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A B S T R A C T   

Background: Heterogeneous clinical conditions were observed in individuals who had recovered 
from COVID-19 and some symptoms were found to persist for an extended period post-COVID. 
Given the non-specific nature of the symptoms, Chinese medicine (CM) is advantageous in 
providing holistic medical assessment for individuals experiencing persisting problems. Chinese 
medicine is a type of treatment that involves prescribing regimens based on CM Syndromes 
diagnosed by CM practitioners. However, inadequate research on CM elements behind the 
practice has faced scrutiny. 
Methods: This study analysed 1058 CM medical records from 150 post-COVID-19 individuals via a 
semi-text-mining approach. A logistic model with MCMCglmm was then utilised to analyse the 
associations between the indicated factors and identified conditions. Calculations were performed 
using R Studio and related libraries. 
Results: With the semi-text-mining approach, three common CM Syndromes (Qi and Yin Defi-
ciency, Lung and Spleen Deficiency, Qi Deficiency of both Spleen and Lung) and nine clinical 
conditions (fatigue, poor sleep, dry mouth, shortness of breath, cough, headache, tiredness, 
sweating, coughing phlegm) were identified in the CM clinical records. Analysis via MCMCglmm 
revealed that the occurrence of persisting clinical conditions was significantly associated with 
female gender, existing chronic conditions (hypertension, high cholesterol, and diabetes 
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mellitus), and the three persisting CM Syndromes. The current study triangulated the findings 
from our previous observational study, further showing that patients with certain post-COVID CM 
Syndromes had significantly increased log-odds of having persisting clinical conditions. 
Furthermore, this study elucidated that the presence of chronic conditions in the patients would 
also significantly increase the log-odds of having persistent post-COVID clinical conditions. 
Conclusion: This study provided insights on mining text-based CM clinical records to identify 
persistent post-COVID clinical conditions and the factors associated with their occurrence. Future 
studies could examine the integration of integrating exercise modules, such as health qigong 
Liuzijue, into multidisciplinary rehabilitation programmes.   

1. Introduction 

Chinese medicine (CM), also known as “Traditional Chinese Medicine”, is a type of medical practice that focuses on achieving 
holistic wellbeing of an individual [1]. Its medical theories and treatment regimens are systematically different from that of western 
medicine (WM), with the former adopting a systemic approach while the latter a reductionist one [2]. With increasing expectations in 
personalised medicine in recent decades and the bloom of a variety of CM research studies in international journals, CM has been 
placed under the spotlight outside China [3]. Despite the growth in CM knowledge, the mechanisms behind CM practice have yet to be 
fully recognised by modern science [4]. CM treatment regimens are generally combinations of Chinese medicines prescribed and 
dispensed according to CM Syndromes [5], with or without add-on individualised components for different body constitutions 
identified by the intuition of CM practitioners. Compared with Western medicine, syndrome differentiation is the core of Traditional 
Chinese medicine by classifying the diseases and selecting the suitable treatment based on each patient’s symptoms. More specifically, 
the symptoms obtained from the four diagnostic methods can be identified into different syndrome types. There are three persistent CM 
syndromes involved in our findings, which are Qi and Yin Deficiency, Lung and Spleen Deficiency, and Qi Deficiency of both Spleen 
and Lung. Interestingly, acupuncture, a non-pharmacological type of CM treatment modality [6], is relatively more accepted by the 
WM community for the management of pain or chronic conditions [7–9], though researchers would continue to seek better-designed 
clinical trials [10]. Hence, the lack of well-designed modern research studies on the actual CM elements behind the practice contributes 
to scepticism and rejections in CM [11]. 

COVID-19 patients have been reported to develop different clinical conditions of variable degrees in different groups [12], and 
some symptoms were found to persist after hospital discharge [13]. Considering the heterogenic nature of the problem, CM has an 
advantage in providing a holistic medical perspective for individuals with these health concerns. Our previous study on the effect of 
individualised CM treatment for COVID-19 rehabilitation [14] identified a change in two CM Syndromes with decreasing clinical 
symptoms and improved lung functions. In this paper, we analysed CM medical text-based data from the same cohort to elucidate the 
occurrence of persisting clinical characteristics in these post-COVID patients during their rehabilitation and the potential factors 
associated with them. We hypothesized that certain CM Syndromes might be associated with these persistent clinical conditions, and 
these CM Syndromes would likely also occur persistently during rehabilitation despite individualised CM treatment. 

This study aims to elucidate the occurrence of persistent clinical symptoms and/or conditions despite individualised CM treatments 
during COVID-19 rehabilitation via mining CM text-based medical records on CM Syndromes and clinical characteristics, as well as to 
determine the major factors that might be associated with the occurrence of these persistent clinical conditions, and lastly to form a 
preliminary decision tree on simple rules for occurrence of persistent clinical conditions. 

