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Abstract

Background: Chinese medicine (CM) syndrome (zheng) differentiation is based on the co-occurrence of CM mani-
festation profiles, such as signs and symptoms, and pulse and tongue features. Insomnia is a symptom that frequently
occurs in major depressive disorder despite adequate antidepressant treatment. This study aims to identify co-occur-
rence patterns in participants with persistent insomnia and major depressive disorder from clinical feature data using
latent tree analysis, and to compare the latent variables with relevant CM syndromes.

Methods: One hundred and forty-two participants with persistent insomnia and a history of major depressive dis-
order completed a standardized checklist (the Chinese Medicine Insomnia Symptom Checklist) specially developed
for CM syndrome classification of insomnia. The checklist covers symptoms and signs, including tongue and pulse
features. The clinical features assessed by the checklist were analyzed using Lantern software. CM practitioners with
relevant experience compared the clinical feature variables under each latent variable with reference to relevant CM
syndromes, based on a previous review of CM syndromes.

Results: The symptom data were analyzed to build the latent tree model and the model with the highest Bayes
information criterion score was regarded as the best model. This model contained 18 latent variables, each of which
divided participants into two clusters. Six clusters represented more than 50 % of the sample. The clinical feature
co-occurrence patterns of these six clusters were interpreted as the CM syndromes Liver gi stagnation transforming
into fire, Liver fire flaming upward, Stomach disharmony, Hyperactivity of fire due to yin deficiency, Heart-kidney noninterac-
tion, and Qi deficiency of the heart and gallbladder. The clinical feature variables that contributed significant cumulative
information coverage (at least 95 %) were identified.

Conclusion: Latent tree model analysis on a sample of depressed participants with insomnia revealed 13 clinical
feature co-occurrence patterns, four mutual-exclusion patterns, and one pattern with a single clinical feature variable.

Keywords: Chinese medicine syndrome, Zheng, Insomnia, Latent tree analysis, Latent tree model, Patterns

*Correspondence: kfchung@hkucc.hku.hk

2 Department of Psychiatry, University of Hong Kong, Hong Kong SAR,
China

Full list of author information is available at the end of the article

© 2016 Yeung et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
() BioMed Centra| (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
- provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13020-016-0076-y&domain=pdf

Yeung et al. Chin Med (2016) 11:4

Background

Chinese medicine (CM) syndrome (zheng) differentia-
tion is a diagnostic summary of the pathological changes
of a disease state based on an individual’s symptoms and
signs, including pulse form and tongue appearance [1].
CM patterns of bodily disharmony can be described in
terms of eight basic parameters: yin and yang, external
(biao) and internal (Ii), hot (re) and cold (han), and excess
(shi) and deficiency (xu). Additional systems differentiate
syndromes in terms of gi, blood (xue), body fluids (jinye),
and organs (zang fu) [2].

For any given disease, there may be different presen-
tations of symptoms and signs; therefore, different CM
treatments may be given for the same disease. Con-
versely, the same CM treatment may be used for differ-
ent diseases if they share the same pattern. Individualized
treatment can maximize the effectiveness of CM [3].
Today, CM syndrome definitions and criteria are based
on expert opinions; however these are imprecise, may
vary across CM textbooks [4—6], and have sometimes
been poorly described in previous clinical studies [7].
Additionally, it is not clear whether CM syndromes cor-
respond to real-world entities or are merely subjective
notions [8].

Attempts have been made to correlate CM syndromes
with biomedical indexes. One study found that bone
mineral density was lower in participants with chronic
obstructive pulmonary disease and kidney deficiency
(shenxu) than in those without kidney deficiency [9]. A
study examining gene expression profiles and CM syn-
dromes found that rheumatoid arthritis and cold syn-
drome symptoms were related to the toll-like receptor
signaling pathway, whereas heat syndrome symptoms
were associated with the calcium signaling pathway, cell
adhesion molecules, the peroxisome proliferator-acti-
vated receptor signaling pathway, and fatty acid metabo-
lism [10]. Despite these encouraging findings, it remains
unclear whether current CM syndrome classification
truly reflects various pathological states.

As CM syndrome classification is based on co-occur-
rence of manifestation profiles, Zhang et al. [11, 12] used
a latent tree analysis (LTA) to examine co-occurrence
patterns. Latent factors are identified by the presence or
absence of specified clinical features of a particular dis-
ease or condition. The LTA is based on latent tree mod-
els (LTMs). An LTM describes the relationships between
observed variables (clinical feature variables) and unob-
served variables (latent variables) [13]. It has a tree struc-
ture in which the observed variables are located at the
leaf nodes and the latent variables are located at the inter-
nal nodes. Using the LTA, latent variables are introduced
to explain co-occurrence patterns or mutual-exclusion
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patterns, and these are built up to form a tree. Zhang
etal. [11] used LTA with a group of participants with kid-
ney deficiency. The latent variable, consisting of intoler-
ance of coldness, cold lumbus and back, and cold limbs,
could be interpreted as kidney yang failing to warm the
body.

LTA has been used in a number of other studies. Xu
et al. [8] used LTA to analyze questionnaire data from par-
ticipants with cardiovascular diseases and Zhao et al. [14]
performed LTA on data from a symptom checklist of man-
ifestation patterns in participants with depression. In both
studies, LTA yielded a number of latent variables that cor-
responded to CM syndromes. Chen et al. [15] attempted
to construct LTA models of kidney yang deficiency (shen-
yang xu) and kidney yin deficiency with an existing data set
from healthy middle-aged women, but the models have yet
to be examined in a participant sample. Although the LTA
method has yet to be used clinically, it is the first step in
summarizing co-occurrence patterns, which can be used
to construct an applicable algorithm.

