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Purpose: The therapeutic effects of Huangqin Qingre Chubi (HQC) in rheumatoid arthritis (RA) have been documented. However,
there is a lack of real-world clinical evidence supporting its efficacy.

Methods: Patients diagnosed with RA were recruited from the First Affiliated Hospital of the Anhui University of Chinese Medicine.
Patient information was obtained from the hospital’s database. Propensity score matching (PSM), Kaplan—-Meier curve, and Cox
proportional hazards model were used to control confounding factors and analyze the factors influencing readmission. Association rule
analysis and random walk evaluation models were used to evaluate the correlations among HQC treatment, inflammation indicators,
and self-perception of patients (SPP) scale.

Results: After PSM, 3423 patients were enrolled, with 1142 in the HQC group and 2281 in the non-HQC group. The readmission risk
of the HQC group was significantly lower than that of the non-HQC group. Combined univariate and multivariate analysis results
revealed that risk factors for readmission were age >60 years, female sex, hypertension, chronic gastritis, and elevated levels of
laboratory indices, including anticyclic citrullinated peptide and complement component 3 (C3) and C4. HQC, disease-modifying
antirheumatic drugs, nonsteroidal anti-inflammatory drugs, and glucocorticoid therapy were protective factors for readmission. HQC
treatment was closely associated with improvements in many factors, including erythrocyte sedimentation rate, C-reactive protein, C3,
rheumatoid factor levels, visual analog scale, depression self-assessment scale, and patient-reported activity index scores with RA.
Conclusion: HQC treatment can reduce the risk of readmission and significantly improve immune inflammatory indicators and SPP
in patients with RA, with no risk of hepatorenal toxicity.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized by hyperplasia and destruction of synovial
joints."? Severe and persistent inflammatory responses and extra-articular manifestations have led to a consistently
higher RA mortality than that in the general population over the past 50 years.>> Chronic progression of RA is
accompanied by continuous joint dysfunction or disability, which considerably affects the patient’s quality of life
(QOL). Extra-articular complications further accelerate premature death.®’ In the treatment of RA, the long-term use
of conventional disease-modifying antirheumatic drugs (DMARDs), nonsteroidal anti-inflammatory drugs (NSAIDs),
and glucocorticoids (GCs) inevitably cause side effects. Additionally, the use of biological agents is expensive and poses

risks of infection and recurrence of tuberculosis,® with several targeted drugs yet to be translated into clinical use.”
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Traditional Chinese medicine (TCM) is a complementary and alternative therapy that plays a critical role in the
treatment of RA by alleviating complications and adverse reactions. In a clinical retrospective cohort study of more than
10,000 patients, we found that TCM significantly reduced the risk of readmission, complications, surgical treatment, and
all-cause mortality in patients with RA.'® Compared to individual components, TCM compound formulae allow for the
combined advantage of individual components for treatment of the same disease. For example, Juanbi Decoction is
a TCM compound that has been shown to relieve joint pain, swelling, and morning stiffness in patients with RA cold-
dampness patterns and reduce the expression of erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and
rheumatoid factor (RF)."" Similarly, compared with Tripterygium wilfordii used individually, Xinfeng capsule (XFC) was
strongly correlated with improvements of clinical inflammatory indices in patients with RA.'?

In this study, we focused on the Huangqin Qingre Chubi capsule (HQC), which has been used clinically for more than
20 years at the First Affiliated Hospital of Anhui University of Chinese Medicine. HQC is a Chinese patent medicine for
the treatment of RA Damp-Heat Patterns (RADHP) under the guidance of TCM pattern differentiation and treatment
theory.'> HQC has a legal production license in China (Anhui Medicine System: Z20200001) and has obtained a national
invention patent (Patent Number: ZL201110095718.X). HQC is composed of five traditional Chinese medicines, namely,
Scutellaria baicalensis, Gardenia jasminoides, Semen coicis, Radix clematidis, and Prunus persica, in the ratio of
10:9:30:10:5."* Previous pharmacokinetic studies have shown the high content and good stability of the five core
chemical components of HQC, and the rigorous production process allows for controllable quality.'*'® We have explored
the underlying mechanisms of HQC in RA. In vivo experiments showed that HQC inhibit secondary foot swelling in
adjuvant-induced arthritis (AA) rats, reduce synovial tissue hyperemia, oedema and inflammatory cell infiltration, and
reduce serum NO, Interleukin-1p, —6 levels. In addition, it can inhibit the pathogenesis of RA through CUL4B/Wnt-
signalling pathways.'”'? In vitro experiments showed that HQC inhibit the proliferation of fibroblast-like synoviocytes
in AA rats,'* and by increasing the total antioxidant capacity and the level of SOD in peripheral blood mononuclear cells
of RA patients—reducing Malondialdehyde and Lipid peroxide levels. This activates AMP-activated protein kinase
(AMPK) and forkhead box transcription factor family O subfamily 3a, playing an anti-inflammatory and anti-oxidative
role.° Through clinical observation, we have demonstrated the efficacy of HQC as combined with other drugs for the
treatment of rheumatic diseases. HQC combined with XFC, or the external washing of TCM, can effectively improve
patients’ mental health and reduce inflammation, oxidative damage, toxicity, and the side effects incurred by Western
medicines.”'** HQC combined with celecoxib can improve the Visual Analog Scales (VAS), the Western Ontario and
McMaster Universities (WOMAC) score, ESR, and the CRP of patients with osteoarthritis than that of celecoxib alone.”
Although the results of small observational clinical studies provide evidence for the efficacy of HQC, we believe that, on
a larger scale, high-level research evidence based on real-world cases is required to prove the auxiliary efficacy of HQC
in patients with RADHP.

In this study, we collected information on HQC therapy by patients with RA and analyzed differences in demo-
graphics, laboratory indicators, and self-perception of patients(SPP) before and after medication, in combination with
a follow-up survey, and determined the correlation between drug use and evaluation indicators. The evidence-based
medicine findings provides a reference for evaluating the clinical efficacy of HQC.

