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Table 1  General information of the included 970 patients with

primary osteoporosis
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Table 2 Distribution of common clinical features (=10%)

in 970 patients of primary osteoporosis yang deficiency
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Visualisation results of association rules for clinical
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Figure 2 Latent tree model for 32 strongly correlated

features in 970 patients with primary osteoporosis

B R E RN T, B M
970 91 i A P B FAE A7 I PRAECAR | ACHIE AN K ) S IR ] vl A 45

, PETFEEER . B (S EEIAE 80% KL b

symptoms, signs, tongue and pulse in 970 patients with primary osteoporosis

=}
PERRERER
R
=]
FRER
#H RIEAZ
i 21 2RV AR g RS R0 B BRI
St s Sk AR R AN AR et (VA det A B et BB et
A AR E) Z F OGRS, SO, SIS
B3 SRR O AAIE R R oy B e 5 A R Y
LREREA

Figure 3 Pooled clustering of selected implicit and explicit

variables in patients with primary osteoporosis
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Table 4  Probability of each latent category and conditional probability of clinical characteristics of the implicit variable (Z1)

for “kidney yang deficiency” in primary osteoporosis patients

P=0.53 (Z1=S0%%)

P=0.33 (Z1=S12%) P=0.14 (Z1=S22%)

BFBHREIE (Z1) fEARIRAE

A BHER H R BT R AR A EHER LA
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IR 0. 85 0.15 0.91 0.09 0.07 0.93
/METE 0.97 0.03 0.95 0.05 0.31 0. 69
BIRA 2 0.93 0.07 0.59 0.41 0.31 0. 69
Jeve 0.77 0.23 0. 62 0.38 0.09 0.91
Jiktan 0.45 0.55 0. 87 0.13 0.23 0.77
#IH 0.89 0.11 0.91 0.09 0. 30 0. 70
zZh 0.52 0. 48 0.11 0. 89 0.10 0. 90
PEARIRR 0.85 0.15 0.48 0.52 0.33 0. 67
FAE 0.93 0. 07 0.91 0.09 0. 42 0.58
PR 0.92 0.08 0. 69 0.31 0.51 0.49
TR RR K 0.51 0.49 0.18 0. 82 0.16 0.84
TS 0.57 0.43 0. 47 0.53 0.09 0.91
x5 FEMEETBMAE R CEHEIE” AR (ZD 1 F 6 RN BB A £ IR RS HHA N

e RARFAIE 53+ (E B B 1 {245 151
Table 5 Examples of clinical characteristic scores and identifi-
cation thresholds for the implicit variable (Z1) for “kidney

yang deficiency” in primary osteoporosis patients

TR A R
Initial and optimised rules for identifying the state of

Table 6

kidney yang deficiency in patients with primary osteoporosis
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FAE .2 4.0 4.0 FALEETE 3P B ST S0, S12, MIARIEILILIG
AR 10 31 19 FU, AR HRR Y S1-0.
T 970 B R LB BBAME B E PHIESS R AT
Table 7  Statistics on the results of syndrome differentiation for 970 patients with primary osteoporosis [f(%) ]
B Bl (%) HEH S0 BN S1-0 BN S1-2 HEH g S2

5 FH H ik 259 (26.70) 45 (8.65) 28 (12.50) 56 (69.14) 130 (89.66)

A5 PH IR 711 (93.30) 475 (91.35) 196 (87.50) 25 (30. 86) 15 (10.34)

it 970 (100) 520 (100) 224 (100) 81 (100) 145 (100)




& 2 E 2023 4F 12 A4 64 %55 24 1] Journal of Traditional Chinese Medicine , 2023, Vol. 64, No. 24 - 2529 -

Bl )@ F o/ B B PR E (S0), 224 9 & - 5 i
TR PR IE (S1-0) . 81 40 J& T v 3 e 2 85
MEUE (S1-2), 1458 T8 & 5 HEIE (S2), SO
FHHE T 91.35% MAEE FHEEIE, S1-02 B H
87.50% MAEE FHEEIE, S1-228H%F69. 14% K15
PHEEIE, S2258E 1 89. 66% M5 BHHEIE, X i
ARASHE AR5 R0 5 3 SR
Ry it — VA POP B BH AR TIE bR 2 1R 7R 3k
B, B S12 28R S2 284000 “F FHEIE” RAE, SO
KM SI-0 KA “HEH PHEUE” RE, UPEL
v N B 25 SR Ry A b, ) 5 A A 3 1 I Sy
CE PR REUE” RSB B A 186 11 . FRFIWT A “dE
BB IE” ARASR B EA 6711, W IR 2 S —
H B F 857, B S REALIERE R 0. 8835,
RGN0, 7181, Fr5FEEN0.9437, MRS,
F 8 PELAGGHEAIT 970 {1l J5 %
B TR A FB I R R4 S L
Table 8 Comparison of the results of syndrome differentiation

