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The global photobiomodulation (PBM) on an organism was studied in terms of function-specific homeostasis (FSH) and scalefree functional network in this paper. A function can be classified into a normal function in its FSH and a dysfunctional function
far from its FSH. An FSH-specific stress (FSS) disrupting an FSH can also be classified into a successful stress in its FSS-specific
homeostasis (FSSH) and a chronic stress far from its FSSH. The internal functions of an organism can be divided into essential,
special nonessential, and general nonessential functions. Health may be defined as a state of an organism in which all the essential
and special nonessential functions are normal or their stresses are successful. Suboptimal health may be defined as a state of a
disease-free organism in which only some special nonessential functions are dysfunctional in comparison with its healthy state.
Disease may be defined as a state of an organism which is not in both health and suboptimal health. The global PBM of health,
suboptimal health, or disease suggested that the PBM may depend on the organism action.

1. Introduction
Unsustainable cost increases threaten the global health care
system, and further progress is stymied more by societal than
technological factors [1]. Conventional medical practice has
been “reactive” (doctor takes part when disease appears).
However, Sobradillo et al. [2] found that the theoretical
(scale-free networks and complex systems), technological
(high efficiency “omic” technologies), and conceptual (biology systems) advances throughout the last decade allowed us
to anticipate in the transition to an “anticipatory” medicine
known as “P4 medicine” (standing for personalized, predictive, preventive and participatory medicine). In fact,
both the functional medicine [3] and traditional Chinese
medicine (TCM) [4, 5] are also “anticipatory” medicines
mainly from the functional viewpoint [6]. Constitutionbased TCM strategies [7] and photobiomodulation (PBM)
[8] in disease prevention and treatment are consistent with
the current proposed P4 medical mode. At its foundation,

P4 medicine is about quantifying health and demystifying
disease [1]. However, the current definition of health is
vague and incomplete [1]. The exact definitions of health,
suboptimal health, and disease and their PBM mechanism are
examined in this paper from the viewpoints of functions and
scale-free networks.

2. Functional Negative Feedback
Negative feedback is common in biological processes and
acts to optimize the activity of a circuit in the presence
of alleles with altered activities [9], which can maintain
a system’s stability to internal and external perturbations.
Function-specific homeostasis (FSH) is a negative-feedback
response of a biosystem to maintain the function-specific
conditions inside the biosystem so that the function is
perfectly performed [8, 10–12]. The quality of an FSH may be
called a functional fitness of the maintained normal function.
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The fitness has been used to discuss function performance
by Nowak et al. [13], but the functional fitness was not
defined. A function in and far from its FSH is called a
“normal/dysfunctional function,” respectively. The transition
of a dysfunctional function to a normal function is called “to
be normalized.” A normal function is better performed than
all the dysfunctional functions so that the normal function is
locally the best performed function. These phenomena can be
explained by using the Arndt-Schulz law [14] when, after an
initial peak response, the marginal efficacy declines as dosage
increases. FSH can finely extend this curve into a plateau.
A functional fitness is maintained by its normal function.
Endurance exercise is any activity that uses large muscle
groups can be performed continuously and is rhythmic and
aerobic in nature. To maintain a cardiovascular fitness, this
exercise should be performed at a frequency of 3 to 5 days
per week, at an intensity of 60% to 90% of maximum heart
rate (HRmax) or 50% to 85% of HRmax reserve, and at
a duration of 20 to 60 min [15]. An inverse relationship
exists between physical fitness and resting heart rate, body
weight, percent body fat, serum cholesterol, triglycerides,
glucose, and systolic blood pressure. In addition, exercise
training increases the high-density lipoprotein portion of
total cholesterol.
A normal function can resist internal/external disturbance under its threshold. It is resilient or robust. Higher
functional fitness offers higher threshold. Using skill level as
an example, Hancock [16] examined the effect of individual
skill level on task performance in transient extreme heat and
found that individuals who were skillful at the task were better
able to withstand the detrimental effect of the stress exposure
than their unskilled counterparts.
An FSH can be disrupted by an FSH-specific stress
(FSS). The FSS is also a function of a biosystem [11, 12].
A normal/dysfunctional FSS is called a “successful/chronic
stress,” respectively and has been referred to as being
“antifragile/fragile” by Taleb [17]. Taleb [17] hypothesized
that the antifragileness should be beyond the resilience or
robustness of a normal function. The resilience resists shocks
and stays the same, but the antifragileness gets better and
better. Moreover, hormetic (in small doses) stress [17, 18] is
another kind of successful stress. A successful stress upgrades
a normal function, but a chronic stress destroys a normal
function. These phenomena are explained by the ArndtSchulz Law [14], the Yerkes-Dodson law in psychology [19],
or nonlinear relationships commonly described as being Uor J-shaped or inverted U- or J-shaped [18].
The simplest, most obvious, and best appreciated mechanism for buffering genetic variation is redundancy [9].
