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A B S T R A C T

Introduction: Inspection, auscultation, and pulse-taking are the three physical examinations used by traditional
Chinese medicine (TCM) practitioners to diagnose constitution. The aim of this study was to integrate biological
signals extracted from these three examinations, including tongue image, waves of acoustic sound, and pulse
waveforms, into the same model in order to identify TCM constitutions.
Methods: Tongue images, acoustic sound, and pulse waveforms were abstracted from 274 subjects, and indices of
biological signals were extracted. Constitution scores were measured using the Nine-Constitution Scale ques-
tionnaire. Association between indices and constitution scores were analyzed by Pearson correlation analysis.
For each of the eight abnormal constitutions, indices significantly correlated to the abnormal constitution were
further used as arguments in a linear regression model to build an equation for predicting the constitution score.
Results: Tongue indices that were identified to be associated with abnormal constitutions included the G, B, S
and b color values, maximum width of tongue body, number of red spots on the tongue surface, and proportion
of scalloped tongue margin. Acoustic sound indices included intensity, average number of zero-crossing, high
spectral energy ratio, and pitch of the acoustic sound. Pulse waveform indices included the height of the main
wave, unsmooth wave, single systolic area, and rapid ejection time.
Conclusions: This study identified indices that are associated with scores of abnormal constitutions. Indices
having a larger correlation coefficient can be considered to have larger relative weight in determination of the
corresponding constitution. The equations make it possible to predict constitution scores based on biological
signals of the tongue, acoustic sound, and pulse.

1. Introduction

Identifying constitution is a crucial process in the practice of tra-
ditional Chinese medicine (TCM), because accurate diagnosis of con-
stitution helps practitioners to choose the most effective treatment
method [1]. Constitution identification can be applied not only to pa-
tients with diseases [2–7], but also to general populations, helping
people to be more aware of their health status and thereby preventing

the occurrence of disease [8–10]. Traditionally, constitutions are di-
agnosed based on the “four diagnosis methods”; among them are three
physical examinations, including inspection, auscultation, and pulse
palpation. These physical examinations are performed by TCM practi-
tioners [11,12].

For several decades, instruments that abstract and analyze biolo-
gical signals of tongue images [13–16], pulse waves [17–20], and
acoustic waves [21–25], representing the three physical examinations,
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have been developed in order to avoid diagnosis biases caused by
subjective feelings of practitioners [26–29]. However, almost all of the
studies regarding biological signals of the three physical examinations
focused on the relationship either between only one particular signal
and constitutions [14,17,25] or between one signal and one particular
disease [13,15,16,19–24]. Literature that includes biological signals of
the three physical examinations at the same time is limited. Since a
single biological signal cannot provide comprehensive information re-
garding constitution, it will be more consistent with the traditional
diagnostic modality if all three biological signals can be considered
simultaneously for the diagnosis of TCM constitution. The first aim of
the present study was to establish a model that includes all the influ-
ential indices abstracted from tongue images, pulse waves, and acoustic
waves for each constitution.

Once all the indices of the three biological signals are considered
together, there is a question: among those indices, which is the most
important for a certain constitution. In the textbooks of TCM diagnosis,
qualitative criteria for the diagnosis of constitutions are taught [30],
while quantitative criteria and the weight for each criterion are unclear.
Previous studies which only related one biological signal to constitu-
tions did not solve the problem. For instance, both weak pulse and weak
voice are diagnostic criteria for Qi-deficiency (QDf) constitution in TCM
textbook [12]. A previous study regarding acoustic features reported
that subjects with QDf constitution had lower acoustic intensities than
subjects without QDf constitution [31], and one of the other studies on
pulse waveforms found that high augmentation index exists in subjects
with QDf [17]. Both studies identified biological signals for the diag-
nosis of the QDf constitution, however, because the two studies were
conducted on different subjects, it is difficult for practitioners to dif-
ferentiate which of the indices, the low acoustic intensity or the high
augmentation index, plays a more important role for the diagnosis of
QDf constitution than another.

