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Objective This study aimed to explore the influencing factors of dynamic changes in tradi-
tional Chinese medicine (TCM) constitution based on general statistics, Apriori-DEMATEL
algorithm, and DoWhy causal inference framework methods.

Methods Dynamic collection of TCM constitution identification data was conducted from the
population aged 18 — 60, containing collection time and constitution type, and 11 constitu-
tion influencing factors including dietary habit, sleeping habit, sleeping duration, exercise
habit, emotion state, stress level, living environment, work/life calamity, family atmosphere,
business trip frequency, and overtime situation. General statistical analysis was used to ana-
lyze the relative percentage of corresponding influencing factors of different types of constitu-
tion changes, the Apriori-DEMATEL algorithm was used to analyze the correlation between
11 constitution influencing factors such as dietary habit and constitution changes, and the
DoWhy causal inference framework was used to analyze the causality between dietary habit,
sleeping habit, sleeping duration, exercise habit, emotion state, and stress level, explore the
frequency of constitution type transformation-change factors, and determine the key influ-
encing factors causing dynamic changes in constitution type.

Results After preprocessing, 13536 valid data points were obtained. Based on the Apriori-
DEMATEL algorithm, the factors were divided into six original factors including dietary habit,
sleeping habit, sleeping duration, exercise habit, emotion state, and stress level, and five re-
sult factors including living environment, work/life calamity, family atmosphere, business trip
frequency, and overtime situation. Combining with general statistics, we found that among
the original factors, changes in dietary habit, sleeping habit, sleeping duration, and stress lev-
el had a greater impact on other factors. In the process of constitution conditioning, attention
should be paid to these four factors to maintain constitution balance. Among the five result
factors, the absolute values of work/life calamity and family atmosphere were relatively large,
indicating that these two factors were easily influenced by other factors. The dietary habit,
sleeping habit, sleeping duration, exercise habit, emotion state, and stress level have higher
centrality in changes, indicating that these six factors had important in constitution changes.
According to the statistical frequency of constitution changes corresponding to each factor,
we found that the changes of these six factors accounted for a large proportion of the constitu-
tion transformation frequency among Qi deficiency constitution, balanced constitution, and
allergic constitution, indicating that the changes of these six factors played an important role
in the changes of the three constitution types. Combined with the results of the Apriori-
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DEMATEL algorithm, and DoWhy causal inference framework analysis, it was inferred that
dietary habit and sleeping duration indirectly lead to constitution changes by affecting the
changes of other factors.

Conclusion This study explored the influencing factors of dynamic changes in TCM constitu-
tion from the perspective of dynamic data and multiple analysis methods, and the results
showed that the changes of dietary habit, sleeping habit, sleeping duration, exercise habit,
emotion state, and stress level had a great impact on the changes of Qi deficiency constitu-
tion, balanced constitution and allergic constitution. Attention should be paid to the changes
of these six factors in daily life, and corresponding improvement plans should be formulated
to reduce the probability of transforming into biased constitution. Our study also provided
data support and objective analysis reference for the analysis of influencing factors of dynam-

ic changes in TCM constitution types.

1 Introduction

Traditional Chinese medicine (TCM) constitution is an
inherent trait of the human body in morphological struc-
ture, physiological function and psychological status on
the basis of innate inheritance and acquired acquisition,
which determines the susceptibility of individuals to cer-
tain diseases and similarities in pathological processes .
The difference in body constitution is the result of a com-
bination of innate factors and multiple acquired factors,
such as dietary habit and emotion state ’. Considering
the existing studies on the influencing factors of TCM
constitution, the related influencing factors of constitu-
tion in disease states or static analysis of data at a mo-
ment in time ©*), or the influencing factors of a certain
constitution type [ 7, are mostly explored. However, there
are few studies on the influencing factors of the transfor-
mation between body constitution types. The law of body
constitution transformation is the ruler of body constitu-
tion diagnosis and the basis of body constitution condi-
tioning . Through a certain grasp of the change rule of
body constitution, we can speculate the factors affecting
constitution changes, and then according to some specif-
ic factors, make an improvement plan, for example, poor
sleeping quality leads to constitution conversion to bi-
ased constitution, so sleeping quality should be im-
proved. The study of this rule can provide a reference val-
ue for the population who is biased or prone to disease,
helps them improve the biased constitution, and reduces
the probability of related diseases. Based on this, this pa-
per explores the reasons for the transformation of indi-
vidual constitution types, aiming to provide accurate da-
ta support for the adjustment of individual types of con-
stitution.

