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Abstract: A combination of existing treatments with sensing technology may be the most appro-
priate approach for incurable neuropsychiatric disorders. Dietary antioxidant supplementation,
exercise, and cognitive training are individually well-established treatments for neurodegeneration,
Alzheimer’s disease, and other dementias. Therefore, in a double-blind randomized controlled trial,
we evaluated the response of normal healthy older female subjects to coenzyme Q10 supplementation
and simultaneous sociophysical training that was undertaken in a non-contact environment using
infrared cameras. The current pilot study reports the results from a multivariate analysis of blood
biomarkers, body surface temperature measured with infrared thermal cameras, and psychological
questionnaire scores from this trial, in which 100 mg/day of supplemental ubiquinol (the reduced
form of coenzyme Q10) was administered daily for one month. We found a significant positive
correlation between ubiquinol supplementation and positive mood scores in the State–Trait Anxiety
Inventory test (STAI-positive) and a weak inverse correlation between ubiquinol supplementation
and serum interleukin 4 (IL-4), a systemic inflammatory marker. We also found a significant positive
correlation between the standard deviation of body surface temperatures, detected with non-contact
infrared image sensors, and both STAI-positive and serum antidiuretic hormone (ADH). The results
from this small pilot study indicate the potential synergistic effects of oral ubiquinol intake and
sociophysical training on neuropsychiatric health in healthy female older adults.

Keywords: ubiquinol; infrared camera; social–physical training; psychological scores; blood mental
markers; aging prevention; non-contact sensing

1. Introduction
1.1. Background of Ubiquinol Supplementation and Exercise in Older Adults

Neuropsychiatric disorders such as Alzheimer’s disease (AD) are known to progress
chronically due to advancing age and lifestyle-related nutritional or psychological imbal-
ances [1,2]. Systemic mitochondrial dysfunction and impaired energy production have been
suggested as causal mechanisms for the chronic effects of various psychiatric disorders.
The ratio of the reduced form (ubiquinol) of coenzyme Q10 (CoQ10), one of the molecules
essential for mitochondrial energy production, decreases with age [3], suggesting an as-
sociation between lower circulating CoQ10 levels and increases in age-related depression
and fatigue [4]. Consequently, one focus for the development of AD diagnostic markers
is the evaluation of mitochondrial function [5]. As CoQ10 has known protective effects
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against amyloid [6], it is reasonable that supplemental CoQ10 (both reduced (ubiquinol) [7]
and oxidized (ubiquinone) [8] forms) may prevent age-related cognitive decline in healthy
older adults.

Exercise and participation in sports with its associated social interaction have also
been shown to be effective against age-related neuropsychological decline [9], perhaps
through the actions of the brain-derived neurotrophic factor (BDNF) [10]. The plasma
levels of candidate molecular markers, namely progesterone and cortisol [11], glucose and
1,5-anhydroglucitol (1,5AG) [12], thyrotropin (thyroid-stimulating hormone; TSH) [13],
tumor necrosis factor alpha [14], antidiuretic hormone (vasopressin; ADH) [15], interleukin
4 (IL-4) [16] and leptin [17], have also previously been related to neuropsychological decline.
After preliminary trials and analyses of these candidate molecules, we focused on TSH, IL-4,
and ADH in this report. We specifically focused on these three markers for the following
reasons: We included TSH as one of our focus markers given the evidence from Polat and
colleagues showing a positive effect of participating in sports in combination with CoQ10
supplementation on thyroid hormone metabolism [18]. We included an assessment of IL-4
in this study based on the evidence that exercise was able to induce the anti-inflammatory
effect of IL-4 in a mouse model of muscle atrophy [19]. Finally, we included ADH as a key
biomarker because, along with oxytocin, it is part of the ventral parasympathetic nervous
system and has been considered a physiological indicator of psychological conditions and
functions, including socialization [20].

1.2. Design

For the potential resolution of chronic neuropsychiatric disorders that may be at-
tributable to lifestyle factors such as diet and exercise, we carried out a study of the effect
of exercise with or without oral ubiquinol supplementation (Figure 1). The comprehensive
evaluation method we designed for this study was a combined approach involving a
psychological scale; plasma molecular markers; and body surface temperature measured
by remote infrared sensing, which is insensitive to the psychological state.
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Figure 1. The schedule of the double-blind randomized trial.