This study aims to identify co-occurrence patterns in
participants with persistent insomnia and major depres-
sive disorder from clinical feature data using LTA, and
to compare the latent variables with relevant CM syn-
dromes. The participants’ symptoms and signs, including
tongue and pulse features, were assessed by a standard-
ized symptom checklist: the Chinese Medicine Insomnia
Symptom Checklist, specially developed for CM syn-
drome diagnosis for insomnia.

Methods

Participants were recruited from four regional psychiatric
outpatient clinics in Kowloon Hospital, Kwai Chung Hos-
pital, Queen Mary Hospital, and United Christian Hos-
pital, all in Hong Kong. The participants were subjects of
a randomized controlled trial of acupuncture for resid-
ual insomnia with major depressive disorder [16]. The
recruitment period was from May 2011 to August 2013
and 975 participants were initially screened for eligibility.
Written informed consent was given by all participants
[16]. The inclusion criteria were (1) ethnic Chinese; (2)
aged 18 years or above; (3) previous diagnosis of major
depressive disorder based on the criteria from the Diag-
nostic and Statistical Manual of Mental Disorders, fourth
edition, text revision edition (DSM-IV-TR), as assessed
by a clinician using the Structured Clinical Interview
for DSM-IV-TR [17]; (4) full or partial remission of
major depressive disorder based on a 17-item Hamilton
Depression Rating Scale [18] score <18 at screening and
baseline; (5) complaint of insomnia for at least 3 months;
and (6) an Insomnia Severity Index [19, 20] score >15 at
screening and baseline.
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Procedures

All procedures used in the present study were reviewed
and approved by the local institutional review board.
The research ethic approval (Additional file 1), research
protocol (Additional file 2), and patient informed con-
sent form (Additional file 3) are listed as additional files
in this article. We used the Chinese Medicine Insomnia
Symptom Checklist (Additional file 4) which was devel-
oped based on our previous systematic review [21], to
systematically collect clinical data from the participants.
In our previous review, we summarized the manifestation
profiles reported in 103 studies on CM syndromes in par-
ticipants with insomnia and identified 52 sleep-related
symptoms, 169 non-sleep-related symptoms, 19 tongue
features, and seven pulse signs that were described in the
10 most common CM syndromes. After grouping similar
terms, a symptom checklist with 93 items, including 13
sleep-related symptoms, 62 non-sleep-related symptoms,
11 tongue features, and seven pulse items, was devel-
oped. In the present study, CM practitioners with at least
3 years’ clinical experience went through the checklist
with the participants to assess the presence or absence of
the clinical features. One hundred and forty-two partici-
pants completed the Chinese Medicine Insomnia Symp-
tom Checklist.

Data analysis

The symptom data were analyzed by the Extension
Adjustment Simplification until Termination (EAST)
algorithm [22] for LTA, available from Lantern software
[23]. The EAST algorithm is a search-based algorithm
aimed at finding the LTM with the highest Bayes infor-
mation criterion (BIC) score [24]. It starts with the sim-
plest LTM with one dichotomous latent variable. At each
search step, it considers various ways of modification, by
introducing a new latent variable, increasing the num-
ber of states for a latent variable, or adjusting connec-
tions among existing variables. The different models are
evaluated by the BIC score. As each model’s BIC score is
computed, its probabilistic parameters are estimated by
the Expectation—Maximization (EM) algorithm [25]. As
the search progresses, the models become more complex
and the BIC scores increase gradually until the BIC score
ceases to improve and the best model obtained at the last
step is taken as the final model for the data set.

To determine the CM syndrome connotations of the
latent variables, one author (WFY), who is a registered
CM practitioner, consulted with another author (SPZ)
to compare the clinical feature variables identified under
each latent variable with the clinical features described
in the 10 most common CM syndromes associated with
insomnia, as summarized in a previous systematic review
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Table 1 Demographic and clinical characteristics

Variables® Total (n = 142)
Age, years 495+97
Sex, male/female 29/113
Education attainment, years 10.7 £3.2
Marital status
Never married 24 (16.9)
Married/cohabiting 85(59.9)
Divorced/widowed 33(23.2)
Occupation
Professional and associate professional 6 (4.2)
Skilled and semi-skilled worker 20 (14.1)
Unskilled worker 16 (11.3)
Retired 24 (16.9)
Unemployed/housework 76 (53.5)
Chronic medical illnesses® 34(239)
Insomnia duration, years 103+£95
Depression duration, years 86£11.6
Insomnia severity index score 199 £32
Hamilton depression rating scale-17 item total score  10.5 4.2

@ Data are presented as mean = SD or number (%)
b Participants were on regular medications for their medical ilinesses

[21]. However, as this was the first-step of LTA to explore
the co-occurrence pattern in a clinical sample with
insomnia, we did not validate or compare the results with
other non-LTA models.

Results

Table 1 summarizes the demographic and clinical char-
acteristics of the participants. The numbers of manifes-
tations of the subjects is presented in Additional file 5.
The structure of the LTM model is shown in Fig. 1. The
latent variables are labeled with the capital letter “Y” The
numbers in parentheses represent the possible number of
states of the latent variable. In our sample, all latent vari-
ables had two possible states; participants were divided
between these two states and each state represented a
cluster of participants. The meaning of each state was
determined by considering the probability distributions
in that state of the symptom variables directly connected
to the latent variable. The latent variables revealed either
clinical feature co-occurrence patterns or clinical fea-
ture mutual-exclusion patterns. The strengths of clinical
feature dependencies in each latent variable are visu-
ally depicted by the width of the bars. For example, Y18
(located at the right-hand lower corner) was strongly cor-
related with “thirst] moderately correlated with “favour
of drinking” and weakly correlated with “pale and large
amount of urine”
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Fig. 1 The structure of the model obtained by latent tree analysis on the depressed patients with persistent insomnia data set

class model with three clinical feature variables (Fig. 1).