In this study, indices of three biological signals, including tongue
image, acoustic sound, and pulse waveform, were extracted at the same
time from the same subjects. The correlation between each index of
those biological signals and constitutions was analyzed. Important
biological indices for each of the eight abnormal constitutions were
identified, and then a prediction model and an equation for each of the
eight abnormal constitutions were built. Our study provides an im-
portant reference material for TCM practitioners performing constitu-
tion diagnosis.

2. Methods

2.1. Study subjects

Subjects were recruited through an advertisement at China Medical
University Hospital (CMUH), with written informed consent. The in-
clusion criterion was that the subject be more than 20 years of age.
Exclusion criteria included being pregnant, suffering from acute dis-
eases or acute pain, and taking any medications in the past three
months. The entire protocol was approved by the Institutional Review
Board at CMUH (DMR99-IRB-271).

2.2. Measurement of constitutions

Constitutions were measured by the Nine-Constitution Scale, which
was published by the China Association for TCM in 2009. The nine
constitutions include one normal constitution and eight abnormal
constitutions, which include constitutions of Yang-deficiency (YaD),
Yin-deficiency (YiD), QDf, Phlegm-wet (PW), Wet-heat (WH), Blood-
stasis (BS), Special-diathesis (SDa), and Qi-depression (QDp) [30]. The
Nine-Constitution Scale questionnaire has a test-retest reliability ran-
ging from 0.77 to 0.90, and internal consistency (Cronbach’s α) ranging
from 0.72 to 0.82 [32]. This self-reported questionnaire comprises six
to eight items for each constitution, and for each item the answer is

rated on a five-point Likert scale (“never”= 0, “occasionally”= 1,
“sometimes”= 2, “often”=3, and “always”= 4) (see Supplemental
material). Then, the raw sum score was converted to a score on a 0-to-
100 scale, and subjects with certain abnormal constitutional scores of
more than 40 were identified as having the given constitution.

Each of the eight abnormal constitutions represents a certain type of
health deviation. YaD and QDf are two constitutional states char-
acterized by weak physical function, usually with weak voice and weak
muscles. Besides, people with YaD tend to feel chilly, and have a cold
sensation in part of the body or the whole body. YiD is characterized by
dryness, including dry eyes, dry mouth, and dry skin, usually with fe-
verish sensation in the cheeks, soles, and palms. PW is a constitutional
state that has excessive fluid and lipid retention. People with PW are
usually obese, with sputum in the throat and heavy sensation in the
body. WH is a complex constitution that is composed of Wetness and
Heat. People with WH manifest symptoms of oily skin, acne, foul
breath, and viscous feces. BS is a constitution state characterized by
poor blood circulation. People with BS constitution often feel pain and
numbness in different parts of the body, and have a dark or purplish
color in the local areas where BS happens. SDa is characterized by al-
lergic symptoms, including skin allergy or nasal allergy. QDp is a
constitutional state that is characterized by unstable emotion. People
who have QDp tend to be depressive, nervous, anxious, sensitive, and
irritable [8].

2.3. Measurement of indices of tongue, pulse, and acoustic sound

All examinations were performed after a 20-min rest, in an ex-
amination room with temperature 21 ± 1 °C.

2.3.1. Tongue indices measurement
Images of the surface and the back of the tongue were taken by

Nikon E2 (Nikon, Tokyo, Japan) with a lens of Micro-Nikkor 10.5 mm/
2.8D (Nikon, Tokyo, Japan) and a shutter speed of 1/125 s in a stan-
dardized studio surrounded by focusing cloth. The light was a cold light
supplied by a source of Raiser Repro-Beleuchtungseinrichtung RB 5000.

Tongue indices were divided into tongue body indices, tongue
coating indices, and indices of the sublingual vein. Indices of tongue
body included the color values of the tongue body, maximum width
(MW) of tongue body, number of red dots on the tongue surface,
number of stasis dots on the tongue surface, and proportion of scalloped
tongue margin (STM). A color value of a tongue body was the average
value of six measurements. The color values of R, G, and, B in the RGB
model, and that of H, S, and b in the HSB model were measured using
Photoshop software (Adobe Systems Incorporated, San Jose, America).