Redundancy can play an important role in hormesis [20]
and antifragileness [17]. It also enhances performance. As
an example, elite athletes often undertake altitude training
to improve sea-level athletic performance. Robertson et al.
[21] found that a combined approach of live high/train low
plus train high elicited greater enhancements in physiological
capacities when compared with the train high approach.
Taleb [17] illustrated the redundancy-mediated antifragileness with a barbell-style approach. His preferred strategy was
to be both hyperconservative and hyperaggressive at the same
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time. Instead of doing steady and moderate exercise daily, he
suggested that it should be better to do a low-effort exercise
such as walking slowly most of the time, while occasionally
expending extreme effort. Redundancy enhances the cellular
function [11, 12]. The 𝑚 genes performing the same function,
respectively, are called redundant genes with one another.
Each redundant gene may activate a normal function-specific
signal transduction (NSP) [12]. The 𝑚 NSPs are called redundant pathways with one another. As it has been hypothesized
[12], the full activation of each NSP may maintain the firstorder normal function in its NSP-specific microenvironment
(NSM), and the synergistic full activation of one NSP and its
n-1 redundant pathways may maintain the 𝑛th-order normal
function (𝑛 = 2, 3, . . . , 𝑚) in its NSM.
Let 𝑄 be the quality of a FSH or the functional fitness of a
normal function. An organism has many kinds of functions
which include internal functions and external activities.
Their normal ones are being maintained by their respective
FSH {FSH𝑖 , 𝑖 = 1, 2, . . . , 𝑛} and their respective quality
{Q𝑖 , 𝑖 = 1, 2, . . . , 𝑛}. Their performance is accompanied
by various rhythms; higher functional fitness gives higher
rhythm fitness. Janiak and kedziora [22] investigated the
effect of exercise on the diurnal changes of electromechanical
systolic time (QS2) in healthy men with different physical
fitness and found that the effect of exercise on the circadian
rhythm of QS2 was dependent on the level of physical fitness.
After exercise, the circadian rhythm QS2 was presented in
the human with higher physical fitness, whereas it was not
evident in human with lower physical fitness. On the other
hand, the enhancement of normal rhythms can upgrade the
related normal functions or activities. Zhao et al. [23] found
that, when a PBM improved sleep and melatonin, it also
enhanced endurance performance.
Let 𝑄 max = max{𝑄𝑖 , 𝑖 = 1, 2, . . . , 𝑙. Let F max and
F maxSH denote the corresponding function/activity and
its homeostasis, respectively. The 𝑄 max increases when a
person grows but decreases when the person ages. The age
at which the 𝑄 max is the highest, 𝑄𝑝, is called the prime age
h. As growing and aging are symmetrical with each other, the
most possible lifespan y of a person may be 2ℎ + 1 [8, 24].
Obviously, the higher the 𝑄𝑝 and/or the slower the increase
in 𝑄 max, the longer the expected lifespan.

3. Scale-Free Networks
Many complex systems can be viewed as networks, in which
nodes represent system elements and edges correspond to
interactions between those elements. Many results suggest
that networks from different domains but in the same
category may be more similar to one another than previously
thought [25]. Among the popular networks, the scale-free
networks are extremely heterogeneous, their topology being
dominated by a few highly connected nodes (essential nodes)
which link the rest of the less connected nodes (nonessential
nodes) to the system [2]. A network diameter is defined
as the shortest pathway averaged over all pairs of nodes.
To investigate whether networks displayed a similar error
tolerance, Jeong et al. [26] performed computer simulations
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on the metabolic network of E. coli. Upon removal of the
essential nodes the diameter increased rapidly, illustrating
the special role of these nodes in maintaining a constant metabolic network diameter. However, when randomly
chosen nonessential nodes were removed—mimicking the
consequence of random mutations of catalysing enzymes—
the average distance between the remaining nodes was not
affected, indicating a striking insensitivity to random errors.
Indeed, in silico and in vivo mutagenesis studies indicated
remarkable fault tolerance upon removal of a substantial
number of metabolic enzymes from the E. coli metabolic
network [27].
All scale-free networks are sparse [28]. It suggested that
their essential nodes should be sparse. A cell far from
its FSH has many partially activated signal transduction
pathways, but a cell in its FSH has sparse fully activated signal
transduction pathways [29] so that there are NSPs [12]. There
are many factors that contribute to maintaining a FSH state,
but FSH-essential factors are very sparse [8]. Examples are
a wide range of reprogramming of biological systems using
overexpression of only one to five transcription factors [30]
and a white-collar worker performing normal office work
with very little brain material [31]. As shown in the next
section, an organism has five essential internal functions and
only one essential external activity.

4. Function Network
The scale-free networks dominate all aspects of human health
and disease [2]. Generally, the nodes are genes, proteins,
cells, or organisms. As presented in this paper the nodes are
functions in the internal body or activities in the external
body. Either the internal functions or external activities of an
organism can be essential or nonessential according to the
scale-free network properties. It depends on its importance
in lifespan. The essential ones play important roles in healthy
lifespan. The nonessential ones do not significantly affect the
healthy lifespan under their respective threshold. They are
further classified into the special nonessential ones which
significantly affect the lifespan of nonhealthy body and the
general nonessential ones which do not significantly affect the
lifespan of nonhealthy body under their respective threshold.
