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Background: Spontaneous ultra-weak photon emission (UPE) is a common phenomenon in biological
systems and has been linked to pathological states. Researchers have always considered ultra-weak
photon emission a potential non-invasive diagnostic tool, but its application in the medical field is stag-
nant due to the lack of relevant data for pathological states. Methods: Ultra-weak photon signals from five
body sites (forehead, neck, heart, stomach, and navel) in fifty patients with type 2 diabetes and sixty age-
matched healthy subjects were measured using a moveable whole-body biophoton detection system.
Photon signal is measured for 10 min and detected in bins of 50 ms by a photomultiplier with a range of
290-630 nm. Each signal is a time series of 12 000 elements. Various parameters including photon inten-
sity, Q value, squeezed state parameters (|al, 6, @, r) and SSI were analyzed. Results and conclusion: we
found significant differences in the abovementioned parameters between groups, and all subjects could
be clustered into two groups according to the results obtained by principal component analysis. Methods
and results from this study could be useful for constructing a UPE database for a range of diseases, which
would promote the application of UPE in clinical diagnosis in the future.
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1. Introduction
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All biological systems, including human beings, can spon-
taneously emit photons to their surroundings, and this
phenomenon is called spontaneous ultra-weak photon emis-
sion (UPE).'™ UPE is a common phenomenon and exists in all
types of animals, plants, algae and microorganisms; its spec-
tral range is 200-800 nm, and the intensity is very weak, about
a few to hundreds of photons per s per cm*°*' Spontaneous
ultra-weak photons are emitted via transitions from a high-
energy state to a low-energy state of electronically excited
species formed during oxidative metabolic processes.'>™* UPE
is a vital phenomenon that occurs at the “molecular level”,
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and structure of biological systems." This information is
encoded in the signal intensity, spectral distribution and
photon count distribution.”””"” Measurement and analysis of
these parameters could reveal changes in the biological
systems in detail.

It has been reported that UPE is linked to physiological and
pathological states.'®° Biological rhythms, age, gender, and
consciousness state can affect the photon emission intensity,
and the UPE intensity and left-right symmetry of photon emis-
sion differed in a human in his diseased and healthy
conditions.**” Several research groups presented data on
changes in the intensity of photon emission for chronic dis-
eases where patients have no skin injury or disease. Results
demonstrated that the photon emission intensity of the index
and middle fingers was lower in patients with hypothyroidism
and patients whose thyroid glands had been removed.*® Cohen
and Popp reported that UPE intensity was higher in multiple
sclerosis patients than that in healthy subjects.*® The left-right
symmetry of photon emission would become worse in the
patients suffering from cold and in hemiparesis patients.”**°
Furthermore, Yang reported a significant difference in the
maximum peak of the spectral distribution between healthy
subjects and patients suffering from cold.?" The spectral peak
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for some body sites of patients with essential hypertension
exhibited a red-shift during the attack state and returned to
the original wavelength during the remission state.>> There
existed a significant difference in spectral parameters, such as
frequency, intensity, and band shape between cancer patients
and healthy subjects.*® Chen distinguished serum samples of
patients with acute lymphoblastic leukemia from those of
healthy volunteers.**

During early research on UPE, the majority of studies would
take photon intensity as the main descriptive parameter, and
other characteristics of human photon emission were less
reported. As research progressed, some scholars introduced
other parameters (Q value, Fano factor, squeezed state para-
meters, SSI, etc.) for characterizing the ultra-weak photon
emission of human subjects, which greatly enriched the
amount of information encoded in the ultra-weak photon
emission of human beings. Most of these studies focused on a
few healthy subjects, and analyzed the differences in these
parameters, besides photon intensity, among different body
parts and consciousness states.'””>*® The results demon-
strated that different UPE parameters contain different types
of biological information and may capture some aspects of the
psychological state.

However, the differences in the above mentioned para-
meters between healthy and non-healthy states has been less
analyzed. As it is known, ultra-weak photon emission is antici-
pated to be a promising and non-invasive diagnostic tool by an
increasing number of researchers, but its application in the
medical field has so far been stagnant due to a lack of more
relevant data on the pathological state. Therefore, understand-
ing the characteristics of human biophotons in the healthy
and pathological state is of great significance for the appli-
cation of biophotonic technology in the clinical setting.

In this study, spontaneous ultra-weak photon emission
from five body sites in fifty patients with type 2 diabetes and
sixty age-matched healthy subjects was measured with a high-
sensitivity whole-body biophoton detection system and several
parameters (photon intensity, Q value, squeezed state para-
meters (|a|, 6, g, r) and SSI) were analyzed with the aim of
understanding their differences. We expected that these differ-
ences between healthy subjects and diabetic patients would
provide quantitative data that would allow the future appli-
cation of biophoton detection techniques in clinical diagnosis.

