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Abstract. Rheumatoid arthritis (RA) is a systemic autoim‑
mune disease that is associated with high degrees of disability 
and mortality. Patients with RA are generally more prone to 
a multitude of comorbidities, with hyperlipidemia (HL) one 
of the most frequently observed. Therefore, the present study 
investigated the possible association between Chinese herbal 
medicine (CHM) treatment and the risk of readmission in 
patients with RA combined with HL (RA‑HL). The aim of the 
present study was to potentially provide an evidence‑based 
strategy for decreasing the risk of readmission in patients 
with RA‑HL. The present study enrolled 839 patients with 
RA admitted to the First Affiliated Hospital of the Anhui 
University of Chinese Medicine from June 2014 to June 2015. 
Subsequently, 425 patients with RA were included into the 
present study after those with incomplete follow‑up and labo‑
ratory parameter data were excluded. These 425 patients were 
then classified into the RA‑HL and RA‑non‑HL groups, before 
incidences of sex distribution, age group, medication and read‑
mission with propensity score matching were all compared. In 
total 263 patients with RA‑HL were then included and arranged 
into the CHM and non‑CHM groups. In particular, the vari‑
ables of age, sex and diagnosis year between one patient in the 
CHM group and one in the non‑CHM group were adjusted with 
propensity score matching to decrease selection bias and inter‑
ference from confounding factors. Finally, 127 patients with 
RA‑HL were included into the CHM group and 127 patients 
with RA‑HL were allocated into the non‑CHM group. The 
proportion of readmitted patients (including RA‑HL and 

RA‑non‑HL, RA‑CHM and RA‑non‑CHM) was analyzed and 
compared using the χ2 test and Kaplan‑Meier curves. Bivariate 
logistics regression analysis was used to evaluate the possible 
factors that can influence the readmission of patients with 
RA‑HL, whereas the potential association between CHM and 
improvements in the clinical indicators of the patients with 
RA‑HL was assessed using association rules based on Apriori 
algorithm. It was found through the follow‑up data that patients 
with RA‑HL were at higher risk of readmission compared with 
that in those with RA‑non‑HL (P<0.05). The CHM treatments 
included both oral CHM decoction and Chinese patent medi‑
cine, including Xinfeng capsule and Huangqin chubi capsule, 
which may reduce the risk of readmission and improve the 
recovery of immune‑inflammatory indicators in patients with 
RA‑HL (P<0.05). Overall, CHM, as a protective factor, is 
associated with a reduced risk of readmission in RA‑HL.

Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease 
that is characterized by inflammation in the synovial tissues, 
including joints, cartilage, bone and extra‑articular sites (less 
frequently) (1). RA is the most prevalent form of arthritis, 
which is associated with high rates of disability, the patients 
with which are particularly susceptible to numerous comor‑
bidities such as interstitial lung disease and cardiovascular 
disease (2,3). It has been previously reported that 84.8% 
patients with RA typically suffer from ≥ one comorbidity (4). 
Among the comorbidities associated with RA, hyperlipidemia 
(HL) is one of the most frequently observed. Tthe proportion of 
RA complicated with hyperlipidemia (RA‑HL) can be as high 
as 41.3% (4). In addition, other previous studies have reported 
that 53.5% of patients with RA are afflicted with dyslipidemia, 
which is mainly manifested by elevated triglyceride (TG) 
levels and decreased high‑density lipoprotein cholesterol 
levels (5,6). Immunomodulation during the active phase of RA 
promotes the release of inflammatory factors, such as TNF‑α, 
IL‑1 and IL‑6, from the joint synovium into the systemic blood 
circulation, thereby increasing the levels of these inflamma‑
tory factors in the bloodstream (7). A variety of inflammatory 
factors have been reported to lead to the abnormal activity and 
expression of lipoprotein esterase, a key enzyme in the process 
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of lipid metabolism (8,9). This in turn alters the metabolism of 
nutrients, especially proteins and lipids, in the body, causing 
abnormalities in blood lipid levels (8,9). Therefore, a feasible 
method for improving the dyslipidemia of patients whilst alle‑
viating their symptoms remains in demand.

