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Abstract: Chinese medicine (CM) was extensively used to treat COVID-19 in China. We aimed 
to evaluate the real-world effectiveness of add-on semi-individualized CM during the outbreak. 
A retrospective cohort of 1788 adult confirmed COVID-19 patients were recruited from 
2235 consecutive linked records retrieved from five hospitals in Wuhan during 15 January to  
13 March 2020. The mortality of add-on semi-individualized CM users and non-users was 
compared by inverse probability weighted hazard ratio (HR) and by propensity score match-
ing. Change of biomarkers was compared between groups, and the frequency of CMs used 
was analyzed. Subgroup analysis was performed to stratify disease severity and dose of 
CM exposure. The crude mortality was 3.8% in the semi-individualized CM user group and 
17.0% among the non-users. Add-on CM was associated with a mortality reduction of 58% 
(HR = 0.42, 95% CI: 0.23 to 0.77, p = 0.005) among all COVID-19 cases and 66% (HR = 
0.34, 95% CI: 0.15 to 0.76, p = 0.009) among severe/critical COVID-19 cases demonstrating 
dose-dependent response, after inversely weighted with propensity score. The result was 
robust in various stratified, weighted, matched, adjusted and sensitivity analyses. Severe/
critical patients that received add-on CM had a trend of stabilized D-dimer level after 3–7 
days of admission when compared to baseline. Immunomodulating and anti-asthmatic CMs 
were most used. Add-on semi-individualized CM was associated with significantly reduced 
mortality, especially among severe/critical cases. Chinese medicine could be considered as 
an add-on regimen for trial use.

Keywords: Coronavirus Disease 2019; COVID-19; Integrative Medicine; Chinese Medicine; 
Cohort; Effectiveness; Mortality.
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Introduction

By 30 December 2020, Coronavirus disease 2019 (COVID-19) had infected 81.4 million 
people, and the death tolls reached 1.78 million (GitHub, 2020). The current strategy 
against COVID-19 focuses on non-pharmacological public health interventions, trial treat-
ment with licensed drugs and development of new therapies and vaccines (Chan et al., 
2020b; Jackson et al., 2020; Li and De Clercq, 2020). Social distancing was shown effec-
tive in reducing the transmission of COVID-19 (Chu et al., 2020). Although remdesivir 
(Beigel et  al., 2020) and cocktail interferon/ribavirin therapy (Hung et al., 2020) have 
demonstrated a trend of shortened clinical course, their reduction in mortality was modest, 
and the efficacy varied across different populations (Beigel et al., 2020; WHO Solidar-
ity Trial Consortium, 2020). Preliminary results from the RECOVERY trial added dexa-
methasone to the toolbox for patients receiving invasive mechanical ventilation with 36% 
reduction in mortality (The RECOVERY Collaborative Group, 2020). Nevertheless, more 
interventions that are licensed and readily available for repurposing are needed to provide 
timely therapeutic options in different clinical settings to prepare for the subsequent waves 
while we are waiting for vaccines to become widely accessible.

Chinese medicine (CM) has been extensively used in China during the COVID-19 
outbreak in the form of proprietary and semi-individualized prescribed CMs (Chan 
et al., 2020b; National Health Comission et al., 2020; Shu et al., 2020). Recent network 
pharmacology and previous in vitro studies showed that many of the CMs listed in the 
Chinese national guideline of COVID-19 management (Guideline) (National Health 
Comission et al., 2020) have antiviral, anti-inflammatory and immunomodulating effects 
with good affinity to angiotensin-converting enzyme 2 (ACE2) receptor and coronavirus 
3CL hydrolase that could prevent cytokine storm (Ren et al., 2020; Runfeng et al., 2020; 
Zhong et al., 2020). A recent randomized controlled trial (RCT) of a licensed proprietary 
CM (Lian-hua-qing-wen Capsule) demonstrated shorter clinical recovery time, higher 
lung recovery rate, and lower progression rate from mild to severe cases among COVID-19 
patients (Hu et al., 2020). Another RCT using two add-on proprietary CMs also reported 
an 85.6% (1.6% vs. 11.1%) relative risk reduction of severity progression in COVID-19 
patients (Xiao et al., 2020).

In addition to proprietary CMs, COVID-19 patients in China were also treated with 
semi-individualized CM formulations, which were prescribed according to patients’ sever-
ity and key symptoms based on the guideline (Table S6). A recent meta-analysis on existing 
clinical trials of prescribed CMs showed that add-on CMs could improve clinical recov-
ery, shorten length of hospital stay, and alleviate symptoms, although the methodological 
quality of the included trials was generally unsatisfactory and of small scale (Xiong et al., 
2020). The CMs used in the guideline mainly formed by three classical CM formulations 
that is composed of 17 herbal CMs (Table S6). The majority of the CMs recommended are 
licenced and commercially available in standardized granule form globally. Nevertheless, 
the effectiveness of semi-individualized CM in real-world setting remains uncharacterized.