The dose (100 mg/day) and duration (one month) of ubiquinol supplementation
were chosen as the minimum dose and time expected to result in benefit based on several
relevant reports of ubiquinol and ubiquinone [21–23].

The current double-blind randomized controlled crossover trial was designed to
identify the synergistic psychological effects of exercise and oral ubiquinol (QH) supple-
mentation on ubiquinone (QO), plasma biomarkers, and sociocognitive behavioral markers
in older adults [24].

This study was designed based on the availability of facilities and research collabora-
tors who were willing to participate without compensation. The exercises used were not
designed specifically for this study but were chosen as ones that could be easily incorpo-
rated into the subjects’ lives.

Twenty-five healthy older adults were initially enrolled, and thirteen participants
completed the study. To visualize the structure of multivariate dynamics based on prin-
cipal component analysis, we used our novel analysis technique, BOUQUET (Behavior
Output analysis for Quantitative Emotional State Translation) [25–29]. In our previous
animal model studies, we found synergism between training that promotes motivation
and ubiquinol [30–35], leading to improvement in the activated state of socioemotional
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psychology. In the analyses, the use of the BOUQUET method enabled the visualization of
state transitions and presumed changes resulting from the formation of complex neural net-
works through comprehensive time-series changes in a variety of biological signal factors.
The BOUQUET method helped us to visualize confounding time-series state transitions
with variable types of factors (behavioral, psychological, physiological, and environmen-
tal). Our previous study of physical and psychological development in infants could be
reported because the BOUQUET method allowed us to reduce the influence of non-target
disturbance dynamics that made it difficult to detect patterns in a simple correlation anal-
ysis [36]. In this study, we utilized the BOUQUET method to estimate psychobiological
mechanisms through computational theory based on multifactor data while hypothesizing
the confounding of different complex biological mechanisms.

In addition to tracking the exercise-dependent dynamics of the aforementioned
biomolecular markers, we further explored the possibility of capturing representative
body temperature signals of these complex physiological systems via infrared image sens-
ing technology as non-contact capturing in body temperature dynamics, which are expected
to change in accordance with psychosomatic functional activities [36,37].

2. Materials and Methods
2.1. Analyzed Subjects

This study protocol was previously approved by the Human Research Review Board
of the Tokyo University of Agriculture and Technology (TUAT.201103) and was conducted
in accordance with the Helsinki Declaration.

This study was supported by the regional public nursing home managed by the social
welfare corporation in an urban region of Tokyo. For this study, subjects were recruited
from a group of older adults who had completed a previous study [38] exploring the
impact of exercise on cognition. The exercise intervention used in the current study was
the same as that used in the previous study. First, written consent was received from
25 (male = 2, female = 23) older adults (77.0 ± 5.3 years old). Of these, 13 (male = 1,
female = 12, 76.5 ± 5.3 years old) were assigned to Group A, and 12 (male = 1, female = 11,
77.6 ± 6.5 years old) were assigned to Group B. The experiment was conducted in a
double-blind fashion. The ubiquinol supplier labeled the ubiquinol and placebo capsules
as either A or B prior to shipment, allowing the researchers to remain blinded throughout
the experiment. The capsules were indistinguishable from one another. The capsules were
then provided to the study subjects with only the A or B identifier. No further information
regarding the capsules was provided to the subjects other than to request that they take
one capsule per day. Experimenters were unblinded after all data were collected. A total of
13 individuals, 6 in Group A (male = 0, female = 6, 75.7 ± 4.1 years old) and 7 in Group B
(male = 0, female = 7, 79.3 ± 7.9 years old), completed the entire protocol. These 13 females
were analyzed.