The thickness of tongue coating was visually estimated by the
modified Winkel tongue coating indices (MWTCI), which is highly
correlated with the wet weight of the tongue coating and has a good
reproducibility among different examiners. [33] Indices of the sub-
lingual vein included the length and width of the sublingual vein.

2.3.2. Measurement of pulse indices
Radial pulse pressure waveforms were recorded from the left radial

artery using sphygmography (WS 901, Skylark Device and Systems Co.,
Ltd.). The sensor was placed onto the middle position (the Guan posi-
tion), which is parallel to the styloid process of the radius. For each
measurement, arterial pressure waveforms were recorded for seven
seconds. Pulse indices included pulse rates (PR), height of main wave
(h1), height of dicrotic wave (h3), rapid ejection time (RET), single
systolic area (sSA), one minute systolic area (tSA), and smoothness. The
smoothness was measured by visual inspection of the pulse waveform.
Pulse indices were measured and calculated by averaging the mea-
surements of three stable consecutive waves [34].

2.3.3. Measurement of acoustic indices
The speech signals were recorded using a 90-degree angle uni-
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direction stereo condenser microphone (SONY ECM-MS907, Japan).
Subjects were asked to pronounce a sustained /a/ vowel sound for one
second using their usual speech volume five centimeters from the mi-
crophone. The speech signals were digitized using a sound blaster
(Model no. SB1090, Creative Labs, Singapore) at a 44.1 KHz sampling
rate and then analyzed using a data acquisition system developed under
the LabVIEW environment. The acoustic indices included traditional
acoustic indices and modern ones. Traditional acoustic indices were
intensity, maximum pitch (MaxP), average pitch (AvgP) and minimum
pitch (MiniP). Modern acoustic indices were average number of zero-
crossings (ANZC), variation in peaks and valleys (VPV), variation in
formant frequencies (VFF), low spectral energy ratio (LSER), and high
spectral energy ratio (HSER) [31].

2.4. Statistical analysis

Data were expressed as mean ± standard deviation (SD) or per-
centage (%) as appropriate. Associations between each constitution
score and gender, surgery history, and chronic disease were examined
using biserial correlation analysis. Association between each constitu-
tion score and age, basal body index, indices of tongue, acoustic sound,
and pulse were examined using Pearson’s correlation analysis. For each
abnormal constitution, variables that were correlated with the con-
stitutional score were added into a multivariate linear regression
model. An equation was built for each constitution containing indices
that were significantly correlated with the abnormal constitution and
their standardized regression coefficients. All data were analyzed using
SPSS software, version 24 (IBM Corporation, Chicago, IL). All P values
are two-tailed and statistical significance level was set at less than 0.05.
The statistical power would be higher than 80% with a Pearson’s cor-
relation coefficient r of more than 0.169 in this study.

3. Results

3.1. Characteristics of subjects

A total of 274 volunteers have been recruited in this study, with a
mean age of 38.2 ± 12.8. Table 1 shows characteristics of the study
subjects, and the mean scores of the eight abnormal constitutions.

3.2. Association between body characteristics and constitutional scores

In Table 2, the correlation coefficients between body characteristics
and constitutions were listed. Male gender negatively correlated with
scores of YaD, YiD, PW, and BS. Age negatively correlated with scores
of YiD, PW, WH, and QDp. Basal mass index (BMI) had a positive
correlation with the score of PW, but it had negative correlations with
scores of YaD and QDp. Surgery history and chronic disease were not
significantly correlated to any of the abnormal constitutions.