We aimed to evaluate the real-world effectiveness of add-on semi-individualized CM 
based on the registry data from Wuhan and identify the CMs that were frequently used.
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Methods

Study Design

Retrospective cohort study on the registry of five hospitals in Wuhan. The flow of data 
extraction is summarized in Fig. 1.

Setting

We collected data from five hospitals in Wuhan, namely Hubei Provincial Hospital of 
Traditional Chinese Medicine (n = 325), Wuhan Huangpi District Hospital of Traditional 
Chinese Medicine (n = 529), Hubei 672 Orthopaedics Hospital of Integrated Chinese & 
Western Medicine (n = 378), Wuhan Hospital of Traditional Chinese Medicine (n = 273), 
and Wuhan Hospital of Traditional Chinese and Western Medicine (n = 730). The electronic 
medical records of all admitted adult COVID-19 patients (n = 2235) at any point during 

Figure 1.    Flow of data extraction. Electronic medical record of all admitted adult COVID-19 patients at any 
point during hospitalization from five hospitals were retrieved with extraction–transformation–loading tool to 
integrate and normalize data from different operational sources, followed by clinicians’ validation. 1788 (80%) of 
all cases satisfied inclusion/exclusion criteria and were included.

2150025.indd   5462150025.indd   546 11-03-2021   09:38:2611-03-2021   09:38:26

A
m

. J
. C

hi
n.

 M
ed

. 2
02

1.
49

:5
43

-5
75

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 T
H

E
 U

N
IV

E
R

SI
T

Y
 O

F 
H

O
N

G
 K

O
N

G
 o

n 
01

/1
3/

22
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



	 CHINESE MEDICINE FOR CORONAVIRUS DISEASE 2019	 547

	 WSPC/174-AJCM 2150025 ISSN: 0192-415X	 FA

hospitalization from 15 January to 13 March 2020 were retrieved. Follow-ups continued 
through 18 March 2020. We included all patients (1) aged 18 or above, (2) with confirmed 
COVID-19 diagnosis by positive reverse transcription polymerase chain reaction (RT-PCR) 
assay result of nasopharyngeal or oropharyngeal swab and (3) hospitalized for at least 
two days in the analysis. Patients were further stratified into mild and severe/critical cases 
(severe cases were defined as respiratory rate >30 breaths/min, oxygen saturation = < 93% 
or PaO2/FiO2 ratio = < 300 mmHg. Critical cases were defined as including > = 1 of the 
following criteria: shock; respiratory failure requiring mechanical ventilation; combination 
with other organ failures; and admission to intensive care unit) for subgroup analysis.

Semi-individualized CM was prescribed by physicians based on patients’ clinical 
presentation individually according to the recommendation of the guideline and their pro-
fessional judgement. The prescription pattern was analysed.

Data Collection

Prior to the outbreak of COVID-19, we developed a clinical data warehouse that used clinical 
reference information model and physical data model to manage the various information enti-
ties and their relationships in complex clinical data involving both conventional and Chinese 
medicine (Zhou et al., 2010). The platform incorporated data integration, pre-processing and 
data analysis components to process and explore the various clinical relationships.

We obtained data from the five hospitals and transferred them to the clinical data ware-
house. This warehouse contains all the clinical data available on all inpatient and outpatient 
visits of the five hospitals, including patient demographics, consultation notes, laboratory/
radiological investigations, pharmacy records and discharge status. We did not manually 
extract data from the electronic medical record, except for the definition of case severity. 
Case severity was defined by two researchers (Z. Shu, K. Chang) independently according 
to the predefined criteria listed in the guideline. Dissonance was resolved by discussion. 
All data were validated by at least two researchers independently and a physician (Z. Shu).

Semi-Individualized Chinese Medicine Exposure and Dose-Response Effect

Patients were defined as semi-individualized CM users if they had received any prescribed 
CMs that were not in a fixed dose and form at any point during hospitalization. To assess 
the dose-response effect, we further stratified patients into three subgroups of different 
prescription-to-hospitalization duration (P:H) ratio (< 0.6, 0.6 < = P:H < 0.8, > = 0.8). 
A P:H ratio of 1 refers to full use of semi-individualized CM throughout the hospitalization 
period, and a P:H ratio of 0 refers to a semi-individualized CM non-user. The P:H ratio pro-
vided a 3-level gradient of exposure for the assessment of dose-response. Study baseline 
was defined as the point of ward admission.