for 970 patients with primary osteoporosis by TCM professionals

and the model [ (%) ]
PEFON CBBHEE RN “AEEH
H %
# P B ORAS HEAE” AR
5 BA A I 259 186 (71.81) 73 (28.19)
A B IR 711 40 (5.63) 671 (94.37)

3 iTig

Il R v POP UE A 2 22 HR AR e, BB
UEHE REK P AR KRR L T80, 38 ok 324k
POP 5 BH R PR 285 3 37 2 W 2 st b v A ATE 5% 125 1T A
EERy e IR T a s aT N bl I QS WIIRS Sy iakh e
L)z T R BRI R AR AT 2, (R
P25 Ais U TR SR A Z WL . SCIEHR
DT 485 735 I PRARFAIE 8] 9 DG B OC 2 JTA5 BA% O A/ AE
EUXE LI BBy 8 AR BOIR A o BR g A Y T )20
JE AR R I RFHIE SUE R A E 24 0 &, (HE
R g i 2 o BRI SR . I, A
WFFEAE IR AL 55 B 2546 43 T A5 3 FH DA R A B P —
TFERIAIE o ABFRAEE ST A M RIRIRT, R
IRGETT RIS AT 19 D7 XTI PRAFFAE AT 16, 3R
A5 BT 5y Ho 5 G 9 POP RRAE AR 5, 1 REAE:
AU S AV TR A G T iRk L DN e
FBEA B PRAEAE 0 AR R B B4 44 20 A
L HE N 42 T 48 7~ POP Il PR AR 5 Tk fige R 285 1] 7 56
F, AT RIES L T R s ik, eI

GRS R, SE T PR

1E & POP ' FH IR S BB R i A rp, FR
1% 345 POP 5 SCHR 7 AL GL A5 IR IR R A . B 8K
Wl SRS, fAAaBUUPES “HRIE” Ry
it B EF, B8, (G - M) = “BRE
T AR D, TS, MRENE AT,
TR, A ARURL, A AR, W] EHIE POP
RSB UR, EEOARETESR T, B CE R
BEAS” BYR Bl =, SR R T 15
AR SE UMD FE R AT AT

AHTFEAE P BRSS9 255 R M 1 LU
AR E PR ARG A SR |, #E—2D2lT
A HEUE AL I X5 POP ' FH 2 TIE A4 AN [R]IR 25 A7
PIFLE PR L N GRS R, KT/
TR R B B R 2 R 2RO AR IR R
A, I T AR E R AR T B R T A R
UrPERE; HEEE AR R U FHEEIE” R
A, [FIRRABL T BRI R HR b iR
Wi R LA 1] RE S 12 A= 19 200 A5 B i UE 2 3t 2 0L 52
R o AR B i o BRSO AR T, R Y R
WA AL =FeR 2, BB UE BB LR
W1 R TR BRI . ORI AT REA — —J2bEE
ARRR RIS, PR, K%, EH BN
59, ' BHBHPTREAE, ARSI B R, SRR
BIFFE Hh L3 g Bl B SRR (s s — R T T
IS B2 lb N B3 5 R A 5 S8 A A — i A R0
WE, WELWARIHE—ERE FAKYE 30
B, AT AER [R] — ZH AR R AH X B B R A AT AN (] g IA
W, B E IS TSR IR A i a] A A
IR HER A SR I

ASBIFFE SR FH SCIGKILIU A40 B t # 7 A A 45 45 B
P AZ 8 7 5 K POP B BH B IR AR S BB, 5
ARG BRI TR AR L, UG SR %
JER B, ATis T AR POP B B K SRR 2528 5
M, 3k — 20 WY e R R A 5 I R 285 =2 T ) S
F, Wnl oy BRI TSR R R . R
YRR, ARWEFE b ST I Fh SR E A B e/
HIBCGE, LRI BRI B AT,
MG Fr it — 2L RTT . BeAh, ABESE il R
MEAEBUE Y — o 2KmidR 232, JUik AR IR
BRI, MO BT AT A 1 S IR BT



- 2530 - F E 2 A 2023 4F 12 A 64 %5 24 1] Journal of Traditional Chinese Medicine 2023, Vol. 64, No. 24

S% ik

[LIWRER  BRER, W, 45 . 55T A0M 01— 75 3R H P A% 8% e
R PR B B i T HER L] R B2, 2020,
15(11) :1540-1545.