2 Data and methods
2.1 Data

Using the TCM constitution identification platform in the
project group (the constitution identification function in

the official WeChat account “Palm Xingyun”), dynamic
TCM constitution identification data were collected fol-
lowing the 24 solar terms from February 1, 2020 to April
30, 2022 in Chengdu City and Yilong County, with 27084
original data entries. All data were obtained with ethical
approval from the Affiliated Hospital of Chengdu Univer-
sity of Traditional Chinese Medicine (2022KL-024). The
data include collection time, individual constitution type,
and 11 influencing factors (dietary habit, sleeping habit,
sleeping duration, exercise habit, emotion state, stress
level, living environment, work/life calamity, family at-
mosphere, business trip frequency, and overtime situa-
tion).

2.2 Inclusion and exclusion criteria

2.2.1 Inclusion criteria Participants were eligible for the
study if they: (i) aged from 18 to 60 (without gender re-
striction); (ii) provided informed consent forms; (iii) were
classified according to the standards of “TCM constitu-
tion Classification and determination” issued by China
Association of Chinese Medicine .. The identified consti-
tution types include normal constitution, Qi deficiency
constitution, Yin deficiency constitution, Yang deficiency
constitution, phlegm-dampness constitution, damp-heat
constitution, blood stasis constitution, Qi stagnation con-
stitution, and allergic constitution.

2.2.2 Exclusion criteria Participants were ineligible for
the study if they: (i) were under treatment for major dis-
eases such as cardiovascular diseases, diabetes, and tu-
mors; (ii) had been receiving medication to maintain
non-major diseases; (iii) were pregnant or lactating;
(iv) had mental or neurological disorders.

2.3 Data preprocessing for samples

The “drop_duplicates ()” method in the Python pandas li-
brary was used to remove duplicate data entries, and on-
ly the first data in each group of duplicates was retained.
The k nearest neighbor imputation method was used to



impute missing data, where the imputated value closest
to the actual data entry was found in the dataset. Abnor-
mal data entries were identified and deleted.

2.4 General statistical analysis

C was set as {normal constitution, Qi deficiency constitu-
tion, Yin deficiency constitution, Yang deficiency consti-
tution, phlegm-dampness constitution, damp-heat con-
stitution, blood stasis constitution, Qi stagnation consti-
tution, allergic constitution}. Individual constitution
types change over time were set as R, = {r; => r,,rs => 13,
...r,}, where r, represents the constitution type, and R,, a
specific item in the set of changing constitution types, for
example: R, =r, =>r,.

The 11 influencing factors were established as set
E = {dietary habit, sleeping habit, sleeping duration, exer-
cise habit, emotion state, stress level, living environment,
work/life calamity, family atmosphere, business trip fre-
quency, overtime situation}, and encode them as
E ={E\,E,,Es,E,,Es,Es,E;,Eg, Eo, E\, E }. Changes in in-
ternal and external factors lead to changes in constitu-
tion types, where m represents a certain influencing fac-
tor causing changes in constitution types, n, the types of
changes in constitution types, and the Result,,,, the num-
ber of cases where a certain constitution type changes to
another constitution type (e.g., blood stasis constitution =>
damp-heat constitution), and a certain influencing factor
also changes (e.g., blood stasis constitution => damp-
heat constitution, and emotion state changes) is called
the frequency, P (Result,,,), the ratio of the frequency of a
certain influencing factor changing when a certain consti-
tution type transitions to another constitution type to the
total number of cases of constitution type changes. As:

Result,,, = Count (R, E,,) (1)

Result,,,

P (Result,,) = W
i1 nm

@
Formula (1) was adopted to calculate the frequency of
each influencing factor and the type of synchronized con-
stitution changes, and Formula (2) was adopted to calcu-
late the relative percentage of each influencing factor un-
der a certain type of constitution changes, and synchro-
nized changes. Finally, the obtained data tables were im-
ported into Origin 2017 software for graph drawing.

2.5 Correlation analysis of influencing factors based on
the Apriori algorithm

To further determine the influencing factors causing the
transformation among constitution types, this study first
employed the Apriori algorithm to conduct association
analyses on the constitution types undergoing transfor-
mation and their influencing factors. The Apriori algo-
rithm iteratively generates frequent item sets to discover
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the association relationships between item sets in the
dataset. The generated association rules are in the form of
A => B, where A is the antecedent of the association rule
and B is the consequent. In this study, both A and B rep-
resent influencing factors of constitution changes.