Clinical feature co-occurrence patterns

Table 2 shows the clinical feature variables that contrib-

Table 2 shows the conditional probability distribution of
each clinical feature with co-occurrence patterns. Each
latent variable represents a division of the participants,
and each state of the latent variable denotes a cluster. For

uted significant cumulative information coverage (at least
95 %). The cumulative information coverage of a vari-

able in the ordered list is a ratio, in which the numera-
tor is the amount of information about the partition
contained in the variable and all the variables before it,

example, the latent variable Y18 had two states, denoted
as Y18 = s0 and Y18 = sl. It represented a division of

the participants into two clusters. Y18 formed a latent

and the denominator is the amount of information about
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Table 2 Comparison between latent variables and existing CM syndromes

Latent variables? CM syndromes

1 2 3 4 5 6 7 8 9 10

Y18 Y18=s0 Y18=s5]

043 0.57
Thirst 0.07 1 [ )
Favour of drinking 0.18 0.78 [
Y17 Y17=s0 Y17 =5

0.34 0.66
Dry mouth 0.39 1 o [ ) [} [}
Dry throat 0.01 053 ® () [ ] [
Bitter taste 0.19 0.64 o [ ] o [
Agitation 0.33 0.66 [ )
Y16 Yi6=s0 Y16=s]

0.62 0.38
Weary limbs 0.31 1 [ ]
Sore knees 0.21 083 [} [ J [ J
Hypochondriac pain 0.01 0.29 [ ) [ ]
Backache 057 0.88 o ( [ J ([
Pain in the chest and hypochondrium 0 0.15 [ )
Aphthous stomatitis 0.2 0.53 [ ) o
Y15 Y15=s0 Y15=s]

0.81 0.19
Heavy headedness 0.18 0.88 [ )
Head distension 0.25 0.91 [
Difficulty falling asleep alone 0.02 0.25 [ J
Y14 Y14=s0 Y14=s]

0.69 0.31
Insomnia with vexation 0.05 0.64 [ ] ([ J [ J
Restless sleep 048 0.93 o o [ J
Vexation in sitting and lying down 0 0.21 [ J
Difficulty staying asleep 0.79 1 ® [ [ ([ ]
Y13 Y13=s0 Y13=5sl

0.82 0.18
Sleeping late at night 0.29 1 [ ) o [ J
Frequent awakening with a start 0.14 0.75 [ J [ J
Half asleep 0.35 0.94 [
Poor memory 0.93 0.66 [ ) [ ) [ [ ]
Y12 Y12=s0 Y12=5s]

048 0.52
Headache 0.25 0.82 (] (] (]
Excessive dreaming 0.38 091 [ ) [ ) [} o [ J [} [ J
Night sweating 0.06 0.55 [ ) [ ) [
Feverish sensations in the palms soles and chest ~ 0.02 043 o [ ] [ ] [ ]
Tinnitus 0.18 0.54 [ ] (] [ ] o [ ]
Y11 YI1=s0 Y11=5sl

0.88 0.12
Nausea 0.01 1 [ ]
Poor appetite 0.16 0.82 [ ] () (] [ ] ()
Y10 Y1I0=s0 Y10=s]

0.61 0.39
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Table 2 continued
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Latent variables®

CM syndromes

1 2 3 4 5 6 7 8 9 10

Fright palpitation 0.03 041
Dyspnea 0.15 0.58
Tasteless 0.01 0.27
Lassitude 0.78 1
Oppression in the chest 0.18 0.53
Cold extremities 0.23 0.59
Y09 Y0OO=s0 Y09 =5l
0.46 0.54
Frequent sighing 0.09 0.73
Fatigue 0.27 0.81
Vexation 0.14 0.64
Unrefreshing sleep 0.72 0.99
Dizziness 0.09 0.46
Difficulty falling asleep with vexation 0.23 0.63
Palpitation 0.06 0.34
Y08 Y08 =s0 Y08=sl
0.39 0.61
Thoughtful 0.34 1
Y07 Y07 =s0 Y07 =51
039 0.61
Impatience 0.09 0.92
Irritability 0 0.71
Y05 Y05 =50  Y05=s]
0.55 045
Belching 0.25 0.96
Gastric stuffiness 003 042
Stuffiness and pain in stomach and abdomen 0.06 0.38
Stuffiness in stomach and abdomen 0.13 048
Profuse sputum 0.12 043
Difficulty falling asleep 0.68 093
Hypochondriac distension 0.02 0.17
Y04 Y04=s0 Y04=sl
0.76 0.24
Acid regurgitation 0.15 1
Insomnia 0.56 1

CM syndrome 1-10 refers to Liver-qi stagnation transforming into fire, Internal disturbance of phlegm-heat, Liver fire flaming upward, Stomach disharmony, Stomach qi
disharmony, Deficiency of both the heart and spleen, Hyperactivity of fire due to yin deficiency, Qi deficiency of the heart and gallbladder, Heart-kidney noninteraction, and
Heart deficiency with timidity, respectively. The dots represent that the clinical features are often present in the CM syndromes

? The latent variables are presented starting from the bottom of the latent tree model

the partition contained in all the variables. For Y18, the
coverage reached 95 % at the clinical features “thirst” and
“desire to drink.” In this case, we concluded that the clini-
cal features “thirst” and “desire to drink” were sufficient
to characterize the differences between the two clusters.
The remaining clinical feature “pale and large amount
of urine” was ignored and not included in Table 2.
Therefore, only the probability distributions of the two

clinical feature variables “thirst” and “favor of drinking”
in the two clusters Y18 = s0 and Y18 = s1 are presented
(Table 2).