It has been previously reported that Chinese herbal 
decoctions combined with Chinese herbal medicine (CHM) 
used in certain hospital preparations can effectively reduce 
the risk of readmission in patients with RA combined with 
HL (RA‑HL) (10,11). In particular, Xinfeng capsule (XFC; 
patent no. ZL201310011369.8) is one such Chinese medicine 
preparation that has been previously developed (12). Our 
preliminary studies revealed that XFC can regulate immunity, 
inhibit inflammatory analgesia and improve blood viscosity, 
thereby improving cell metabolism and promoting joint func‑
tion recovery to achieve satisfactory clinical results (13‑15). 
Accumulating evidence from earlier clinical studies has also 
found that XFC is highly effective for the treatment of RA, with 
little to no toxic or adverse side effects (16,17). Therefore, this 
suggests that XFC is a clinically viable Chinese medicine for 
the treatment of RA (18). A previous study demonstrated that 
XFC can alleviate the clinical symptoms of RA in patients (19). 
Huangqin chubi capsule (HQC; patent no. ZL20110095718.X) 
is another characteristic Chinese medicine preparation that was 
developed in the First Affiliated Hospital, Anhui University 
of Chinese Medicine (20). Previous studies have revealed that 
HQC yielded satisfactory results in clinical practice for RA 
treatment (21,22). HQC can modulate oxidative stress and 
effectively improve immune inflammation, mainly by inhib‑
iting the secretion of proinflammatory factors, such as IL‑1β, 
whilst promoting the secretion of IL‑4 (23). In addition, our 
team previously conducted systematic studies on the fingerprint 
and pharmacokinetics of XFC and HQC (24‑28). Relatively 
complete chromatographic information was obtained, and the 
relative peak area ratio of each substance was within a certain 
range. In terms of the fingerprint, it could not only reflect the 
type and quantity of chemical components in XFC and HQC, 
but also describe and evaluate XFC and HQC to control its 
quality in an all‑round way. Therefore, it can be used as one of 
the quality control methods of XFC and HQC.

CHM has conferred promising clinical outcomes in alle‑
viating the clinical symptoms of RA patients (29). However, 
there remains to be a lack of sufficient evidence‑based data 
on whether CHM treatment can reduce the risk of readmis‑
sion and improve endpoint outcomes in patients with RA‑HL. 
Therefore, to further explore the clinical results of patients with 
RA‑HL and a clinical evidence‑based strategy for the treat‑
ment of patients with RA‑HL with CHM, the present study 
analyzed the risk of readmission in patients with RA‑HL. This 
was performed by extracting the clinical data of patients with 
RA‑HL between 2014 and 2015 from the electronic medical 
record database of the First affiliated hospital of Anhui 
University of Chinese Medicine (Hefei, China).

Materials and methods

Patients. Participants in the present study were identi‑
fied by collecting the data of patients with RA admitted to 
the Department of Rheumatology and Immunology of the 
First Affiliated Hospital of the Anhui University of Chinese 

Medicine from June 2014 to June 2015, who were followed 
up until the end of 2021. The data of patients consisted 
of the following information: i) The use of CHM; and ii) 
disease‑associated laboratory indicators [rheumatoid factor 
(RF), high‑density lipoprotein cholesterol (HDL‑C), total 
cholesterol (TC), TG and low‑density lipoprotein cholesterol 
(LDL‑C) during admission; inflammatory markers, namely 
C‑reactive protein (CRP), erythrocyte sedimentation rate 
(ESR), immunoglobulin A (IgA), immunoglobulin G (IgG), 
immunoglobulin M (IgM) and immune indicators (C3 and 
C4)].

Inclusion and exclusion criteria. Fig. 1 shows the flow chart of 
patient selection. The inclusion criteria of the patients were as 
follows: i) Patients diagnosed with RA at first visit (conforming 
to the RA classification standard of American College of 
Rheumatology/European League Against Rheumatism in 
2010) (30) and combined with dyslipidemia (including serum 
TC levels ≥5.2 mmol/l; TG levels ≥1.7 mmol/l; LDL‑C levels 
≥3.4 mmol/l; and HDL‑C levels <1.0 mmol/l) (31); ii) patients 
receiving CHM treatment or routine western medicine treat‑
ment in the hospital, with complete case data available.