2. Methods 

The multicentre observational study recruited 150 patients who had COVID-19 and were discharged from Hong Kong public 
hospitals after treatment. They received three to six months of individualised Chinese medicine treatments according to the Chinese 
Medicine guidelines on COVID-19 rehabilitation. Assessments were made each month and at follow-up on their CM syndromes, BC, 
lung functions, and other medical conditions. 

This study consisted of three parts. The first part of this study utilised a simplified semi-supervised text-mining approach to extract 
CM Syndromes and clinical conditions from CM clinical text records of the post-COVID-19 patients during rehabilitation. The second 
part determined the major factors that were associated with the occurrence of persistent clinical conditions via a logistic model with 
MCMCglmm. The third part constructed a decision tree using the existing data to show simple rules for the occurrence of persistent 
clinical conditions in post-COVID rehabilitation. 

2.1. Subjects and text-based records 

We analysed text-based CM medical records from 150 participants who received individualised CM treatments for post-COVID-19 
rehabilitation in our previous observational study during the recruitment period between September 7, 2020, to November 30, 2021 
[14]. For each participant, a CM medical record was made upon each CM study visit in the observational study (with a maximum of 
eight visits). In this paper, two main categories of CM medical text-based records were examined: (1) CM Syndromes and (2) clinical 
characteristics (including clinical symptoms and health conditions). The findings from analysing the text-based records were 
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transformed into factors (occurrence of persistent CM Syndromes and occurrence of persistent clinical conditions) for further analysis 
with other metadata, such as the demographic characteristics, numbers of days since hospital discharge of the individuals, etc. 

2.2. Data processing and analysis 

R studio (version 4.1.2, 2021.09.1 Build 372) [15] was used for text-cleaning and analysis with the following libraries installed: 
“tidyverse” [16], “tidytext” [17], “quanteda” [18], “stringr” [19], “jiebaR” [20], “readtext” [21], “corpus” [22], “tm” [23,24], “tmcn” 
[25], “ggplot2” [26], “gplots” [27], “dplyr” [28], “wordcloud” [29], “rpart” [30], “rpart.plot” [31], “car” [32], “MASS” [33], and 
“MCMCglmm” [34]. 

The two categories of CM medical text-based records were first cleaned to generate two corpora (one for CM Syndromes and one for 
clinical characteristics). Using R, punctuations and numeric values were stripped from the corpora. In this study, Chinese characters of 
numbers and numeric attributes such as “days”, “months”, “number of times/counts” were manually removed from the corpora. 
Additional manual text-cleaning was performed to align differences in Chinese writing styles and expressions with the same meanings. 
Each finalised corpus was transformed into a term-document matrix (“tdmA” for CM Syndromes and “tdmB” for clinical characteristics 
as shown in Supplementary Tables 1 and 2). The workflow of text-based data processing is illustrated in Supplementary Fig. 1. 

A logistic model with MCMCglmm (“Model”) was constructed to identify factors associated with the occurrence of persistent 
clinical conditions extracted from the text-based mining in the first part of the study. 

The equation of the Model was: 
MCMCglmm (Persistent Symptoms ~ Age + Sex + body-mass-index (BMI) Status + Existence of Chronic Conditions + Smoking 

History + Persistent CM Syndromes + No. of Days from Hospital Discharge, random = ~ Participants + Assigned Data ID, data =
Database, prior = Prior, verbose = FALSE). 

The equation of Prior for the Model was: 
Prior < - list (G = list (G1 = list (V = 1, nu = 0.002), G2 = list (V = 1, nu = 0.002)), R = list (V = 1, nu = 0.002)) 
To determine whether the Model was affected by the selected Prior, a prior variation was used to check the posterior.mode results. 

The Prior variation used was: 
p.var1 <- var (Database $ Persistent Symptoms, na.rm = TRUE). 
Prior1.1 <- list (G = list (G1 = list (V = matrix (p.var1*0.05), nu = 0.002), G2 = list (V = matrix (p.var1*0.05), nu = 0.002)), R =

list (V = matrix (p.var1*0.95), nu = 0.002)) 
Subsequently, logistic regression with MCMCglmm was used to determine the significant factors and obtain the log-odds (post. 

mean). To verify that the model is not affected by the prior choice, two different priors can be used to perform the logistic regression 
with MCMCglmm. If no statistical difference is observed between the post.mean calculated with Prior and that calculated with 
Prior1.1, we can ensure that the model is not affected by the prior choice. 

The paired sample t-test was used to determine the presence of a statistical difference between the two results. Prior to the test, the 
result of post.mean can be processed according to the significance. Two possibilities are as such: (1) To use the results of post.mean as 
the input of the paired sample t-test directly; or (2) Set the value to zero if the factor is not significant (pMCMC >0.05). For instance, the 
post.mean of the factor “BMI status – Underweight (score <18.5)” is − 0.159, but the p-value is 0.496. Hence, setting such a post.mean 
value to zero would help avoid possible misleading. 