3.3. Association between indices of tongue inspection and constitutional
scores

In Table 3, the MW of tongue body had a negative correlation with
the score of QDp. The number of red dots on the tongue surface had
positive correlations with scores of YiD and WH. The proportion of STM
had positive correlations with scores of PW, BS, and QDp. Number of
stasis dots, length of sublingual vein, width of sublingual vein, and the
thickness of tongue coating were not significantly correlated to any of
the abnormal constitutions.

Table 4 shows the correlation coefficients between tongue color
values and body constitutions. Under the RGB model, the G color value
had positive correlations with scores of YaD and BS, and the B color
value had a positive correlation with the score of BS. Under the HSb
model, the S value, had a negative correlation with the score of YiD,
and the b value had a positive correlation with the score of YaD.

3.4. Association between acoustic indices and constitutional scores

In Table 5, acoustic intensity had negative correlations with scores
of YaD, YiD, QDf, BS, and QDp. All the pitch related indices, MaxP,
AvgP, and MiniP, had positive correlations with scores of YaD, YiD,
QDf, and BS, with the exception that MiniP did not have significant
correlation with the score of QDf. ANZC had negative correlations with
scores of YaD, QDf, and BS, and HSER had a negative correlation with
the score of QDp.

3.5. Association between indices of pulse waveforms and constitutional
scores

In Table 6, the h1 had negative correlations with scores of YaD, QDf,
and QDp. The RET had negative correlations with scores of YiD, WH,
and SDa. Both the systolic area indices, sSA and tSA, had negative
correlations with scores of YaD and QDp. The unsmooth wave had a
negative correlation with the score of SDa.

Table 1
Characteristics of the 274 study subjects.

Characteristics Value

Gender
Male 78 (28.5%)
Female 196 (71.5%)

Age (year) 38.2 ± 12.8 (20–70)
Height (m) 162.4 ± 7.5 (145–183)
Weight (kg) 59.5 ± 11.1 (39–102)
BMI (kg/m2) 22.5 ± 3.5 (15.8–38.4)
Surgery history 40 (14.6%)
Chronic disease 13 (4.7%)
Constitutional score

YaD 25.1 ± 18.5 (0–89)
YiD 33.6 ± 17.1 (0–88)
QDf 35.3 ± 17.4 (0–97)
PW 33.3 ± 18.8 (0–91)
WH 29.9 ± 17.0 (0–83)
BS 29.2 ± 16.7 (0–82)
SDa 25.6 ± 19.3 (0–93)
QDp 29.5 ± 18.8 (0–100)

Abbreviations: YaD, Yang-deficiency; YiD, Yin-deficiency; QDf,
Qi-deficiency; PW, Phlegm-wet; WH, Wet-heat; BS, blood-stasis;
SDa, special-diathesis; QDp, Qi-depression; BMI, body mass index.
Data are shown as Mean ± SD (minimum - maximum) for con-
tinuous variables and count (percentage) for categorical variables.

Table 2
Association between body characteristics and constitutional scores.

Gender (male) Age BMI Surgery
history

Chronic
disease

YaD −0.167** −0.089 −0.182** −0.028 0.058
YiD −0.175** −0.305*** −0.115 −0.053 0.091
QDf −0.083 −0.085 −0.080 −0.064 0.103
PW −0.120* −0.128* 0.150* 0.027 0.111
WH −0.007 −0.184** −0.017 −0.015 0.056
BS −0.290*** −0.069 −0.110 0.061 0.067
SDa 0.009 −0.163 0.010 −0.078 0.063
QDp −0.100 −0.187** −0.137* −0.070 0.111

Data are shown as correlation coefficient from Pearson correlation analysis and
biserial correlation analysis. *p < 0.05, ** p<0.01, and *** p<0.001.
Abbreviations: YaD, Yang-deficiency; YiD, Yin-deficiency; QDf, Qi-deficiency;
PW, Phlegm-wet; WH, Wet-heat; BS, blood-stasis; SDa, special-diathesis; QDp,
Qi-depression; BMI, body mass index.
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3.6. Prediction of the eight abnormal constitutions by indices of the tongue,
acoustic sound, and pulse

For each of the eight normal constitutions, indices that correlated
with the constitution were entered into the linear regression model, and
a linear equation for predicting the score of each abnormal constitution
was built. Table 7 shows the linear equations and their sensitivities and
specificities for predicting scores of the eight abnormal constitutions.