Endpoint

The primary endpoint was the time from study baseline to death. Kaplan–Meier curve and 
hazard ratio (HR) of Cox regression models were reported. We analyzed all patients with defi-
nite clinical outcomes of either death or discharged (n = 1788), to ensure outcome accuracy.
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Statistical Analysis

Patients without a primary end-point event had their data censored on 22 March 2020. 
Missing values were handled by multiple imputation. We performed bivariate correlation 
analyses to examine the associations among baseline characteristics. Propensity score 
methods were used to adjust for potential confounders to account for the non-randomized 
allocation of semi-individualized CM treatment. The individual propensities for receiving 
semi-individualized CM treatment were estimated with a multivariable logistic-regression 
model that included the same set of covariates as the Cox regression model, except for 
chronic kidney disease and biomarkers due to the small strata size. Associations between 
semi-individualized CM use and death were subsequently estimated by multivariable Cox 
regression models with propensity score methods. Primary propensity score analysis was 
based on inverse probability weighting. In the inverse-probability-weighted analysis, the 
predicted probabilities from the propensity score model were used to calculate the stabi-
lized inverse-probability-weighting weight. In the propensity score matching analysis, the 
nearest-neighbor method was applied to create a 1:1 matched control sample.

Cox proportional-hazards regression models were also used to estimate the association 
between the use of semi-individualized CM and death as a secondary analysis. We used 
a multivariable Cox regression model to adjust demographic factors (age, gender, history 
of hypertension, diabetes, coronary artery disease, chronic kidney disease) and labora-
tory tests (C-reactive protein and lymphocyte count). The differences in the change of key 
biomarkers at 3–7 days from baseline (0–2 days) after hospitalization were compared by 
Mann–Whitney U test between groups. The prescription pattern of CMs was analyzed by 
the frequency of utilization of each CM used among patients.

Assessment on Severity-Stratified Effect

Disease severity was stratified into mild and severe/critical groups in the subgroup analysis to 
assess effect modification and minimize the risk of selection bias due to the imbalance in disease 
severity between groups. The demographics of the stratified groups were analyzed. Sensitivity 
analysis was performed with different definitions of CM exposure, including both at least 30% 
and 60% P:H ratio, respectively. Statistical analyses were performed with R (version 4.0.0).

Results

Cohort Characteristics

A total of 2235 consecutive confirmed COVID-19 patients were admitted to the five hos-
pitals during 15 January and 13 March 2020. 1788 patients (80%) were included in the 
analysis (Fig. 1). Ten pediatric patients, 11 patients hospitalized for less than two days, and 
426 patients with unclear prognosis (298 still hospitalized at censoring and 128 transferred 
to other hospital) were excluded. 1694 patients (94.7%) used semi-individualized CM.

In the unmatched cohort, semi-individualized CM users were younger, had a lower level 
of neutrophil count, alkaline phosphatase, and urea, and had a higher level of serum albumin 
(Table 1). 1409/1694 (83.2%) of the semi-individualized CM users and 62/94 (66.0%) of the 
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non-users were mild cases. Demographics of mild and severe/critical subgroups are summa-
rized in Table S1. After stratifying the disease severity, demographics of semi-individualized 
CM users and non-users were comparable in both mild and severe/critical subgroups.

During the observation period (median: 20 days), the crude mortality among all cases 
was 4.5% (80/1788). There were 64 deaths (3.8%) in the semi-individualized CM group 
and 16 deaths (17.0%) among the non-semi-individualized CM users. The median dura-
tion of semi-individualized CM use was 20 days. 318, 315 and 1061 of CM users had a 
prescription-to-hospitalization duration ratio of <0.6, 0.6< = P:H<0.8 and > = 0.8, respec-
tively. 93/94 of the non-CM users were included in the propensity score analysis and 1:1 
matched. The distribution of propensity scores between groups in the matched cohort was 
comparable (Fig. S2). The baseline characteristics between groups were balanced by pro-
pensity score matching (Table 1, Fig. S3). The odds ratio of receiving individualized CM 
of each factor in the propensity score model is summarized in Table S3. In the severity 
subgroup analyses, 62/62 (mild) and 31/32 (severe/critical) of the standard care cases were 
matched with semi-individualized CM users.

Primary Clinical Outcomes

The Kaplan–Meier survival curves of all cases and severe/critical cases of both unmatched, 
and propensity score-matched cohorts are shown in Fig. 2. The absolute risk reduction by 
add-on semi-individualised CM was 13.2% (3.8% vs. 17.0%). From the inverse probability 
weighted analysis with propensity scores, the hazard ratio of mortality was 0.42 (95% CI: 
0.23 to 0.77, p = 0.005), 0.73 (95% CI: 0.09 to 5.77, p = 0.763), 0.34 (95% CI: 0.15 to 0.76, 
p = 0.009) among all, mild and severe/critical cases, respectively (Tables 2 and S4). Propen-
sity score matched analysis provided comparable results. The stratified HR of mortality with 
prescription-to-hospitalization duration ratio of <0.6, 0.6< = P:H<0.8 and > = 0.8 were 0.67, 
0.61 and 0.23, respectively, demonstrating a dose-dependent response (Fig. 2, Table 2).

In the multivariable Cox regression model adjusting age, gender, history of hypertension, 
diabetes, coronary artery disease, chronic kidney disease and levels of C-reactive protein 
and lymphocyte count (Table S2), the adjusted HR of mortality was 0.27 (95% CI: 0.15 
to 0.48, p < 0.001), 0.82 (95% CI: 0.07 to 9.43, p = 0.87), 0.32 (95% CI: 0.17 to 0.60, p < 
0.001) among all, mild and severe/critical cases, respectively (Table 2). In the sensitivity 
analysis, the result remained robust when the definition of individualized CM exposure was 
changed to either at least 30% or 60% of the individual hospitalized duration (Table S5).