Support (A,B)=P (A,B) 3)

P(A,B)

Confidence(A => B) = P(B|A) = W

“

To facilitate analysis, the types of constitution
changes are encoded as T = {T,7,,T5,T.....T,}. In the da-
ta analyzed in this paper, there are 60 types of constitu-
tion transformation relationships (n = 60, Supplementary
Table S1). The influencing factors causing constitution
type transformations are encoded according to the en-
coding rules in section 2.4. The combination of influenc-
ing factors can cause transformations among n constitu-
tion types (Supplementary Table S2).

Based on the combination of body constitution type
transformation and the influencing factor item sets, and
the frequency Result,,, if there was a change in a certain
influencing factor in the body constitution type transfor-
mation, it was marked as 1; if there was no change, it was
marked as 0. This process resulted in a 60 rows 11
columns Boolean matrix A.

11111110011
11111111111
11111111001
A=q¢ 11111111111
00000000000
10101000001

Apriori association rules mining was performed on
Boolean matrices, setting a minimum support of 45% and
a minimum confidence of 50%, and 110 association rules
were finally selected (Supplementary Table S3), and the
top 15 rules are shown in Table 1.

2.6 Influencing factors ranking based on DEMATEL

DEMATEL is a systematic analysis method that utilizes
graph theory and matrix tools. By using matrix opera-
tions and linear algebra, it calculates four attributes for
each factor including degree of influence, degree of being
influenced, degree of centrality, and degree of causality.
Based on the calculation results, factors were classified
into result factors and cause factors, and then the key fac-
tors were evaluated and ranked. DEMATEL has been ap-
plied in various industries such as healthcare, govern-
ment, and construction for analyzing influencing fac-
tors (12, Based on the selected 110 association rules and
using the four-level scale [Formula (5)] to transform them
into matrices, the DEMATEL algorithm was utilized to
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Table 1 The top 15 association rules output

Support Confidence

Posterior-B Previous-4 (%) (%)
Stress level Dietary habit 82.8125 83.0189
Dietary habit Stress level 76.562 5 89.7959
Sleeping duration Stress level 76.562 5 91.836 7
Stress level Sleeping duration 82.8125 84.9057
Emotion state Dietary habit 82.8125 86.792 5
Dietary habit Emotion state 78.1250 92.000 0
Sleeping duration Sleeping habit 81.2500 92.307 7
Sleeping habit Dietary habit 82.8125 90.566 0
Sleeping habit Sleeping duration 82.8125 90.566 0
Dietary habit Sleeping habit 81.2500 92.307 7
Sleeping duration Dietary habit 82.8125 92.452 8
Dietary habit Sleeping duration 82.8125 92.452 8
Emotion state Exercise habit 78.1250 88.0000
Exercise habit emotion state 78.1250 88.0000
Emotion state Sleeping duration 82.8125 88.679 2

evaluate and identify the influencing factors of dynamic
changes in body constitution.

3, 08<conf(S;—S§,)<1
7 = 2, 05<conf(S;—§;)<0.8 )
Y I, 0.2<conf(S;—S;)<0.5
0, conf(S;—S;)<0.2

The specific steps are as follows.

(i) The direct impact matrix Z was calculated based on
the association rules. According to the association rules
obtained from the Apriori algorithm, the confidence of
the posterior factors to the anterior factors was divided
into four parts following the four-level scale method in-
cluding no impact, weak impact, moderate impact, and
strong impact, which were identified as 0, 1, 2, 3, respec-
tively, constructing a matrix with rows and columns rep-
resenting the constitution influencing factors, forming an
11 x 11 direct impact matrix Z.

03333333333
30333333333
33033333333
33303333333
33330333333
Z= 33333033333
22232203333
22222220222
22222222022
22222223302
22233233330

(ii) Normalization directly impacts the matrix. By us-
ing Formula (6), the direct influence matrix Z was nor-
malized to obtain the normalized direct influence matrix
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X, where n represented the number of influencing factors,
that is, n = 11, i and j denoted the rows and columns of
matrix Z.

X< Z
Cmaxy._ 7

1<i<n J /

(6)

(iii) A composite impact matrix and four attribute val-
ues for each factor were calculated. According to Formu-
la (7), the comprehensive influence matrix was calculat-
ed, which reflected the cumulative effects of direct and
indirect effects of various influencing factors of constitu-
tion changes. The comprehensive influence matrix was
set as the identity matrix. The degree of influence (A), de-
gree of being influenced (B), degree of centrality (C), and
degree of causality (D) for each influencing factor were
determined according to Formulas (8) — (11).