If the second option is chosen, the post.mean calculated with Prior is as shown below. The post.mean of the factor “(Intercept)” is 
not included, because it is not an actual factor associated with the occurrence of persistent clinical conditions. 

[0, − 0.340, 0, 0, 0, 0, 0.224, 0.209, − 0.002]

The t statistic is calculated as 

t=
XD − μ0

sD/
̅̅̅
n

√

where XD and sD are the average and standard deviation of the differences between all pairs. The p-value is calculated as 

P=P(x≤ t)

p − value= 2 × min(P, 1 − P)

If the p-value is larger than 0.05, no statistical difference is present between the two results. Paired sample t-test can then be 
conducted using R or python, instead of manual calculation. 

In this study, the mean of the posterior was used as the result. Similarly, the median or the mode can also be used as the result, and 
the paired sample t-test can be conducted in the same manner. 

Comparison of the posterior.mode (Model $ VCV) of the Model using the above two Priors, little difference was observed (Sup-
plementary Table 3). Hence, the Model was not affected by the Prior choice. A summary of Model was attached as Supplementary 
Table 4. R generated plots for visual inspection of the Model diagnostics (chain convergence and variance) were shown in Supple-
mentary Figs. 2 and 3. 

With the classification and regression tree (CART) algorithm, a preliminary decision tree was created using the existing data 
(Supplementary Table 5), followed by a precision analysis to determine the usefulness of the tree. To build the training and testing set, 
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the database (with categorisation on occurrence of persistent CM Syndromes and persistent clinical conditions) was scrambled for 
randomisation and with rows containing missing data removed. The target variable for the decision tree was whether persistent 
clinical conditions would be present (indicated as “Y” in the leaf of the tree) or not (indicated as “N”) in post-COVID individuals 
possessing certain criteria higher up in the branch. 

3. Results 

3.1. Longitudinal distribution of medical records 

From the 150 participants of the observational study [14], a total of 1058 CM medical records were analysed. The extracted CM 
medical text records were sorted according to the patients’ CM study visit sequence and their post-hospital discharge days (Fig. 1). By 
taking reference from a post-COVID symptoms integrative classification [35], the time abbreviations refer to the post-discharge time 
from the hospital. The records in “01 M” are 0–30 days which should be classified as within the “Transition” phase and observations 
arising within this period could potentially have resulted from the viral infection. Following the classification suggested by 
Fernández-de-Las-Peñas and colleagues, the “02 M” (31–60 days) to “03 M” (61–90 days) period corresponds to the “Acute” 
post-COVID phase, “04 M” (91–120 days) to “06 M” (151–180 days) corresponds to the “Long” phase, and “07 M” (181–210 days) 
onwards corresponds to the “Persistent” phase. However, knowing the patient visit’s true length is challenging as each patient has a 
unique individual medical history and periodicity, which is expressed in medical records as different temporal data. Hence, we have 
designated time intervals to help structure the follow-up schedule, ensuring that data collection is performed at specific time points 
consistently, which allows for more systematic and standardized data collection. Most initial CM medical records (“V1”) (i.e., the 
patient’s first CM study visit in the observational study) were 31–60 days after discharge from local hospitals (“02 M”, i.e., the “Acute” 
post-COVID phase) (Fig. 1). 

3.2. Identification of three persistent CM syndromes and nine persistent clinical conditions 

With semi-supervised text-mining approach, three CM Syndromes (Qi and Yin Deficiency, Lung and Spleen Deficiency, Qi Defi-
ciency of both Spleen and Lung) and nine clinical symptoms (fatigue, poor sleep, dry mouth, shortness of breath, cough, headache, 
tiredness, sweating, coughing phlegm) were found to occur throughout the rehabilitation period with variable expressions in different 
individuals. The persistence of the elements was determined via a commonality function in the R “wordcloud” library, which identified 
texts that were found across all the studied time periods. Entry limits were tested at 100, 300, 500, and 1000k word counts respec-
tively, and results generated remained consistent for all tested limits. Wordclouds of common persisting CM Symptoms and clinical 
conditions were shown in Fig. 2A and B. 

Occurrence of persistent clinical conditions associated with female gender, existing chronic conditions, and occurrence of per-
sisting CM Syndromes. 