2. Materials and methods
2.1 Experimental setup

In this study, a moveable whole-body biophoton detection
system was used. The components that were used in the
system are the following: moveable frame, high voltage power
supply, photon counting unit, computer with photon count
data software and control box. A schematic representation is
displayed in Fig. 1. The moveable frame, including a photo-
multiplier system, was constructed such that the photomulti-
plier could be positioned at a specific location with respect to
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Fig. 1 Schematic of the moveable biophoton detection system.

a human subject. The position could be electronically regu-
lated in height over a range of 70 ecm. In the horizontal plane,
it could be moved in two directions with respect to the sub-
ject’s body. For practical reasons, a bed was positioned under
this system. The entire system was located in a specially desig-
nated room, which was in complete darkness, and no phos-
phorescence could be detected from the walls, ceiling or floor.
The photomultiplier tube (Electron Tube 9235QA) is sensitive
in the spectral range of 290-630 nm and has a 51 mm (2 in.)
diameter window seated in the housing for cooling. A 7 cm
long cone-shaped extender was attached to the front of the
photomultiplier tube, allowing to record photon emission
from an anatomic area of 9 cm diameter at a fixed distance.
A high-voltage power supply was used for the PMT, which regu-
lated the electronic background. The photons were counted
using the photon counting unit (C9744) and the detection
time for every photon was recorded and stored digitally by a
computer that was equipped with a counter card and photon
counting software.

2.2 Subjects

Fifty patients with type 2 diabetes (29 females and 21 males,
age 41-79 years) and sixty age-matched healthy volunteers (35
females and 25 males, age 39-76 years) participated in the
UPE measurements voluntarily. Healthy subjects were inter-
viewed to exclude physical or emotional disorders. Type 2 dia-
betes patients were all recruited from the Diabetes Hospital of
the Shandong Province. All these subjects appropriately under-
stood the recording procedure and gave verbal informed
consent. Following the Medical Research Involving Human
Subjects Act (2006), diabetic patients signed an informed
consent form before the experiment. Five body sites located
along the frontal middle line of the human body were selected
in order to avoid the influence of left-right symmetry, and the
sites, namely forehead, throat, heart, abdomen, and navel, are
illustrated in Fig. 2.
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Fig. 2 Anatomic locations from which ultra-weak photon emission was
measured.

2.3 Measurement procedure

In order to reduce the effect of diurnal rhythms, UPE in sub-
jects was measured between 15 pm and 17 pm in order to
reduce the influence of diurnal rhythms. Before the UPE
measurements, the PMT background signal was recorded with
the shutter closed for 10 min at intervals of 50 ms. During this
period, subjects remained in red dim light in the control
room. Then, subjects walked into the dark room with con-
trolled temperature and humidity and were positioned on the
bed for at least 5 min. The photomultiplier tube was placed
above the body, with the ring at the front port of the photo-
multiplier barely touching the body. UPE from the navel,
stomach, heart, neck, and forehead were measured sequen-
tially. The duration of the recording for each body site was
10 min at intervals of 50 ms, and each signal consisted of a
time series of 12000 elements, with the total measurement
time for each person being approximately 1 hour. The temp-
erature in the dark room was maintained at 23 °C, and the
background noise was in the range of 10.8-11.5 counts per s.
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2.4 Data analysis

Statistical analysis of photon emission data was performed
using the SPSS 16.0 software (SPSS, USA). The assumed
quantum squeezed state parameters (|a|, r, 6, o) were esti-
mated by the minimization program (designed by Bajpai) in
Matlab 7.0, and the formulae and detailed computational
process can be found in the literatures.*”*® The sixty subjects
were classified by principal component analysis (PCA) accord-
ing to the obtained data. Calculations and graphs were made
using Origin 9.0 (Origin Lab Corporation, Northampton, USA).

3. Results

3.1 Statistical parameters for photon emission in patients
with type 2 diabetes and healthy subjects

The statistical parameters (mean, kurtosis and skewness) for
photon emission data from five body sites in patients with
type 2 diabetes and age-matched healthy subjects, and from
background data, are given in Table 1. The data show that in
both healthy and diabetic subjects, the average intensity of
forehead and throat is clearly higher than that of the other
three body sites, and there are little differences in photon
intensity among the heart, abdomen, and navel. The skewness
is greater than zero, which indicates that the UPE of healthy
and diabetic subjects obeys a positively skewed distribution.
On the other hand, kurtosis is non-zero, which suggests that
the photon count distribution for both healthy and diabetic
subjects does not follow a normal distribution.