4.1. Internal Functions. Western mainstream medicine including P4 medicine studies an organism mainly from
anatomical viewpoint, but functional medicine [3] and TCM
[6] study an organism mainly from the functional viewpoint.
The internal function network has often been discussed from
the TCM [4, 5] viewpoint.
An organism has many internal functions [3–5]. Among
them, the five yin zang functions, heart function, liver
function, spleen function, lung function, and kidney function,
should be essential functions according to TCM. Navarrete
et al. [32] analyzed organ mass data for 100 mammalian
species, including 23 primates. They found that, controlling
for fat-free body mass, there was significant positive mass
correlation between heart and lungs or liver, between lungs
and kidneys, liver, or spleen, between kidneys and liver or
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spleen, or between liver and spleen. In TCM, the heart rate
belongs to the essential heart function. Jensen et al. [33] have
done a prospective cohort study, the Copenhagen Male Study,
a longitudinal study of healthy middle-aged employed men,
and found that elevated resting heart rate was a risk factor
for mortality independent of physical fitness, leisure-time
physical activity, and other major cardiovascular risk factors.
Xiong et al. [34] investigated physiological parameters during
practicing simplified 24-form T’ai chi ch’uan (TCC) in 10
young high-level male TCC athletes and 10 ordinary-level
male TCC practitioners with similar age and body size. They
found significantly higher energy expenditure, heart rate,
oxygen uptake, and tidal volume in the high-level group than
the ordinary-level group during TCC performance. In TCM,
gamma glutamyltransferase (GGT) and alkaline phosphatase
(ALP) belong to the essential liver function. Kunutsor et al.
[35] conducted a systematic review and meta-analysis of published prospective cohort studies evaluating the associations
of baseline levels of these enzymes with all-cause mortality
in general populations. Nineteen unique cohort studies with
aggregate data on over 9.24 million participants and 242,
953 all-cause mortality outcomes were included. They found
that the pooled relative risks (95% confidence intervals) for
all-cause mortality per 5 U/L increment in GGT and ALP
levels were 1.07 (1.04–1.10) and 1.03 (1.01–1.06), respectively.
In TCM, forced expiratory volume in 1 second (FEV1) and
peripheral blood leukocyte count belong to the essential lung
and spleen functions. Weiss et al. [36] explored the relation
of leukocyte count and FEV1 to total mortality in the Normative Aging Study population in the Boston, Massachusetts,
area. The sample for the current analysis consisted of 1,956
men who underwent the baseline Normative Aging Study
examination during 1961–1969. Subjects ranged in age from
21 to 80 years of age at the time of entry. A total of 170
deaths occurred over the 30 years of follow-up. They found
that age, FEV1, and peripheral blood leukocyte count were
the three most important predictors of increased mortality
in this cohort, independent of cigarette smoking. In TCM,
plasma fibrinogen belongs to the essential kidney function.
Stack et al. [37] identified 9, 184 subjects at the age of 40
years and over from the Third National Health and Nutrition
Examination Survey (1988–1994) with vital status assessed
through 2006. They found that the adjusted hazard ratio
(HR) per 1 𝜇mol/L (34 mg/dL) increase in fibrinogen was 1.07
(95% confidence interval (CI) 1.04–1.09) for total mortality
and 1.06 (95% CI 1.03–1.09) for cardiovascular mortality in
multivariate analysis.
𝑄𝑖 function, blood function, body fluid functions, meridian functions, acupoint functions, and the six yang fu functions, gallbladder function, stomach function, small intestine
function, large intestine function, bladder function, and triple
energizer function, should be special nonessential functions
according to TCM. In TCM, haemoglobin belongs to the
nonessential blood function. Skjelbakken et al. [38] examined
6541 men aged between 20 and 49 years in 1974 in a
prospective, population-based study from the municipality
of Tromsø, Northern Norway, for 20 years of follow-up
and found a U-shaped relationship between quintiles of
haemoglobin and total mortality. In the above-mentioned
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cohort of Weiss et al. [36], other covariates examined
included forced vital capacity, height, body mass index,
systolic and diastolic blood pressure, and total cholesterol,
but age, FEV1, and peripheral blood leukocyte count were the
three most important predictors of increased mortality.
The extraordinary fu functions such as brain function,
marrow function, bone functions, blood vessel functions,
gallbladder function, uterus function, pericardium function,
life gate function, and essence chamber function should be
general nonessential functions according to TCM. In TCM,
brain mass belongs to the general nonessential brain function.
Navarrete et al. [32] analyzed brain size and organ mass
data for 100 mammalian species, including 23 primates. They
found that, controlling for fat-free body mass, brain size
was not negatively correlated with the mass of the digestive
tract or any other expensive organ. In TCM, reproduction
belongs to the general nonessential essence chamber function.