Materials and Methods

Data Sources and Study Participants

In this telephone follow-up, we revisited 5576 patients with RA who were admitted to the Rheumatology Department of
the First Affiliated Hospital of Anhui University of TCM between December 19, 2011 and June 22, 2021. Our follow-up
process fully protected patient privacy and did not interfere with the treatment selection. This study was performed in
accordance with the principles of the Declaration of Helsinki.

Inclusion and Exclusion Criteria
The included patients met the 2010 American College of Rheumatology/European Federation of Rheumatology
Association RA criteria.®* Meanwhile, they need to have met the diagnostic criteria for RADHP, as per the 2018
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Branch Committee of Rheumatology of China Association of Chinese Medicine’s “Rheumatoid Arthritis Disease
Evidence Combined Diagnosis and Treatment Guidelines”* which state that individuals: (1) Meet the 2010 American
College of Rheumatology/European Federation of Rheumatology Associations RA classification criteria; and that a (2)
diagnosis can be made by combining tongue and pulse readings with two of the following primary symptoms, or one of
the primary symptoms plus two of the secondary symptoms. These symptoms include: primary symptoms include (A)
joint swelling and heat pain; and (B) heat sensation of joint contact or self-consciousness; whereas secondary symptoms
include (A) localized redness of the joints; (B) fever; (C) upset, (D) thirst or no desire to drink when thirsty; and (E)
yellow urine. Tongue and pulse symptoms include: a red tongue, a thick yellowish coating on the tongue, and a smooth or
slippery pulse.The exclusion criteria®® included (1) age <18 years; (2) incomplete clinical data, uncooperative follow-up,
and missed follow-up; (3) serious cardiovascular, liver, renal, and hematopoietic diseases, and severe extra-articular
lesions, such as hyperthermia, renal amyloidosis, and central nervous system vasculitis; (4) psychiatric disease; and (5)
pregnant or lactating women.

Contents of Telephone Follow-Up and Data Processing

We retrieved patient data from the data processing system of First Affiliated Hospital of Anhui University of Chinese
Medicine (Patent Number: 2017SR422234). Patient name, age, sex, telephone number, and diagnostic information that
had been collected from the processing system were verified in the telephone follow-up. Other items queried in the
follow-ups included HCQ use and duration and endpoint events.

The underlying medications included DMARDs (methotrexate, leflunomide, and sulfasalazine), NSAIDs (celecoxib,
meloxicam, and lornoxicam), and GCs (methylprednisolone and betamethasone). The underlying diseases included
hypertension, diabetes, and chronic gastritis. Primary endpoints were RA exacerbations leading to readmission, extra-
articular RA lesions (interstitial lung disease, Sjogren’s syndrome), joint surgical treatment, and death. All follow-up
examinations were conducted by physicians specializing in rtheumatology. Each follow-up visit involved one medical
doctor. Two medical doctors supervised the verification.

Observational research is prone to the presence of confounding variables which means that unadjusted analyses would
lead to bias.?” Propensity score matching (PSM), as a statistical method proposed by Rosenbaum and Rubin in 1983, can
effectively reduce the confounding bias in the design of observational studies.”® For patients with successful follow-up,
propensity score matching (PSM) was performed at a 1:2 ratio with a 0.02 matching tolerance to balance the bias caused
by the baseline data. The PSM generated HQC and non-HQC groups. In the HQC group, exposure was defined according
to the length of time of continuous oral HQC therapy and was categorized as strongly exposed (=12 months), exposed
(>1 month), weakly exposed (=1 month and <12 months), and non-exposed (no HQC application or HQC tonics for <1
month) subgroups. Figure 1 provides a flowchart of the selection process for patients with RA.

Laboratory Examination and Self-Perception of Patients Scale

Laboratory examination indicators included ESR (reference value: male 0—15mm/h, female 0-20 mm/h), CRP (reference
value:<2.87mg/L), RF (reference value:<20 U/mL), anticyclic citrullinated peptide antibody (anti-CCP)(reference value:
negative), immunoglobulins A, G, and M (IgA, IgG, and IgM)(reference value:0.7-3.5 g/L;7.0-16.6 g/L;0.5-2.6 g/L),
complement component 3 (C3) (reference value:0.8-0.1.5 g/L) and C4 (reference value:0.2-0.0.6 g/L), alanine amino-
transferase (ALT)(reference value: 5—40 U/L), aspartate transferase (AST)(reference value: 8—40 U/L), serum creatinine
(CREA)(reference value: male 53—106 umol/L, female 44-97 umol/L), blood urea nitrogen (BUN)(reference value: 3.2—
7.1 mmol/L), and uric acid (UA)(reference value: male 150—416 pmol/L, female 89-357 pmol/L).*

To determine SPP, the medical outcomes study item short form-36 health survey (SF-36),’® visual analog scale
(VAS), Chinese patient-reported activity index with rheumatoid arthritis (CPRI-RA),*" anxiety self-assessment scale
(SAS), depression self-assessment scale (SDS), and TCM symptom score with RA Damp-Heat Patterns (CMSS-
RADHP) were used. SF-36 measures nine domain scales and 36 items. The SF-36 measures nine domain, including
physical function (PF), role limitations due to physical problems (RP), body pain (BP), general health (GH), vitality
(VT), social function (SF), role limitations due to emotional problems (RE), mental health (MH), and reported health
transition (HT). The VAS scores included joint pain (JP), patient assessment (PA), and doctor assessment (DA). All
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A retrospective study of
patients with RA
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Figure | Flowchart of the study population.
Abbreviations: RA, rheumatoid arthritis; HQC, Huanggin Qingre Chubi Capsule.

participants completed the paper version of the scale under the guidance of two medical doctors specializing in
rheumatology. One doctor entered the data processing system, while the other supervised quality control.