Patients were excluded if they fulfilled the following 
criteria: ii) Patients lost to follow‑up; and ii) patients with 
incomplete medical records.

Subsequently, the included patients were clarified into the 
following two cohorts: CHM users and non‑CHM (those who 
never used any CHM after being diagnosed with RA‑HL). 
Variables, including age, sex and diagnosis year of the patients 
with RA‑HL were adjusted by matching one patient treated 
with CHM to a patient in the non‑CHM group with propensity 
score matching.

The Ethics Committee of the First Affiliated Hospital of 
Anhui University of Traditional Chinese Medicine approved 
the present study and exempted patients from providing 
informed consent (approval no. 2022MCZQ01). A total of 
425 patients with RA, including female (n=287) and male 
(n=138), the mean ± SD age is 60.41±11.52 were included who 
had a complete dataset of laboratory examination indices.

Study design and terminologies. The present study was a 
retrospective propensity score‑matched cohort design, which 
investigated the effect of adjuvant CHM on the risk of read‑
mission in patients with RA‑HL. The age, sex and diagnosis 
year between one patient treated with CHM and one who was 
not treated with CHM were subjected to propensity score 
matching (PSM) (32) to increase the precision of the present 
study. PSM was performed using SPSS Statistics (version 23; 
IBM Corp). Subsequently, differences in sex, age, medication, 
combined diseases and the risk of readmission between the 
two groups were observed.

According to whether the patients received CHM treat‑
ment in this hospital, patients were allocated into either the 
CHM or non‑CHM (referring to the patients who only under‑
went conventional western medicine treatment) groups. For 
the treatment of patients in the non‑CHM group, patients in 
the CHM group were additionally subjected to CHM treat‑
ment, including oral CHM decoction combined with Chinese 
patented medicine (XFC and HQC). The oral CHM decoction 
mainly included the following five categories: Baihu‑Guizhi 
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decoction (33), Shuanghe decoction (34), Duhuo Jisheng 
decoction (35), Yiyiren decoction (36) and modified Simiao 
powder (37). In addition, patients in the two groups were 
further grouped in accordance with the time of CHM expo‑
sure as follows: i) Non‑CHM, referring to 0‑4 weeks of CHM 
treatment; ii) low exposure, referring to 4‑12 weeks of CHM 
treatment; iii) moderate exposure, referring to 12‑48 weeks of 
CHM treatment; and iv) high exposure, referring to ≥48 weeks 
of CHM treatment (38).

The endpoint index used for the present study is referring 
to the main evaluation index during the clinical trials (39). 
Clinically, the risk of possible adverse reactions is a concern 
for the majority of patients who were administered with 
the same western medicine for long periods of time due 
to the lack of clinical guidance. Based on the comprehen‑
sive analysis of the previous follow‑up, the following four 
endpoint events with the highest incidence were identified: 
Readmission for RA is active; extra‑joint lesions; surgical 
treatment; and all‑cause mortality (40). In particular, read‑
mission was found to be the endpoint event with the highest 
incidence and was of particular concern (40). Therefore, this 
event was utilized as an endpoint indicator to evaluate the 
prognosis of RA in the present study.

Methods
Telephone follow‑up. Telephone follow‑up is a simple and 
effective health service model used to facilitate the compli‑
ance of patients with drug treatment and to understand the 
circumstances regarding the prognosis of patients (41).

The present study was conducted by researchers (XL, 
FFW, QH and YYF), where the main follow‑up information 
included the following: i) Basic information, namely sex, age 
and course of disease; ii) the occurrence of RA‑associated 
comorbidities, including HL, interstitial lung disease, rheu‑
matic heart disease, atrophic gastritis and Sjogren's syndrome; 
iii) endpoint events, including readmission for aggravation, 
extra‑joint lesions, surgical treatment and all‑cause mortality; 
and iv) the use of drugs, including the type, dosage and treat‑
ment period of CHM, Chinese patent medicine and western 
medicine.