Castration, which removes the source of male sex hormones,
prolongs male lifespan in many animals [39]. Min et al.
[40] studied the genealogy records of Korean eunuchs and
determined the lifespan of 81 eunuchs and found that the
average lifespan of eunuchs was 70.0 ± 1.76 years, which was
14.4–19.1 years longer than the lifespan of noncastrated men
of similar socioeconomic status.
In TCM, the neurological functions except consciousness
belong to the general nonessential brain function. Feuillet
et al. [31] reported the case of an anatomically “brainless”
white-collar worker who functioned much better than could
be expected with so little brain material. The 44-year-old
worker presented a 2-week history of mild left leg weakness.
At the age of 6 months, he had undergone a ventriculoatrial
shunt, because of postnatal hydrocephalus of unknown cause.
When he was 14 years old, he developed ataxia and paresis
of the left leg, which resolved entirely after shunt revision.
His neurological development and medical history were
otherwise normal. He was a married father of two children
and worked as a civil servant. On neuropsychological testing,
he proved to have an intelligence quotient (IQ) of 75: his
verbal IQ was 84 and his performance IQ was 70. Computer
tomography (CT) showed severe dilatation of the lateral
ventricles. Magnetic resonance imaging revealed massive
enlargement of the lateral, third, and fourth ventricles, a very
thin cortical mantle and a posterior fossa cyst. Feuillet et
al. [31] diagnosed a noncommunicating hydrocephalus, with
probable stenosis of Magendie’s foramen. The leg weakness
improved partly after neuroendoscopic ventriculocisternostomy but soon recurred; however, after a ventriculoperitoneal
shunt was inserted, the findings on neurological examination
became normal within a few weeks. The findings on neuropsychological testing and CT did not change.
4.2. External Activities. A person may have many external
activities [41, 42]. An average adult’s personal F max as
discussed in Section 2 should be his/her occupational work
[43]. Li [43] has collected 104 dead scientists or celebrities
and found that the Pearson correlation coefficients of the
prime occupation age with the lifespan and the prime age
ℎ discussed in Section 2 were 0.901 and 0.906, respectively,
and there was a positive linear relationship between the prime
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occupation age and the lifespan. Moreover, the higher the
𝑄𝑝 or/and the slower the increases in 𝑄 max, the longer the
expected lifespan. Therefore, the occupational work should
be the only essential activity. While studying engagement
outcomes worldwide, Gallup [44] discovered a correlation
between employees’ engagement levels at work and their
physical health. Low engagement may lead to low skill level
[45]. In another study by Tjepkema et al. [46], a 15% sample
of 1991 Canadian Census respondents aged 25 years or older
was linked to 16 years of mortality data (1991–2006). The study
analyzed 2.3 million people aged 25 to 64 years at cohort
inception, among whom there were 164, 332 deaths during
the follow-up period, and found that mortality gradients by
occupational skill level were evident for most causes of death.
The observations have been directly supported by butterfly experiments conducted by Niitepõld and Hanski [47].
They analyzed the repeatability of measurements of peak
flight metabolic rate (MR (peak)) throughout the life of the
Glanville fritillary butterfly (Melitaea cinxia). They found that
measurements of MR (peak) showed significant repeatability
and there was a significant positive correlation between MR
(peak) and lifespan in all three experiments: in the laboratory,
under field conditions, and in a laboratory experiment with
repeated flight treatments.
These findings are also supported by a study on competitive sports by Teramoto and Bungum [48]. They reviewed
elite endurance (aerobic) athletes and mixed-sports (aerobic
and anaerobic) athletes and found that they survive longer
than the general population, as indicated by lower mortality
and higher longevity. For example, a former career elite
athlete would be protected from both type 2 diabetes and
impaired glucose tolerance in later life [49] and an athlete
doing high- but not low-intensity cycling may resist diesel
exhaust exposure [50].
Wiseman [51] suggested that physical actions may be the
quickest, easiest, and most powerful way to instantly change
how one thinks and feels. This suggested that subjective wellbeing (SWB) should be a nonessential activity. There is a
longstanding idea that happiness causes people to live longer,
healthier lives. However, convincing evidence that SWB
contributes to longevity and health has not been available
[52]. Chida and Steptoe [53] have reviewed systematically
prospective, observational cohort studies of the association between positive well-being and mortality using metaanalytic methods and suggested that positive psychological
well-being has a favorable effect on survival in both healthy
and diseased populations. Many other kinds of studies
also concluded that happiness has a positive causal effect
on longevity and physiological health [52]. However, other
studies did not support it. Wiest et al. [54] have examined
differential effects of life satisfaction (LS), positive affect
(PA), and negative affect (NA) on mortality in a conjoint
analysis using data of German adults between the ages of
40 and 85 years (𝑁 = 3, 124). They found that LS and PA
predicted mortality over and above sociodemographic factors
and physical health. However, this effect diminished when it
included self-rated health and physical activity. NA was not
associated with mortality. Although PA predicted mortality in
older adults (65+) even after controlling for self-rated health
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and physical activity, no SWB indicator predicted mortality
when controlling for covariates in middle-aged participants.