The average intensities of the background and spontaneous
photon emission of five body sites in healthy and diabetic sub-
jects are given in Fig. 3. These data show that the average
photon intensity of the navel in the diabetic group is signifi-
cantly higher than that in the healthy group (independent ¢-test,
p = 0.018); the UPE intensity of the forehead in the diabetic
group is significantly lower than in the healthy group (inde-
pendent ¢-test, p = 0.014); and there were no significant differ-
ences for the other three body sites between the two groups.

3.2 Qvalue for photon emission in patients with type 2
diabetes and healthy subjects

The Q value is an indicator of the deviation of the observed
signals from a Poisson distribution and is defined as variance
per mean.*> A positive Q value indicates a super-Poisson distri-

Table 1 Statistical parameters for UPE from background and five body sites in healthy subjects and type 2 diabetic patients

UPE of healthy group (cps)

UPE of diabetes group (cps)

Body sites Mean =+ std Kurtosis Skewness Mean + std Kurtosis Skewness

BG 11.18 £ 0.46 21.02 £ 5.85 3.49+0.31 11.18 £ 0.43 22.53 +4.93 3.49 +0.40
Forehead 54.05 £ 4.35 4.12 +2.32 1.22 +0.33 43.68 +4.34 3.99 +2.30 1.33 £0.32
Throat 56.43 £ 5.35 3.84 +3.05 1.23 +0.42 50.65 * 4.46 3.76 £ 2.48 1.24 +0.41
Heart 29.85 £ 4.06 7.72 +£3.77 1.88 £0.44 30.53 £3.65 7.46 £ 3.90 1.80 £0.40
Abdomen 30.16 +4.32 7.40 +3.70 1.85 +0.45 33.07 £3.51 7.00 +4.07 1.76 £ 0.43
Navel 26.46 +3.75 8.22 +3.65 1.94 +0.40 34.86 £ 4.52 4.65 +3.76 1.72 £ 0.41
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Fig. 3 Photon intensity of the five body sites in type 2 diabetic patients
and healthy subjects, *p < 0.05.

bution, and a negative value indicates a sub-Poisson distri-
bution. In our measurements, the Q value for the background
was about 1.152, and it was much higher than that for the five
body sites (Table 2), which indicates that the photon count dis-
tribution of the background certainly follows a super-Poisson
distribution, whereas the photon count distribution in sub-
jects differs only slightly from a Poisson distribution. Table 2
also shows that the Q value varied between the different
groups for the same body site.

The Q value for the five body sites in the healthy group and
the type 2 diabetes group is shown in Fig. 4. Data in Fig. 4
shows that the Q value for the navel, heart, throat and forehead
is lower in diabetic patients than that in healthy subjects,
whereas the Q value for the abdomen is higher in diabetic
patients. There are significant differences for the throat and
forehead between diabetic patients and healthy subjects (inde-
pendent ¢-test, p = 0.004 and p = 0.026). The Q value for all five
body sites in healthy subjects and patients with type 2 diabetes
is greater than zero, which indicated that the photon count
distribution follows a super-Poisson distribution. The Q value
for throat and forehead in diabetic patients is significantly
lower than in healthy subjects, which indicates that the degree
of super-Poisson distribution is lower for diabetic patients
than that of healthy subjects.

Table 2 Q value for UPE from background and five body sites in
healthy subjects and type 2 diabetes

UPE of healthy subjects UPE of type 2 diabetes group

Body sites  Mean +std ~ Min-max Mean + std ~ Min-max

Background 1.152 +0.127  0.953-1.545 1.151+0.167  0.958-1.415

Forehead 0.036 £ 0.035 —0.122-0.167 0.018 +0.032 —0.113-0.141
Throat 0.049 + 0.033 —0.038-0.330 0.023 +0.030 —0.075-0.256
Heart 0.015 £ 0.107 —0.142-0.292 0.004 + 0.091 -0.214-0.287
Abdomen 0.013 £ 0.089 -0.265-0.301 0.019 + 0.103 —0.155-0.365
Navel 0.026 + 0.093 —0.159-0.242 0.013 + 0.102 —0.201-0.293
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Fig. 4 Q values for the five body sites in type 2 diabetic patients and
healthy subjects, **p < 0.01, *p < 0.05.