SF-36 uses 0—100 general health rating index as a “criterion”.>> The VAS scale criterion is as follows: 0 for no pain,
1-3 for mild pain, 4-6 for moderate pain, and 7—10 for severe pain.>* CPRI-RA was positively correlated with the degree
of disease activity.31 SDS and SAS were developed by Zung in 1965 and 1971, respectively, and were subsequently
popularized worldwide.***> The scoring standard of this study was as follows: the cut-off value of the SAS standard
score was 50 points, in which 50-59 points indicated mild anxiety, 60—69 points indicated moderate anxiety, and more
than 70 points indicated severe anxiety; an SDS score of less than 50 was defined as no depression present. A score of
50-59 indicated mild depression, whereas a; score of 60—69 indicated moderate-to-severe depression. A score above 70
is considered to indicate severe depression’s presence. CMSS-RADHP is positively correlated with the severity of damp-
heat syndrome in RA.*°

Assessment of Readmission Risk Factors
Survival analysis is a commonly-used method in biomedical research. A Kaplan-Meier (K-M) curve is often used to
visually summarize time-to-event data from treatment to relapse in cohort studies.” According to whether the patients
used HQC, readmission, and readmission time, online bioinformatics tools 38 were used to draw K-M curves and
analyze the risk factors for readmission.*®

The Cox proportional-hazards model is a statistical method widely used in medical research to analyze the effect
of one or more predetermined variables on the survival time of patients.’® Different to the K-M curve commonly
used in univariate analysis, the Cox model can use both univariate and multivariate survival analysis methods, which
can extend the survival analysis method to evaluate the impact of several risk factors on survival time at the same
time.** Cox proportional hazards model analysis took the readmission of patients with RA as the dependent variable
and the use of HQC, age, sex, basic diseases and drugs, and RA-specific clinical laboratory indicators as the
covariables. Combined with readmission and follow-up times, the Cox proportional risk model analysis was
performed. Univariate and multivariate analyses were performed to obtain preliminary and multivariate data,
respectively.
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Association Rule Analysis and Random Walk Evaluation Model

Association rule analysis is a data mining technique that identifies frequently-occurring patterns, associations or
correlations between item sets or object sets in transaction data, relational data, or other information carriers by searching
for frequent attribute value conditions within data sets.*' The Apriori module in International Business Machines
Corporation (IBM) Statistical Product and Service Solutions (SPSS) modeler software (version 18.0) was used to
perform the association rule analysis. In the analysis evaluating HQC treatment and the improvement among indicators,
HQC treatment was defined as “T” and non-HQC treatment as “F”. After HQC treatment, ESR, CRP, RF, anti-CCP, IgA,
IgG, IgM, C3, and C4 decreased to T and stabilized or increased to F. Readmission was defined as “F” and no
readmission was defined as “T”. In the analysis of association rules that evaluated the association between HQC
treatment and changes in the SPP scale, HQC treatment was defined as “T” and non-HQC treatment as “F”. After the
HQC treatment, VAS(JP), VAS(DA), SDS, VAS(PA), CPRI-RA, CMSS-RADHP, and SAS decreased to T and stabilized
or increased to F. MH, VT, PF, GH, SF, RE,RP, HT, and BP increased to T and stabilized or decreased to F. Readmission
was defined as “F” and no readmission was defined as “T”.

The specific calculation formula for the association rule analysis described by Huang et al** was used:

support(X — Y) = 6(XUY)/N, confidence(X — Y) = 6(X UY)/N, and lift(X — Y) = confidence(X — Y)/o(Y)

where X and Y are item sets, ¢ is the minimum support threshold, and N is total number of item sets.

The random walk model takes the single treatment effect of each patient as a point. When the size of the patient
reaches a certain level, a random walk route is formed, which is called the long-term association, and can be used to
judge the improvement of the overall efficacy of the patient. The ORACLE 10g tool was used to realize a random walk
model*® of immune inflammatory indicators to detect the improvement in laboratory indicators by HQC.

Statistical Analysis

All data were analyzed using SPSS v.26.0. Counting data are expressed as frequency and percentage. Measurement data
are expressed as median [interquartile range]. Chi-square test was used for counting data, 7-test was used for data
conforming to normal distribution and homogeneity of variance, and non-parametric test was used for data not

conforming to normal distribution. Statistical significance was set at P<0.05.

Results

Baseline Characteristics of Patients Before and After Propensity Score Matching

The clinical data of 5576 patients with RA were returned, and 5262 cases were screened for inclusion in the successful
follow-up, with a shedding rate of 6%. Of the 5262 patients, 1142 were treated with HQC and 4120 were not. The two
groups differed significantly in age, sex, combined chronic gastritis, DMARDs, NSAIDs, and readmission between the
two groups (all P<0.05). To control for confounding factor bias, PSM was performed. The 3423 enrolled patients
included 1142 patients in the HQC group and 2281 patients in the non-HQC group. The differences in the various
influencing factors between the two groups were better balanced after PSM (Table 1).

Influencing Factors for the Readmission of Patients

K—M curve analysis was used to compare the risk of readmission between the HQC and non-HQC groups and to further
assess the impact of HQC intervention time on the risk of readmission. Between 15-90 months, the proportion of non-
readmissions was higher in HQC than in the non-HQC group, indicating that the HQC group had a significantly lower
risk of readmission than the non-HQC group (hazard ratio [HR] = 0.85, P = 0.011; Figure 2A). From 30 months, the
proportion of non-readmission was higher in the high-exposure group than in the low-exposure group, indicating that the
risk of readmission was significantly lower in the high-exposure group than in the low-exposure group (HR=0.26,
P<0.001; Figure 2B). Therefore, long-term use of HQC will reduce the risk of patient readmission.
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Table | Comparison of Demographic Characteristics Between Patients with RA with and without HQC

Characteristic Before PSM After PSM
Total RA Without RA of HQC P Total RA Without RA of HQC P
(n=5262) HQC (n=4120) | (n=1142) (n=3423) HQC (n=2.281) | (n=1142)

Age in years, n (%) 0.00 0.53
18-60 3344 (63.55) 2572 (62.43) 772 (67.60) 2317 (67.69) | 1545 (67.73) 772 (67.60)
>60 1918 (36.45) 1548 (37.57) 370 (32.40) 1106 (32.31) | 736 (32.27) 370 (32.40)

Median (IQR) 55 (48,65) 55 (46,64) 55 (49, 66) 54 (47, 64) 54 (46, 64) 54 (47, 64)