The nonessential activities can be further classified into
the special ones and the general ones. Kahneman et al.
[41] have assessed the range of mean enjoyment ratings for
the lowest and highest levels of selected person and job
characteristics after controlling for other job features or for
other personal features for 909 employed women in USA. The
ranges of both constant pressure to work quickly (definitely
yes or definitely not) work episodes and sleep quality (very
bad or very good) home episodes ranked the first. The ones
of requires specialized education/training (definitely yes or
definitely not) work episodes, importance of religion (not
at all or very important) home episodes, and household
income (less than $30,000 or more than $90,000) home
episodes ranked the second. The ones of constant pressure to
work quickly (definitely yes or definitely not) home episodes,
at risk of being laid off (definitely yes or definitely not)
work episodes, and marital status (divorced or married)
home episodes ranked the third. These findings paralleled
the observation that life circumstances have surprisingly
little influence on global reports of life satisfaction [41].
These results suggested that sleep, one of the first rank
activities, should be a special nonessential activity, but the
other activities of second or third rank should be general
nonessential ones. The nonessential sleep was supported by
the U-shaped relationship between survival and actigraphically measured sleep durations [55] and between the hazard
ratios for all-cause mortality and sleep duration [56]. It has
been found that melatonin administration during daytime
does not have any acute (1-2 h) effects either on the maximal
jumping ability of adult men or on the maximal strength
[57] and daily locomotor activity levels were similar between
wild-type and circadian Clock mutant mice throughout the
training protocol [58]. Moreover, sleep may be a special
nonessential activity. Garde et al. [59] found that short sleep
duration is a risk factor for ischemic heart disease mortality
among middle-aged and elderly men, particularly those using
tranquilizers/hypnotics on a regular or even a rare basis, but
not among men not using tranquilizers/hypnotics.
SWB can be represented by health-related quality of life
(HRQOL) [60]. HRQOL can be also represented by the EuroQol questionnaire (EQ-5D) [61]. Healthy Japan 21 (Japanese
National Health Promotion in the 21st Century) was started
in 2000 to promote extension of healthy life expectancy and
improve HRQOL. Fujikawa et al. [61] described HRQOL
of Japanese subjects using the EQ-5D and investigated the
influence of social background, health-related behaviors,
and chronic conditions on HRQOL using representatives in
Takamatsu, Japan. They found that EQ-5D scores decreased
with age, particularly for respondents who were unemployed
or retired. Adjusting to sex and age, the results showed
that age, unemployment/retirement, feeling severe stress, and
musculoskeletal and gastrointestinal diseases were significantly associated with decreased HRQOL. Conversely, sufficient sleep (7-8 h/day) and having a hobby were significantly
associated with increased HRQOL. It should be pointed out
that there was no significant association between exercise and
HRQOL although exercise is one of hobby activities. These
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results supported the special nonessential nature of sleep and
suggested that a hobby is a special nonessential activity.
In TCM, nutrition corresponds to the nutritive 𝑞𝑖 function which belongs to a special nonessential function, and
it should be a special nonessential activity. Many studies
have found that there was a U-shaped relationship between
body mass index (BMI) and mortality, morbidity, hazard
risk, medical costs, physical fitness, subjective well-being, job
strain, health-related quality of life, or other health-related
outcomes. Goyal et al. [62] evaluated all-cause, cancer, and
cardiovascular mortality risks associated with quintiles (Q1–
Q5) of serum antioxidant (vitamins C and E, 𝛽-carotene, and
selenium) and vitamin A levels, in 16,008 adult participants of
The Third National Health and Nutrition Examination Survey (NHANES III; 1988–1994) and found that both vitamins
A and E had U-shaped associations with all-cause mortality.

5. Organism Photobiomodulation
There are two kinds of PBM [11, 12], direct and indirect PBM
(dPBM and iPBM). A dPBM can promote the normalization
of a dysfunctional function [11] by promoting the activation
of one partially activated NSP [12]. An iPBM can upgrade
a normal function [11] maintaining a fully activated NSP by
promoting the activation of one or more redundant pathways
of the NSP and then the synergistic action of all the fully
activated redundant NSPs [12]. Their mechanisms on health,
suboptimal health, and disease were discussed in this section.
5.1. Health Promotion. Health is a state of complete physical,
mental, and social well-being and not merely the absence of
disease or infirmity according to the World Health Organization. Health is the state of an organism with undisturbed
functional dynamic homeostasis providing optimum performance of organism functions to the extent necessary for
productive relations of the organism with the environment
according to Kryzhanovsky [63]. When discussing health,
Taleb [17] thought that antifragileness should play an important role. As it has been pointed out in Section 2, the socalled antifragileness was just successful stress. In terms of
FSH, FSSH, and scale-free functional network, health may be
defined as a state of an organism in which its essential and
special non-essential functions are normal or their stresses
are successful. Its general nonessential functions may be
dysfunctional or their stresses may be chronic. In this context,
health can be of different levels because its normal functions
can be of different levels and the phase transition of health
can be discussed in view of the phase transition of its
normal functions as discussed in our previous paper [12].