The two clinical features “thirst” and “favor of drinking”
did not always co-occur in the first cluster, but they co-
occurred with high probabilities (1.00 and 0.78, respec-
tively) in the second cluster. The probability distribution
indicates that these two clinical features co-occurred in
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the cluster Y18 = s1. As the co-occurrence is probabil-
istic in nature, it is called a probabilistic clinical feature
co-occurrence pattern. This co-occurrence pattern was
compared with the 10 most commonly used CM syn-
dromes identified by the previous systematic review of
CM syndromes associated with insomnia [21] to inter-
pret the CM syndromes indicated by the latent vari-
ables. The presence of the probabilistic pattern Y18 = s1,
including “thirst” and “desire to drink,” suggested the syn-
drome Liver qi stagnation transforming into fire (ganyu
huahuo) [21].

The latent state Y17 = sl captured the probabilistic co-
occurrence of “dry mouth,” “dry throat,” “bitter taste,” and
“agitation” This pattern was present in 66 % of the partici-
pants. According to our previous systematic review, these
four clinical features co-occur in many CM syndromes.
In fact, when interpreting a clinical feature co-occurrence
pattern, it is necessary to interpret a pattern as a whole,
rather than as individual clinical features. The single clini-
cal feature “bitter taste” could be explained by the CM syn-
dromes Liver qi stagnation transforming into fire; Internal
disturbance of phlegm-heat (tanre neirao); Liver fire flam-
ing upward (ganhuo shangyan); and Hyperactivity of fire
due to yin deficiency (yinxu huowang). However, the CM
syndromes Liver gi stagnation transforming into fire and
Internal disturbance of phlegm-heat could not explain the
other clinical features, such as dry mouth and dry throat,
and hence they are not appropriate interpretations. A
more appropriate explanation of Y17 = s1 would be Liver
fire flaming upward, Stomach disharmony, and Hyperac-
tivity of fire due to yin deficiency, because these syndromes
explain the co-occurrence of most of the clinical features.

The distributions for the cluster Y16 = sl indicated
that “weary limbs” co-occurred with “sore knees,” “hypo-
chondriac pain,” “backache,” “pain in the chest and hypo-
chondrium,” and “aphthous stomatitis” According to our
systematic review, no CM syndromes contained all these
clinical features. In this case, a total co-occurrence pat-
tern could not be interpreted because the clinical feature
variables under Y16 did not directly match any particu-
lar CM syndrome. Therefore, we attempted to break this
cluster into three parts. The feature “weary limbs” (tui
kun) was present in the CM syndrome Deficiency of both
the heart and spleen (xinpi liangxu) and it occurred in
100 % of the participants in the cluster Y16 = s1. “Aph-
thous stomatitis” is only present in the CM syndrome
Liver fire flaming upward, while Heart—kidney noninter-
action (xinshen bujiao) contains three of the remaining
four co-occurrence clinical feature variables.

The latent state Y15 = sl captured the probabilistic
co-occurrence of “heavy headedness,” “head distension,’
and “difficulty falling asleep alone” This pattern was only
present in 19 % of the participants. This co-occurrence
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pattern did not belong to any of the CM syndromes
identified in the previous systematic review [21]. There-
fore, these clinical features were separately described as
Internal disturbance of phlegm-heat, Liver qi stagnation
transforming into fire, and Qi deficiency of the heart and
gallbladder (xindan qixu).

The distribution of the cluster Y14 = s1, which rep-
resented 31 % of the participants, indicates that “diffi-
culty staying asleep” co-occurred with “insomnia with
vexation,” “restless sleep,” and “vexation in sitting and
lying down? In fact, no CM syndromes contain all these
clinical features. “Vexation in sitting and lying down” is
observed in Qi deficiency of the heart and gallbladder.
The other three clinical features could be explained by
the CM syndromes Stomach disharmony (weifu shihe)
and Heart—kidney noninteraction (xinshen bujiao).

The latent state Y13 = sl captured the probabilistic
co-occurrence of “sleeping late at night” (experienced by
100 % of the participants) with “frequent awakening with
a start,” “half asleep,” and “poor memory.” The co-occur-
rence pattern of these four clinical features did not match
any particular CM syndrome [21]. The co-occurrence
pattern of “half asleep” and “poor memory” might be
explained by Deficiency of both the heart and spleen (xinpi
liangxu) and the co-occurrence pattern of “sleeping late
at night” and “poor memory” may be explained by Liver
fire flaming upward and Heart—kidney noninteraction.

The latent state Y12 = s1 captured the probabilistic co-
occurrence of five clinical features, including “headache,’
“excessive dreaming,” “night sweating,” “feverish sensa-
tions in the palms, soles, and chest,” and “tinnitus” The
co-occurrence pattern of these five clinical features is
described in the CM syndrome Liver fire flaming upward.

The latent state Y11 = sl captured the probabilistic
co-occurrence of “nausea” and “poor appetite” “Poor
appetite” is included in five of the 10 CM syndromes
commonly associated with insomnia; however, only the
CM syndrome Internal disturbance of phlegm-heat (tanre
neirao) can explain the co-occurrence of “nausea” and
“poor appetite”

The distributions for the cluster Y10 = sl indicated
that “lassitude” tended to co-occur with “fright palpita-
tions,” “dyspnea,” “loss of taste,” “oppression in the chest,
and “cold extremities” However, this co-occurrence pat-
tern is not described in any of the CM syndromes com-
monly associated with insomnia [21]. Only Heart—kidney
noninteraction and Heart deficiency with timidity include
two of these six co-occurrence clinical features.