Sex, n (%) 0.00 0.36
Female 4272 (81.19) 3392 (82.33) 880 (77.06) 2669 (77.97) | 1789 (78.43) 880 (77.06)
Male 990 (18.81) 728 (11.67) 262 (22.94) 754 (22.03) 492 (21.57) 262 (22.94)

Combined diseases, n (%)
Hypertension 649 (12.33) 507 (12.31) 142 (12.43) 091 422 (12.33) 280 (12.28) 142 (12.43) 0.89
Diabetes 413 (7.85) 324 (7.86) 89 (7.79) 0.94 264 (7.71) 175 (7.67) 89 (7.79) 0.90
Chronic Gastritis 651 (12.37) 555 (13.47) 96 (8.41) 0.00 270 (7.89) 174 (7.63) 96 (8.41) 0.43

Basic medicine, n (%)
DMARDs 3361 (63.87) 2541 (61.67) 820 (71.80) 0.00 2467 (72.07) | 1647 (72.21) 820 (71.80) 0.8l
NSAIDs 427 (8.11) 360 (8.74) 67 (5.87) 0.00 210 (6.13) 143 (6.27) 67 (5.87) 0.64
GCs 3284 (62.41) 2562 (62.18) 722 (63.22) 0.52 2195 (64.13) | 1473 (64.58) 722 (63.22) 0.44

End point events, n (%)
Readmission 2014 (38.27) 1625 (39.44) 389 (34.06) 0.00 1162 (33.95) | 773 (33.89) 389 (34.06) 0.92
Interstitial lung disease 268 (5.09) 125 (3.03) 51 (4.47) 0.28 149 (4.35) 98 (4.30) 51 (4.47) 0.82
Sjogren’s syndrome 116 (2.20) 48 (1.17) 18 (1.58) 0.10 58 (1.69) 40 (1.75) 18 (1.58) 0.70
Surgical treatment 122 (2.32) 58 (1.41) 18 (1.58) 0.06 44 (1.29) 26 (1.14) 18 (1.58) 0.29
Death 116 (2.20) 19 (0.46) 26 (2.28) 0.85 78 (2.28) 52 (2.28) 26 (2.28) 1.00

Abbreviations: RA, rheumatoid arthritis; PSM, propensity score matching; HQC, Huanggin Qingre Chubi Capsule; DMARDs, disease-modifying antirheumatic drugs;
NSAIDs, nonsteroidal anti-inflammatory drugs; GCs, glucocorticoids.

The Cox proportional hazards model was used to compare the risk factors affecting readmission in patients with RA.
Univariate analysis (Table 2) revealed significant associations with increased risk of readmission for those aged >60
years (HR=1.012, 95% confidence interval [CI]=1.003—-1.012, P=0), hypertension (HR=1.285, 95% CI=1.089-1.516,
P=0), and chronic gastritis (HR=1.223, 95% CI=1.007-1.485, P=0.04). Significantly reduced risk of admission was
evident for oral HQC (HR=0.85, 95% CI=0.752-0.961, P=0), DMARDs (HR=0.84, 95% CI=0.734-0.957, P=0.01),
NSAIDs (HR=0.597, 95% CI=0.450-0.792, P=0), and GC therapy (HR=0.805, 95% CI=0.712—0.911, P=0). Significant

g 1.00 4 g 1.00 4
7 Non-HQC 7 Low exposure
w ~ w2 .
g — HQC E i High exposure
= =l |
g 0.75 1 g 0.75
— —
) )
Ba &
° | © 0.50
o 0.50 1 i o
.2 .2
5 | 5
0.25
& 0.25 “ g 02
o HR = 0.85 (0.75 - 0.96) I o HR =0.26 (0.22 - 0.32)
2 P=0011 2 P <0.001
l_' 1 1 1 1 [_. 000 -I 1 1 1
0 30 60 90 0 30 60 90
Time(months) Time(months)
HQC 1142 989 478 206 High exposure 4764 764 370 177
A B

Figure 2 Kaplan—Meier curves of readmission in patients with RA. (A) The Kaplan—Meier curve was used to analyze the effect of Huangqin Qingre Chubi Capsule (HQC) on
the risk of readmission. (B) The Kaplan-Meier curve was used to assess the effect of HQC intervention time on the risk of readmission.

Notes: Figure 2A — The red curve: The survival curve of HQC; The blue curve:The survival curve of Non-HQC. Figure 2B —The red curve: The survival curve of high
exposure of HQC; The blue curve: The survival curve of Low exposure of HQC.
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Table 2 Cox Proportional Hazards Model of Univariate and Multivariate Analyses for Readmission of
Patients with RA Treated with HQC

Variables Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value
Age in years
20-60 | |
>60 1.012 1.00-1.012 0 1.007 1.00-1.012 0
Sex
Male | |
Female 1.128 0.97-1.301 0.10 1.196 1.03—1.388 0.02
HQC used
No | |
Yes 0.85 0.75-0.961 0 0.420 0.29-0.720 0.04
Hypertension 1.285 1.08-1.516 0 1.130 0.94-1.348 0.0l
Diabetes 1.056 0.85-1.301 0.6l 1.130 0.94-1.348 0.17
Chronic gastritis 1.223 1.00-1.485 0.04 0.920 0.94-1.348 0.07
DMARDs 0.84 0.73-0.957 0.0l 1.135 0.93-1.381 0.58
NSAIDs 0.597 0.45-0.792 0 0.988 0.84-1.157 0.88
GGCs 0.805 0.71-0.911 0 0.669 0.48-0.914 0.0l
ESR (mm/h) 1.002 1.00-1.004 0.40 1.138 0.98-1.316 0.08
CRP (mg/L) | 0.99-1.002 0.58 1.002 1-1.005 0.07
RF (U/mL) | | 0.62 0.999 0.99-1.001 0.21
Anti-CCP (U/mL) | | 0.0l | I 0.52
IgA (g/L) 0.982 0.93-1.028 0.44 | | 0.09
1gG (g/L) 0.995 0.98-1.009 0.50 0.977 0.927-1.03 0.39
IgM (g/L) 0.970 0.89-1.052 0.46 0.991 0.97-1.007 0.26
C3 (g/L) 1.002 1.00-1.003 0 0.975 0.89-1.064 0.57
C4 (g/L) 1.006 1.002—1.01 0 1.002 0.99-1.004 0.16