The higher the functional fitness of one of the essential or
special nonessential functions is, the higher the health level is.
In TCM, consciousness belongs to the essential five yin zang
functions. Through kinesiological testing, Hawkins [64] has
estimated the various levels of consciousness.
A global PBM can enhance health level by upgrading a
normal function or activity in an iPBM way or normalizing a
dysfunctional function or activity in a dPBM way. The work
of an athlete is doing sports. His/her performance represents
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his/her health level. Zhao et al. [23] have globally irradiated
elite Chinese female basketball players wearing swimsuits
with red light at 658 nm and 30 J/cm2 for 30 min every
night during 14 routine days including 12 training days with
the following specifications: 2 hours of morning training, 2
hours of afternoon training, and no training on Sunday. They
found that the 14-day whole-body irradiation improved sleep,
serum melatonin level, and endurance performance. LealJunior et al. [65] have performed a systematic review with
meta-analysis to investigate the effects of the PBM applied
before exercises. They found that 12 randomized controlled
trials (RCTs) irradiated phototherapy before exercise among
which 10 RCTs reported significant improvement in the main
outcome measures related to performance. The time until
exhaustion increased significantly compared to placebo by
4.12 s and the number of repetitions increased by 5.47 after
phototherapy. They concluded that the PBM improved muscular performance and accelerated recovery mainly when
applied before exercise.
Based on the theory of constitution in TCM, the human
health can be classified into nine constitutions including
a balanced constitution and eight unbalanced constitutions, yang-deficiency, yin-deficiency, qi-deficiency, phlegmwetness, wetness-heat, stagnant blood, depression, and inherited special constitutions [66, 67]. For the balanced constitution, the functional fitness of normal essential and
special nonessential functions matches with one another.
For the unbalanced constitution, the functional fitness of
some normal functions is lower than the balanced one so
that the functional fitness of normal essential and special
nonessential functions does not match with one another.
A global PBM can enhance health level by upgrading a
normal function in an iPBM way so that it can transform
unbalanced constitutions into the balanced constitution. We
have analyzed the published epidemiological investigation of
nine constitutions in nine provinces in China [68] according
to province latitudes and found that sunlight may transform
the unbalanced constitutionssuch as qi-deficiency, yangdeficiency, yin-deficiency, phlegm-wetness, or depression into
the balanced constitution. Obviously, the skin-decayed sunlight can play an iPBM role so that it can enhance the
functional fitness.
5.2. Suboptimal Health Rehabilitation. Although suboptimal
health has been mentioned as early as in 1979 [69], its exact
definition has been left unresolved. In terms of FSH, FSSH,
and scale-free functional network, the suboptimal health may
be defined as a state of disease-free organism in which some
special nonessential functions are lightly dysfunctional or
their stresses are lightly chronic in comparison with health
definition.
Suboptimal health is often self-limited [11, 70]. Health
can resist low-level disturbance under the threshold, but
high-level disturbance of some special nonessential functions
above their respective threshold may result in suboptimal
health. Suboptimal health can be completely self-recovered
if the high-level disturbance is eliminated. A dPBM can promote the normalization of dysfunctional special nonessential
functions and possibly even at the high-level disturbance.
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For example, intranasal low-intensity laser therapy (ILILT)
has been used in health care applications for hyperlipidemia,
blood hyperviscosity, and insomnia [8]. In a study, it treated
high blood coagulation status in healthy pregnant women at
term [8].
The SWB or HRQOL of an organism in suboptimal health
is lower than the one in health. The higher the health level
is, the higher the SWB or HRQOL is. Jia and Lubetkin [71]
have examined a 1993–2006 monthly behavioral risk factor
surveillance system (BRFSS) random sample and found that
the worst physical health was during the winter and the best
physical health was during the summer. Oswald and Wu [72]
have examined a 2005–2008 BRFSS random sample of 1.3
million U.S. citizens and found that southern citizens were
averagely happier than northern citizens. It might partially
be due to the intensity of southern or summer sunlight being
high enough for the skin-decayed sunlight to promote the
rehabilitation of citizens in suboptimal health in a dPBM way
or enhance the health level of citizens in health in an iPBM
way. Of the sample of 7979 individuals, being representative
of the Finnish general population aged 30 and over, Grimaldi
et al. [73] found that the HRQoL was influenced by both the
seasonal changes in mood and behavior and the illumination
experienced indoors. Greater seasonal changes and poor illumination indoors were associated with more severe mental
ill-being.