4. Discussion

This study was designed according to the TCM belief that con-
stitution should be diagnosed using a combination of multiple TCM
diagnosis methods. Therefore, the correlations between abnormal
constitutions and the indices of the tongue, acoustic sound, and pulse
were investigated simultaneously. Indices that were crucial for the di-
agnosis of the eight abnormal constitutions were identified by

correlation analysis, and the degree of correlation revealed the relative
weight of the indices for the diagnosis of a certain constitution.
Furthermore, a constitution prediction equation for each of the eight
abnormal constitutions was built by entering significant indices into a
linear regression model. The equation can be used to predict constitu-
tional scores using significant indices of the tongue, acoustic sound, and
pulse.

Based on the results of correlation analysis, the present study not
only revealed important indices for the diagnosis of constitutions, but
identified the order of relative importance for these indices, which has
not been emphasized in the TCM diagnosis textbook. For example, the
TCM diagnosis textbook states that red color of the tongue body, the
presence of red dots on the surface of the tongue, and rapid pulse are all
considered signs of ‘heat’ [12], however, there is no relevant literature
regarding which is more important for the diagnosis of heat. The pre-
sent study found that the number of red dots significantly correlated
with constitutions related to heat, including YiD and WH, while the red
color of the tongue body and the rapid pulse did not correlate with
either of the two heat constitutions, implying that red dots have greater
significance in the diagnosis of heat constitution. Therefore, the relative
weights described herein not only validate traditional TCM diagnosis
methods but also helps prioritize indices for TCM practitioners in the
diagnosis of constitution.

In addition to biological signals, relationship between body char-
acteristics and constitutions were investigated. First, females were
found to be more likely to have abnormal constitutions of YaD, YiD,
PW, and BS than males. This result was partially consistent with the
epidemiological survey that was done in nine provinces with 21,948
people in China, which shows that females were more likely to have
abnormal constitutions of YaD, YiD, and BS than males [35]. Second,
our study found that age negatively correlated with abnormal con-
stitution of YiD, PW, WH, and QDp, which was partially consistent with
the above-mentioned survey [35]. As for BMI, a previous study con-
ducted in Hong Kong found that BMI higher than 25 was associated

Table 3
Correlation between scores of the eight abnormal constitutions and indices of tongue inspection.

Maximum width of
tongue body

Number of red
dots

Number of stasis
dots

Length of sublingual
vein

Width of sublingual
vein

Coating index
(MWTCI)

Proportion of scalloped tongue
margin (%)

YaD −0.086 0.045 0.086 0.017 0.059 0.087 0.114
YiD −0.020 0.145* −0.022 −0.119 −0.032 0.036 0.093
QDf −0.114 −0.037 −0.002 −0.036 0.025 −0.053 0.068
PW 0.003 0.007 −0.022 −0.050 −0.008 0.074 0.138*
WH 0.082 0.135* −0.057 −0.039 −0.045 0.128 0.120
BS −0.054 0.071 0.055 −0.021 0.023 0.082 0.165*
SDa −0.002 0.114 0.018 −0.024 −0.021 −0.048 0.102
QDp −0.123* 0.043 −0.005 −0.102 −0.010 0.010 0.127*

Data are shown as Pearson correlation coefficient. *p < 0.05, ** p<0.01, and *** p<0.001. Abbreviations: YaD, Yang-deficiency; YiD, Yin-deficiency; QDf, Qi-
deficiency; PW, Phlegm-wet; WH, Wet-heat; BS, blood-stasis; SDa, special-diathesis; QDp, Qi-depression.

Table 4
Correlation between scores of the eight abnormal constitutions and tongue
color values.