3.3 Squeezed state parameters of photon signals in type 2
diabetes and healthy subjects

Squeezed state parameters (|a|, 7, 0, and @) were determined
from the photon count distribution. They were estimated by
the least square minimization of the differences between cal-
culated and observed probabilities. In several previous studies,
squeezed state parameters were usually calculated and ana-
lyzed in order to reveal the quantum information contained in
the photon count distribution.**”*% The equations and calcu-
lation methods we used are the same as those from previous
reports. The four parameters |a|, r, 6, and ¢ for the photons
emitted by the navel, abdomen, heart, throat and forehead of
healthy subjects and patients with type 2 diabetes were calcu-
lated by the minimization program in Matlab 7.0 encoded by
Prof. Bajpai. The parameters |a|, r, 6, and ¢ corresponding to
ten different bin sizes (50 ms, 100 ms, 150 ms, ..., 500 ms) for
the photons emitted from the navel, abdomen, heart, throat
and forehead in a healthy subject and a patient with type 2 dia-
betes are shown in Fig. 5 and 6, respectively. Both figures show
that |a| increases linearly with bin size. This is due to the
linear increase in bin size at intervals of 50 ms. Fig. 5 illus-
trates that the signals from all five body sites in healthy sub-
jects have nearly the same r, 6, and ¢ values in different bin
sizes, namely, r = 2.72 X 107'°, 60 =101.91°, 0 = 69.53°, which is
in accordance with the experimental results obtained by other
researchers.’® These values are also considered as normal
values for squeezed state parameters in healthy states. Fig. 6
demonstrates that for the signals from the navel, throat and
forehead in patients with type 2 diabetes, the number of
signals yielding normal values for the squeezed state para-
meters was significantly lower.

Fig. 5 and 6 clearly depict the squeezed state parameters for
five body sites in ten different bin sizes in a healthy subject
and in a patient with type 2 diabetes. In order to obtain quan-
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Fig. 6 Squeezed state parameters for the five body sites of a patient with type 2 diabetes: squeezed state parameters against the bin size used for
detecting the signal (bin size is denoted in units of 0.05 ms). The symbol for |a| is O, 0 is A, @ is %, and r is ®. The graph is divided in five regions,
corresponding to a different body site.

titative data for healthy subjects and patients with type 2 dia-
betes, the percentage of signals yielding normal values for the
five body sites in the ten different bin sizes for sixty healthy
subjects and fifty patients with type 2 diabetes was calculated.

740 | Photochem. Photobiol Sci, 2017, 16, 736-743

Through our calculations, the percentage of normal values for
the navel, abdomen, heart, throat and forehead in thirty
healthy subjects in different time series was 80.11%, 79.46%,
82.63%, 95.8% and 95.3%, respectively; and the percentage of
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the abovementioned five body sites of the patients with type 2
diabetes was 79.43%, 78.09%, 80.98%, 85.61% and 90.18%,
respectively. There was a clear difference for the throat and
forehead between healthy subjects and patients with type 2
diabetes according to the Chi-square test (p < 0.05).

3.4 Squeezed state index (SSI) of photon signals in type 2
diabetes and healthy subjects

Squeezed state index (SSI) is an indicator to estimate the separ-
ation between observed and expected photon count distri-
bution from the signal intensity, it represents a holistic view of
biological systems,*® and its value is usually comprised
between 0 and 1. SSI equals 1 in perfect conditions; however,
SSI is usually lower than 1 due to the complexity of photon
emission in the human body. Squeezed state index (SSI) of
spontaneous photon emission for five body sites in patients
with type 2 diabetes and healthy subjects is shown in Fig. 7.
Fig. 7 shows that the SSI values for the navel, abdomen, heart,
throat and forehead in healthy subjects are 0.826, 0.810, 0.795,
0.967 and 0.964, respectively, and the SSI values for patients
with type 2 diabetes are 0.810, 0.806, 0.794, 0.846 and 0.863,
respectively. The SSI values for throat and forehead in patients
with type 2 diabetes are significantly higher than in healthy
subjects, according to the independent t¢-test (p = 0.003, p =
0.021). There was no significant differences for other three
body sites between the healthy and diabetes group.