Using the MCMCglmm model, a logistic regression was conducted to determine the significant factors associated with the 

 

N V1 V2 V3 V4 V5 V6 V7 V8 
01M 11 1 0 0 0 0 0 0 
02M 56 8 1 0 0 0 0 0 
03M 23 52 3 1 0 0 0 0 
04M 11 26 50 5 1 0 0 0 
05M 17 11 25 45 5 1 0 0 
06M 20 17 12 25 35 3 1 0 
07M 9 17 11 15 28 37 4 0 
08M 1 11 19 13 14 22 32 0 
09M 2 1 11 19 16 12 24 3 
10M 0 2 1 12 14 15 14 8 
11M 0 0 1 1 12 15 11 18 

12M+ 0 0 1 2 4 14 33 93 

Fig. 1. Longitudinal distribution of CM medical records. 
A total of 1058 CM medical records from 150 participants of the observational study [14] were analysed in this paper. The medical records spanned 
a period upon post-COVID hospital discharge (01 M − 12 M+) and further segregated to different CM study visits (V1 – V8). Most initial CM medical 
records (“V1”) (i.e., the patient’s first CM study visit in the observational study) were of 31–60 days after discharging from local hospital (“02 M”). 
Abbreviations for time period post-discharge from hospital: “01 M” – 0 to 30 days; “02 M” – 31 to 60 days; “03 M” – 61 to 90 days; “04 M” – 91 to 
120 days; “05 M” – 121 to 150 days; “06 M” – 151 to 180 days; “07 M” – 181 to 210 days; “08 M” – 211 to 240 days; “09 M” – 241 to 270 days; “10 
M” – 271 to 300 days; “11 M” – 301 to 330 days; and “12 M+” – over 330 days. For sequence of CM study visits in the observational study [14], 
abbreviations were as follows: “V1” – initial consultation visit; “V2” – second visit, one month after V1; “V3” – third visit, two months after V1; “V4” 
– fourth visit, three months after V1; “V5” – fifth visit, four months after V1; “V6” – sixth visit, five months after V1; “V7” – seventh visit, six months 
after V1; “V8” – follow-up visit, at least three months after patients’ last consultation visit. 
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occurrence of persistent clinical conditions and obtain the log-odds (post.mean). Results showed that the occurrence of persistent 
clinical conditions was significantly associated with (1) female gender (log-odds of − 0.37 for male gender, p = 0.004), (2) presence of 
chronic conditions in the participant (log-odds of 0.24, p = 0.05), and interestingly also with (3) the occurrence of any one of the 
persisting CM Syndromes (log-odds of 0.22, p = 0.010) (Table 1). The number of days from hospital discharge (during which the 
participants received individualised Chinese medicines) was also found to be significantly negatively associated with the occurrence of 
certain persistent clinical conditions (log-odds of − 0.002, p < 0.001). 

3.3. Preliminary decision tree analysis 

As shown in Fig. 3, a decision tree was constructed using existing data and the identified persistent CM Syndromes from the first 

Fig. 2. Wordclouds of frequent and common CM clinical text (in Chinese). 
Using R, commonality wordclouds were generated for (A) CM Syndromes and (B) clinical conditions that showed occurrence throughout 01 M–12 
M+ during post-COVID rehabilitation. The size of each term shown in the wordcloud indicated its relative frequency among other terms extracted in 
the analysis. English translations of Chinese terms are provided below for readers’ quick reference to the Chinese texts in the wordclouds. For (A) 
CM Syndromes: Qi and Yin Deficiency [qì ȳın liǎng xū, 氣陰兩虛], Lung and Spleen Deficiency [fèi pí liǎng xū, 肺脾兩虛], Qi Deficiency of both 
Spleen and Lung [fèi pí qì xū, 肺脾氣虛] and (B) clinical symptoms: fatigue [fá lì, 乏力], poor sleep [mèi chà, 寐差], dry mouth [kǒu gān, 口乾], 
shortness of breath [qì duǎn, 氣短], cough [ké sòu, 咳嗽], headache [tóu tòng, 頭痛], tiredness [shén pí, 神疲], sweating [zì hàn, 自汗], coughing 
phlegm [kǎ tán, 咯痰]. 
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part of the study. A total of 916 records were used for analysis after removing records with missing data. The random allocation of data 
into a training set (80%) and a testing set (20%) resulted in a similar amount of data when anchored on persistent CM Syndromes 
(Table 2A). 

According to the decision tree (see Fig. 3), the presence of persistent CM Syndromes was shown to be relevant to the occurrence of 
persistent clinical conditions when the post-COVID individual was over 29 years old and during a 6 to 12-month period after discharge 
from local hospitals (consisting of 47% of the analysed sample size). Based on this parent node, it was predicted that women would 
have a 67% chance while men below 44 years old would have a 69% chance of having persistent symptoms if they exhibited any one of 
the persistent CM Syndromes. On the other hand, splitting from the same parent node, individuals without any of the persistent CM 
Syndromes were also predicted to experience persistent clinical symptoms if they were over 54 years old and during a 202–251 days 
period after hospital discharge (64%), or if they were over 68 years old and were over 8-month period post-hospital discharge (86%). 
However, due to the small sample size of the current analysis, the precision analysis of the decision tree prediction via confusion matrix 
only reached 64%. As shown in Table 2B, the model misclassified 30 records without any persistent clinical conditions although these 
records had one or more persistent clinical conditions. 