Abbreviations: HR, hazards ratio; Cl, confidence interval; HQC, Huanggin Qingre Chubi Capsule; DMARDs, disease-modifying antirheu-

matic drugs; NSAIDs, nonsteroidal anti-inflammatory drugs.
associations with a higher risk of readmission were evident for laboratory indicators of anti-CCP (HR=1, 95% CI=1,
P=0.01), C3 expression (HR=1.002, 95% CI=1.001-1.003, P=0), and C4 expression (HR=1.006, 95% CI=1.002-1.01,
P=0). Multifactorial analysis (Table 2) showed that HQC (HR=0.42, 95% CI=0.29-0.72, P=0.04) and GC therapy
(HR=0.669, 95% CI=0.489-0.914, P=0.01) were protective factors against patient readmission. Age >60 years
(HR=1.007, 95% CI=1.002-1.012, P=0), female gender (HR=1.196, 95% CI=1.031-1.388, P=0.02), and hypertension
(HR=1.13, 95% CI=0.947-1.348, P=0.01) were risk factors for readmission.

Figure 3 displays a forest map based on multivariate analysis visualizing the protective and risk factors for patient
readmission. Forest maps are graphs based on statistical indexes and statistical analysis methods, drawn by numerical
operation results. Centered on a vertical null line (the horizontal scale ranges between 0 and 1), it describes the effect size
and confidence interval of each study included with multiple line segments parallel to the horizontal axis, which can

describe the statistical results in a simple and intuitive manner.**

Effects of Huangqin Qingre Chubi Capsule on Immune Inflammatory Indices, and Liver
and Kidney Function in Patients with RA

We assessed changes in the levels of immune inflammatory indicators and liver and kidney function indicators in the HQC and
non-HQC groups before and after treatment (Tables 3 and 4). In the non-HQC group, ESR, CRP, anti-CCP, IgG, C3, and C4
levels were significantly decreased after treatment compared with those before treatment (P<0.05). In the HQC group, the ESR,
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Figure 3 Forest map of risk factors for readmission.
Notes: The blue icon: protective factor;The rde icon: risk factor.
Abbreviation: HQC, Huanggin Qingre Chubi Capsule.

CRP, RF, anti-CCP, IgA, IgG, C3, and C4 levels decreased after treatment (P<0.05). In the non-HQC group, ALT and BUN levels
increased (P<0.05), and CREA and UA levels decreased (P<0.05) after treatment compared with those before treatment. In the
HQC group after treatment, ALT and BUN levels increased (P < 0.05), and CREA and UA levels decreased (P<0.05). There was
no significant difference in the AST levels (P>0.05).

Analysis of Association Rules and Establishment of Random Walk Modeling Between

Huangqgin Qingre Chubi Capsule Treatment and Laboratory Indicators

Association rule analysis was performed with the HQC used as the antecedent and improved laboratory indicators as the
consequent. HQC was strongly correlated with improvements in ESR, CRP, C3, and RF. In these results, support was
>30%, confidence was >50%, and lift was >1, except for CRP (Table 5).

We evaluated ESR, CRP, RF, IgA, IgG, IgM, C3, and C4 as indicators in the random walk model and obtained
the maximum stochastic volatility, walking steps, positive growth rate of walking, stochastic fluctuation power law
value, rate of increase, and ratio for each indicator (Table 6). In the model evaluation, the ESR, CRP, RF, IgA, IgG,
and C4 indicators were clinically significant; for each step of improvement in ESR, CRP, RF, IgA, 1gG, and C4, 7.8,
3.6, 11.99, 23.04, 21.65, and 5.59 steps were required to walk, respectively. In addition, we plotted a model of
walking steps versus index improvement (Figure 4). ESR, CRP, RF, IgA, IgG, IgM, and C4 levels improved as the
number of steps increased.
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Table 3 Effects of HQC

on Immune Inflammatory Indices in Patients with RA

Index Non-HQC Group(n=2281) HQC Group(n=1142)

Before Treatment After Treatment Before Treatment After Treatment
ESR (mm/h) 40.00 (23.00,62.00) 25.00 (14.00,41.00)* 40.00 (22.00,64.00) 26.00 (14.00,42.00)*
CRP (mg/L) 16.37 (3.77,41.11) 2.78 (0.51,11.84)* 16.37 (3.82,43.45) 2.48 (0.59,10.26)*
RF (U/mL) 84.40 (19.40,206.50) 69.95 (17.30,175.00) 85.00 (22.10,223.20) 74.00 (20.50,193.90)*

Anti-CCP (U/mL)

121.97 (25.00,334.00)

109.45 (25.00,312.48)*

125.00 (25.50, 348.00)

107.00 (25.00,321.84)"

IgA (g/L) 248 (1.91,3.18) 2.42 (1.87,3.13)* 251 (1.91, 3.30) 2.45 (1.85,3.19)"

IgG (g/L) 13.10 (10.60,15.80) 12.60 (10.28,15.40)* 12.78 (10.25.80,15.67) 12.2 (10.00,14.91)"*
IgM (g/L) 1.25 (0.91,1.66) 1.24 (0.92,1.66) 128 (0.93,1.69) 130 (0.94,1.71)

C3 (gll) 110.55 (79.20,130.20) 106.00 (73.60,124.40)* 100.90 (1.28,124.00) 95.10 (1.20,116.10)*
C4 (glL) 22.95 (11.90,30.00) 21.35 (12.30,27.60)* 19.80 (0.32,28.00) 17.40 (0.28,25.40)"

Notes: Compared with the non-HQC group before treatment, *P<0.05. Compared with the HQC group before treatment, “P<0.05. Compared with the non- HQC group
difference (after treatment — before treatment), “P<0.05.
Abbreviations: HQC, Huangqgin Qingre Chubi Capsule; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; RF, rheumatoid factor; anti-CCP, anti cyclic
citrullinated peptide antibody; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; C3, complement component 3; C4, complement component 4.