T=XE-X)" 7

A= 1;(i=1,23,..n) ®)
j=1

B;=) t;(i=1.23....n) )
j=1

CiZAi+Bi (l= 1,2,3,...,”) (10)

Dl'zA,'_Bi (i:1,2,3,...,n) (11)

2.7 Analysis based on the DoWhy causal inference frame-
work algorithm

To further analyze the causal relationship between con-
stitution and factors, this paper employed the DoWhy
causal inference framework to analyze the causality be-
tween factors and constitution. The framework is based
on graphical models and potential outcome models, us-
ing graph-based criteria to model hypotheses and identi-
fy non-parametric causal effects. The steps are as follows
(Figure 1).

(i) Variable setting. Since the study investigated the
relationship between multiple influencing factors and
constitution, each factor was analyzed independently.
The constitution outcome was set as the outcome vari-
able. One factor was set as the treatment variable, and
other factors were set as control variables.

(i) Hypothesis extraction. There are 11 influencing
factors in this study. By analyzing the frequency ratio of
factor and constitution both changed and both un-
changed, the significance level of simultaneous change
between factors and constitution was assumed to be 20%.
Factors with strong causal relationships with constitution
changes were selected based on reasonable hypotheses.
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Figure 1 Algorithm flow chart of this study

(iii) Causal diagram model construction. When using
the DoWhy framework, it is necessary to first construct a
causal graph model, excluding the influence between
control variables and only considering the causal rela-
tionship between treatment variables and outcome vari-
ables to ensure the clarity of causal hypotheses. Based on
the above hypotheses, we described the causal graph us-
ing the GML format and constructed a directed acyclic
causal diagram model.

(iv) Identifying causal effects. Causal effects refer to
the degree of change in the outcome when the treatment
variable changes by one unit while all other conditions
remain unchanged. In this framework, the “identify ef-
fect ()” method (i.e., property of the causal graph model)
was used to identify the estimate of the effect.

(v) Estimating causal effects. DoWhy supports various
methods based on identification criteria, as well as non-
parametric confidence intervals and permutation tests to
test the statistical significance of the estimates obtained.
In this study, the chosen type of causality effect is the esti-
mated average treatment effect (ATE) model, and the
chosen estimation method is propensity score matching.

(vi) Validation analysis. Since the above results are
based on assumptions, validation is necessary. Therefore,
the accuracy of the hypothesis is verified by adding ran-
dom confounding factors, placebo intervention and data
subset verification. If the causal effect value obtained
from random confounding factors and data subset verifi-
cation is stable, and the causal effect value obtained after
the placebo intervention test is close to 0, the hypothesis
is correct.

3 Results
3.1 General statistical analysis

The pandas package programming in Python language
was used to perform statistical analysis, and the

frequency of basic information and the frequency of in-
fluencing factors that changed when the constitution type
changed were counted, forming 13 536 effective data. In
the valid data, males accounted for 43.1%, females ac-
counted for 56.9%, and 74.5% were not an only child at
home; 76.2% were aged 30 or below, and 23.7% were aged
31 - 60. The frequency proportion between the constitu-
tion types transforming and the corresponding changed
influencing factors is shown in Figure 2. The comparative
analysis demonstrated that the changes in dietary habit
and sleeping duration caused a relatively large relative
proportion of constitution type changes, indicating the
changes in these two factors had a relatively large impact
on constitution fitness changes. In contrast, the changes
in overtime situation, living environment, work/life
calamity, family atmosphere and business trip frequency
caused a relatively low relative proportion of constitution
type changes, and the continuity of the changes of these
five factors was low, indicating the changes in these five
factors had a relatively low impact on constitution
changes.

3.2 Apriori-DEMATEL and
sponding frequency analysis

individual factor corre-

3.2.1 Apriori-DEMATEL analysis results After calcula-
tion by the Apriori-DEMATEL algorithm, the four-dimen-
sional data of degree of influence, degree of being influ-
enced, degree of centrality, and degree of causality were
obtained (Table 2). (i) Degree of influence and degree of
being influenced were analyzed assess to the degree of in-
fluence of each factor on constitution changes. Table 2
demonstrates that E, (dietary habit), E, (sleeping habit),
E; (sleeping duration), E, (exercise habit), E; (emotion
state), and Eg (stress level) had a higher degree of
influence, indicating that these six factors had a greater
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Figure 2 The frequency proportion between the constitution types transforming and the corresponding changed influ-

encing factors

A, relative percentage of six influencing factors. B, relative percentage of five influencing factors.