Change in Key Biomarkers

Patients that received add-on CM had a trend of greater C-reactive protein and lactate dehy-
drogenase reduction after 3–7 days of admission when compared to baseline (0–2 days), 
though not statistically significant. The levels of serum creatinine, alanine aminotransfer-
ase and alkaline phosphatase were comparable between groups, except that severe/critical 
patients with CM exposure had a trend of less increased D-dimer compared to non-users 
(Fig. S1).
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Figure 2.    Survival of COVID-19 patients. The Kaplan–Meier survival curves with 95% confidence intervals of 
all COVID-19 patients with add-on semi-individualized Chinese medicine (exposed) and non-user (unexposed). 
P:H refers to prescription-to-hospitalization duration ratio, P:H = 0 refers to unexposed group, P:H > 0 refers to 
exposed group. The exposure was further divided into less than 60% (0 < P:H < 0.6), 60% to 80% (0.6 < = P:H 
< 0.8), and over 80% (0.8 < = P:H < = 1) prescription of Chinese medicine during hospitalization as subgroup 
analysis. The survival was significantly better with add-on Chinese medicine when compared to non-user, in both 
unmatched (adjHR = 0.42, 95% CI: 0.23 to 0.77) and propensity score matched cohort (HR = 0.23, 95%CI: 0.06 
to 0.68).
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Prescription Frequency of Individual Chinese Medicines

Prescription frequency of CMs is summarized in Table 3. Rhizoma Pinelliae (ban-xia) 
(Wagner et al., 2011), Poria (fu-ling) (Ríos, 2011; Sun, 2014), Armeniacae Semen 
Amarum (xing-ren) (Do et al., 2006), Agastache Rugosa (huo-xiang) (Zielin ́ska et al., 
2014), Pericarpium Citri Reticulatae (chen-pi) (Shi et al., 2009; Yu et al., 2018), Lico-
rice (gan-cao) (Wang et al., 2015), Radix Scutellariae (huang-qin) (Wang et al., 2018), 
Rhizoma Atractylodis Macrocephalae (bai-zhu) (Gu et al., 2019), Herba Ephedrae 
(ma-huang) (Wei et al., 2019) and Bupleurum Chinense Dc. (chai-hu) (Law et al., 2014) 
were most used. These CMs were recommended by the guideline for patients presented 
with clinical subtype 4 (mild) and 5 (severe) (Table S6). The symptom-based indications 
for subtype 4 were: mild/no fever, cough with little sputum, malaise, chest tightness, 
abdominal distention, and loose stool, and that of subtype 5 were: fever, cough with little 
yellowish/sticky sputum or hemoptysis, malaise, dyspnea, anorexia, poor appetite, and 
unsmooth defecation.

Discussion

We analyzed 1788 consecutive confirmed COVID-19 cases with definite prognosis from 
five hospitals in Wuhan to determine the real-world effectiveness of add-on semi-individu-
alized CM. Our analyzes showed that add-on CM was associated with significant mortality 
reduction.

Existing Evidence

The prescription of CM is mainly guided by symptom-based diagnosis, and therefore, 
CM treatment strategy was formulated promptly for COVID-19 since the early stage of 
outbreak, when the virology understanding of SARS-CoV-2 was inadequate (Chan et al., 
2020a). Nevertheless, the clinical effectiveness of the CM treatments requires evalua-
tion with empirical evidence. A RCT showed that Lian-hua-qing-wen Capsule, a propri-
etary CM used extensively in China for various infectious diseases, shortened the clinical 
recovery time, improved lung recovery, and reduced the progression from mild to severe 
cases among COVID-19 patients (Hu et al., 2020). Another RCT using two add-on propri-
etary CMs highly comparable to the CMs used in our cohort also reported an 85.6% (1.6% 
vs. 11.1%) risk reduction of progression to severe presentation in COVID-19 patients 
(Xiao et al., 2020). Meta-analysis on existing clinical trials of prescribed CMs showed 
that add-on prescribed CMs may shorten hospital stay, improve clinical recovery and 
alleviate symptoms (Xiong et al., 2020). These effects could be explained by the antiviral, 
antibacterial, anti-inflammatory, immunomodulating and anti-asthmatic effect in many 
of the CMs used which was previously documented in vitro and in vivo (Do et al., 2006; 
Ríos, 2011; Shi et al., 2009; Sun, 2014; Wagner et al., 2011; Wang et al., 2018; Yu et al., 
2018; Zhong et al., 2020).
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Justification of Methodology

To encounter the non-randomized allocation of semi-individualized CM in this retrospec-
tive cohort, key known epidemiological (age, gender, history of diabetes, hypertension, 
coronary artery disease) and disease severity that were reported to correlate with prognosis 
were used to calculate the propensity score. Both inverse probability analysis and propen-
sity score matching cohort analysis were presented. Since the strata of non-CM users were 
small, the matching on chronic kidney disease and biomarkers were unsatisfactory. Labo-
ratory risk factors (C-reactive protein and lymphocyte count) and chronic kidney disease 
were therefore further adjusted in the multivariable Cox regression model as a secondary 
analysis, replacing disease severity. We further assessed the change of key biomarkers to 
explore the mechanism of effect and the potential adverse effects associated with the use 
of CM.

