellan, J.; Parrado, E.; Rodas, G.; Capdevila, L. Facial Video-Based Photoplethysmography to
Detect HRV at Rest. Int. ]. Sports Med. 2015, 36, 474-480. [CrossRef] [PubMed]

Parrado, E.; Garcia, M.A.; Ramos, J.L.; Cervantes, J.C.; Rodas, G.; Capdevila, L. Comparison of Omega Wave System and Polar
5810i to Detect R-R Intervals at Rest. Int. J. Sports Med. 2010, 31, 336-341. [CrossRef] [PubMed]

Malik, M.; Bigger, ].T.; Camm, A.].; Kleiger, R.E.; Malliani, A.; Moss, A.]J.; Schwartz, PJ. Heart Rate Variability: Standards of
Measurement, Physiological Interpretation, and Clinical Use: Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology. Eur. Heart ]. 1996, 17, 354-381. [CrossRef]

Garcia-Gonzalez, M.A.; Fernandez-Chimeno, M.; Guede-Fernandez, F; Ferrer-Mileo, V.; Argelagés-Palau, A.; Alvarez-Goémez, L.;
Parrado, E.; Moreno, J.; Capdevila, L.; Ramos-Castro, ]. A Methodology to Quantify the Differences Between Alternative Methods
of Heart Rate Variability Measurement. Physiol. Meas. 2015, 37, 128-144. [CrossRef]

Capdevila, L.; Parrado, E.; Ramos-Castro, J.; Zapata-Lamana, R.; Lalanza, J.F. Resonance Frequency Is Not Always Stable over
Time and Could Be Related to the Inter-Beat Interval. Sci. Rep. 2021, 11, 8400. [CrossRef]

Young, H.A.; Benton, D. Heart-Rate Variability: A Biomarker to Study the Influence of Nutrition on Physiological and Psychologi-
cal Health? Behav. Pharmacol. 2018, 29, 140-151. [CrossRef]

Lehrer, PM. Heart Rate Variability Biofeedback and Other Psychophysiological Procedures as Important Elements in Psychother-
apy. Int. J. Psychophysiol. 2018, 131, 89-95. [CrossRef]

Xhyheri, B.; Manfrini, O.; Mazzolini, M.; Pizzi, C.; Bugiardini, R. Heart Rate Variability Today. Prog. Cardiovasc. Dis. 2012, 55,
321-331. [CrossRef]

Walker, ER.; Pfingst, K.; Carnevali, L.; Sgoifo, A.; Nalivaiko, E. In the Search for Integrative Biomarker of Resilience to
Psychological Stress. Neurosci. Biobehav. Rev. 2017, 74, 310-320. [CrossRef]

Lehrer, PM.; Gevirtz, R. Heart Rate Variability Biofeedback: How and Why Does It Work? Front. Psychol. 2014, 5, 756. [CrossRef]
Vaschillo, E.G.; Vaschillo, B.; Lehrer, PM. Characteristics of Resonance in Heart Rate Variability Stimulated by Biofeedback.
Appl. Psychophysiol. Biofeedback 2006, 31, 129-142. [CrossRef]

Mccraty, R.; Shaffer, F. Heart Rate Variability: New Perspectives on Physiological Mechanisms, Assessment of Self-Regulatory
Capacity, and Health Risk. Glob. Adv. Health Med. 2015, 4, 46-61. [CrossRef]

Ebuchheit, M. Monitoring Training Status with HR Measures: Do All Roads Lead to Rome? Front. Physiol. 2014, 5, 73. [CrossRef]
Holzman, ].B.; Bridgett, D.]. Heart Rate Variability Indices as Bio-Markers of Top-down Self-Regulatory Mechanisms: A Meta-
Analytic Review. Neurosci. Biobehav. Rev. 2017, 74, 233-255. [CrossRef]


http://doi.org/10.1152/ajpheart.1996.271.1.H303
http://doi.org/10.1016/S0002-9149(99)80260-4
http://doi.org/10.1152/ajpheart.1999.277.6.H2233
http://doi.org/10.1139/h96-040
http://doi.org/10.1016/0735-1097(94)90177-5
http://doi.org/10.1038/s41598-018-23976-1
http://www.ncbi.nlm.nih.gov/pubmed/29666377
http://doi.org/10.1371/journal.pone.0232475
http://doi.org/10.7326/0003-4819-121-12-199412150-00009
http://doi.org/10.1080/13607861003587297
http://doi.org/10.1093/clinids/18.Supplement_1.S79
http://doi.org/10.1016/j.mayocp.2012.10.013
http://doi.org/10.1016/0165-1781(89)90047-4
http://doi.org/10.1016/S0163-8343(03)00043-4
http://doi.org/10.1055/s-0034-1398530
http://www.ncbi.nlm.nih.gov/pubmed/25700104
http://doi.org/10.1055/s-0030-1248319
http://www.ncbi.nlm.nih.gov/pubmed/20180175
http://doi.org/10.1093/oxfordjournals.eurheartj.a014868
http://doi.org/10.1088/0967-3334/37/1/128
http://doi.org/10.1038/s41598-021-87867-8
http://doi.org/10.1097/FBP.0000000000000383
http://doi.org/10.1016/j.ijpsycho.2017.09.012
http://doi.org/10.1016/j.pcad.2012.09.001
http://doi.org/10.1016/j.neubiorev.2016.05.003
http://doi.org/10.3389/fpsyg.2014.00756
http://doi.org/10.1007/s10484-006-9009-3
http://doi.org/10.7453/gahmj.2014.073
http://doi.org/10.3389/fphys.2014.00073
http://doi.org/10.1016/j.neubiorev.2016.12.032