impact on other factors. Conversely Eg (work/life calami-
ty) and E, (family atmosphere) had a higher degree of be-
ing influenced, indicating that these two factors were eas-
ily influenced by other factors. (ii) Degree of centrality in-
dicates the location of a factor in the system and the mag-
nitude of its role. Table 2 shows that E; (dietary habit), E,
(sleeping habit), E; (sleeping duration), E, (exercise
habit), E; (emotion state), and Eg (stress level) had a high-
er degree of centrality, indicating that these factors had a
certain important role in the process of constitution
changes. (iii) The degree of causality represents the influ-
ence of a factor on other factors. If the degree of causality
is greater than 0, it indicates that this factor is the causal
factor, otherwise it is the outcome factor. Moreover, the
larger the absolute value in the whole system, the more

important the impact. In other words, the larger the abso-
lute value, the greater the effect on constitution changes.
Table 2 demonstrates that the causal factors including E,
(dietary habit), E, (sleeping habit), E; (sleeping duration),
E, (exercise habit), E; (emotion state), and Eg (stress lev-
el), while the other five factors were the outcome factors.
Among the causal factors, E, (dietary habit), E, (sleeping
habit), E; (sleeping duration), and Eg (stress level) had
greater values, indicating that these four factors had a
greater degree of influence on other factors. Conversely,
among the five outcome factors, the absolute values of Eg
(work/life calamity) and Ey (family atmosphere) were
greater, indicating that these two factors were more sus-
ceptible to being influenced by other factors.
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Table 2 Calculation results of influence degree of each
factor based on the Apriori-DEMATEL algorithm

Factor Influence inf]lglf(ia:llge d Centrality Causality
E, 8.387 7.048 15.435 1.339
E, 8.387 7.048 15.435 1.339
Ej 8.387 7.048 15.435 1.339
E, 8.387 7.567 15.954 0.820
E; 8.387 7.307 15.694 1.080
Eg 8.387 7.048 15.435 1.339
E; 6.965 7.567 14.532 —-0.602
Eg 5.766 8.111 13.877 -2.345
Eqy 5.766 8.111 13.877 —-2.345
Ey 6.189 7.835 14.024 - 1.646
E,; 7.249 7.567 14.816 -0.318

3.2.2 Frequency analysis of corresponding factors and
constitution changes results Combined with Table 2
and general statistical analysis, it was found that E; (di-
etary habit), E, (sleeping habit), E5 (sleeping duration),
and E; (stress level) were important factors for constitu-
tion changes, exerting significant influence on other fac-
tors. However, the degree of centrality of these six factors,
E, (dietary habit), E, (sleeping habit), E; (sleeping dura-
tion), E, (exercise habit), E; (emotion state), and E;
(stress level), was high, which played an important role in
the process of constitution changes. According to the
above results, the corresponding frequency statistics of
six factors, including exercise habit, dietary habit, sleep-
ing duration, sleeping habit, stress level, and emotional
state, were plotted using Origin 2017 software (Figure 3).
To visually display the proportion of each factor to the
frequency of each constitution change, the Y-axis maxi-
mum value was consistently set for each factor.

The total frequency of exercise habit on 60 constitu-
tion type changes was 1 288. The frequency of exercise
habit on normal constitution => Qi deficiency constitu-
tion, normal constitution => allergic constitution, Qi defi-
ciency constitution => normal constitution, and allergic
constitution => normal constitution was more than 178,
and the frequency ratio was more than 13.8% (Figure 3A).
The total frequency of 60 constitution type changes
caused by dietary habit was 2221. Moreover, dietary habit
on normal constitution => Qi deficiency constitution,
normal constitution => allergic constitution, Qi deficien-
cy constitution => normal constitution, and allergic con-
stitution => normal constitution was more than 323, and
the frequency ratio was more than 14.5% (Figure 3B). The
total frequency of 60 constitution type changes caused by
sleeping duration was 1983. The total frequency of sleep-
ing duration on normal constitution => Qi deficiency
constitution, normal constitution => allergic constitution,
Qi deficiency constitution => normal constitution, and al-
lergic constitution => normal constitution was more than
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271, and the frequency ratio was more than 13.7% (Fig-
ure 3C). The total frequency of sleeping habit on 60 con-
stitution type changes was 1770, and the frequency of
sleeping habit on normal constitution => Qi deficiency
constitution, normal constitution => allergic constitution,
Qi deficiency constitution => normal constitution, and al-
lergic constitution => normal constitution was more than
265, and the frequency ratio was more than 15% (Figure
3D). The total frequency of stress level on 60 constitution
type changes was 1424. The frequency of stress level on
normal constitution => Qi deficiency constitution, nor-
mal constitution => allergic constitution, Qi deficiency
constitution => normal constitution, and allergic consti-
tution => normal constitution was more than 186, and the
frequency ratio was more than 13.1% (Figure 3E). The to-
tal frequency of emotion state on 60 constitution type
changes was 1460. The frequency of emotion state on
normal constitution => Qi deficiency constitution, nor-
mal constitution => allergic constitution, Qi deficiency
constitution => normal constitution, and allergic consti-
tution => normal constitution was more than 198, and the
frequency ratio was more than 13.6% (Figure 3F).