The latent state YO9 = sl captured the probabilistic
co-occurrence of seven clinical features: “frequent sigh-
ing,” “fatigue,” “vexation,” “unrefreshing sleep,” “dizziness,’
“difficulty falling asleep with vexation,” and “palpitations.”
None of the commonly used CM syndromes had such a
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co-occurrence pattern. “Frequent sighing” and “unre-
freshing sleep” are present in the CM syndromes Liver
qi stagnation transforming into fire and Stomach dishar-
mony, respectively; the remaining clinical features could
be explained by Liver fire flaming upward and Heart—kid-
ney noninteraction.

The latent variable YO8 had only one clinical feature
variable, “thoughtful, which was compatible with Qi
deficiency of the heart and gallbladder. The latent state
Y07 = sl captured the probabilistic co-occurrence of
“impatience” and “irritability” This pattern was present
in 61 % of the participants and suggested Liver gi stagna-
tion transforming into fire, Liver fire flaming upward, and
Heart—kidney noninteraction.

The latent state YO5 = s1 captured the probabilistic co-
occurrence of seven clinical features: “belching,” “gastric
stuffiness,” “stuffiness and pain in stomach and abdomen,’
“stuffiness in stomach and abdomen,” “profuse sputum,’
“difficulty falling asleep,” and “hypochondriac distension”
None of the commonly used CM syndromes describe the
co-occurrence of these seven clinical features, but the
CM syndrome Stomach disharmony includes five of the
seven clinical features.

The latent state Y04 = sl captured the probabilistic
co-occurrence of “acid regurgitation” and “insomnia”
This pattern was present in 24 % of the participants. The
co-occurrence pattern was compatible with the CM syn-
dromes Internal disturbance of phlegm-heat and Hyper-
activity of fire due to yin deficiency.

Table 3 Latent variables with mutual-exclusion patterns

Latent variables

Partition given by YO6 Y06 = s0 Y06 = s1
0.31) (0.69)
String like pulse 1.00 032
Fine pulse 0.27 0.78
Sunken pulse 0.08 0.39
Slippery pulse 044 0.78
Y03 =0 Y03 =51
Partition given by Y03 (0.79) 0.21)
White coating 0.63 0.00
Yellow coating 0.14 0.70
Partition given by Y02 Y02 =50 Y02 =51
(0.54) (0.46)
Pale tongue 1.00 0.00
Red tongue 0.04 0.68
Partition given by YO1 Y01 =50 Y01 =51
(0.48) (0.52)
Thin coating 1.00 0.05
Slimy coating 0.00 0.23
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Clinical feature mutual-exclusion patterns

Table 3 presents the latent variables that have mutual-
exclusion patterns. The first cluster (Y06 = s0) contained
31 % of the participants and the second cluster (Y06 =s1)
contained 69 % of the participants. The Y06 = s0 cluster
indicated that when “string-like pulse” is detected, “fine
pulse,” “sunken pulse,” and “slippery pulse” tended not to
occur, while in Y06 = s1, “fine pulse,” “sunken pulse,” and
“slippery pulse” tended to co-occur.

Y03 revealed that “white coating” and “yellow coat-
ing” were often mutually exclusive. “White coating” was
not present in YO3 = s1, but the probabilistic occurrence
of “yellow coating” was 0.70. However, in Y03 = s0, the
tongue features co-occurred in a small percentage of par-
ticipants (white coating = 0.63, yellow coating = 0.14).
Y02 indicated that “pale tongue” and “red tongue” were
mutually exclusive. In Y02 = s0, when “pale tongue”
occurred, only 4 % of participants presented with a “red
tongue,” whereas in Y02 = s1, when participants had a
“red tongue,” none of the participants presented with a
“pale tongue”

Our analysis showed that the first cluster (Y01 = s0)
consisted of 48 % of the participants and the second
cluster (YO1 = sl) consisted of 52 % of the partici-
pants. In YO1 = s0, “thin coating” often occurred (1.00),
while “slimy coating” was absent (0.00); whereas in
Y01 = sl, “thin coating” and “slimy coating” tended to
co-occur, although with low probabilities (0.05 and 0.23,
respectively).

Overall, we identified many probabilistic clinical fea-
ture co-occurrences and mutual-exclusion patterns in
a sample of participants with insomnia and a history of
major depression using LTA. Some of the clinical feature
co-occurrence patterns could be explained by CM syn-
dromes; these are summarized in Table 4.

Discussion

Insomnia diagnostic criteria in modern Western medi-
cine have focused entirely on insomnia symptoms and
the functional impairments caused by insomnia [26]. The
present study is based on a 93-item standardized Chi-
nese Medicine Insomnia Symptom Checklist (Additional
file 5) containing symptoms and signs, mostly non-sleep-
related, that are of interest from a CM perspective. Our
LTA of these clinical feature data revealed 18 latent varia-
bles. The clinical feature co-occurrence patterns captured
by the latent variables indicated CM syndromes. In addi-
tion, the LTA also revealed the proportion of participants
who presented such co-occurrence patterns. There were
six clusters representing more than 50 % of the sample:
Y18 =51, Y17 = s1, Y12 = s1, Y09 = s, YO8 = s1, and
Y07 = sl. The clinical feature co-occurrence patterns
identified in these clusters could be explained by the CM
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Table 4 Summary of co-occurrence patterns that have CM syndrome connotations

Latent states Co-occurrence patterns

Relevant CM syndromes

Liver-qi stagnation transforming into fire

Liver fire flaming upward, Stomach disharmony
Hyperactivity of fire due to yin deficiency

Deficiency of both the heart and spleen
Liver fire flaming upward
Heart-kidney noninteraction

Internal disturbance of phlegm-heat
Liver-qi stagnation transforming into fire
Qi deficiency of the heart and gallbladder
Qi deficiency of the heart and gallbladder
Stomach disharmony

Heart-kidney noninteraction.