2.2. Study Schedule

As shown in Figure 1, we followed a crossover design with the two periods separated
by ~8 months. Period 1 lasted from March to May 2011, and period 2 lasted from February
to March 2012. During each testing period, subjects took once-daily doses of 100 mg/day
of supplemental ubiquinol (Kaneka) or placebo (in the same media; Kaneka) for one month.
The typical dosing recommendation for oral ubiquinol is 90–200 mg/day. Since in our
previous animal studies, we observed the effects of ubiquinol at lower intakes when it
was accompanied by behavioral psychoactive intervention, in this initial study, we chose
a dose on the low end of the standard dosing recommendation. During each testing
period, subjects participated in two bouts of exercise at a 2-week interval using the same
equipment and in the same training room that they were familiar with from their previous
study experience. On the last day of each period, venous blood was collected (Figure 1).
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2.3. Exercise Training Program and Behavioral Indices

The layout of the exercise training room is shown in Figure 2. During exercise bouts,
subjects’ behaviors were video-recorded with four wall-set web cameras (two meters high,
Figure 2 (18)–(21)). After warm-up exercises were performed in the sitting position, sub-
jects performed exercise training using four different air-pressure-based exercise machines
(HURs) (Figure 2 (1) to (4)). Each exercise took approximately one minute and was per-
formed to the beat of a metronome. Each exercise was performed a total of three times
and in a cycle of one exercise followed by two breaks. The total exercise program took
one hour from start to end. We identified two representative behaviors of the subjects
while they rested between exercises in the waiting chairs (Figure 2 (5) to (17)): to record
their exercise in a notebook (“writing”) or to view participants performing exercise (“view
forward”). The frequency per second of these behaviors was quantified and averaged.
These behavioral measurement data were not directly analyzed in this study but were
used for a foundational assessment that, in the background, confirmed sufficiently healthy
cognitive levels in the participating older adults.
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Figure 2. Exercise training room layout: machines (1–4), resting chairs (5–17), and Web and IR
video cameras (18–21): (1) foot pedaling; (2) raising and lowering the knees; (3) rowing; (4) opening
and closing the legs; (5) to (17) resting chairs during waiting; (18) to (21) four video cameras at the
upper sidewalls.

2.4. Psychological Questionnaires

In the exercise room, the participants completed two psychological questionnaires be-
fore starting the exercise each day: the State–Trait Anxiety Inventory (STAI) translated into
Japanese [39] and the Beck Depression Inventory-II (BDI-II) translated into Japanese [40].
The STAI scores were divided into either positive (calm, secure, ease, satisfied, comfortable,
self-confident, relaxed, content, pleasant, satisfied with self, rested, cool and collected,
happy, secure, decisions easily, and steady) or negative (tense, strained, upset, worrying
over possible misfortunes, frightened, nervous, jittery, indecisive, worried, confused, rest-
less, like a failure, cannot overcome, worry too much, disturbing thoughts, inadequate,
unimportant thought bothers me, disappointments, and turmoil) and were summed for
multivariate analysis.
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2.5. Blood Collection and Molecular Measurement

Six milliliters of peripheral blood was drawn from the arm by clinicians at the nursing
home at the end of each period on a different day than when exercise was performed to
ensure that blood samples were collected while older participants were in a relaxed state.
Blood was immediately centrifuged and separated into serum or plasma, temporarily kept
on dry ice, and stored at −80 ◦C for approximately one week prior to shipment to outside
laboratories for the measurement of blood analytes. Ubiquinol and ubiquinone levels
were assessed by Kaneka Corp. Thyrotropin (TSH) [13], antidiuretic hormone (ADH), and
interleukin 4 (IL-4) levels were measured by SRL Inc. According to the contract laboratories,
storage of samples at −80 ◦C for one week does not affect the measurement results.

2.6. Body Surface Temperature with an Infrared Camera Installed on the Wall of the Room

The wall-installed infrared IR camera continuously acquired thermal images
(48 × 47 = 2256 pixels) [36]. Images were saved as CSV files each second and into di-
rectories each hour, as controlled by the application software TP-L02 (Chino, Japan). The
field angle of the sensor we used was able to be selected as either 25 or 60 degrees de-
pending on the specifications of the objective lens used. We chose the wider field lens
(60 degrees). Our sensing technology was originally designed for automobiles and used
filtered far-infrared light at 8 to 14 µm for thermally unique object detection with an
accuracy of 0.5 ◦C, and measurements were taken three times per second. In order to
automatically detect the highest temperature of a participant’s body, we developed a new
image-processing algorithm using Microsoft Visual C++ (Microsoft, Tokyo, Japan) and
OpenCV 2.2. IR-determined temperatures at each pixel of each image were converted into
two-dimensional array variables. As a process to exclude the effects of ambient temper-
ature and distance, the temperatures beside the exercise machine that participants were
playing were acquired and referred to for normalization with adjustment using a standard
room temperature gauge. The maximum temperatures were generally found around the
participants’ heads. In this study, instead of further processing for infrared intensity itself,
fluctuations in surface temperature within each subject were focused on.