5.3. Disease Treatment. According to Kryzhanovsky [63],
disease is a state of an organism with disturbed functional
dynamic homeostasis and inability to perform to a necessary
extent, with the functions providing productive relations with
the environment. In this paper, the disease may be defined
as a state far from its health or suboptimal health. It may
be classified into two kinds, the essential and nonessential
disease. The essential disease such as myocardial infarction is
a state of an organism in which some of the essential functions
are dysfunctional or their stresses are chronic. A nonessential
disease such as diabetes is a state of an organism in which
some special nonessential functions are heavily dysfunctional
or their stresses are heavily chronic so that the functional
fitness of some nonessential functions is too low for healthy
survival.
The initial phase of a disease is often self-limited [11, 70].
Health can resist low-level disturbance, but high-level disturbance may result in disease. The initial phase of a disease
can be completely self-recovered if the high-level disturbance
is eliminated. A dPBM can promote the normalization of
one dysfunctional function if the self-recovery process is
delayed. For example, ILILT has positive clinical applications
in mild cognitive impairment, Alzheimer’s disease, Parkinson’s disease, schizophrenia, pain relief, stroke, depression,
inflammation, coronary heart disease, myocardial infarction,
and cerebral palsy [8], and potential applications in hypertension, vascular dementia, cancer, diabetes, influenza, olfactory
dysfunction, myopia, withdrawal symptoms, and renal failure
[8], and its possible applications in upper respiratory tract
infection, asthma, osteoarthritis, exercise-induced muscle
damage, wound, traumatic brain injury, and osteoporosis
[74].
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The network of condition-specific functions of a patient
with a disease which cannot be self-limited is also a scalefree network. The functions can be classified into the essential
and nonessential functions. The dysfunctional nonessential
function may be self-limited, but the dysfunctional essential
function cannot be self-limited and its normalization may be
promoted with a dPBM. For fibrosis [75], the nonessential
oxidative stress or inflammation may be self-limited, but the
delayed essential tissue self-regeneration can be promoted
with a dPBM.
5.4. Action-Dependent Organism Photobiomodulation. Cellular functions and their PBM on cells are decided by their
microenvironment [12]. For example, mitotic cells in their
respective proliferation-specific homeostasis inactivate DNA
double-strand break repair [76]. A PBM on the irradiated
tissue should be decided by the tissue essential functions.
For example, a dPBM on fibrosis can promote the delayed
essential tissue self-regeneration [75]. A global PBM on
an organism should be decided by the organism action,
especially the normal action in its action-specific homeostasis
(ASH). A PBM may modulate any functions. As actions may
be the quickest, easiest, and most powerful way to instantly
change how one thinks and feels [51], the organism action or
its ASH would inhibit function PBM, a PBM which modulate
a function, unless the function PBM is needed for action
normalization, ASH maintenance, or its fitness enhancement.
The higher the ASH fitness is, the stronger the resistance
of the ASH is. For example, an athlete doing high- but not
low-intensity cycling may resist diesel exhaust exposure [50].
Therefore, a global PBM on an organism may promote the
normalization of a dysfunctional action in a dPBM way
or upgrade the normal action in an iPBM way and then
modulate organism health, suboptimal health, and disease.
The PBM modulated actions may be circadian rhythms.
Circadian rhythms prepare an organism for daily external
activities or internal functions. The fitness enhancement of
circadian rhythms can upgrade the related normal activities
or functions. A PBM on circadian rhythm recovery or
enhancement may promote the recovery or enhancement.
The circadian rhythm protein period 2 (Per2) has been implicated in cardiac adaptation to limited oxygen availability.
Eckle et al. [77] found that recovery of Per2 in the heart by
exposing mice to bright light resulted in the transcriptional
induction of glycolytic enzymes and Per2-dependent cardioprotection from ischemia. Melatonin entrains many aspects
of the biological clock via activation of specific G-proteincoupled integral membrane melatonin receptors [78]. ILILT
promoted melatonin recovery has found its applications in
treating Alzheimer’s disease, Parkinson’s disease, poststroke
depression and insomnia [8, 74] and its possible applications
in treating wound, traumatic brain injury, and osteoporosis
[74].
The PBM modulated actions may be sleep, preactivity
warming, or postactivity cooling. Anafi et al. [79] found that
sleep enhanced organ-specific molecular functions and that
it had a ubiquitous role in reducing cellular metabolic stress
in both brain and peripheral tissues. Their data suggested a
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novel role for sleep in synchronizing transcription in peripheral tissues. Night time is the due time for melatonin increase,
which is triggered by the circadian rhythms [80]. Warmup exercise may increase physical fitness [81]. Therefore, the
iPBM enhancement of the circadian rhythms fitness during
night time [23] or warming time [65] can enhance exercise
performance as has been discussed in Section 5.1.