Sensors 2021, 21, 3746 19 of 19

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Oliveira, R.S.; Barker, A.R.; Wilkinson, K.M.; Abbott, R.A.; Williams, C.A. Is Cardiac Autonomic Function Associated with
Cardiorespiratory Fitness and Physical Activity in Children and Adolescents? A Systematic Review of Cross-Sectional Studies.
Int. ]. Cardiol. 2017, 236, 113-122. [CrossRef]

Williams, S.; Booton, T.; Watson, M.; Rowland, D.; Altini, M. Heart Rate Variability Is a Moderating Factor in the Work-Load-Injury
Relationship of Competitive CrossFit™ Athletes. J. Sports Sci. Med. 2017, 16, 443-449. [PubMed]

Papaioannou, V.E.; Pneumatikos, I.; Maglaveras, N. Association of Heart Rate Variability and Inflammatory Response in Patients
with Cardiovascular Diseases: Current Strengths and Limitations. Front. Physiol. 2013, 4, 174. [CrossRef]

Benichou, T.; Pereira, B.; Mermillod, M.; Tauveron, I.; Pfabigan, D.; Maqdasy, S.; Dutheil, F. Heart Rate Variability in Type 2
Diabetes Mellitus: A Systematic Review and meta—analysis. PLoS ONE 2018, 13, e0195166. [CrossRef]

Elias, M.E; Torres, R.V. The Renaissance of Heart Rate Variability as a Predictor of Cognitive Functioning. Am. J. Hypertens. 2017,
31, 21-23. [CrossRef] [PubMed]

Alvares, G.A.; Quintana, D.S.; Hickie, I.B.; Guastella, A.J. Autonomic Nervous System Dysfunction in Psychiatric Disorders
and the Impact of Psychotropic Medications: A Systematic Review and Meta-Analysis. J. Psychiatry Neurosci. 2016, 41, 89-104.
[CrossRef] [PubMed]

Faurholt-Jepsen, M.; Kessing, L.V.; Munkholm, K. Heart Rate Variability in Bipolar Disorder: A Systematic Review and Meta-
Analysis. Neurosci. Biobehav. Rev. 2017, 73, 68-80. [CrossRef] [PubMed]

Kidwell, M.; Ellenbroek, B.A. Heart and Soul: Heart Rate Variability and Major Depression. Behav. Pharmacol. 2018, 29, 152-164.
[CrossRef]

Kim, H.-G.; Cheon, E.-].; Bai, D.-S.; Lee, Y.H.; Koo, B.-H. Stress and Heart Rate Variability: A Meta-Analysis and Review of the
Literature. Psychiatry Investig. 2018, 15, 235-245. [CrossRef]

Owens, A.P. The Role of Heart Rate Variability in the Future of Remote Digital Biomarkers. Front. Neurosci. 2020, 14. [CrossRef]
Natarajan, A.; Pantelopoulos, A.; Emir-Farinas, H.; Natarajan, P. Heart Rate Variability with Photoplethysmography in 8 Million
Individuals: A Cross-Sectional Study. Lancet Digit. Health 2020, 2, e650—-e657. [CrossRef]

Economides, M.; Lehrer, P; Ranta, K.; Nazander, A.; Hilgert, O.; Raevuori, A.; Gevirtz, R.; Khazan, I.; Forman-Hoffman, V.L.
Feasibility and Efficacy of the Addition of Heart Rate Variability Biofeedback to a Remote Digital Health Intervention for
Depression. Appl. Psychophysiol. Biofeedback 2020, 45, 75-86. [CrossRef]

Fuller, D.; Colwell, E.; Low, J.; Orychock, K.; Tobin, M.A.; Simango, B.; Buote, R.; Van Heerden, D.; Luan, H.; Cullen, K; et al.
Reliability and Validity of Commercially Available Wearable Devices for Measuring Steps, Energy Expenditure, and Heart Rate:
Systematic Review. JMIR mHealth uHealth 2020, 8, e18694. [CrossRef]