2.7. Multivariate Analysis

In preliminary analyses across the entire dataset, we did not identify any effect of
the repetition of the exercises. Therefore, to reduce the number of factors and improve
multivariate reliability, the data were analyzed as an exploration of the chronic effects,
including psychological scores and IR values obtained at the time of the last exercise along
with the measures of related serum analytes collected during the same period. Each marker
shown in Table 1 was first compared individually between the groups, i.e., ubiquinol and
placebo, by one-way ANOVA. Since this study was designed with comparisons between
the ubiquinol and placebo intake condition groups, one-way ANOVA together with the
Tukey post hoc test were used to confirm the statistical differences in blood ubiquinol
concentrations first. Next, the multivariate correlation structures of all data were visualized
using our previously reported method, BOUQUET, based on principal component analysis
using a correlation matrix. The coordinates presented by the first (horizontal axis) and
second (vertical axis) components were calculated in a data-driven manner from different
kinds of indices, such as behavior, analyses, and psychological intensity [27,41]. In the
coordinates, each participant’s dot was included in a group cluster represented by a
variance ellipse whose long and short diameters were calculated via another principal
component analysis with a variance–covariance matrix in the abovementioned coordinates.
The eigenvectors multiplied by the eigenvalue were superimposed in the coordinate to
explain the contribution of each index. The comparison between the two clusters was
analyzed by Wilk’s lambda using R. In the BOUQUET analysis, which evaluates the state
of variance of data reduced to a representative two-dimensional coordinate via principal
component analysis assuming confounding among multivariates, the contribution of each
factor based on the factor loading vectors was reviewed after confirming the success of the
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test implementation condition by checking the statistical difference between the two groups
using Wilks’ lambda (multivariate analysis of variance: MANOVA) [42]. To confirm the
correlational structure of the factors suggested by BOUQUET, Pearson’s product–moment
correlation analysis in the statistical software R was utilized to search for explanatory
factors for the main condition design, and ubiquinol in serum, the sub-focused novel
variable, and the infrared image sensor index were inferred as different mechanisms from
each other.

Table 1. The correlation analyses between sUbiquinol and markers of biomolecules, body surface
temperatures, and psychological scores. R is Pearson’s product–moment correlation coefficient. The
t-value is the t-distribution size of the difference relative to the variation in sample data. p value is
the probability ((*): p < 0.1, **: p < 0.01, and ***: p < 0.001).

Marker Molecule in Blood Serum Pearson’s Product–Moment Correlation with sUbiquinol
R t p

sUbiquinol Ubiquinol: reduced coenzyme Q10 - - -

sUbiquinone Ubiquinone: oxidized coenzyme Q10 0.798 6.492 0.000 ***

TSH Thyrotropin −0.180 0.898 0.378

IL-4 Interleukin 4 −0.347 −1.811 0.0827 (*)

ADH Antidiuretic hormone (vasopressin) −0.015 0.073 0.942
Marker Infrared intensity
IR_sd Body surface temperature: standard deviation 0.256 1.295 0.208

IR_ave Body surface temperature: average 0.329 1.7056 0.101
Marker Psychological questionnaire

STAI-positive State–Trait Anxiety Inventory (positive mood) 0.502 2.844 0.00897 **