Kaplan‑Meier (KM) curve. It is of importance to focus on both 
the occurrence of readmission in patients and the time required 
for readmission in patients to occur. Therefore, the present 
study used KM curve to analyze the occurrence of readmis‑
sion in CHM and non‑CHM groups, RA‑HL and RA‑non‑HL 
groups of patients. The product‑limit method is also called the 

Figure 1. Flow chart of patient selection from those with RA admitted to the Anhui Hospital of traditional Chinese Medicine between 2014 and 2015. RA, 
rheumatoid arthritis; CHM, Chinese herbal medicine; HL, hyperlipidemia.
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KM method, with the curve of which named the KM curve. It 
is commonly conducted using the log‑rank test, where there is 
typically a statistically significant difference when P<0.05 is 
found (42). The formula is as follows:

Where, for the specified time point, tn, S represents the 
proportion of no readmissions, d represents the number of 
event outcomes at this time point and r represents the number 
of remaining follow‑up cases before this time point. Through 
the KM estimation method, the probability of readmission can 
be obtained at the corresponding time point on the survival 
curve.

Logistics regression. In logistics regression analysis, a logistic 
regression model was developed with sex, age, duration, 
use of Chinese medicine, inflammatory indices (ESR and 
high‑sensitivity CRP) and immune indices (IgA, IgG, IgM, 
C3, C4 and RF) as independent variables (x) and readmission 
as the dependent variable (y) (43). The formula is as follows:

Association rules. The Chinese medicine prescribed 
for each of the individual patients were named 1, whereas 
those who did not receive Chinese medicine were named 
0. Additionally, any improvement in the laboratory indices 
was also assigned 1, otherwise 0. Subsequently, the ‘Apriori’ 
module (44) in the software SPSS Clementine v. 11.1 (IBM 
Corp.) (45) was utilized to determine the association between 
CHM treatment and the laboratory indicators, with a minimum 
support rate of 25%, a confidence level of 60% and a lift of >1, 
before visualizing the association results. ‘Apriori’ was used 
to identify associations among each of the items. Individual 
drugs and indices were used as variables. The formula used is 
as follows (46):

Where X→Y is an association rule, X represents the set 
of herb items and Y represent the set of laboratory indices, 
N is the sum of itemset, σ(X) is the frequency of itemset X, 
X ∪ Y is the union of itemsets X and Y, σ(X ∪Y) is the 
frequency with which itemsets X and Y appear together, 
support (X→Y) is the frequency with which X and Y appear 
together and confidence (X→Y) is the probability that itemset 
Y appears in the presence of X. Lift is the ratio of the prob‑
ability that itemset Y appears in the presence of itemset X to 
the frequency of itemset Y. Support and confidence are often 
used to eliminate meaningless combinations. Lift indicates the 
validity of the association rules.

χ2 test. The χ2 test was used to assess the difference between 
groups in terms of sex, comorbidity, medicine treatment 

duration and recurrent exacerbation. Specifically, the larger 
the χ2 test value, the greater the degree of deviation between 
the two. If the two values are completely equal, the χ2 test 
value would then be 0, indicating that the theoretical value is 
completely consistent. The formula is as follows (47):

Statistical analysis. All data were analyzed with SPSS 
v.21.0 (IBM Corp.). Count data were presented as numbers 
or percentages. Two independent samples t‑test was used 
to analyze differences in age and course of disease, where 
the data are presented as the mean ± standard deviation. 
Differences between each group were compared using the 
χ2 test. In addition, Wilcoxon signed‑rank test was used to 
analyze the laboratory indicators before and after treatment 
of patients, which were presented as the median (interquartile 
range). P<0.05 was considered to indicate a statistically signifi‑
cant difference.

Results

Demographic characteristics of patients with RA. Fig. 1 
exhibits the process of patient selection (the data of the 
proportions are not shown). Specifically, there were original 
839 with patients RA, of whom 425 (50.66%) had complete 
data on their laboratory indicators. Among these RA patients, 
263 patients (31.70%) fulfilled the diagnostic criteria of HL, of 
whom ~16.21% (n=136) received CHM treatment and 15.13% 
(n=127) were not treated with CHM. The nine cases in the 
CHM user group were excluded due to age and sex mismatch 
after propensity score matching analysis. Finally, 127 patients 
were assigned into the CHM group whereas 127 patients were 
assigned into the non‑CHM group after propensity score 
matching analysis.