4. Discussion 

This paper is the first longitudinal study examining the occurrence of persistent post-COVID clinical conditions in association with 
CM Syndromes and other factors during rehabilitation. We identified significant factors (female gender, existing chronic conditions, 
and occurrence of persisting CM Syndromes) associated with the occurrence of one or more of the nine persistent clinical conditions 
during post-COVID rehabilitation. The occurrence of persistent clinical conditions was also found to be significantly lesser with 
increasing number of days from hospital discharge. The current study triangulated the findings from our previous observational study 
and suggested that Chinese medicines alone could improve, but not fully alleviate the residual symptoms. 

Post-COVID healthcare has become a global issue following the emergence of a variety of health conditions following COVID-19 
recovery [36,37]. These health conditions, also known as “Post-COVID Syndrome” or “COVID-19 long-haul”, range from physiolog-
ical to psychological and are found to vary across individuals [38–41]. While there lies an abundance of studies on post-COVID from 
the WM point of view [42–44], few practical solutions have been offered and most studies were epidemiological in nature. Despite CM 
being conventionally used in parallel with WM in China, internationally published randomised controlled trials with individualised 
CM treatment related to COVID-19 in English were scarce [45–47]. Recently, our group published a prospective observational study, 
revealing the effects of individualised CM treatment on improving lung functions of post-COVID individuals and diminishing some 
clinical symptoms though not fully resolving all the clinical conditions [14]. Our current study further provided evidence on significant 
associations between persisting CM Syndromes and the occurrence of persistent clinical conditions in post-COVID individuals as 
described by CM practitioners. 

The Chinese national guideline “Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia (Trial Version 9)” [48] 

Fig. 3. Decision tree analysis showing simple rules for the occurrence of persistent clinical conditions. Figure showed a decision tree with 64% 
precision on predicting the occurrence of persistent clinical conditions under various conditions. Abbreviations: sex – Sex; age – Age; bmi – BMI 
score; com_syn – Persistent CM Syndromes; disc – No. of days from hospital discharge. 
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documents the clinical experiences accumulated by both CM practitioners and WM doctors at the pandemic frontline in China. Clinical 
conditions identified in the COVID-19 rehabilitation phase were general shortness of breath, fatigue or tiredness, poor appetite, 
nausea, vomiting, stomach fullness, difficulty in defecation, and watery stool for individuals with the CM Syndrome “Qi Deficiency of 
both Spleen and Lung”; while general fatigue, shortness of breath, dry mouth, feeling thirsty, palpitation, profuse sweating, poor 
appetite, mild or no fever, and dry cough with little sputum were observed for those with CM Syndrome “Qi and Yin Deficiency” [48]. 
Among the above clinical conditions, semi-text-mining of CM medical records identified shortness of breath, fatigue, tiredness, dry 
mouth, and cough as common persistent conditions suffered by post-COVID individuals in Hong Kong despite the prescription of 
individualised CM treatments, and the occurrence of these persistent clinical symptoms was associated with the above reported CM 
Syndromes. Additional persistent clinical conditions observed in post-COVID individuals in the current study included poor sleep, 
headache, sweating, and coughing of phlegm (Fig. 2). 

The female gender has been reported to be associated with a higher risk of persistent symptoms such as chronic fatigue and res-
piratory problems [49,50]. Our findings concurred with other studies that the male gender was at lower odds with the occurrence of 
persistent clinical conditions. We further noticed from our preliminary decision tree that under certain criteria where gender 
constituted a critical split, females had a 64–67% chance of having one or more persisting clinical conditions compared to 45% in 
males (Fig. 3). This observation remained true regardless of the presence of persisting CM Syndromes. However, this observation 
should be interpreted with caution as the sample size was small, and the precision of the decision tree was not optimal. Contrary to 
previous studies by others, our paper did not find any significant associations between the occurrence of persistent clinical conditions, 
age [50,51] and BMI of individuals [50,52,53]. The number of days from hospital discharge was found to be negatively associated with 
the occurrence of persistent clinical conditions (Table 1). This observation might be specific for the current study set in which in-
dividuals had been receiving Chinese medicines prescriptions during the observational study that would improve their clinical con-
ditions. Another hypothesis might be, given a longer period post-COVID, the “persistent” clinical conditions would resolve with or 
without treatments. A larger sample size, or even a clinical trial with a non-CM control group, would be necessary to validate this 
observation. 