Liver fire flaming upward
Deficiency of both the heart and spleen
Heart-kidney noninteraction

Liver fire flaming upward

Internal disturbance of phlegm-heat

Heart-kidney noninteraction,

Heart deficiency with timidity

Liver-qi stagnation transforming into fire
Stomach disharmony

Liver fire flaming upward

Heart-kidney noninteraction

Qi deficiency of the heart and gallbladder

Liver-qi stagnation transforming into fire
Liver fire flaming upward
Heart-kidney noninteraction

Stomach disharmony

Y18 =51 Thirst, favor of drinking

Y17 =51 Dry mouth, dry throat, bitter taste, agitation

Y16 =51 Weary limbs, sore knees, hypochondriac pain, backache, pain in the chest and hypo-
chondrium, aphthous stomatitis

Y15 =51 Heavy headedness, head distension, difficulty falling asleep alone

Y14 =51 Insomnia with vexation, vexation, restless sleep, vexation in sitting and lying down

Y13 =51 Sleeping late at night, frequent awakening with a start, half asleep, poor memory

Y12 =51 Headache, excessive dreaming, night sweating, feverish sensations in the palms, soles
and chest, tinnitus.

Y11 =51 Nausea, poor appetite

Y10 =51 Lassitude, fright palpitation, dyspnea, tasteless, oppression in the chest, cold extremities

Y09 =51 Frequent sighing, fatigue, vexation, unrefreshing sleep, dizziness, difficulty falling asleep
with vexation, palpitation.

Y08 =51 Thoughtful

Y07 =s1 Impatience, irritability

Y05 = s1 Belching, gastric stuffiness, stuffiness and pain in stomach and abdomen, stuffiness
in stomach and abdomen, profuse sputum, difficulty falling asleep, hypochondriac
distension

Y04 =1 Acid regurgitation, insomnia

Internal disturbance of phlegm-heat
Hyperactivity of fire due to yin deficiency

syndromes of Liver qi stagnation transforming into fire,
Liver fire flaming upward, Stomach disharmony, Hyper-
activity of fire due to yin deficiency, Heart—kidney nonin-
teraction, and Qi deficiency of the heart and gallbladder.
Our previous systematic review [21] identified these five
CM syndromes as common patterns found in insomnia
participants.

Our LTA revealed 18 latent variables, of which 13 cap-
tured probabilistic clinical feature co-occurrence pat-
terns, four captured clinical feature mutual-exclusion
patterns, and one connected with a single clinical feature
variable. These latent variables matched our understand-
ing of CM syndromes, suggesting that the co-occurrence
patterns identified from a sample of participants with
insomnia and a history of major depression indicate
CM syndromes. The latent variables could be used to
construct a CM syndrome differentiation algorithm by
performing a joint clustering analysis using the latent
variables that are related to the same CM syndrome. In
joint clustering, latent class analysis is performed on the

participant population using selected latent variables as
features. The analysis divides the participants into two or
more clusters, and the participant clusters correspond to
various syndrome types depending on which latent varia-
bles are selected for the analysis [27]. Future studies could
be performed to achieve an expert consensus in selecting
latent variables related to the same CM syndrome; these
could then be put into a joint clustering analysis.

The LTA also identified four latent variables that cap-
tured clinical feature mutual-exclusion patterns. These
variables were related to tongue and pulse features. In
Y06, “string-like pulse” tended not to co-occur with “fine
pulse, “sunken pulse) and “slippery pulse” However,
the mutual-exclusion pattern was not absolute. In CM
theory, these four pulse features could present in differ-
ent combinations. For example, someone with Stomach
disharmony might present with a string-like and slippery
pulse; a string-like and sunken pulse or a string-like and
fine pulse could also be present in participants suffer-
ing from cold-evil. In Y01, thin tongue coating and slimy
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tongue coating were mutually exclusive, which matches
CM theory: a thin coating represents an evil that has not
invaded the body while a slimy coating represents the
presence of damp-evil in the body, so these two tongue
features were less likely to co-occur. The other two latent
variables with mutual-exclusion patterns were related to
the color of the tongue coating (Y03) and the color of the
tongue body (Y02). The color of the coating tends to be
either white or yellow (but not both), and the color of the
tongue tends to be either pale or red (but not both).

There are few studies examining the benefit of CM syn-
drome differentiation. Further study would be useful to
determine whether CM syndrome differentiation is of
clinical significance.

Previous studies have attempted to examine CM syn-
dromes using factor analysis and cluster analysis [26—29].
However, these statistical approaches cannot capture the
nature of CM syndromes. For example, factor analysis
assumes that the observed variables are a linear combi-
nation of the latent variables (CM syndromes) and that
the factors are independent of each other; however, CM
syndromes might be caused by inter-related factors [28].
Cluster analysis has previously been used to group clini-
cal feature variables [29, 30] and to group participants
[31]. In the former case, clinical feature variable clusters
were interpreted as syndrome types. However, clinical
feature variables that were similar (and hence grouped
together) did not necessarily indicate the co-occurrence
of clinical features or symptoms [29, 30]. In the latter
case, participants were divided into mutually exclusive
clusters [31]. This was also problematic because CM syn-
drome types can overlap.