R G B H S b

YaD 0.112 0.142* 0.110 0.058 0.063 0.176**
YiD 0.039 0.094 0.117 0.070 −0.139* 0.084
QDf −0.019 0.037 0.055 0.028 −0.055 0.060
PW 0.015 0.039 0.079 −0.038 −0.096 0.026
WH −0.047 −0.013 0.046 −0.069 −0.110 0.032
BS 0.085 0.176** 0.161** 0.075 −0.062 0.099
SDa 0.103 0.096 0.118 −0.029 −0.075 0.083
QDp 0.056 0.092 0.114 0.027 −0.077 0.101

Data are shown as Pearson correlation coefficient. *p < 0.05, ** p<0.01, and
*** p<0.001. Abbreviations: YaD, Yang-deficiency; YiD, Yin-deficiency; QDf,
Qi-deficiency; PW, Phlegm-wet; WH, Wet-heat; BS, blood-stasis; SDa, special-
diathesis; QDp, Qi-depression.

Table 5
Correlation between scores of the eight abnormal constitutions and acoustic indices.

Intensity (Db) MaxP (Hz) AvgP (Hz) MiniP (Hz) ANZC VPV VFF LSER HSER

YaD −0.138* 0.190** 0.175** 0.129* −0.129* 0.050 0.008 0.000 0.016
YiD −0.153* 0.211** 0.216** 0.162** −0.114 0.097 −0.030 −0.040 −0.102
QDf −0.127* 0.125* 0.119* 0.105 −0.176** 0.047 0.038 0.075 −0.093
PW −0.077 0.095 0.111 0.095 −0.115 0.069 −0.019 0.028 −0.111
WH −0.089 −0.024 −0.026 −0.043 −0.029 0.026 −0.013 0.046 −0.072
BS −0.207** 0.264** 0.273** 0.252** −0.176** 0.003 −0.055 −0.074 −0.114
SDa −0.094 0.056 0.042 −0.002 −0.083 0.045 0.002 0.097 −0.028
QDp −0.173** 0.061 0.070 0.073 −0.082 −0.070 0.024 0.077 −0.126*

Data are shown as Pearson correlation coefficient. *p<0.05, ** p<0.01, and *** p<0.001. Abbreviations: YaD, Yang-deficiency; YiD, Yin-deficiency; QDf, Qi-
deficiency; PW, Phlegm-wet; WH, Wet-heat; BS, blood-stasis; SDa, special-diathesis; QDp, Qi-depression; MaxP, maximum pitch; AvgP, average pitch; MiniP,
minimum pitch; ANZC, average number of zero-crossings; VPV, Variation in peaks and valleys; VFF, variation in formant frequencies; LSER, low spectral energy ratio;
HSER, high spectral energy ratio.
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with almost all types of abnormal body constitution [36], but the pre-
sent study found that BMI only positively correlated to abnormal con-
stitution of PW, and negatively correlated to YaD and QDp.

Important indices for the diagnosis of each of the eight constitutions
were identified in the present study. For YaD, b and G color values of
the tongue body, and MaxP of the acoustic sound were positively cor-
related with the score of YaD, while the intensity and ANZC of the
acoustic sound and h1 of the pulse waveforms were negatively asso-
ciated with it. This implied that people with YaD have a pale or
greenish tongue, low-intensity but high-pitch voice, and weak pulses.
Among these indices, the pulse pressure index h1, which is an incident
wave generated by the contraction of the left ventricle, representing
cardiac stroke volume, was identified [37]. A previous study revealed
that YaD patients have a low pulse pressure [17]. This finding coincides
with the findings of the present study. The negative correlation between
the score of YaD and h1 implied that people with YaD may have rela-
tively weak heart ejection function. For YiD constitution, the number of
red dots on the tongue and the AvgP of acoustic sound were positively
correlated with the score of YiD, while the S color value of the tongue,
the intensity of acoustic sound, and the RET of the pulse waveforms
were negatively correlated with YiD score. This implied that people
with YiD are more likely to have tongues with red dots and low color
saturation, and voices with low intensity but high pitch. Their pulse
waveforms showed a decreased RET, representing a shorter duration of
the rapid ejection phase of the left ventricle, which is consistent with
the previous study [17]. For QDf, the MaxP of the acoustic sound had a
positive correlation with the score of QDf, while the intensity and ANZC
of the acoustic waves, and h1 of the pulse waveforms had negative
correlations with QDf score. This implied that people with QDf con-
stitution may speak in a low-intensity but high-pitch voice, and may