3.5 Identification of the healthy group and type 2 diabetes
group by PCA analysis of UPE data

Principal component analysis (PCA) is a statistical procedure
that uses an orthogonal transformation to convert a set of
observations of possibly correlated variables into a set of
values of linearly uncorrelated variables. PCA is generally pre-
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Fig. 7 Squeezed state index (SSI) values for the five body sites in
healthy subjects and patients with type 2 diabetes patients (**p < 0.01,
*p < 0.05).
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Fig. 8 Principal component analysis (PCA) plot, which is used to separ-
ate the subjects. The symbols “x" and “A” denote the healthy group and
the type 2 diabetes group, respectively. PC1 and PC2 represent the two
main component scores for all subjects, and accounted for 57.4% and
32.1% of the total variation, respectively.

ferred for data reduction and can be used to find clusters in a
set of data. In this study, PCA was used to discriminate among
the parameters (signal strength, Q value, |a|, 6, o, r, and SSI)
for the five body sites in 110 subjects using the tools provided
by SPSS 16.0. Two main component scores (PC1 and PC2) in
all subjects were obtained by data reduction, which accounted
for 57.4% and 32.1% of the whole variation, respectively. Fig. 8
shows a plot with the PCA scores using the obtained data with
PC1 and PC2 values of 57.4% and 32.1%, respectively. From
this PCA analysis, it is clear that the entire population could
be separated into two groups, with the healthy subjects clus-
tered on the right side and the patients with type 2 diabetes
grouped on the left part of the plot (Fig. 8).

4. Discussion

Ultra-weak photon emission is an inherent property of biologi-
cal systems. UPE is a life phenomenon that occurs at the
“molecular level”, and contains information about the mole-
cular composition and structure of biological systems.! Many
studies have been conducted on the correlation of UPE and
psychological state. Previous studies demonstrated that UPE
intensity could be altered in some disease states,'®>*?9733
including cold, hypothyroidism, multiple sclerosis, hemipar-
esis, essential hypertension, cancer, etc. However, the majority
of the previous studies take UPE intensity as the main para-
meter, and other characteristics (containing more biological
information) of the photon signal in non-healthy states have
been less analyzed. Therefore, in this study, we studied UPE in
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patients with type 2 diabetes by comparing and analyzing a
range of characteristics in addition to the UPE intensity, with
the aim to identify more characteristic features of the disease
state. Our preliminary results revealed differences between
patients with type 2 diabetes and healthy subjects for several
parameters. The photon intensity of the navel and forehead in
diabetic patients is significantly higher and lower than in the
healthy group, respectively, which suggests that the difference
in intensity between the healthy and disease state is specific to
the body site and shows variability. The Q value is an indicator
of the deviation of the observed signals from a Poisson distri-
bution. In our present results, the Q value for the throat and
forehead in the diabetic group is clearly lower than in the
healthy group, and it demonstrates that the degree of super-
Poisson distribution in the diabetes state is probably lower
than in the healthy state. This result may indicate that the
coherence of the biophotons emitted in the diabetes state
changed is worse.

Squeezed state parameters are normally used to reveal the
quantum information of the UPE signals; they are holistic and
measurable characteristics of the biological systems and are
sensitive to many physiological factors.*” The percentage of
signals yielding normal values for these parameters is a good
indicator of health.*®*° For the throat and forehead, the per-
centage of signals yielding normal values for these parameters
was clearly lower in the diabetic group, suggesting that in the
disease state, the UPE is probably not in a squeezed state and
is likely a mixture of a squeezed state and a classical state. The
squeezed state index (SSI) provides a quantitative measure of
the coherence of photons in living systems. SSI for the throat
and forehead in type 2 diabetes patients is significantly lower
than in healthy subjects, which indicates that in patients with
diabetes, the coherence of biophoton emission is worse than
in healthy subjects. PCA is generally preferred for data
reduction and can be used to find clusters in a set of data. In
this study, PCA was used to discriminate among the para-
meters for five body sites in 110 subjects, and the results indi-
cated that all subjects could be clustered into two groups
based on the calculated parameters, suggesting that the
measurement and analysis of the characteristics of human
UPE is a promising non-invasive method for the diagnosis of
diabetes.

5. Conclusions

We measured the spontaneous ultra-weak photon emission of
five body sites in healthy subjects and in patients with type 2
diabetes using a moveable whole-body biophoton detection
system. We found that the characteristics (signal strength, Q,
|a|, 6, o, r and SSI) of the photon signals in type 2 diabetes are
significantly different from those in healthy subjects, and this
provides quantitative data that allows to differentiate between
healthy and non-healthy states according to biophoton emis-
sion. All the subjects could be clustered into two groups
(healthy group and diabetes group) based on the different
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parameters by principal component analysis, which suggested
that human UPE could be a promising, non-invasive and
assisting method for identifying the healthy and diabetes
state. As a continuation of this study, photon signals and the
relevant characteristics for other diseases will also be
measured and analyzed with the aim of constructing a UPE
database that includes a range of diseases, so as to promote
the UPE-based technology in medical applications.
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