Zhao et al. [14] identified 29 latent variables using LTA
in a sample of participants with depression. The authors
found that symptoms of Liver gi stagnation and Yin defi-
ciency formed co-occurring patterns. The present study
identified 18 latent variables; these were associated with
Liver fire flaming upward, Stomach disharmony, and
Heart—kidney noninteraction. The difference in the num-
ber and CM indications of the latent variables identified
might be because of differences in sample characteristics.
Although the present study and that of Zhao et al. [14]
included participants with depression, our participants’
depression was mostly in remission (Hamilton Depres-
sion Rating Scale score <18) although they had persistent
insomnia symptoms, while Zhao's study included partici-
pants with a diagnosis of depression regardless of severity.

There were some limitations in our study. First, our
sample consisted of a specific group of participants in
full or partial remission from major depressive disorder
with insomnia, and hence the results might not gener-
alize to other insomnia samples. Second, our Chinese
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Medicine Insomnia Symptom Checklist only covered
clinical features of the previous 2 weeks, regardless of
their frequency and severity. However, given that the fre-
quency and severity criteria of clinical features have not
been clearly defined in textbooks and previous reviews,
the inclusion of these factors may have complicated the
model. Third, we compared our findings with a system-
atic review [21] of CM syndromes commonly associated
with insomnia to describe the CM syndrome indica-
tions of the LTA results. However, our LTA results have
not been replicated or validated against CM practition-
ers’ observations in clinical practice nor compared with
models using other statistical methods, such as factor
analysis and cluster analysis. Finally, although our stand-
ardized Chinese Medicine Insomnia Symptom Checklist
included 93 items, some rare symptoms and signs, and
pulse and tongue features, were inevitably not included.
Similarly, our interpretation of the latent variables was
based on the 10 most commonly used CM patterns iden-
tified in a systematic review [21]; hence, some rare CM
patterns were not compared.

Conclusion

Our analysis using LTMs in a sample of depressed sub-
jects with insomnia revealed 13 clinical feature co-occur-
rence patterns, four mutual-exclusion patterns, and one
with a single clinical feature variable.

Additional files

Additional file 1. Research ethic approval.

Additional file 2. Research protocol.

Additional file 3. Patient informed consent form.

Additional file 4. Chinese Medicine Insomnia Symptom Checklist.

Additional file 5. Numbers (percentages) of manifestations of the
subjects (N = 142).

Abbreviations

DSM-IV-TR: diagnostic and statistical manual of mental disorders, fourth edi-
tion, text revision edition; LCM: latent class model; LTM: latent tree model; CM:
Chinese medicine.

Authors’ contributions

WEFY, KFC and NLZ conceived and designed the study. WFY and KFC per-
formed the clinical trial. PXC, KPY and YYH extracted and analyzed the data.
WFY and KFC wrote the manuscript. WFY, KFC, NLZ and SPZ revised the manu-
script. All authors read and approved the final manuscript.

Author details

! School of Chinese Medicine, University of Hong Kong, Pokfulam Road, Hong
Kong SAR, China. 2 Department of Psychiatry, University of Hong Kong, Hong
Kong SAR, China. > Department of Computer Science and Engineering, The
Hong Kong University of Science and Technology, Hong Kong SAR, China.
#School of Chinese Medicine, Hong Kong Baptist University, Hong Kong SAR,
China. > Department of Psychology, The Chinese University of Hong Kong,
Hong Kong SAR, China. ® Department of Psychology, The University of Hong
Kong, Hong Kong SAR, China.


http://dx.doi.org/10.1186/s13020-016-0076-y
http://dx.doi.org/10.1186/s13020-016-0076-y
http://dx.doi.org/10.1186/s13020-016-0076-y
http://dx.doi.org/10.1186/s13020-016-0076-y
http://dx.doi.org/10.1186/s13020-016-0076-y

Yeung et al. Chin Med (2016) 11:4

Competing interests
The authors declare that they have no competing interests.

Received: 31 October 2014 Accepted: 26 January 2016
Published online: 12 February 2016

References

1.

World Health Organization. WHO International Standard Terminologies
on Traditional Medicine in the Western Pacific Region. Western Pacific
Region: World Health Organization; 2007.

Yang W, Meng F, Jiang Y. Diagnostics of Traditional Chinese Medicine.
Beijing: Academy Press; 1998.

Deng T, Ergil K. Practical Diagnosis in Traditional Chinese Medicine. New
York: Elsevier Health Sciences; 1999.

The National Technology Bureau The National Standard of the People’s
Republic of China: The Diagnostic Terminologies and Pathogenic Pat-
terns for the Clinical Practice of Chinese Medicine: The Parameters in the
Diagnosis of Kidney-Deficiency Syndrome and Sub-Syndromes. Beijing:
Standard Press of China. 1997.

ZhuW, Fei S, Yang M. Textbooks for General Tertiary Education of Chinese
Medicine: Diagnosis of Chinese Medicine. Shanghai: Shanghai Scientific
and Technical Publishers; 1994.

Zheng S, Ren D. Guidelines for Clinical Research on New Preparation of
Chinese Herbal Medicines. Beijing: Chinese Medicine Science and Tech-
nology Publishing House; 2002.

Yeung WF, Chung KF, Poon MMK, Ho FYY, Zhang SP, Zhang ZJ, Ziea ETC,
Wong Taam V. Prescription of Chinese herbal medicine and selection of
acupoints in pattern-based traditional Chinese medicine treatment for
insomnia: a systematic review. Evid Based Complement Alternat Med.
2012;2012:902578.

Xu Z, Zhang NL, Wang Y, Liu G, Xu J, Liu T, Liu AH. Statistical validation
of traditional Chinese medicine syndrome postulates in the context

of patients with cardiovascular disease. J Altern Complement Med.
2013;19:799-804.