Singh, N.; Moneghetti, K.J.; Christle, ].W.; Hadley, D.; Plews, D.; Froelicher, V.; Inc, S.C.I. Heart Rate Variability: An Old Metric
with New Meaning in the Era of Using MHealth Technologies for Health and Exercise Training Guidance. Part One: Physiology
and Methods. Arrhythmia Electrophysiol. Rev. 2018, 7, 193-198. [CrossRef]

Singh, N.; Moneghetti, K.J.; Christle, ].W.; Hadley, D.; Froelicher, V.; Plews, D.; Inc, S.C.I. Heart Rate Variability: An Old Metric
with New Meaning in the Era of Using MHealth Technologies for Health and Exercise Training Guidance. Part Two: Prognosis
and Training. Arrhythmia Electrophysiol. Rev. 2018, 7. [CrossRef] [PubMed]

Li, KH.C.; White, EA_; Tipoe, T.; Liu, T.; Wong, K.C.; Jesuthasan, A.; Baranchuk, A ; Tse, G.; Yan, B.P. The Current State of Mobile
Phone Apps for Monitoring Heart Rate, Heart Rate Variability, and Atrial Fibrillation: Narrative Review. JMIR mHealth uHealth
2019, 7, e11606. [CrossRef] [PubMed]

Moraes, J.L.; Rocha, M.X.; Vasconcelos, G.G; Filho, ].E.V.; De Albuquerque, V.H.C.; Alexandria, A.R. Advances in Photopletys-
mography Signal Analysis for Biomedical Applications. Sensors 2018, 18, 1894. [CrossRef] [PubMed]

Hernéndez-Vicente, A.; Hernando, D.; Marin-Puyalto, J.; Vicente-Rodriguez, G.; Garatachea, N.; Pueyo, E.; Bail6n, R. Validity of
the Polar H7 Heart Rate Sensor for Heart Rate Variability Analysis During Exercise in Different Age, Body Composition and
Fitness Level Groups. Sensors 2021, 21, 902. [CrossRef] [PubMed]

Dobbs, W.C.; Fedewa, M.V.; Macdonald, H.V.; Holmes, C.J.; Cicone, Z.S.; Plews, D.J.; Esco, M.R. The Accuracy of Acquiring Heart
Rate Variability from Portable Devices: A Systematic Review and Meta-Analysis. Sports Med. 2019, 49, 417-435. [CrossRef]


http://doi.org/10.1016/j.ijcard.2017.02.022
http://www.ncbi.nlm.nih.gov/pubmed/29238242
http://doi.org/10.3389/fphys.2013.00174
http://doi.org/10.1371/journal.pone.0195166
http://doi.org/10.1093/ajh/hpx150
http://www.ncbi.nlm.nih.gov/pubmed/28985282
http://doi.org/10.1503/jpn.140217
http://www.ncbi.nlm.nih.gov/pubmed/26447819
http://doi.org/10.1016/j.neubiorev.2016.12.007
http://www.ncbi.nlm.nih.gov/pubmed/27986468
http://doi.org/10.1097/FBP.0000000000000387
http://doi.org/10.30773/pi.2017.08.17
http://doi.org/10.3389/fnins.2020.582145
http://doi.org/10.1016/S2589-7500(20)30246-6
http://doi.org/10.1007/s10484-020-09458-z
http://doi.org/10.2196/18694
http://doi.org/10.15420/aer.2018.27.2
http://doi.org/10.15420/aer.2018.30.2
http://www.ncbi.nlm.nih.gov/pubmed/30588312
http://doi.org/10.2196/11606
http://www.ncbi.nlm.nih.gov/pubmed/30767904
http://doi.org/10.3390/s18061894
http://www.ncbi.nlm.nih.gov/pubmed/29890749
http://doi.org/10.3390/s21030902
http://www.ncbi.nlm.nih.gov/pubmed/33572800
http://doi.org/10.1007/s40279-019-01061-5

	Introduction 
	Materials and Methods 
	Participants 
	General Procedure for Data Collection 
	Measures 
	Neurovegetative Complaints Questionnaire (NCQ) 
	Fatigue Impact Scale 
	Composite Autonomic Symptom Scale 
	Pittsburgh Sleep Quality Index 
	Hospital Anxiety and Depression Scale 
	Heart Rate Variability Recording and Analysis 

	Data Analysis 

	Results 
	Demographic and Clinical Characteristics of Participants (Men) 
	Self-Reported Measures (Men) 
	Heart Rate Variability Indices (Men) 
	Correlation and Regression Analyses (Men) 
	Differential Gender Effects and Interactions on Clinical Parameters 
	Gender Effects and Interactions on HRV 

	Discussion 
	Analysis for Men 
	Analysis of Gender Differences 
	mHealth Technology for HRV Analysis 

	Conclusions 
	References