According to Table I, differences were observed in sex 
between the RA‑HL and RA‑non‑HL groups (P<0.05). 
However, there were no significant differences in age, sex, 
drug treatment or course of disease between the RA‑HL and 
RA‑non‑HL groups after propensity score matching (Table I).

Results in Table II suggested that the percentage of female 
patients (50.48%) was higher compared with that of male 
patients (25.00%) in the CHM group (P<0.05). Additionally, the 
percentage of patients with RA combined with interstitial lung 
disease (35.29%), rheumatic heart disease (40.00%), atrophic 
gastritis (37.50%) or Sjogren's syndrome (41.66%) were lower 
in the CHM group compared with that in the non‑CHM group 
(P<0.01). In addition, the number of patients who were treated 
with both Chinese patent medicine (84.25%) and external 
drugs (70.59%) was higher in the CHM group compared with 
that in the non‑CHM group (29.41%) (Table II). This shows 
that patients in CHM user group tended to adopt the combina‑
tion of oral CHM and external plaster. However, no significant 
differences could be found between the CHM group and the 
non‑CHM group in terms of age and course of disease.

Influencing factors for the readmission of patients with 
RA‑HL. As shown in Fig. 2, the proportion of patients with 
recurrent exacerbation was lower in the CHM group (38.58%) 
compared with that in the non‑CHM group (55.91%), and 
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the longer the use of CHM, the lower the proportion of 
readmission. In addition, results of the χ2 test for readmission 
demonstrated that the proportion of aggravation was higher 
in the RA‑HL group (60.22%) compared with that in the 
RA‑non‑HL group (37.01%; P<0.05; Table III) and lower in 
the CHM group (38.58%) compared with that in the non‑CHM 
group (55.91%; P<0.01; Table IV). These findings suggested 
that HL is a risk factor, but traditional Chinese medicine is 
a preventive factor against readmission in patients with RA. 
However, the differences of readmission were not significant 
in CHM and non‑CHM groups and RA‑HL and RA‑non‑HL 
groups of patients according to the KM curves (Figs. 3 and 4).

The results of the logistic regression analysis (Fig. 5) 
revealed that ESR was a risk factor [OR (95% CI)=1.544 
(1.284‑2.198)] whereas CHM was a protective factor [OR (95% 
CI)=0.619 (0.302‑0.931)] against readmission for patients with 
RA‑HL.

Effects of TCM on the immune inflammatory and lipid 
metabolism indices in patients with RA‑HL. Subsequently, 
the laboratory indicators of the patients with RA‑HL were 
compared to further ascertain how CHM affected the 

pathophysiology of RA‑HL (Table V). Compared with those 
before treatment, the levels of TC, TG, HDL‑C, ESR, CRP, 
IgA, IgG, C3, C4 and RF were all significantly decreased in 
patients with RA‑HL after two weeks of treatment (P<0.01).

Association rules analysis of the association between TCM 
treatment and laboratory indicators in patients with RA‑HL. 
Association rules were utilized to analyze the association of 
CHM and Chinese patent medicines used to treat patients with 
RA‑HL, with laboratory indicators, using the support threshold 
of >20%, the confidence threshold of CHM for the improve‑
ment of laboratory indicators of >80% and the lift threshold of 
>1. The results of the association rules were then visualized. 
In the complex network diagram, each node represents the 
drugs and laboratory indicators used. The drugs appearing in 
the same prescription and the related drugs and indicators are 
connected by lines. The stronger the association, the darker the 
lines are. The results (Table VI and Fig. 6) demonstrated that 
XFC, HQC, Plantaginis Herba, Sinomenii Caulis, Alismatis 
Rhizoma, Hedyotis diffusa Clematidis Radix et Rhizoma and 
other drugs were strongly correlated with the improvement of 
ESR, RF, CRP, C3, TC and TG.

Table I. Characteristics of patients with RA‑HL and RA‑non‑HL matched by propensity scores.