In summary, although there were some differences in
the constitution changes and frequency corresponding to
these six factors, the frequency accounted for over 12%,
and for the changes of the same constitution type, their
trends were roughly the same, of which the four constitu-
tion changes (normal constitution => Qi deficiency con-
stitution, normal constitution => allergic constitution, Qi
deficiency constitution => normal constitution, and aller-
gic constitution => normal constitution), accounted for a
relatively large frequency. Therefore, exercise habit, di-
etary habit, sleeping duration, sleeping habit, stress level,
and emotion state had a greater impact on the constitu-
tion transformation between the Qi deficiency constitu-
tion, normal constitution, and allergic constitution.

3.3 DoWhy framework analysis

Based on the general statistical and factors analyses, the
frequency ratios of factor and constitution both changed
and unchanged were shown in Table 3, and the following
hypotheses are proposed based on Table 3 combined
with the significance level values assumed in section 2.7:
H,, dietary habit will affect constitution changes; H,,
sleeping habit will affect constitution changes; Hs, sleep-
ing duration will affect constitution changes; H,, exercise
habit will affect constitution changes; H;, emotion state
will affect constitution changes; H;, stress level will affect
constitution changes; H, emotion state will lead to
changes in stress level, and then affect constitution
changes; Hg, emotion state will lead to changes in dietary
habit, and then affect constitution changes; Hy, emotion
state will lead to changes in stress level, and then lead to
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H,,, exercise habits will

lead to changes in sleeping duration, and then affect con-

)

Constitution type change
stitution changes. Causal diagrams were also drawn ac-

cording to the above assumptions (Figure 4).

then affect constitution changes

’

Constitution type change

Figure 3 Frequency of constitution type changes corresponding to six influencing factors
A, exercise habit. B, dietary habit. C, sleeping duration. D, sleeping habit. E, stress level. F, emotion state.

changes in dietary habit, and ultimately affect constitu-
tion changes; H,,, sleeping habit will lead to changes in
sleeping duration, and then affect constitution changes
H,,, stress level will lead to changes in dietary habit, and
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Table 3 Frequency ratios of factor and constitution both
changed and unchanged

Factor and constitution [7 (%)]

Influencing factor
Both changed Both unchanged
Dietary habit 2428 (47%) 5309 (63%)
Sleeping duration 2165 (42%) 5147 (61%)
Sleeping habit 1 945 (38%) 5587 (66%)
Emotion state 1607 (31%) 6365 (76%)
Stress level 1584 (31%) 6280 (75%)
Exercise habit 1438 (28%) 6382 (76%)
Overtime situation 898 (18%) 7079 (84%)
Living environment 632 (12%) 7718 (92%)
Business trip frequency 385 (8%) 7899 (94%)
Family atmosphere 263 (5%) 8184 (97%)
Work/life calamity 178 (3%) 8183 (97%)

The causal effects of six factors in section 2.4 were an-
alyzed independently based on the DoWhy framework
Table 4. Overall, most of these six factors had significant
causality with body constitution. Among them, the high-
est result value of stress level was 0.137 2, which indicat-
ed that 13.72% more likely to change in constitution if the
stress level changes than if the stress level does not
change, and its robustness test results were ideal, indicat-
ing that the causal effect between stress level this factor
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Emotion state

Dietary habit

Figure 4 Directed acyclic causal diagram model

and constitution is significant. The result values of sleep-
ing habit, exercise habit, and emotion state were lower
compared with the stress level, but the values were posi-
tive, and the robustness test results were ideal, indicating
that the change of these three factors would lead to a
higher probability of constitution changes, and the causal
effect between constitution was significant. The result
values of dietary habit and sleeping duration were lower,
and the value of sleeping duration was negative, but tend-
ed to 0, indicating that the probability of constitution
changes when these two factors changed and the proba-
bility of constitution changes when these two factors were
unchanged were similar, that is, the causal effect be-
tween these two factors and constitution were not signifi-
cant.