have a relatively weak heart ejection function due to the low h1 value,
which is consistent with several studies showing that QDf syndrome
commonly existed in patients with heart failure [38,39]. For PW and
WH constitution, literature regarding their association with biological
signal data is very limited, and our findings were the first to disclose the
indices associated with PW and WH. For PW, the associated index was
the proportion of the STM, which was positively correlated with the
score of PW. For WH, the score of WH was positively correlated with
the number of red dots on the tongue, while it was negatively correlated
with RET, implying that red dots and a shorter duration of the rapid
ejection phase of the heart could be found in people with WH. For BS
constitution, the score of BS constitution was positively correlated with
the proportion of STM, G and B values of the tongue, and AvgP of the
acoustic sound, while the intensity and ANZC of the acoustic sound
were negatively correlated with the score of BS. This implied that
people with BS constitution are more likely to have a green-blue tongue
color with a large proportion of STM, and speak in a low-intensity but
high-pitch voice. A previous study reported that BS constitution is
correlated with petechiae in type 2 diabetes patients [40], while sub-
jects participating in this study seldom had tongue petechiae. For the
SDa constitution, the indices RET and unsmooth wave were negatively
correlated with the score of SDa. As SDa constitution is often associated
with a susceptibility to allergic reactions, the result indicated short RET
and unsmooth pulse waves could be found in people with allergies. This
finding is consistent with previous studies reporting that respiratory
allergy is correlated with arterial stiffness [41,42]. Finally, for QDp, the
present study found that the proportion of STM was positively corre-
lated with the score of QDp, while the MW of the tongue, intensity and
HSER of the acoustic sound, and sSA of the pulse waveforms were ne-
gatively correlated. The data indicated that people with a QDp

Table 6
Correlation between scores of the eight abnormal constitutions and pulse waveforms.

h1 (mmHg) h3 (mmHg) RET (msec) sSA (mmHg*sec) tSA (mmHg*sec) Pulse rate (beats/min) Unsmooth wave

YaD −0.198** −0.029 −0.091 −0.169** −0.177** 0.004 −0.020
YiD −0.079 0.064 −0.142* −0.065 −0.074 −0.039 −0.079
QDf −0.120* −0.011 −0.070 −0.114 −0.104 0.023 −0.027
PW −0.060 0.033 −0.070 −0.039 −0.044 −0.035 −0.056
WH −0.098 0.060 −0.179** −0.061 −0.063 −0.021 −0.042
BS −0.077 −0.028 −0.019 −0.084 −0.063 0.033 0.042
SDa 0.010 0.076 −0.208** −0.019 0.038 0.035 −0.129*
QDp −0.120* 0.040 −0.113 −0.131* −0.129* 0.028 0.015

Data are shown as Pearson correlation coefficient. *p<0.05, ** p<0.01, and *** p<0.001. Abbreviations: YaD, Yang-deficiency; YiD, Yin-deficiency; QDf, Qi-
deficiency; PW, Phlegm-wet; WH, Wet-heat; BS, blood-stasis; SDa, special-diathesis; QDp, Qi-depression; h1, height of main wave; h3, height of dicrotic wave, RET,
rapid ejection time; sSA, single systolic area; tSA, one minute systolic area.

Table 7
Constitution equations and their performance measures built by multivariate linear regression models.