Wang G, Li TQ, Mao B, Wang L, Wang L, Wang ZL, Chang J, Xiong ZY,
Yang DZ. Relationship between bone mineral density and syndrome
types described in traditional Chinese medicine in chronic obstructive
pulmonary disease: a preliminary clinical observation. Am J Chin Med.
2005;33(867-877):10.

Lu C, Xiao C, Chen G, Jiang M, Zha Q, Yan X, Kong W, Lu A. Cold and heat
pattern of rheumatoid arthritis in traditional Chinese medicine: distinct
molecular signatures indentified by microarray expression profiles in
CD4-positive T cell. Rheumatol Int. 2012;32:61-8.

. Zhang NL, Yuan S, Chen T, Wang Y. Latent tree models and diagnosis in

traditional Chinese medicine. Artif Intell Med. 2008;42:229-45.

Zhang NL, Yuan S, Chen T, Wang Y. Statistical validation of traditional
chinese medicine theories. J Altern Complement Med. 2008;14:583-7.
Bartholomew D, Knott M. Latent variable models and factor analysis, Vol 7
of Kendall's Library of Statistics, 2nd ed. London: Wiley; 1999.

ZhaoY, Zhang NL, Wang T, Wang Q. Discovering symptom co-occurrence
patterns from 604 cases of depressive patient data using latent tree
models. J Altern Complement Med. 2014;20:265-71.

20.

21.

22.

24.
25.
26.

27.

28.

29.

30.

31.

Page 11 of 11

. Chen RQ, Wong CM, Cao KJ, Lam TH. An evidence-based validation

of traditional Chinese medicine syndromes. Complement Ther Med.
2010;18:199-205.

. Chung KF, Yeung WF, Yu YM, Yung KP, Zhang SP, Zhang ZJ, Wong MT,

Lee WK, Chan LW. Acupuncture for residual insomnia associated with
major depressive disorder: a placebo- and sham-controlled, subject- and
assessor-blind, randomized trial. J Clin Psychiatry. 2015,76:€752-60.

. SoE,Kam |, Leung CM, Chung D, Liu Z, Fong S. The Chinese-bilingual

SCID-I/P project: stage 1-reliability for mood disorders and schizophrenia.
Hong Kong J Psychiatry. 2003;13:7-18.

. Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry.

1960;23:56-62.

. Bastien CH, Valliéres A, Morin CM. Validation of the Insomnia Sever-

ity Index as an outcome measure for insomnia research. Sleep Med.
2001;2:297-307.

Yeung WF, Chung KF, Zhang SP, Yap TG, Law ACK. Electroacupuncture for
primary insomnia: a randomized controlled trial. Sleep. 2009;32:1039-47.
Poon MMK, Chung KF, Yeung WF, Yau VHK, Zhang SP. Classification of
insomnia using the traditional Chinese medicine system: a systematic
review. Evid Based Complement Alternat Med. 2012;2012:735078.
ChenT, Zhang N, Liu T, Poon K, Wang Y. Model-based multidimensional
clustering of categorical data. Artif Intell. 2012;176:2246-69.

. Latent tree model [http://www.cse.ust.hk/~Izhang/Itm/index.htm]

Accessed on 11 Nov 2015.

Schwarz G. Estimating the dimension of a model. Ann Stat. 1978,6:461-4.
Dempster A, Laird N, Rubin D. Maximum likelihood from incomplete data
via the EM algorithm. J R Stat Soc. 1997,39:1-38.

Chung KF, Yeung WF, Ho FY, Ho LM, Yung KP, Yu YM, Kwok CW. Compari-
son of scoring methods for the Brief Insomnia Questionnaire in a general
population sample. J Psychosom Res. 2015;78:34-8.

Zhang N, Xu Z, Wang Y. Latent structure analysis and syndrome differen-
tiation for the integration of traditional Chinese medicine and western
medicine (Il): joint clustering. World Sci Technol Modern TCM Materia
Medica. 2012;14:1422-7.

DaiJ, Fang J, Sun S, Chen Q, Cao H, Zheng N, Zhang Y, Lu A. Zheng-omics
application in Zheng classification and treatment: Chinese personalized
medicine. Evid Based Complement Alternat Med. 2013;2013:235969.

Jin NN, Ma K. Study of traditional Chinese medicine syndrome factors of
dysfunctional uterine bleeding based on cluster analysis and factor analy-
sis. Zhongguo Zhong Yao Za Zhi. 2008;33:1622-5 (in Chinese).

Wu HL, Ruan XM, Luo WJ. Cluster analysis on TCM syndromes in 319 coro-
nary artery disease patients for establishment of syndrome diagnostic
figure. Zhongguo Zhong Xi Yi Jie He Za Zhi. 2007;27:616-8 (in Chinese).
Zhang L, Zhou X, ChenT, He L, Liu B. The interpretation variable cluster-
ing results in the context TCM syndrome research. Chin J Information.
2007;14:102-3.

Submit your next manuscript to BioMed Central
and we will help you at every step:

We accept pre-submission inquiries

Our selector tool helps you to find the most relevant journal

We provide round the clock customer support

Convenient online submission

Thorough peer review

Inclusion in PubMed and all major indexing services

Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



http://www.cse.ust.hk/%7elzhang/ltm/index.htm

	Identification of Chinese medicine syndromes in persistent insomnia associated with major depressive disorder: a latent tree analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Procedures
	Data analysis

	Results
	Clinical feature co-occurrence patterns
	Clinical feature mutual-exclusion patterns

	Discussion
	Conclusion
	Authors’ contributions
	References