Table 4 Causal effects of different factors on constitution type changes

Robustness test-new effect

Influencing factor ATE model meanvalue  Addition of random . . . ]
confounding factor Data subset verification Placebo intervention
Dietary habit 0.0001 0.0001 0.0001 0.0000
Sleeping habit 0.0512 0.0512 0.0515 0.000 8
Sleeping duration -0.0041 -0.0041 -0.003 4 0.0000
Exercise habit 0.0720 0.0720 0.0716 0.002 1
Emotion state 0.0330 0.0330 0.0310 0.000 3
Stress level 0.1372 0.1372 0.1363 -0.000 6

4 Discussion

In recent years, BAI et al. ¥ collected and analyzed the
TCM constitution data of more than 100000 Chinese in-
dividuals, describing the distribution characteristics of
TCM constitution types. The results revealed that the pro-
portion of individuals with normal constitution in each
group was less than one-third, which had decreased com-
pared to 10 years ago, while the proportion of biased con-
stitutions had increased. Biased constitutions are known
to markedly affect an individual’s health status and
demonstrate a tendency toward diseases !'“. Therefore,
understanding the influencing factors of constitution
changes is a necessary step to alter biased constitutions
through maintenance.

The advantage of this study lies in the utilization of
standardized TCM constitution identification data re-
leased by China Association of Chinese Medicine "), as
well as the dynamic tracking of individual constitution-
related data multiple times, forming dynamic individual
constitution data. This paper combines general statistical
analysis with the application of the Apriori-DEMATEL
algorithm to analyze the correlation of factors influenc-
ing dynamic constitution changes and employs the
DoWhy causal inference framework to analyze the
causality between constitution and factors. The combina-
tion of multiple methods makes the analysis process and
results more reliable.

However, the factors influencing the transformation
of TCM constitution are intricate and manifold, with each
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factor mutually affecting one another. In this study, due
to limitations in sample data, only 11 influential factors
were analyzed, potentially resulting in incomplete find-
ings. It is anticipated that subsequent studies will encom-
pass a more comprehensive analysis of influencing fac-
tors while optimizing statistical analysis methods to en-
hance the scientific rigor and comprehensiveness of the
results.

By extensively collecting constitution data from differ-
ent individuals at different times and applying the Apri-
ori-DEMATEL algorithm, this study identified six original
factors and five resultant factors of constitution type
changes. Statistical analysis revealed that changes in di-
etary habit, sleeping habit, sleeping duration, and stress
level among the original factors were prone to influenc-
ing changes in other factors. Moreover, changes in di-
etary habit, sleeping habit, sleeping duration, exercise
habit, emotion state, and stress level played crucial roles
in the process of constitution changes, exhibiting strong
correlations with constitution types. Through the combi-
nation of the multiple analyses, we found that sleep
habits and other four factors (sleeping habit, exercise
habit, emotion state, and stress level) showed significant
causality with constitution, while dietary habit and sleep-
ing duration indirectly led to constitution changes by af-
fecting other factors. By applying general statistical analy-
sis methods to analyze the frequency of constitution
changes in the six factors, we found that the frequency of
constitution transitions between Qi deficiency, normal
constitution, and special diathesis accounted for a rela-
tively large proportion, indicating that these six factors
played an important role in constitution changes.

4.1 The relationship between sleeping and constitution

Sleeping is a necessary state for maintaining human
health *!, According to the 2023 China Sleep Report ['%,
nearly half of the population (47.55%) averages less than
8 h of sleep per night. While most people have good sleep
quality, individuals with a postgraduate education level
tend to have shorter and poorer sleep quality. In TCM, it
is believed that good sleep contributes to the balance of
Yin and Yang energies, as well as the smooth flow of Qi
blood. Conversely, poor sleep can lead to imbalances be-
tween Yin and Yang, as well as disruptions in Qi blood
circulation, which may result in changes in the constitu-
tion and even exacerbate or trigger disease onset. There-
fore, individuals with biased constitutions should adjust
their sleep schedules and maintain good sleeping habits.