Underlying Reason, Handling and Outcome Assessment of the Small  
Unexposed Stratum

Due to the strong advocacy of using integrative medicine for COVID-19 management in 
China based on preliminary evidence (Chan et al., 2020b), the strata of non-CM users 
were small. We believe that disease severity (16.8% vs. 34.0% severe/critical cases among 
CM-user vs. non-user group) and refusal to use CM as trial treatment in the earlier stage 
were the two main reasons of being non-CM users (Yang, 2020). To minimize the potential 
selection bias arise from the difference in severity, we stratified the analysis to assess the 
effect of CM among patients with different severity. After stratification, the demographics 
were well-balanced in both mild and severity/critical subgroups (Table S1). In addition, we 
matched disease severity in the propensity score matching cohort and adjusted demograph-
ics, comorbidities and biomarkers in the multivariable Cox regression model. Demograph-
ics were well-balanced in the matched cohort (Table 1, Fig. S3). Lastly, we performed a 
sensitivity analysis to increase the stratum size of the unexposed group for analysis. The 
result was robust.

External and Internal Validity

CM has been heavily used in China during the COVID-19 outbreak (Chan et al., 2020b; 
National Health Comission et al., 2020) as demonstrated by the utilization rate (94.7%) 
in our cohort. The overall mortality of our cohort was 4.5%, which was comparable to the 
reported national figure (GitHub, 2020). The high mortality (17.0%) of the non-CM users 
was mainly due to (1) the higher percentage of severe/critical cases among non-CM users 
(34.0%) and (2) overall high basal mortality in Wuhan as an epicentre early in the outbreak.

To counteract the effect of the difference in severity ratio, we stratified, weighted, 
matched and adjusted the disease severity in our analyses. In the stratified and matched 
analyses, the demographics between CM-user and non-user groups were comparable. 
For the high basal mortality, the mortality of the non-CM user group was comparable 
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to the reports from Wuhan during the early phase when medical resources were severely 
overloaded by sharp influx of symptomatic cases. Admission to the hospital was delayed, 
and CM was not fully utilized. The high mortality of the severe/critical non-CM users 
in our cohort (46.9%) was comparable with the recent findings from the RECOVERY 
trial (41.4%) (The RECOVERY Collaborative Group, 2020). The slightly higher rate of 
mortality in both mild and severe/critical cases for stratified analysis was likely due to the 
small size of strata. Therefore, we combined mild and severe/critical cases for the primary 
adjusted analysis and supplemented sensitivity analyses to further increase the stratum 
size for comparison. Although the case-fatality rate varied across different regions, partly 
related to the screening policy and capacity, the crude mortality of our cohort (4.5%) was 
substantially lower than majority of the regions (10.4–14.3%) with simultaneous outbreak 
where CM was not commonly used (Chan et al., 2020b; GitHub, 2020).

From the prescription analysis, the prescription pattern reconciled with other reports 
from Wuhan (Luo et al., 2020a; Wang et al., 2020a). The corresponding symptom-based 
indications included mild/no fever, dry cough or with little/yellowish/sticky sputum, mal-
aise, chest tightness, dyspnea, poor appetite, abdominal distention, unsmooth defecation 
and loose stool, all of which were widely reported as the common presentations among 
COVID-19 patients (Chan et al., 2020b; Mao et al., 2020a, 2020b; Menni et al., 2020; 
Wang et al., 2020b). Therefore, evidence generated from this cohort has considerable gen-
eralizability to other settings.

Dose-Response Effectiveness and Minimal Potential Adverse Effect

From the primary analysis, the mortality rates and hazard ratios were significantly lower 
with add-on semi-individualized CM using multiple sensitivity analyses and different sta-
tistical methods adjusting key confounders. The effect of CM was more profound among 
severe/critical patients when compared to mild patients, likely due to the relatively low mor-
tality in mild cases. Nevertheless. the response demonstrated a dose-dependent relationship 
pointing to causality between the use of semi-individualized CM and mortality reduction.

Further analysis on the key biomarkers showed that COVID-19 patients had a trend 
of slightly greater reduction in C-reactive protein and lactate dehydrogenase levels after 
receiving add-on semi-individualized CM, although not reaching statistical signifi-
cance. This is consistent with the latest evidence from a case-series of critical patients 
receiving the Xuebijing injection, a key proprietary CM used in critical COVID-19 
patients (Ma et al., 2020), and gave rise to the hypothesis that these CMs are mild but 
multi-targeted and may act on multiple immunomodulating pathways to prevent cyto-
kine storm (Zhong et al., 2020). Although related biomarkers including TNF-α, IFNγ, 
MCP-1 and interleukins were unavailable as they were not routinely investigated for 
clinical purposes, we observed stabilized D-dimer levels in severe/critical cases which 
supported this hypothesis.