Equation R2 Sn Sp p value

YaD = × × × + ×YaD Gender BMI G b20.027 0.021 0.134 0.002 0.123
× + × × ×Intensity MaxP ANZC h0.017 0.078 0.047 0.151 1

0.103 44.0% 82.6% 0.016

YiD = × × + × ×YiD Gender Age Red dots S58.463 0.036 0.246 0.050 0.097
× + × ×Intensity AvgP RET0.025 0.163 0.021

0.146 67.6% 61.3% 0.009

QDf = × + × × ×QDf Intensity MaxP ANZC h63.156 0.068 0.016 0.146 0.094 1 0.050 43.5% 65.0% 0.684
PW = × × + × + ×PW Gender Age BMI STM15.878 0.155 0.181 0.215 0.136 0.093 76.6% 38.3% 0.947
WH = × + × ×WH Age Red dots RET41.852 0.108 0.066 0.106 0.048 37.9% 77.4% 0.738
BS = × + × × + ×BS Gender STM G B40.948 0.172 0.165 0.069 0.126

× + × ×Intensity AvgP ANZC0.128 0.083 0.010
0.136 46.2% 78.1% 0.265

SDa = × ×SDa RET Unsmooth wave41.027 0.187 0.073 0.048 62.1% 58.4% 0.187
QDp = × × × + ×QDp Age BMI MW STM100.166 0.128 0.082 0.086 0.127

× × ×Intensity HSER sSA0.089 0.162 0.087
0.115 47.6% 72.9% 0.202

Abbreviations: ANZC, average number of zero-crossing; AvgP, average pitch; b, b color value in the HSb color model; B, B color value in the RGB color model; BMI:
body mass index; BS, blood-stasis; G, G color value in the RGB color model; h1, height of main wave; HSER, high spectral energy ratio; MaxP, maximum pitch; MW,
maximum width of the tongue body; PW, Phlegm-wet; QDf, Qi-deficiency; QDp, Qi-depression; RET, rapid ejection time; S, S color value in the HSb color model; SDa,
special-diathesis; Sn, sensitivity; Sp, specificity; sSA, single systolic area; STM, proportion of the scalloped tongue margin; WH, Wet-heat; YaD, Yang-deficiency; YiD,
Yin-deficiency.

C.-J. Huang, et al. European Journal of Integrative Medicine 27 (2019) 114–120

118



constitution may speak in a low-intensity voice, and have a small
tongue with large proportion of STM. STM has been reported as one of
the signs of bruxism [43], which is usually caused by psychosocial
factors [44]. The above report coincides with the present study, since
psychological symptoms such as depression, anxiety, and panic are
commonly observed in subjects with QDp constitution [30].

The first limitation of this study was that the tool for diagnosing
constitutions, i.e. the Nine-Constitution Scale, does not contain all the
abnormal constitutions. For example, Blood-deficiency, a commonly
seen constitution clinically, is not included in this questionnaire. We
used this questionnaire due to its high reliability, internal consistency,
and the fact that it has been utilized in several large-scale studies
[30,35,45]. A further modification on the questionnaire is necessary.
The second limitation was that the subject collection process in this
study lasted for one year, throughout the four seasons. We cannot ex-
clude the influence of weather, although the indoor room environment
was controlled. The third limitation was that the three basic diagnosis
instruments might not be enough to diagnose constitution, and there-
fore other instruments need to be adopted. The fourth limitation was
that there might be mutual effects of different abnormal constitutions
on a certain index, which needs to be clarified in future works. The last
limitation was that there might be sampling bias in this study. Since we
recruited subjects through an advertisement at a medical center and the
study was performed during the daytime, subjects recruited in this
study might not able to represent general population.

5. Conclusions

In this study, the constitution identification process was done by
integrating indices of the tongue, acoustic sound, and pulse. The cor-
relation between each index and a certain constitution identified the
relative importance of each index, providing vital information for TCM
practitioners with regard to constitution diagnosis. Finally, equations
for scores of each constitution were built using the significant indices.
This study suggested priorities of indices for each of the abnormal
constitutions, and provided evidence-based literature for practitioners
in the field of TCM diagnosis.
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