For our study, we have made use of semi-supervised text mining for our data analysis due to the following advantages. Firstly, semi- 
supervised methods have limited reliance on labelled data. Obtaining a significant number of precisely labelled data in the medical 
profession can be difficult due to variables such as privacy issues, time-consuming manual annotation methods, and the requirement 

Table 1 
Summary output of the logistic model with MCMCglmm.   

post.mean I-95% CI u-95% CI eff.samp pMCMC Signif. 

(Intercept) 1.0676244 0.5999925 1.4898346 1000 <0.001 *** 
Age 0.0007715 − 0.0082076 0.0083110 1000 0.844  
Sex (Male) ¡0.3674393 ¡0.5886256 ¡0.1473285 1135 0.004 ** 
BMI status – Obese (score 25–29.9) 0.0380184 − 0.2444710 0.2948440 1000 0.790  
BMI status – Overweight (score 23–24.9) 0.0369740 − 0.2073175 0.2960266 1000 0.782  
BMI status – Underweight (score <18.5) − 0.1566723 − 0.5927793 0.2974664 1000 0.506  
BMI status – Very obese (score ≥30) − 0.0329520 − 0.3721664 0.2728272 1000 0.856  
Chronic conditions (With) 0.2352174 ¡0.0185709 0.4264830 1112 0.05 . 
Smoking history (With) 0.0828884 − 0.2296322 0.3514871 1000 0.574  
Persistent CM Syndromes (With) 0.2221648 0.0483805 0.3916519 1199 0.010 * 
No. of days from hospital discharge ¡0.0021638 ¡0.0027886 ¡0.0016281 1000 <0.001 ***  

Table 2A 
Quality of decision tree model (A) Randomisation of data into training set and 
testing set using the persistent CM Syndromes factor as the anchor.   

N Y 

Training set 0.54 0.46 
Testing set 0.53 0.47 

N – Do not have any of the persistent CM Syndromes. 
Y – Have at least one of the persistent CM Syndromes. 

Table 2B 
Confusion matrix on precision analysis of decision tree prediction.   

Predicted 

N Y 

Actual N 37 36 
Y 30 81 

N – Do not have any of the persistent clinical conditions. 
Y – Have at least one of the persistent clinical conditions. 
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for subject expertise. Semi-supervised methods use fewer labelled records than fully supervised methods, thus making them more 
viable and cost-effective in circumstances when labelled data is limited. Additionally, the use of semi-supervised methods enhances the 
generalization of unlabelled data, which is greatly beneficial when mining medical records, which tend to contain a large amount of 
relatively easily obtainable unlabelled data. By incorporating unlabelled examples during training, which provides valuable infor-
mation about data distribution and structure, the model can learn more representative features and handle the variations and com-
plexities present in medical records. This results in improved generalization and better performance when faced with new and unseen 
data. Lastly, semi-supervised methods are flexible and adaptable to different medical domains and tasks. They allow for the incor-
poration of domain-specific knowledge and can effectively handle variations in terminology, document structure, and data sources. 
This adaptability is crucial in the medical field as reporting practices may vary among different specialties, healthcare centres, or 
countries. As for simplicity, the complexity of semi-supervised methods depends on the specific algorithm and implementation used. 
While the overall framework of semi-supervised learning may introduce additional complexity compared to supervised learning, 
various techniques can simplify the process. 

Our study also provided evidence, based on a semi-supervised text-mining approach, to triangulate the identification of the two 
main CM Syndromes (Qi and Yin Deficiency and Qi Deficiency of both Spleen and Lung) during COVID-19 rehabilitation phase by the 
Chinese national guideline [48]. The current text-mining findings concurred with our previously published results using quantitative 
CM Syndrome assessments, confirming the deficiency in Qi and Yin, as well as Spleen and Lung deficiency, as two major CM Syndromes 
during post-COVID rehabilitation [14]. CM practitioners generally record clinical observations in a text-based manner. Such clinical 
text may include but is not limited to: CM Syndromes, clinical features, and symptoms, living habits, and other observations as deemed 
relevant to the diagnosis at the time of consultation. These clinical texts recorded by CM practitioners would provide useful data to 
understand and manage patient heterogeneity. Currently, there is no “gold” standard of corpora for CM that could be adopted for use in 
analysing CM medical text data [54]. The unstructured nature and variable forms of Chinese text expressions makes data processing 
more difficult and hence requires additional manpower [54]. In the current study, the writing styles and habitual vocabularies were 
relatively less complex compared to other full text-mining analysis of complete CM medical records since this study only focused on CM 
Syndromes and clinical characteristics as recorded in the case report files of the previous observational study [14]. 