RIAK, BFE R, 288, & ETRENSSHN T OIE
VIR ARARAT b IX i 1 5 £ 25 1) DL UE A (T ). o [ S 56
TRk 2022,28(7) :190-197.

[3IEN A AR, H i, 5 . BURT2 98 DA v BRI R T
AN TR AR SR (D], S 25244, 2012,40(3) -
185-187.

(4170730, F I 22 BRI, 25 . Bagh i il 5 v B2 HIE AR
CID) BB EAR T[T ). b5 25 K224 48, 2008,
31(9) :4.

(S EEpk. MR 2L T4, REF B MEL]. i
B 5, 2022, 15(9): 652-655.

(6] AR B 2 25 BB AN A W ER 50 o & . IR R MBI
BRANREISIF e R (2017) [J]. P B g M 2 5, 2019,
25(3):281-309.

(7 ARG, BRI AE , ARIBET | 56 . D5 M5 R B M 1Y) H B
INRSERT]. P EE R LE,2023,29(6) : 870-
874,885.

[SIMRZRUN, B g vk, S 7 [ . o P Fh B HE 43 T 1F
FEHER) ], LR R K254 ,2021,40(5) : 101-104.

(O IRG IR BH SO, BL2e 38, 46 . th AR B R Rk B
i v B A T B BEIE 43 B 43 A (D). T AR A AR
2018,38(2):435-438.

[10JCH B 2 AE B B M2 THe ) ( 2018) TAEL, 1%
RN AR R 2 S TR 22, T fiE , 55 . P
BAEG RBAN YT 5 R (2018) [J]. hE AR,
2019,39(11):2557-2575.

(1R E s B CTC QCT) B BB AMAE 12 Wi 46 7 ) T/E4L,
Bt To2, % . HEE & CT(QCT) B BB AME 2 Wi
5/ (2018) [J]. o [ & B A8 A4 &, 2019, 25(6) :
733-737.

(122800 AR, B B s, T2, % . hizireE (M. 4B Jb
ot E TR R 2 A, 2016.

(13 3B¥EvE, BAff, B2, & BRI T 5T
I 2 U A A R SR RIS B R IR D). Ak
BE2h 74,2014, 29(6) : 1944-1948.

(14 1400, 4R SC, B0 A, 55 . DI A v = 25 848 4%
PR L] TR 25 ., 2022,39(12) : 35-40.

[15]ZHANG NL, FU C, LIU TF, et al. A data-driven method
for syndrome type identification and classification in
traditional Chinese medicine[J]. J Integr Med, 2017, 15
(2):110-123.

L16 B A, SR IE M | A At Bk, 55 . SCHR AL 4Z Hm 23R [ ).
HEHLTRE,2001(5):31-33,49.

(174 M. A TG B (DAGs) B2 2] Bk sE (D] dt
AU R RIS R, 2012,

LIS ISR SC, VPR EE , FAC 8, 55 . BREs K 43 b7 5 74 B2
MIPRIE R (D) 2R K LT AR FRR - =
25A0AE,2012,14(2) : 1422-1427.

(19 13K 30, 2 2 . Baah MRty S5 rp BEHHENF T (1) B
SR A AR K B g oy B TR ]L b s
2R, 2006,29(6) 5.

[20]YANG W, YI DH, XIE YM, et al. Statistical identifica-
tion of syndromes feature and structure of disease of western
medicine based on general latent structure model [J].
Chin J Integr Med, 2012, 18(11): 850-861.

(21 ]k 3% 3, R, XIS &, 45 B 14 23 A 5 P4 BE e 1Y
BEUE 53 B (I )« FEIE RO 9 57 ()]t SRR 2 e R -
TEZ 1L, 2014, 16(4) : 723-730.

(22 R, A, o 5052, 45 L BT DL J07 19 2% 5 DG
DR BBl ok s Ak A FERE F) v BRI DR R0 45 H
[J]. hEEZ45,2023,64(12):1218-1224.