Table 4 Effects of HQC on Liver and Kidney Function in Patients with RA

Index Non-HQC Group(n=2281) HQC Group(n=1142)

Before Treatment After Treatment Before Treatment After Treatment
ALT (g/L) 13.00 (9.00,20.00) 16.00 (11.00,25.00)* 14.00 (9.00,21.00) 17.00 (12.00,25.00) #
AST (g/L) 16.00 (13.00,21.00) 16.00 (13.00,21.00) 17.00 (14.00,20.25) 17.00 (14.00,21.25)

CREA (umol/L)

48.30 (42.20,56.60)

48.30 (41.60,56.40)*

49.00 (42.20,57.33)

49.00 (42.10,57.53)"

BUN (mmol/L)

470 (3.82,5.79)

4.83 (3.40,6.00)*

475 (3.90, 5.91)

492 (3.97,6.17)*

UA (umol/L)

238.00 (191.00,295.50)

215.00 (170.00,270.00)*

251.00 (202.00, 302.00)

221.00 (178.00,272.25)*

Notes: Compared with the non-HQC group before treatment, *P<0.05. Compared with the HQC group before treatment, *P<0.05.
Abbreviations: HQC, Huanggin Qingre Chubi Capsule; ALT, alanine aminotransferase; AST, aspartate transferase CREA, serum creatinine; BUN, blood urea nitrogen; UA, uric acid.

Table 5 Analysis of Association Rules Between HQC Treatment and Laboratory

Indicators in Patients with RA

Number | Antecedent | Consequent | Support (%) | Confidence (%) Lift
| HQC CRP| 33.36 70.58 0.98
2 HQC ESR| 33.36 66.20 1.05
3 HQC C3| 33.36 60.16 1.06
4 HQC RF] 33.36 54.64 1.01

Note: | The values decreased compared with those before treatment.

Abbreviations: HQC, Huangqin Qingre Chubi Capsule; ESR, erythrocyte sedimentation rate; CRP, C-reactive

protein; RF, rheumatoid factor; C3, complement component 3.

Effects of Huangqin Qingre Chubi Capsule on Self-Perception of Patient in Patients

with RA

Of the 3423 patients included, 789 completed the SPP scale on admission and discharge, with 587 and 202 in the HQC
and non-HQC groups, respectively. SPP scale changes were consistent between the groups. In the HQC and non-HQC
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Table 6 Evaluation of Immunoinflammatory Indicators Random Walk Model in the HQC Group

Indicators Maximum of Walking Positive Growth Rate Stochastic Fluctuation Rate of Ratio
Stochastic Volatility Steps of Walking Power Law Value Increase

ESR 641 1345 0.1282 0.2177+0.1461 0.4766 7.8
CRP 107 155 0.2779 0.2177+0.1461 0.6903 3.6
RF 417 1190 0.0834 0.3898+0.0988 0.3504 11.99
IgA 217 877 0.0434 0.4093+0.1026 0.2474 23.04
1gG 231 878 0.0462 0.3923+0.1032 0.2631 21.65
I1gM =27 878 —0.0054 0.4556+0.152 —0.0308 —185.19
C3 6 159 0.0012 0.1601+0.2354 0.0377 833.33
C4 359 878 0.1789 0.4289+0.1278 0.4089 5.59

Abbreviations: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; RF, rheumatoid factor; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin
M; C3, complement component 3; C4, complement component.

groups, PF, RP, BP, GH, VT, SF, RE, and MH levels significantly improved (P<0.05) after treatment, whereas the HT
levels showed no significant changes (P<0.05). In addition, for both groups VAS(JP), VAS(PA), VAS(DA), CPRI-RA,
SAS, SDS, and TCMSS-RADHP levels significantly decreased after treatment (P<0.05; Table 7).

An association rule analysis was performed to explore the relationship between HQC and SPP. HQC was strongly
correlated with improvements in VAS(JP), VAS(DA), SDS, VAS(PA), CPRI-RA, TCMSS-RADHP, MH, VT, PF, RP,
GH, SF, and RE scores. Support was >70%, confidence was >60%, and the lift was >1 (Table 8).

O Esr
200 O crP
O rF
O 18
IgM
O 156
C4
150

100

S0

Degree of improvement

0 30 60 90 120

Number of steps

Figure 4 Random walk model map of immunoinflammatory indicators in the HQC group.

Notes: The blue curve:Relationship between number of steps and improvement in ESR; The red curve:Relationship between number of steps and improvement in CRR; The
bottle green curve: Relationship between number of steps and improvement in RF; The orange curve: Relationship between number of steps and improvement in IgA; The
yellow curve: Relationship between number of steps and improvement in IgM; The light green curve: Relationship between number of steps and improvement in IgG; The
pink curve: Relationship between number of steps and improvement in C4. The values in the boxes represent the number of people at each node on the abscissa.
Abbreviations: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; RF, rheumatoid factor; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin
M; C3, complement component 3; C4, complement component 4.
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Table 7 Effects of HQC on SPP in Patients with RA