With rapid advancements in computer science, network pharmacology has been increasingly used to study the complex in-
teractions between Chinese medicines (whether in combinations as a Formula or as a single ingredient) and biological functions or 
molecular mechanisms [55]. However, such studies rarely include CM clinical text-based information and are often designed in a 
cross-sectional manner. CM treatment regimens are prescribed according to CM theories which are determined by different types of CM 
Syndromes that are highly dynamic and changing between treatments. Studies investigating CM clinical text elements are usually 
published in Chinese journals with investigators presenting their findings in a descriptive manner. Without a systematic approach to 
interpret the CM text-based data in CM clinical research, valuable CM clinical experience which forms the foundation for CM practice 
would remain elusive and extremely difficult for professionals of other medical specialties to review the CM findings. Here, we also call 
for future research to establish a Chinese medicine corpus as the gold standard for natural language processing tasks in the field of 
Chinese medicine. By constructing a comprehensive Chinese medicine corpus, knowledge from a wide range of traditional Chinese 
medicine texts, such as ancient medical classics, clinical records, herbology, acupuncture, and traditional prescriptions, can be 
organized, digitized, and made accessible for analysis. This facilitates knowledge discovery, data mining, and integration of infor-
mation from various sources. This standardization enhances collaboration, data sharing, and reproducibility of research in the field of 
Chinese medicine. The current study utilised the rich CM clinical experience documented in the text-based medical records to 
determine the factors associated with the occurrence of persistent clinical conditions. 

Despite individualised Chinese medicines treatment received by the patients in this study, the residual conditions persisted for a 
long period of time. The fact that no single rehabilitation regime has been reported to fully resolve these problems leads us to postulate 
that an integrative rehabilitation approach might be necessary. Apart from conventional WM and individualised CM, exercise has been 
reported to improve aspects of the immune system [56,57], fatigue [58], and physical fitness encompassing muscle strength and 
endurance [59]. In the CM medical system, exercise routines such as Liuzijue and Baduanjin are commonly used for maintaining 
regular health instead of “treatment”. They encompass both slow and mild physical exercise with breathing regulation, as well as the 
mental aspect of “peacefulness”. These simple routines are home exercise programs and are generally easy to learn, thus making them 
highly accessible to the public. A recent study by Tang and colleagues reported that Liuzijue could reduce breathlessness and improve 
the mental states in discharged COVID-19 patients [60]. Exercise has also been suggested to improve the functional reserve of the body 
and would be beneficial for post-COVID recovery [61]. It would be interesting to elucidate whether a combination of different ap-
proaches would eliminate the post-COVID clinical conditions. 

In summary, we identified an association between the occurrence of persisting CM Syndromes, the female gender, and the existence 
of chronic conditions with the occurrence of persistent clinical conditions in post-COVID individuals. Indeed, this study has certain 
limitations. Firstly, because of the current small sample size, the decision tree prediction model was not helpful in devising further 
strategies on combating the persistent clinical problems. Analysis of a larger set of data would be required to increase the precision of 
the decision tree prediction. Secondly, as mentioned previously, CM encompasses a vast body of knowledge with diverse terminology 
and concepts and the lack of standardized terminology poses challenges for text mining techniques that heavily rely on consistent and 
well-defined language. Moreover, CM concepts and theories are deeply rooted in Chinese culture and philosophy, requiring a deep 
understanding of the context to correctly interpret and extract meaningful information. Furthermore, the performance of the semi- 
supervised approach used in this study largely depends on the quality of the data. If the data contains noise, inconsistencies, or 
irrelevant information, it may adversely affect the model’s performance. Additionally, evaluating the quality and reliability of in-
formation extracted from TCM texts using text mining methods may be difficult, leading to biased. Despite the limitation of the current 
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study, we hope that light would be shed on future integrative research methods to elucidate CM in its entirety, encompassing both 
qualitative and quantitative aspects of the CM practice in the research design. 

5. Conclusions 

In conclusion, we provided evidence of the factors that were associated with the occurrence of persistent clinical conditions during 
post-COVID rehabilitation. This study provided insights into using text-based CM clinical records to identify persistent post-COVID 
clinical conditions and the factors associated with their occurrence. By integrating various modern research methodologies, CM 
practitioners and researchers are empowered to elucidate complex and dynamic clinical conditions, using both objective assessments 
and evidence-based evaluated subjective CM clinical experience to contribute useful information to the scientific community. 
Furthermore, future studies could explore integrating exercise modules, such as Liuzijue, into a multidisciplinary rehabilitation 
program. 

[item-group: IG000074]. 

Author contribution statement 

Linda Zhong: Conceived and designed the experiments, Performed the experiments, Analysed and interpreted the data, Contributed 
reagents, materials, analysis tools or data, Wrote the paper. 

Liang Tian, Chester Yan Jie Ng, Xian Yang: Analysed and interpreted the data, Wrote the paper. 
Choryin Leung, Ching Liong, Haiyong Chen: Performed the experiments, Wrote the paper. 
Rowena Wong, Bacon FL Ng: Contributed reagents, materials, analysis tools or data; Wrote the paper. 
ZX Lin, YB Feng, ZX Bian: Conceived and designed the experiments, Wrote the paper. 