STAI-negative State–Trait Anxiety Inventory (negative mood) −0.226 1.137 0.267

BDI-II Beck Depression Inventory-II −0.277 1.410 0.171

3. Results
3.1. Each Index Comparison between Two Group Conditions, Ubiquinol and Placebo

The measured molecular concentrations in blood, psychological questionnaire scores,
and IR signals detected on the body surface in Group A (Term 1: placebo and Term 2:
ubiquinol), Group B (Term 1: ubiquinol and Term 2: placebo), and total (the sum of
Group A and Group B) are shown in Figure 3. It was confirmed that the participants
were compliant with the treatment (ubiquinol or placebo) in each condition, which was
confirmed by the difference (p < 0.05) in sUbiquinol (ubiquinol in serum; sQH) between
study conditions. No other parameter was significantly different when comparing the two
conditions ubiquinol (QH: blue) and placebo (P: orange).
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and Term 2 is ubiquinol (T2(QH)). Group B is reversed; Term 1 is ubiquinol (T1(QH)), and Term 2 is
placebo (T2(P)). The final panel in the grouping is the summarized comparison between P and QH
intake conditions combining Groups A and B. The statistical results by one-way ANOVA are marked
with asterisks ((*): p < 0.1, *: p < 0.05, **: p < 0.01, and ***: p < 0.001) and thick values (p < 0.25).

3.2. BOUQUET Reveals a Moderate Association of Ubiquinol Intake with “STAI-Positive” and a
“BDI-II” Reveals a Weak Association with “IL-4”

The multivariate analysis of the collected indices revealed that the coordinates of the
first and second components for Group A (shifting from placebo to ubiquinol) were not
significant, as shown in Figure 4b (Wilks’ lambda; p = 0.2407), nor were the first and second
components for Group B (shifting from ubiquinol to placebo), as shown in Figure 4c. How-
ever, Figure 4a indicates that when considering the total, the data were finally significant (*
p = 0.04926). These coordinates and the distribution of Groups A and B are summarized as
each total variance ellipse for either Group A or B consistently. It is worth noting that the
eigenvector of “STAI-positive” is pointed in a similar direction to “sUbiquinol”, and the
shorter eigenvectors of “BDI-II” and “IL-4” are pointed in opposite directions. “IR_sd” was
a shorter eigenvector positioned near “STAI-positive” and “sUbiquinol”, in an opposite
direction to “BDI-II”.
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Groups A and B was determined on each of the factors’ loading plus vectors projecting from the
average center. (b) The distribution ellipses of Group A shifted from left in Term 1 (placebo, orange)
to right in Term 2 (ubiquinol, blue). (c) Group B (ubiquinol, blue in Term 1 and placebo, orange in
Term 2) appeared to shift in an opposite direction to Group A consistently. The statistical result by
Wilks’ lambda is marked with a asterisk * (p < 0.05).

3.3. Pearson’s Product–Moment Correlations with sUbiquinol Indicate a Significant Positive
Relationship with STAI-Positive and a Weak Inverse Relationship with IL-4

The multivariate analysis results were further evaluated by Pearson’s product–moment
correlation coefficients first with sUbiquinol. The results confirmed a positive correlation
between STAI-positive and sUbiquinol (Figure 5A, p = 0.0089 **) and a tendency toward
a weak negative correlation between IL-4 and sUbiquinol (Figure 5B, p = 0.0827 (*)). The
results for all indices are shown in Table 1.
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Figure 5. The Pearson correlation coefficient in the dataset between serum ubiquinol density
(sUbiquinol) and representative markers. The statistical results were marked with asterisks ((*):
p < 0.1, and **: p < 0.01).

3.4. Pearson’s Product–Moment Correlations with the Standard Deviation of IR Body Surface
Temperatures Indicate a Significant Positive Relationship between Ubiquinol Intake and
STAI-Positive and ADH

Finally, the results of the possible effects of non-contact human sensing using IR
thermal detection technology are summarized in Table 2. The same psychological marker
previously found to be associated with sUbiquinol, i.e., STAI-positive (p = 0.036), was also
found to be significantly associated with serum vasopressin density (p = 0.006 **).

Table 2. The correlation analyses between the standard deviation of IR-detected body surface
temperature and physiological markers and psychological scores. The statistical results are marked
with asterisks (*: p < 0.05 and **: p < 0.01).