Entry Non-HQC Group (n=202) HQC Group (n=587)
Before Treatment After Treatment Before Treatment After Treatment
SF36 PF 30.00 (15.00,50.00) 50.00 (30.00,70.00)* 25.00 (20.00,40.00) 60.00 (35.00,75.00)#
RP 0.00 (0.00,0.00) 0.00 (0.00,75.00)* 0.00 (0.00,0.00) 50.00 (0.00,IO0.00)#
BP 32.00 (31.00,52.00) 52.00 (41.00,62.00)* 31.00 (22.00,41.00) 52.00 (4I,00,64.00)#
GH 30.00 (23.75,42.00) 42.00 (30.00,50.00)* 30.00 (20.00,40.00) 45.00 (37.00,72.00)#
VT 45.00 (35.00,55.00) 55.00 (45.00,65.00)* 40.00 (25.00,50.00) 60.00 (50.00,72.00)#
SF 50.00 (37.50,62.50) 62.50 (50.00,75.00)* 37.50 (25.00,50.00) 62.50 (50,00,75.00)#
RE 0.00 (0.00,66.67) 33.33 (0.00,100.00)* 0.00 (0.00,33.33) 66.67 (0.00,IO0.00)#
MH 50.00 (40.00,60.00) 56.00 (48.00,68.00)* 44.00 (28.00,52.00) 60.00 (52.00,72.00)#
HT 75.00 (75.00,100.00) 75.00 (50.00,75.00)* 75.00 (75.00,100.00) 75.00 (50,00,75.00)#
VAS JP 6.00 (5.00,6.00) 3.00 (2.00,5.00)* 7.00 (6.00,7.80) 4.50 (2.00,5.60)#
PA 6.00 (4.50,6.70) 3.00 (2.00,5.00)* 7.00 (6.00,7.50) 4.20 (2.00,5.00)#
DA 5.05 (4.60,6.00) 3.00 (2.00,4.50)* 6.30 (5.60,7.00) 4.00 (2.00,5.00)#
CPRI-RA 9.40 (7.57,11.20) 4.31 (2.80,5.97)* 10.41 (8.94,11.88) 4.36 (2.7I,7.I3)#
SAS 52.50 (45.00,60.00) 43.75 (37.50,50.00)* 55.00 (50.00,66.25) 43.75 (37.50,50.00)#
SDS 60.00 (55.00,66.25) 50.00 (45.00,55.00)* 62.50 (56.25,68.75) 48.75 (43.75,53.75)#
TCMSS-RADHP 13.00 (7.75,19.00) 6.00 (4.00,10.00)* 17.00 (11.00,21.00) 7.00 (4,00,|2.OO)’“t

Notes: Compared with the non-HQC group before treatment, *P<0.05. Compared with the HQC group before treatment, *P<0.05.1.

Abbreviations: HQC, Huanggin Qingre Chubi Capsule; SF-36, The MOS Item Short Form-36 Health Survey; PF, physical function; RP, role limitations due to
physical problems; BP, body pain; GH, general health; VT, vitality; SF, social function; RE, role limitations due to emotional problems; MH, mental health; HT,
reported health transition; VAS, Visual Analog Scale; JP, VAS including joint pain; PA, VAS patient assessment; DA, VAS doctor assessment; CPRI-RA, Chinese
Patient-Reported Activity Index with Rheumatoid Arthritis; SAS, Anxiety Self-Assessment Scale; SDS, Depression Self-Assessment Scale; CMSS-RADHP,
Traditional Chinese Medicine Symptom Score with RA Damp-Heat Pattern.

Table 8 Analysis of Association Rules Between HQC Treatment and SPP Indicators in
Patients with RA

Number | Antecedent Consequent Support (%) | Confidence (%) Lift
| HQC VAS(JP)| 74.40 93.87 1.01
2 HQC VAS(DA) | 74.40 93.01 1.01
3 HQC SDS| 74.40 92.16 1.02
4 HQC VAS(PA)| 74.40 91.65 1.00
5 HQC CPRI-RA| 74.40 91.31 1.05
6 HQC CMSS-RADHP| 74.40 90.80 1.01
7 HQC SAS| 74.40 84.84 1.00
8 HQC MH1? 74.40 82.79 1.09
9 HQC VTt 74.40 82.11 1.07
10 HQC PF1 74.40 79.90 1.05
I HQC GH? 74.40 74.96 1.06
12 HQC SF1 74.40 7428 1.10
13 HQC RE?T 74.40 60.65 I.11
14 HQC RP? 74.40 60.48 1.10

Notes: |The values decreased compared with before treatment. 1The values increased compared with before
treatment.

Abbreviations: HQC, Huanggin Qingre Chubi Capsule; VAS (JP), VAS including joint pain; VAS (PA), VAS patient
assessment; VAS (DA), VAS doctor assessment; SDS, Depression Self-Assessment Scale; CPRI-RA, Chinese Patient-
Reported Activity Index with Rheumatoid Arthritis; CMSS-RADHP, Traditional Chinese Medicine Symptom Score with
RA Damp-Heat Pattern; SAS, Anxiety Self-Assessment Scale; MH, mental health; VT, vitality; PF, physical function; GH,
general health; SF, social function; RE, role limitations due to emotional problems; RP, role limitations due to physical
problems.
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Discussion

The conventional clinical drugs used for RA treatment delay disease progression to a large extent. However, all these
drugs are associated with adverse events.*> Adverse reactions caused by drugs also greatly reduce patients’ QOL. In
a systematic study of 88 articles, Salliot et al found that nearly 13% of patients had elevated liver enzyme levels as
a result of methotrexate monotherapy, and 3.7% of patients permanently discontinued the drug due to liver toxicity.* In
a retrospective study of 1114 patients, Jayachandran et al reported that 10.1% of patients experienced adverse reactions,
such as gastritis, liver enzyme disturbance, and hepatitis, when using sulfasalazine.*’” In addition, the use of GCs and
emerging biologics is associated with a high risk of severe infection.**** Therefore, we focused on designing alternative
or auxiliary drug therapies that are robust and can effectively alleviate the toxicity and side effects associated with RA
drugs used in Western medicine.

Globally, a significant number of patients with arthritis are treated with TCM in addition to conventional Western
medicine.’*>? Over the past few decades, several in-depth studies have investigated the role of TCM in the treatment of
RA. TCM is effective in reducing disease activity, protecting joints,”* and ameliorating the adverse effects of conven-
tional Western medicine.>* Fang et al demonstrated that TCM with anti-inflammatory effects is no less effective than
methotrexate in the treatment of RA and that the combination of TCM and DMARDs can significantly reduce the
occurrence of adverse events.’

HQC is effective in treating joint swelling, heat and pain, aggravation of clinical indicators, red tongue, and yellow
greasy fur in the acute or active stage of RA. In China, HQC is a Chinese patent medicine created under the guidance of
the basic theories of TCM combined with the experience of clinical diagnosis and treatment of rheumatism. The
prescription comprises five traditional Chinese medicines: S. baicalensis, G. jasminoides, S. coicis, R. clematidis, and
P. persica. In TCM, S. baicalensis and G. jasminoides clear heat and dampness, purify fire, and detoxify poison; S. coicis
strengthens the spleen and removes dampness; R. clematidis alleviates wind and dampness and removes pain; and
P. persica promotes blood circulation and removes blood stasis, which has a significant effect on the clinical treatment of
damp-heat pattern rheumatism.?’>*>” In our previous studies encompassing 20 years of clinical observations and data
mining involving patients with RA, the evidence indicates that HQC can effectively improve immune inflammatory
indicators, red blood cell parameters, and patient perception.’®>® We identified the main chemical components of HQC as
baicalin, geniposide, luteolin, oleanolic acid, coixol, and amygdalin.'® Identification of these chemical components may
provide reasonable explanations for the anti-inflammatory, antioxidant, and immunoregulatory effects of HQC.®*%!