Our analysis also showed that the potential hepatotoxicity and nephrotoxicity were 
minimal, as the rate of elevated alanine aminotransferase, alkaline phosphatase and serum 
creatinine were lower than reports from other cohorts of COVID-19 patients (19–22.5% 
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with deranged liver function) (Mao et al., 2020b; Yip et al., 2020) and antiviral trials 
(17% with deranged liver function) (Hung et al., 2020) related to the use of antivirals, 
interferons, corticosteroids and tocilizumab (Yip et al., 2020).

Plausible Mechanisms and Related Report in SARS

From previous molecular docking and network pharmacology analyses, the affinity of the 
compounds from these CMs to ACE1 (with glyasperin F), ACE2 (with isorhamnetin, ane-
masaponin C and medicocarpin) and coronavirus 3CL hydrolase (with quercetin, luteolin, 
and naringenin) are strong. Pathway analyses showed that these CMs could act on key 
immunological (T cell receptor, Toll-like receptor) and inflammatory (TNF, PI3K-Akt) 
signaling pathways to prevent disease progression (Hong et al., 2020; Ren et al., 2020; Ruan 
et al., 2020). On top of the shared anti-oxidant properties, three main categories of mecha-
nism were identified: anti-infection (antiviral/antibacterial), immune-related (immunomod-
ulating/anti-inflammatory) and symptomatic (anti-asthmatic) (Table 3). The top prescribed 
CMs, including Rhizoma Pinelliae (Wagner et al., 2011), Armeniacae Semen Amarum (Do 
et al., 2006) and Poria (Ríos, 2011; Sun, 2014), were immunomodulating drugs with an 
anti-asthmatic effect, followed by a batch of anti-infection CMs. Noteworthy, the broad 
and strong antiviral and antimicrobial effects of Agastache Rugosa (Zielińska et al., 2014), 
Radix Scutellariae (Wang et al., 2018), Cortex Magnoliae Officinalis (Amblard et al., 2006) 
and Fructus Tsaoko (Dai et al., 2016) were previously documented. This supported the use 
of multiple CMs with orchestrated effect as cocktail therapy.

During SARS outbreak in 2013, CMs was also used substantially in China. In a report of 
World Health Organisation, use of CM was associated with symptom alleviation, resolving 
lung inflammation, stabilizing blood oxygen level and reducing the use of steroid and anti-
virals (and the potential associated adverse events) in SARS management (World Health 
Organisation, 2004). Besides, similar formulations (Herba Ephedrae, Armeniacae Semen 
Amarum, Gypsum Fibrosum and Licorice) to the CMs used in COVID-19 had been shown 
to reduce fever duration in the previous H1N1 outbreak (Wang et al., 2011) and were used 
as preventive strategy of SARS and H1N1 (Luo et al., 2020b).

Implication to Research — Potential for Drug Repurposing

An important research area to follow up is the automation of clinical data collection to 
repurpose existing drugs for emerging infectious diseases (Pushpakom et al., 2019). New 
drug development is almost impossible for a novel infectious disease due to the long 
research and development cycle. The vaccine would also take at least 12 months from 
research to marketing even with expedited process. The identification and evaluation of 
existing licensed medications for secondary application offer a more responsive strategy 
from a clinical perspective.

Parallel to the molecular approach adopted by the ReFRAME Collection (Riva 
et al., 2020), we have previously established a platform for drug repurposing through a 
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phenotype-gene-drug network for CMs (https://www.symmap.org/) (Wu et al., 2019). CMs 
have an advantage for drug repositioning screening, as their use is based on symptom-based 
diagnosis, requiring much less understanding on the virology and pathophysiology for 
molecular docking. This is possible, as symptoms reflect whole-system pathophysiological 
response and clusters of protein interaction (Zhou et al., 2018, 2014). CM may not only 
target the pathogens but also modulate the whole-system innate immunity (Schijns and 
Lavelle, 2020), as reflected by the dominance of immune-related CMs used in our cohort. 
The same strategy with cocktail treatment composed of corticosteroids with anti-asthmatic 
effect and antivirals could be explored as potential intervention in clinical trials of conven-
tional medicine for COVID-19.

Strengths and Limitations

This is a real-world study evaluating the effectiveness of add-on semi-individualized CM 
with a representative cohort. We demonstrated dose-response relationship of add-on CM 
by stratifying the P:H ratio among CM users as an assessment of causality. Besides, we 
performed multiple stratified, weighted, matched and adjusted analysis to ascertain the 
robustness of the result. We also analyzed the change of biomarkers and prescription con-
tent, and reviewed the biological plausibility of effect. Coherent findings using similar 
CMs on COVID-19 from RCTs of smaller scale were reported recently.