4.2 The relationship between diet and constitution

Inner Cannon of Huangdi (Huang Di Nei Jing, { 3% % W
% ) ) states: “the source of Yin lies in the five flavors; five
zang-organs pertaining to Yin are damaged by five fla-
vors”. A balanced and reasonable dietary structure
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contributes to physical health ! and maintains the sta-
bility of the constitution. The five flavors of sour, bitter,
sweet, spicy, and salty correspond to the liver, heart,
spleen, lung, and kidney, respectively. If one excessively
craves any of these flavors, it may affect the correspond-
ing organ, and in severe cases, disrupt the Qi of the five
zang-organs, leading to changes in constitution [,
Therefore, dietary adjustments should be made accord-
ing to the characteristics of the five flavors-spicy dispers-
es, sour contracts, sweet harmonizes, bitter fortifies, and
salty softens-and the different cravings of each organ ['®,
Tailored dietary plans should be adopted for individuals
with different biased constitutions, and management of
dietary habits for individuals with normal constitutions
should be strengthened.

4.3 The relationship between exercise and constitution

The role of exercise in promoting health and longevity re-
quires attention to the quality, quantity, and mode of ex-
ercise '), “Movement” is the reason for the generation of
Tai Chi, an important factor in the origin of life. Proper
exercise can promote the smooth flow of Yang-Qi, circu-
lation of blood, and the generation of Yin and Yang, giv-
ing rise to all things . Conversely, lack of exercise can
lead to insufficient Yang-Qi, inadequate circulation of
blood throughout the body, and thus cause changes in
the constitution.

4.4 The relationship between emotion and constitution

TCM believes that humans undergo emotional changes
such as joy, anger, worry, thought, grief, fear, and sur-
prise, collectively known as the “seven emotions”, among
which anger, joy, thought, worry, and fear are referred to
as the “five moods”. These emotions can easily affect the
upward and downward movement of Qi in the body. If
one of these emotions occurs excessively, it can cause
disorder in the upward and downward movement of Qi,
thereby leading to changes in the constitution. The “five
moods” also affect the functioning of the five zang-or-
gans. TCM holds that joy damages the heart, anger dam-
ages the liver, thought damages the spleen, grief dam-
ages the lungs, and fear damages the kidneys. Excessive
stimulation of a certain emotion can affect the functions
of the organs, leading to the accumulation of nutrient-de-
fense substances, damaging the organs, and ultimately
forming a biased constitution ”'. Emotional activities are
generated by the response of the essential Qi of zang-fu
organs to external environmental factors. The essential Qi
of zang-fu organs is the physiological basis for emotional
activities, and abnormal emotions are prone to illnes-
ses 2. With rapid social development and increasing
pressure, fluctuating emotions should be taken seriously.
Individuals should be guided to relax and relieve psycho-
logical pressure appropriately, avoid great joy and
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sadness, excessive mood swings, and then prevent or im-
prove biased constitution. The relationship between a
person’s mental state and the Qi and blood of zang-fu or-
gans is closely related. If the circulation of blood in the
heart is not smooth, it can lead to obstruction of the oper-
ation of the zang-fu organs and an increase in psychologi-
cal pressure . Over time, this can cause changes in the
constitution from a balanced state to an imbalanced one.
Therefore, reducing psychological stress helps maintain a
stable constitution.

5 Conclusion

We found that dietary habit, sleeping habit, sleeping du-
ration, exercise habit, emotion state, and stress level have
a greater impact on the changes in constitution in TCM
and a strong correlation between constitutions. These six
factors can indirectly or directly affect constitution
changes, and they play an important role in the changes
between Qi deficiency, normal constitution, and allergic
constitution. If diet, sleep, stress, and other conditions
are in good and stable state, constitution changes are
mostly biased constitution shift to normal constitution;
conversely, if there are unhealthy dietary habits, such as
smoking, drinking, and poor sleeping habits, constitution
changes are mostly normal constitution shift to the bi-
ased constitution. In daily life, a healthy and good
lifestyle can effectively slow down psychological and
physical problems, and improve biased constitution, so
that it gradually tends to be peaceful, thereby raising the
quality of life. Biased constitution easily affects physical
health, improving the body needs to first adjust following
the causes of constitution changes. This study can pro-
vide some data support and accurate analysis references
for improving biased constitution. In future studies, addi-
tional influencing factors can be incorporated to analyze
their relationship between the factors and constitutions,
and the causal relationship can be examined through
DoWhy or other advanced causal frameworks.
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