In this study, long-term use of HQC prolonged the readmission time of patients with chronic RA. Univariate analysis
revealed that hypertension, chronic gastritis, and elevated anti-CCP, C3, and C4 levels increased the risk of readmission,
while DMARDs, NSAIDs, and GCs therapy decreased this risk. These findings are consistent with clinical practice. To
better screen all factors, we performed a multivariate analysis, which provided results consistent with the univariate
analysis and also showed that age <60 years and female sex were both risk factors for the readmission of patients. These
findings are consistent with epidemiological results.®*®!

We also observed that ESR, CRP, C3, and C4 levels were reduced after oral HQC treatment, presumably because we
did not restrict patients to other clinical medications. Nevertheless, association rule analysis results demonstrated that
HQC was closely related to improvements in the ESR, CRP, C3, and RF levels. Additionally, the HQC group performed
significantly better than the non-HQC group in reducing the sensitivity index of RF level.

The random walk model is an evaluation system that was established to further evaluate the correlation between drug
use and laboratory indicators. The long-range correlation and mathematical probability theory of the random walk model
were similar to the disease development law. The long-range correlation of the model determines the effectiveness of the
index system.®>®* The randomized walk model of this study considers the effect of a single treatment in each patient as
an individual point. The 1142 patients treated with HQC in this study reached the size of dots to form a random walk
route. The relationship between the number of steps walked and the improvement of indicators was used to determine the
improvement of the overall efficacy of patients. In this study, random walk model analysis suggest that the changes in
ESR, CRP, RF, IgA, IgG, IgM, and C4 were associated with HQC treatment in the long-term and that HQC treatment

affected the changes in immune inflammatory indicators in patients.
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Hepatorenal toxicity caused by TCM have been the focus of research worldwide. In this study, we evaluated the
changes in the liver and kidney function of patients and found an insignificant difference between the HQC and non-HQC
groups. CREA and UA levels in the HQC group were decreased, AST levels were not significantly different, and ALT
and BUN levels were slightly increased. All were within the normal range and no liver or kidney injury caused by TCM
was observed.

The evaluation of patients’ self-perception and QOL is an important reference criterion for evaluating the effectiveness of
treatment. This evaluation has attracted extensive attention in clinical research. In the past, researchers have used the SF-36,
study item short form-12 health survey, EuroQol 5-dimension 3-level version, and RA-specific QOL to evaluate patients’
QOL;*%7 SAS and SDS to evaluate patients’ anxiety and depression;*® disease activity score and VAS to evaluate JP and
disease activity.***® The SPP scale used in this study has been promoted worldwide by the International Alliance for the
Measurement of Health Outcomes.”® Based on this, we created an original production and added scoring of TCM syndromes.
We believe that the QOL of patients should be based on comprehensive judgment of their physical, mental, and disease
states. In previous studies, we found that changes in SAS, SDS, and SF-36 in SPP were closely related to the dysregulation of
disease activity and immunoinflammatory markers.”"-" In the present study there were insignificant differences in the overall
improvement of the SF-36, VAS, SAS, SDS, and TCMSS-RADHP scores between the HQC and non-HQC groups. This may
be because we did not restrict patients to other conventional treatments (such as Western medicine, Chinese herbal decoction
pieces, and acupuncture) besides HQC treatment. Therefore, all patients received routine personalized treatment and their
diseases were effectively controlled after treatment. After drug treatment, the levels of PF, RP, BP, GH, VT, SF, RE, and MH
increased and the levels of VAS, SAS, SDS, and TCMSS-RADHP decreased, indicating that drug treatment improved the
physical function and mental outlook of the patients. Association rule analysis results strongly correlated HQC with
improvements in VAS(JP), VAS(DA), SDS, VAS(PA), PRI-RA, TCMSS-RADHP, MH, VT, PF, RP, GH, SF, and RE,
confirming the improvements of SPP associated with HQC as an adjuvant therapeutic drug.

This study has some limitations. First, we obtained and verified important data, such as medication use, time, underlying
diseases, and endpoint events of patients, after treatment through telephone follow-up. Limited by patients’ subjective initiatives,
there may be a risk of response and recall bias. Second, we did not exclude the influence of Western medicine and other Chinese
medicines on the efficacy of HQC, nor did we evaluate the combined efficacy of Western medicine, other Chinese medicines,
and HQC. In addition, this study was conducted at a single institution and thus the results may be applicable to only a narrow
range of beneficiaries. Therefore, further multicenter prospective studies are required to evaluate the exact role of the HQC.
Finally, owing to patient compliance, we did not include the SPP data of all matched patients in the analysis. Thus, the SPP
results were not verified in a large sample of patients. We believe that the SPP is a comprehensive assessment of patients’ QOL
by which we can grasp the comprehensive assessment of patients” improvement in physical symptoms, mental outlook, and
TCM symptoms after drug treatment. This is consistent with the treatment concept of comprehensive conditioning and holistic
treatment of TCM. The purpose of patient treatment was to improve the indicators and also to improve QOL. In future studies,
we will refine the SPP rules and explore the correlation between the improvement in rules and indicators.

Conclusion

Based on the clinical practice of our institution, our study retrospectively analyzed the therapeutic effect of Chinese
patent medicine HQC in RA. The findings demonstrate that HQC treatment, as a protective factor, is associated with the
reduction of the risk of hospital readmission in patients with RA. Furthermore, HQC can significantly improve the
immunoinflammatory indicators of patients without the risk of hepatorenal toxicity. Importantly, HQC treatment can
improve SPP and improve QOL and satisfaction of patients with RA.
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