The PBM modulated actions may be exercise. Ng et
al. [82] found that successful aging in multivariate models
was significantly associated with age (OR = 0.90), female
gender (OR = 1.37), ≥6 years of education (OR = 2.31), better
housing (OR = 1.41), religious or spiritual beliefs (OR =
1.64), physical activities and exercise (OR = 1.90), and low
or no nutritional risk (OR = 2.16). Liu et al. [83] found that
treadmill exercise enhanced learning and memory function
not only in wild-type mice but also in APP/PS1 transgenic
mouse model of Alzheimer’s disease paralleled by longterm potentiation. ILILT may be directly used to treat aging
persons or patients with Alzheimer’s disease [8] and may also
be used to treat exercising elders or exercising patients with
Alzheimer’s disease, and the therapeutic effects of the latter
approach may be better than the ones of the former approach.
The recoveries of suboptimal health or disease need
cellular factors by circadian rhythms. They also need cells,
especially mesenchymal stem cells (MSCs), which has been
supported by widely used cell therapy. The MSCs can be
transplanted. They can also be increased in situ with a PBM
[84]. Sprague-Dawley rats underwent experimental myocardial infarction (MI). Tuby et al. [84] have compared the
tibia irradiation with heart irradiation of low-intensity laser
irradiation (Ga-Al-As diode laser, power density 10 mW/cm2 ,
for 100 seconds). They found that the tibia irradiation was
more effective than heart irradiation. They further found that
the tibia irradiation was mediated by bone marrow-derived
MSCs.

6. Discussions
In the above-mentioned studies, the health, suboptimal
health, and disease of an organism have been defined in terms
of FSH, FSSH, and scale-free functional network, and their
global PBM have been discussed, respectively. The global
PBM on an organism may depend on the organism action,
but the corresponding studies are very preliminary.
A patient or animal usually does nothing else while doing
suboptimal health or disease treatment with a PBM. The
therapeutic effects may be enhanced if the patient or animal
does something to aid the PBM treatment. For example,
the patient can sleep, listen to music, draw a picture, read
materials, or exercise. The best alternative may be to be at
his/her 𝐹 max as discussed in Section 2. The 𝐹 max is often
achieved while performing the occupational work [43], the
unique essential external activity as discussed in Section 4.2.
As Tjepkema et al. [46] have found, mortality gradients
by occupational skill level were evident for most causes of
death. The higher the occupational skill level is, the lower
the mortality for most causes of death is. In this context, the
therapeutic effects of the global PBM on an organism may be
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mediated and enhanced by its modulation on the organism
action. The laser device for in situ activity modulation may
be ILILT, wrist low-intensity laser therapy, or interdigital lowintensity laser therapy.
Among other therapies offering global PBM, sunlight is
the simplest. The skin-decayed sunlight may play an important role in outdoor effects on action performance according
to the action-dependent mechanism of a global PBM. The
hypothesis that there are added beneficial effects to be gained
from performing physical activity outdoors in natural environments is very appealing and has generated considerable
interest [85]. Compared with exercising indoors, exercising
in natural environments has been associated with greater
feelings of revitalization and positive engagement, decreases
in tension, confusion, anger, and depression, and increased
energy. Participants also reported greater enjoyment and
satisfaction with outdoor activity and declared a greater
intent to repeat the activity at a later date [85]. Athletes’
times in 200 m indoor races are greater than in outdoor races
[86]. The outdoor effects have been also observed in many
animals or birds. Chen et al. [87] have investigated the effects
of outdoor access on the growth performance and meat
quality of broiler chickens and found that outdoor access had
no effect on growth performance and yield traits but could
improve the meat quality; birds reared with outdoor access
from 36 d of age had better appearance and meat quality than
those with outdoor access from 71 d of age.
The skin-decayed bright light may also play an important
role in bright light intensification of affective responses
[88] according to the action-dependent mechanism of a
global PBM. Across six experiments, Xu et al. [88] found
that light increased people’s perception of ambient warmth,
which in turn activates their hot emotional system, leading
to intensified affective reactions—positive and negative—to
different kinds of stimuli. Across different domains, ranging
from feelings towards words to judgments of ad scripts and ad
models for aggressiveness and sexiness, and to choice of food
spiciness levels and consumptions of drinks, they found that
light intensified both experienced and anticipated affective
reactions, and consequently, influenced judgment and choice
in a variety of contexts. Importantly, the awareness of a potential influence of ambient brightness on affective response did
not result in a correction of its influence. The reality, based
on their data, however, is that bright light intensifies positive
or negative affective responses. For example, the participants
consumed more of the favorable juice in bright rather than
dimmed light, but less of the unfavorable juice; bright-light
compared to dim light enhanced positive feelings toward
the favorable drink and enhanced negative feelings toward
the unfavorable drink; ambient brightness amplified affective
reaction which impacts consumption; and people consumed
more of favorable drinks and less of unfavorable drinks in
bright light.

7. Conclusions
The health, suboptimal health, and disease of an organism
may be defined in terms of FSH, FSSH, and scale-free
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functional network. Their global PBM may depend on the
organism action so that the PBM modulated action may
modulate PBM therapeutic effects.
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