This study has several limitations. First, as an observational study with no randomiza-
tion, unknown confounding factors that were not adjusted or matched may lead to bias in 
the study results. Also, we did not attempt to perform further analysis to single herb level, 
as CM is mainly used as formulations in practice. We hypothesized that a combination 
of these CMs concerted to target multiple pathways (Zhong et al., 2020). Therefore, we 
adopted an efficacy-driven approach (Tang, 2006) in the analysis in view of the urgency, 
following an earlier detail review on possible mechanisms of these CMs (Zhong et al., 
2020). Further pharmacological research may identify a better optimized dosage. Lastly, 
since CM has been used extensively in China, the strata of unexposed group were small. 
Nevertheless, our results demonstrated a dose-dependent relationship between the use of 
CM and mortality in both the adjusted Cox regression model and propensity score matched 
cohort. The results were robust when tested with different definitions of semi-individu-
alized CM exposure with increased size of the unexposed strata. Risk of bias from these 
limitations was minimized and is unlikely to change the conclusion seeing the magnitude 
of effect after a series of stratified, dose-response and sensitivity analyses.

Conclusion

Add-on semi-individualized Chinese medicine was associated with significant mortality 
reduction, in particular for severe/critical patients. Plausible mechanisms included the anti-
viral, anti-inflammatory, immunomodulating and anti-asthmatic effect previously docu-
mented. Chinese medicine could be considered as an add-on regimen for trial in view of 
the limited therapeutic options.
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Figure S1.    Change of key biomarkers in COVID-19 patients.

Notes:  The change of key biomarkers after 3–7 days of hospitalization compared to baseline (0–2 days). The levels and changes 

of levels in key biomarkers are comparable between Chinese medicine users and non-users. COVID-19 patients had a slightly 

greater reduction in C-reactive protein and lactate dehydrogenase after receiving add-on semi-individualized Chinese medicine 

when compared to non-users. Patients also had comparable change of alkaline phosphatase, alanine transaminase and serum 

creatinine levels between groups and less increased d-dimer in severe/critical cases.

Supplementary Figures
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Figure S1.    (Continued )
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Figure S1.    (Continued )

Figure S2.    Distribution of propensity score for receiving semi-individualized Chinese medicine.

Notes:  The distribution of propensity scores between semi-individualized Chinese medicine users and standard care control 

groups was balanced by matching. First set of imputation was used. 10 sets of imputation were generated, and the results were 

comparable.
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Figure S3.    Standardized mean differences in risk factors between matched and unmatched sample.

Notes:  Standardized mean difference of key biomarkers before and after propensity score matching. The standardized mean 

difference between add-on semi-individualized Chinese medicine (exposed) and standard care (unexposed) groups of all key 

biomarkers were adjusted to within 0.2 after propensity score matching.
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Table S2.    Hazard Ratios of Variables Included in the Multivariable Cox Regression Model

All Cases n = 1788 
Hazard Ratio 

Mild Cases n = 1471 
Hazard Ratio

Severe/Critical Cases  
n = 317 Hazard Ratio

Age (year) 1.06 (1.04 to 1.08)
p < 0.001

1.04 (0.99 to 1.08)
p = 0.13

1.05 (1.03 to 1.08)
p < 0.001

Gender (male) 0.95 (0.57 to 1.58)
p = 0.85

0.66 (0.20 to 2.11)
p = 0.48

1.04 (0.59 to 1.84)
p = 0.89

Past Medical History

Hypertension 0.98 (0.62 to 1.56)
p = 0.94

0.60 (0.16 to 2.23)
p = 0.45

1.24 (0.75 to 2.05)
p = 0.39

Diabetes 1.32 (0.77 to 2.23)
p = 0.30

0.42 (0.05 to 3.37)
p = 0.41

1.51 (0.87 to 2.64)
p = 0.14

Coronary artery disease 0.98 (0.52 to 1.86)
p = 0.96

2.61 (0.64 to 10.69)
p = 0.18

0.95 (0.46 to 1.95)
p = 0.88

Chronic kidney disease 1.16 (0.42 to 3.25)
p = 0.77

2.26 (0.25 to 20.13)
p = 0.47

0.81 (0.24 to 2.69)
p = 0.73

Laboratory Investigation

C-reactive protein 1.008 (1.005 to 1.010)
p < 0.001

1.01 (1.00 to 1.02)
p = 0.27

1.006 (1.003 to 1.009)
p < 0.001

Lymphocyte count 0.22 (0.11 to 0.42)
p < 0.001

0.76 (0.23 to 2.48)
p = 0.65

0.52 (0.25 to 1.09)
p = 0.08

Notes: Multivariable Cox regression model adjusted for age, gender, C-reactive protein, lymphocyte count, history of 

diabetes, hypertension, coronary artery disease, chronic kidney diseases. Severe cases were defined as respiratory rate 

>30 breaths/min, oxygen saturation = < 93% or PaO2/FiO2 ratio = < 300 mmHg. Critical cases were defined as including 

> = 1 of the following criteria: shock; respiratory failure requiring mechanical ventilation; combination with other organ 

failures; and admission to intensive care unit.