(23 100 B, X /INGE R 55 . BT 5 2% I 2% IR 45 f
Y597 P 25 M 4 v BR IR A B3R SOHRIE AR R [ ).
HhEE 2R, 2023,64(3) :280-287.

[24 R AH, B2 AL, TR, 45 . 3T RSB RR T J5
B AR EL ALY ). SIS ,2022,47(5) :459-465.

(25 R, 22t e I3, 5 . R TR i 25 & K6 %
TG AR o B ol A oo AR TR R D . b o s A
EE2pZeis,2021,27(5):777-781,817.

(26228 258, 5A0 T . 6T Bl M 8 1y oy ARFHIE - IE
Ay A R R 25 R AR AT [T, o I o 2 2%k, 2020, 45
(19) :4784-4791.

(27 127 400 BRI . B i R RS BRI AR AL
SERFFE R L], E B R, 2011, 19
(4):70-72.

(28] R PG, B Fiflr . 1 F2i " B IR B Pk B e 1Y)
G )] P E P E AT R AF L 2020, 18
(6):47-50.



CP & 2 & 2023 4F 12 A4 64 555 24 W Journal of Traditional Chinese Medicine 2023, Vol. 64, No. 24 + 2531 -

Constructing a Syndrome Differentiation Model by Combining Latent Structure Analysis of Association
Rules: An Example of Kidney Yang Deficiency Syndrome in Primary Osteoporosis
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ABSTRACT Objective To construct a quantitative differentiation model of traditional Chinese medicine (TCM)
syndromes by taking primary osteoporosis (POP) with kidney yang deficiency syndrome as an example, and to
provide methodological reference for the standardization of syndrome differentiation. Methods High-frequency
clinical features of POP were screened by descriptive statistical analysis, and strong association features of POP were
obtained by association rule algorithm. On this basis, a latent structure (latent tree) model was established through
latent structure analysis, and the implicit and explicit variables (features) related to POP with kidney yang deficiency
syndrome were comprehensively clustered, and the clustering results were interpreted by the indexes of mutual infor-
mation and cumulative information coverage, to explore the primary and secondary symptoms, and to deduce the cate-
gories of POP with kidney yang deficiency syndrome based on the probability of the features appearing in the various
latent categories. Based on the categories, the clinical feature scores and identification thresholds were calculated,
and the syndrome differentiation model of POP with kidney yang deficiency was initially constructed by combining the
comprehensive judgment rules. Finally, the results of TCM professionals’ judgment were used as the gold standard to
further evaluate the effectiveness of the model in assisting the syndrome differentiation. Results The 32 features
strongly associated with POP were obtained, and the Bayes information critedon score of the further constructed latent
tree model was —15291. 93. Based on the mutual information and the cumulative information coverage, the main
symptoms of POP with kidney yang deficiency syndrome were bone weakness , fatigue, pale tongue, clear urine,
frequent nocturnal urination, cold limbs, thin pulse, white coating, and secondary symptoms were weakness, loss of
libido , loose stool, frequent urination, lumbar and knee weakness, and fear of cold. From the probability of the
occurrence of each clinical feature in different latent categories of POP with kidney yang deficiency syndrome, the
state was introduced as SO category (none/mild kidney yang syndrome)/ S1 category (moderate kidney yang syn-
drome )/ S2 category (severe kidney yang syndrome ). Optimizing the preliminary rules of state identification and
refining the state of S1 category, the results showed that among 970 patients with POP, there were 520 patients having
no/mild kidney yang deficiency syndrome, 224 patients with moderate to mild kidney yang deficiency syndrome, 81
patients with moderate to severe kidney yang deficiency syndrome, and 145 patients with severe kidney yang deficiency
syndrome. During the evaluation and validation process, the correct rate of the model assessment index was 0. 8835,
while the sensitivity was 0. 7181, and the specificity was 0. 9437. Conclusion Combined with the latent structure
analysis of the association rule, the syndrome differentiation model for POP with kidney yang deficiency could be
constructed, and the model shows a good quantitative identification effect, which can provide methodological supports
for clinicians to improve the efficiency and accuracy of TCM diagnosis.

Keywords primary osteoporosis; association rules; latent structure (latent tree) ; kidney yang deficiency syndrome;

syndrome differentiation model
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