Marker Molecule in Blood Serum Pearson’s Product–Moment Correlation with IR-sd
R t p

sUbiquinol Ubiquinol - - -

sUbiquinone Ubiquinone 0.186 0.930 0.362

TSH Thyrotropin 0.0454 0.223 0.825

IL-4 Interleukin 4 −0.207 −1.036 0.310

ADH Antidiuretic hormone (vasopressin) 0.524 3.014 0.006 **
Marker Infrared intensity
IR_sd Standard Deviation - - -

IR_ave Average 0.0985 0.485 0.632
Marker Psychological questionnaire

STAI-positive State–Trait Anxiety Inventory (positive mood) 0.412 2.221 0.036 *

STAI-negative State–Trait Anxiety Inventory (negative mood) 0.00601 0.0295 0.977

BDI-II Beck Depression Inventory-II −0.321 −1.666 0.109

4. Discussion

In this double-blind randomized study, we evaluated the potential benefit of ubiquinol
supplementation [43] and sociophysical exercise [44] for neuroprotection in healthy older
adults. Five young, healthy university students piloted the use of the study exercise
machines prior to the start of this study and concluded that the exercise was harder than
they had imagined. Therefore, our study participants should be regarded as generally
healthy enough to participate in the study. In the preliminary simple comparison of
ubiquinol and placebo, we found no significant difference in our measured behaviors,
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psychological questionnaire scores, or blood biomarkers (Figure 3). Since the body surface
temperature index (TR_ave) was significantly different between the two groups, the body
temperature differences between groups were likely preserved across test conditions, as it
was not affected by ubiquinol intake. Although not statistically significant, a slight inverse
trend was seen in ADH. As seen in previous studies, this may be related to the increased
expression of vasopressin in thermoregulatory centers of the hypothalamus such as the
paraventricular nucleus (PVN) and the suprachiasmatic nucleus (SON) during physical
training [45].

However, multivariate analysis revealed a complex correlative structure. Eigenvectors
and eigenvalues calculated by principal component analysis and then clustered by condi-
tional group were significantly different. We interpreted this to mean that ubiquinol intake
and physical exercise mutually contribute to positive psychological outcomes (presented
by STAI-positive) in healthy older adults (Figure 4). We utilized the BOUQUET [46,47]
method to comprehensively describe how to relate multiple types of information from
different domains with one another and visualize the general structure with the inclusion of
confounding factors. The general structure consisted of two axes, one featuring ubiquinol
with STAI positivity in a similar direction and BDI-II with IL-4 in the opposite direction.
These relationships were statistically confirmed by Pearson bivariate correlation analysis,
as shown in Figure 5. BOUQUET analysis considering the interplay between multiple
factors revealed a shift in the distribution ellipses of both groups, especially in the rela-
tionship between ubiquinol intake and psychological markers such as feeling secure and
comfortable, considered STAI-positive features. These results are consistent with reports
of response to ubiquinol intake in healthy older adults in Australia and New Zealand [7].
Concerning IL-4, aging leads to an increase in pro-inflammatory cytokines and a decrease
in T-cell repertoire and pro-regenerative functions in the central nervous system (CNS) as
regenerative functions. The T-lymphocyte secretion of IL-4 suppresses microglial activa-
tion, inducing the astrocytic production of glial cell-derived neurotrophic factor (GDNF),
contributing to neuroprotection [48]. Ubiquinol has a presumed antioxidant function [49],
and our research using animal models described an additional psychological impact of oral
ubiquinol intake on socialization [33].

Furthermore, the magnitude of fluctuations in the body surface temperature within
each individual that could be captured with a non-contact infrared camera is predicted to
have different mechanisms. It may be attributed to both antidiuretic hormones and positive
psychological indicators, which makes sense since these hormones have been actively
reported to have psycho-dependent regulatory properties in recent years [50,51]. However,
further statistical evaluation is needed to examine the reliability of these hypotheses, taking
into account the number of replications and confounding among multiple types of factors.