Table S3.    Odds Ratios of Receiving Semi-Individualized 
Treatment for Categorical Variables Included in the Propensity 
Score Model

n = 1788 Odds Ratio (95% CI)

Age

<40 yr 1.55 (0.79 to 3.03)

40–59 yr 2.67 (1.60 to 4.46)

60–79yr 0.55 (0.36 to 0.84)

> = 80 yr 0.30 (0.17 to 0.55)

Gender (male) 1.10 (0.73 to 1.67)

Past Medical History

Hypertension 0.73 (0.47 to 1.13)

Diabetes 0.73 (0.42 to 1.26)

Coronary artery disease 0.79 (0.39 to 1.60)
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Table S4.    Hazard Ratios of Variables Included in the Multivariable Cox Regression Model with Inverse 
Probability Weighting by the Propensity Score (Primary Analysis)

All Cases (n = 1788)  
Hazard Ratio 

Mild Cases (n = 1471)  
Hazard Ratio

Severe/Critical Cases  
(n = 317) Hazard Ratio

Age (year) 1.07 (1.04 to 1.10)
p < 0.001

1.00 (0.95 to 1.04)
p = 0.74

1.07 (1.04 to 1.10)
p < 0.001

Gender (male) 0.68 (0.35 to 1.29)
p = 0.23

0.22 (0.07 to 0.69)
p = 0.01

0.81 (0.42 to 1.56)
p = 0.52

Past Medical History

Hypertension 0.84 (0.47 to 1.51)
p = 0.56

0.35 (0.10 to 1.29)
p = 0.12

1.06 (0.60 to 1.87)
p = 0.93

Diabetes 1.18 (0.56 to 2.48)
p = 0.67

0.20 (0.02 to 2.09)
p = 0.18

1.45 (0.66 to 3.18)
p = 0.35

Coronary artery disease 0.49 (0.25 to 0.96)
p = 0.04

1.82 (0.43 to 7.64)
p = 0.41

0.58 (0.30 to 1.12)
p = 0.10

Chronic kidney disease 0.71 (0.14 to 3.49)
p = 0.67

0.03 (0.0005 to 1.50)
p = 0.08

1.08 (0.38 to 3.07)
p = 0.89

Laboratory Investigation

C-reactive protein 1.009 (1.004 to 1.014)
p < 0.001

1.00 (0.99 to 1.01)
p = 0.94

1.007 (1.002 to 1.012)
p = 0.002

Lymphocyte count 0.33 (0.14 to 0.73)
p = 0.007

0.13 (0.02 to 0.94)
p = 0.04

0.58 (0.26 to 1.29)
p = 0.18

Notes: Multivariable Cox regression model weighted by inverse probability and the propensity score adjusted for age, gender, 

history of diabetes, hypertension, coronary heart disease and disease severity.
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Table S5.    Sensitivity Analysis on Hazard Ratios Using Different Definitions of Semi-Individualized 
Chinese Medicine Exposure

Analysis on Mortality on All Cases  
(n = 1788)

At Least 1  
Prescription 

During  
Hospitalization

At Least 30%  
of Hospitalization  

Period with  
Prescription

At Least 60% of 
Hospitalization 

Period with  
Prescription

Mortality/Patient at Risk (%)

Semi-individualized Chinese medicine 64/1694 (3.8) 54/1594 (3.4) 35/1376 (2.5)

Non-semi-individualized Chinese medicine 16/94 (17.0) 26/194 (13.4) 45/412 (10.9)

Crude Hazard Ratio (Unadjusted Cox 
Regression) of Unmatched Cohort

0.19 (0.11 to 0.33)
p < 0.001

0.24 (0.15 to 0.38)
p < 0.001

0.23 (0.15 to 0.36)
p < 0.001

Adjusted Hazard Ratio (Multivariable 
Cox Regression) of Unmatched Cohorta

0.27 (0.15 to 0.48)
p < 0.001

0.28 (0.17 to 0.47)
p < 0.001

0.32 (0.20 to 0.52)
p < 0.001

Propensity Score Matched Hazard Ratiob

By inverse probability weighting (all users 
vs. non-users)

0.42 (0.23 to 0.77)
p = 0.005

0.40 (0.24 to 0.65)
p < 0.001

0.41 (0.25 to 0.66)
p < 0.001

By propensity score matching 0.23 (0.06 to 0.68)
p = 0.013

0.45 (0.21 to 0.90)
p = 0.028

0.40 (0.22 to 0.71)
p = 0.002

aAdjusted for age, gender, C-reactive protein, lymphocyte count, history of diabetes, hypertension, coronary artery disease, 

chronic kidney diseases, and disease severity.
bMatched by age, gender, history of diabetes, hypertension, coronary heart disease and disease severity.
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