Data availability statement 

Data included in article/supp. material/referenced in article. 

Declaration of competing interest 

The authors declare the following financial interests/personal relationships which may be considered as potential competing 
interests: 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2023.e19410.   

N V1 V2 V3 V4 V5 V6 V7 V8 

01M 11 1 0 0 0 0 0 0 
02M 56 8 1 0 0 0 0 0 
03M 23 52 3 1 0 0 0 0 
04M 11 26 50 5 1 0 0 0 
05M 17 11 25 45 5 1 0 0 
06M 20 17 12 25 35 3 1 0 
07M 9 17 11 15 28 37 4 0 
08M 1 11 19 13 14 22 32 0 
09M 2 1 11 19 16 12 24 3 
10M 0 2 1 12 14 15 14 8 
11M 0 0 1 1 12 15 11 18 
12Mþ 0 0 1 2 4 14 33 93  
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[53] R.S. Peter, A. Nieters, S.O. Brockmann, S. Göpel, G. Kindle, U. Merle, J.M. Steinacker, W.V. Kern, D. Rothenbacher, EPILOC Phase 1 Study Group, Association of 

BMI with general health, working capacity recovered, and post-acute sequelae of COVID-19, Obesity 31 (1) (2023) 43–48. 
[54] T. Zhang, et al., Information extraction from the text data on traditional Chinese medicine: a review on tasks, challenges, and methods from 2010 to 2021, Evid 

Based Complement Alternat Med 2022 (2022), 1679589. 
[55] X. Wang, et al., TCM network pharmacology: a new trend towards combining computational, experimental and clinical approaches, Chin. J. Nat. Med. 19 (1) 

(2021) 1–11. 
[56] R.M. Barker-Davies, et al., The Stanford Hall consensus statement for post-COVID-19 rehabilitation, Br. J. Sports Med. 54 (16) (2020) 949–959. 
[57] D.C. Nieman, Exercise is medicine for immune function: implication for COVID-19, Curr. Sports Med. Rep. 20 (8) (2021) 395–401. 
[58] E. Daynes, et al., Early experiences of rehabilitation for individuals post-COVID to improve fatigue, breathlessness exercise capacity and cognition - a cohort 

study, Chron. Respir. Dis. 18 (2021), 14799731211015691. 
[59] H. Chaabene, et al., Home-based exercise programmes improve physical fitness of healthy older adults: a PRISMA-compliant systematic review and meta- 

analysis with relevance for COVID-19, Ageing Res. Rev. 67 (2021), 101265. 
[60] Y. Tang, et al., Liuzijue is a promising exercise option for rehabilitating discharged COVID-19 patients, Medicine (Baltim.) 100 (6) (2021), e24564. 
[61] D. Jimenez-Pavon, A. Carbonell-Baeza, C.J. Lavie, Physical exercise as therapy to fight against the mental and physical consequences of COVID-19 quarantine: 

special focus in older people, Prog. Cardiovasc. Dis. 63 (3) (2020) 386–388. 

L. Zhong et al.                                                                                                                                                                                                          

http://refhub.elsevier.com/S2405-8440(23)06618-5/sref7
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref8
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref8
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref9
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref10
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref10
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref11
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref12
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref13
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref13
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref14
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref15
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref16
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref17
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref18
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref19
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref20
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref21
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref22
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref23
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref24
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref25
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref26
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref27
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref28
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref29
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref30
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref31
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref32
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref33
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref34
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref35
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref35
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref36
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref37
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref38
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref39
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref40
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref40
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref41
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref41
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref42
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref43
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref44
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref44
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref45
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref45
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref46
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref46
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref47
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref47
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref48
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref49
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref49
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref50
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref51
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref52
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref52
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref53
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref53
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref54
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref54
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref55
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref55
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref56
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref57
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref58
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref58
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref59
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref59
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref60
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref61
http://refhub.elsevier.com/S2405-8440(23)06618-5/sref61

	Persistent clinical symptoms and their association with CM syndromes in post-COVID-19 rehabilitation patients in Hong Kong
	1 Introduction
	2 Methods
	2.1 Subjects and text-based records
	2.2 Data processing and analysis

	3 Results
	3.1 Longitudinal distribution of medical records
	3.2 Identification of three persistent CM syndromes and nine persistent clinical conditions
	3.3 Preliminary decision tree analysis

	4 Discussion
	5 Conclusions
	Author contribution statement
	Data availability statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