In 2011, during the study, we experienced the Great East Japan Earthquake, which
impacted Tokyo and surrounding prefectures [52]. This earthquake and the accompanying
Fukushima power plant issues could reasonably be considered the worst experience in
our regional history. We did not provide any scientific evidence of how traumatic this
background was for four of our participants; however, we could not ignore the effect of
this unexpected disaster on our everyday lives. Given the amount and frequency of the
discussion we observed about the earthquake and Fukushima during exercise periods, it
is reasonable to assume that the participants were in an unusual state of stress that might
impact the molecular and psychological testing results. Any unfocused fear or vague
anxiety might have led to a depression- and recovery-like response in the BDI-II scores in
the placebo phase shown in Figure 4. The first phase of this study (Term 1) was performed
just after the earthquake, and the second phase (Term 2) was carried out several months
later. It is possible that the participants were experiencing different psychological responses
during the immediate (Term 1) and aftermath (Term 2) of the disaster. This may explain the
larger difference in distribution (Wilks’ lambda p = 0.263) between the first-term placebo
Group A (Figure 4b, orange) and the second-term placebo Group B (Figure 4c, orange)
than between the distributions for the two ubiquinol groups (p = 0.399; first-term ubiquinol



Appl. Sci. 2024, 14, 2366 11 of 16

in Figure 4c, blue; second-term ubiquinol in Figure 4b, blue). This distribution difference
between the placebo and ubiquinol groups might suggest that ubiquinol intake led to a
more prolonged response to the disaster, whereas the response in the placebo group was
modulated over time, suggesting that memory faded more rapidly in the placebo group.
The impact of ubiquinol intake on interleukins has been reported [53]. In this study of
ubiquinol intake, IL-4 decreased, suggesting a possible mechanism. The Th2-type cytokine
IL-4 is relevant to Alzheimer’s disorders and protective against depression due to its ability
to counter-regulate inflammation [54] and contribute to acquired stress resilience through
BDNF-dependent neurogenesis [55]. Since the relationship between ubiquinol and IL-4
we uncovered suggests the relevance of the immune system in this feasibility step, further
experiments should be performed using flow cytometry to identify the involvement of
immune cell types in peripheral blood mononuclear cells (PBMCs) [56].

The exercise intervention used in the current study was the same as that used in the
previous study. In the current study, 13 participants (male = 1, female = 12, 76.5 ± 5.3 years
old) were assigned to Group A, and 12 (male = 1, female = 11, 77.6 ± 6.5 years old)
were assigned to Group B. The experiment was conducted in a double-blind fashion.
Experimenters were unblinded after all data were collected. A total of 13 individuals, 6 in
Group A (male = 0, female = 6, 75.7 ± 4.1 years old) and 7 in Group B (male = 0, female = 7,
79.3 ± 7.9 years old), completed the entire protocol. All 25 participants completed the
ubiquinol intake and exercise trials, but for 12 of the subjects, at least one of the various
measurements required for this study was unavailable due to human error (either on the
part of the researchers or the subjects). This resulted in only 13 subjects being included
in the analyses. All subjects with complete data were included. No bias was involved in
removing subjects with missing data.

Males were not specifically excluded from this study. Although we expected approxi-
mately equal numbers of male and female participants, only females chose to or were able
to fully participate in our study. The population of Japan has the longest life expectancy of
any country worldwide. According to the Statistics Bureau of Japan, in 2011, there were
1707 million females and 1268 million males aged 65 years and older. Consistent with
the trend of more females than males, in 2021, there were 2057 million females and 1583
million males 65 years of age and older. The older adults who used this service, provided
by a city home for the elderly in a Tokyo suburb, were originally approximately ten times
more likely to be female. Beyond addressing the experimental question, our study also
provided an avenue to communicate with older adults in the community and provide
them with a healthy experience while also providing field training for our students. In
another study, ubiquinol supplementation, as assessed by the SF-36 subjective quality of
life score, resulted in genotype-dependent (single-nucleotide polymorphisms) physical and
mental health benefits, but this study also only included females [57]. In order to generalize
these results to a broader population, additional, larger studies will need to be performed
involving females and males.

The development of wearable sensor systems that track and record human physiologi-
cal states has been actively underway [58,59], but given the limitations unique to wearables,
infrared imaging sensors, which are non-contact, with less stress and thus physiological
recording is available with low basic influence on the target person [36,60], were used
in this trial. Although it was difficult to address significant effects given the presence of
disturbing artifacts associated with the infrared light, the integrated results were consistent
with the results indicating that ADH and positive psychological indicators were related
to body surface temperature fluctuation [61], suggesting the possibility of successful vali-
dation based on previous reports. The mean (IR_ave) and standard deviation (IR_sd) of
infrared intensity, i.e., the body surface temperature, were not related to ubiquinol intake
(Figures 3 and 4, and Table 1), whereas IR_sd was significantly associated with plasma ADH
levels and positive mood scores (STAY-positive) (Table 2). The relationship between alter-
ations in body temperature rhythm and psychological states [36] might be explained by the
reported mechanism linking vasopressin and oxytocin with adrenocorticotropin (ACTH)
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regulated in the suprachiasmatic nucleus (SCN) and the corticotropin-releasing hormone
(CRH) neurons in the paraventricular nucleus (PVN) that are involved in the hypothalamic–
pituitary–adrenal (HPA) system [62]. Because we used low-resolution infrared image
sensors to detect the temperature on the same body part, usually the head, there were some
potential limitations associated with measuring body surface temperatures.

In this study, subtle differences between anxiety states, as determined by STAI-positive
and -negative indicators, and depression as determined by BDI-II, which is induced by
antioxidant supplementation [63], may be observed in multivariate analysis using our BOU-
QUET method and multiple regression analysis. The relevant molecular mechanism that
may explain the significant relationship between ubiquinol and STAI-positive indicators
(Figure 4 and Table 1) could include the increase in IL-4 levels, which has been shown to
accompany decreases in catalase activity, ROS, and neuron-specific enolase levels when
physical training was studied in individuals with Alzheimer’s disease [64]. Although not
measured in this study, ubiquinol supplementation in our subjects may also lead to the
suppression of these important factors.

Regarding the potential relationship between CoQ10 supplementation and inflamma-
tion, in addition to the correlation we found between sUbiquinol and IL-4, the literature
includes reports of relationships with IL-6 and other cytokines [65]. Further study is
required to appreciate the potential effects of CoQ10 supplementation on systemic inflam-
matory state.

As for a mechanism that may include the other representative axis, IR-sd, ADH,
STAI-positive, and BDI-II (Figure 4, Table 2), we examined the potential role of ADH
(vasopressin). Vasopressin regulates water and electrolyte balance and has a diagnostic
role in cardiorenal dysfunction. Regarding the vasopressin pathway, the cytokine IL-4,
and exercise, Toschi et al. showed that the expression of the vasopressin receptor V1aR is
regulated during skeletal muscle regeneration and that vasopressin signaling is a powerful
enhancer of muscle regeneration through a mechanism involving IL-4 [66]. In addition,
vasopressin and its receptors are expressed in the brain, and evidence points to their role as
stress biomarkers of anxiety disorders and depression that may be related to alterations in
body temperature [67,68].

In order to corroborate and further our results, additional studies of longer duration,
with more subjects, including both males and females, need to be performed. In these
studies, additional potential confounding factors such as nutritional status, diet, habitual
and acute exercise status, and more in-depth evaluations of psychological and physiological
state should be evaluated to determine the potential of more subtle age-related changes
that may exist. Given the success of our small pilot program in promoting motivation
and enhancing health in older adults, we feel that a longer study is warranted and will
potentially allow for the dissemination of this intervention for broader use.

5. Conclusions

While the number of subjects was relatively small, all crossover trial data, including
questionnaires and blood markers, were carefully analyzed for common hypothetical mech-
anisms of psychological improvement with ubiquinol supplementation and sociophysical
exercise. We found a significant positive correlation between ubiquinol supplementation
and positive mood scores in the State–Trait Anxiety Inventory test (STAI-positive) and a
weak inverse correlation between ubiquinol supplementation and serum IL-4, a systemic
inflammatory marker. We also found a significant positive correlation between the stan-
dard deviation of body surface temperatures, detected with non-contact infrared image
sensors, and both STAI-positive and serum ADH. The results from this small pilot study
indicate the potential synergistic effects of oral ubiquinol intake and sociophysical training
on neuropsychiatric health in healthy female older adults.

The relative reproducibility of our findings is supported by statistically screening
multiple factors simultaneously and may suggest a new approach to visualizing complex
psychological modulation in quantitative terms. This study is still at an early stage, and
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further investigation in basic and clinical fields is needed to better describe the synergistic
effects of oral ubiquinol intake and sociophysical training on neuropsychiatric health in
healthy older adults.
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