A, Unmatched    

Parameter Total (n=425) RA‑HL (n=263) RA‑non‑HL (n=162) P‑valuea

Age, years 60.41±11.52 60.36±11.69 60.43±11.54 0.517
Sex, N (%)    0.015
  Female 287 189 (71.86) 98 (60.49) 
  Male 138 74 (28.14) 64 (39.51) 
Course of disease, months 5.86±1.34 5.81±1.98 5.91±1.65 0.476
CHM, N (%) 341 192 (73.00) 149 (91.97) <0.001
NSAIDs, N (%) 402 250 (95.06) 152 (93.82) 0.586
GCs, N (%) 413 256 (97.33) 157 (96.91) 0.797
DMARDs, N (%) 398 248 (94.29) 150 (92.59) 0.484

B, Matched    

Parameter Total (n=302) RA‑HL (n=151) RA‑non‑HL (n=151) P‑valuea

Age, years 60.43±11.53 60.45±11.59 60.41±11.51 0.532
Sex, N (%)    0.934
  Female 173 85 (56.29) 88 (58.27) 
  Male 129 64 (42.38) 65 (43.05) 
Course of disease, months 5.75±1.48 5.73±1.45 5.76±1.53 0.571
CHM, N (%) 225 113 (74.83) 112 (74.17) 0.895
NSAIDs, N (%) 292 147 (97.35) 145 (96.02) 0.520
GCs, N (%) 296 150 (99.34) 146 (96.69) 0.099
DMARDs, N (%) 290 144 (95.36) 146 (96.69) 0.556

aTwo independent samples t‑test was used to analyze the differences in age and course of disease, where the data are presented through as the 
mean ± standard deviation. Associations between the various parameters and the RA‑HL status were assessed using the χ2 test. RA, rheumatoid 
arthritis; CHM, Chinese herbal medicine; NSAIDs, non‑steroidal anti‑inflammatory drugs; HL, hyperlipidemia; DMARDs, Disease‑modifying 
anti‑rheumatic drugs; GCs, glucocorticoids.
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Discussion

RA is a chronic and systemic autoimmune disease with 
symmetrical and erosive polyarthritis as one of the principal 
clinical manifestations (48). The main pathological changes 
associated with RA include synovitis, vasculitis and the 
gradual destruction of articular cartilage and bones (49). In 
addition to arthropathy, patients with RA also frequently suffer 
from cardiovascular lesions and lipid metabolism disorders 

long before RA is diagnosed (50‑52). In particular, results from 
a previous large cohort study involving 400 confirmed patients 
with RA found that 51% patients with RA also suffered from 
blood lipid disorders, which was higher compared with that in 
the non‑RA population (53). Furthermore, it has been reported 
that lipid metabolism disorders are associated with the disease 
activity of RA (54). Specifically, the development of lipid 
metabolism disorders can be facilitated by the release of 
inflammatory factors, which can in turn result in the aberrant 
expression of lipoprotein esterase, a key enzyme in the process 
of lipid metabolism (55). In addition, previous studies (56) 
have shown that patients with RA have lipoprotein metabo‑
lism disorder, and that HDL‑C, Apolipoprotein (APO)‑A1 is 
decreased, while LDL‑C and APO‑B is increased.

Previously, through retrospective data mining research, 
CHM has been found to improve immune (C3, C4, IGA 
and IGG) and inflammatory indicators (ESR and CRP) in 
patients with RA (57), where the efficacy of CHM combined 
with prescription drugs such as Tripterygium wilfordii poly‑
glycosides tablets, Furong ointment and XFC, and HQC is 
superior compared with that mediated by CHM alone (58‑60). 
Another previous retrospective cohort study in Taiwan found 
that compared with that in the non‑TCM group, the prognosis 
of the circulatory system of inpatients was more favorable 
in the auxiliary TCM group, which was accompanied by a 

Figure 2. Readmission among patients with rheumatoid arthritis and hyper‑
lipidemia in the CHM and non‑CHM groups. The y‑axis label represents 
the number of cases. In the x‑axis, Non: 0‑4 weeks of CHM treatment; Low: 
4‑12 weeks of CHM treatment; Medium: 12‑48 weeks of CHM treatment; 
High: ≥48 weeks of CHM treatment. CHM, Chinese herbal medicine.

Table II. Demographic characteristics of patients in the CHM and non‑CHM groups matched by propensity scoring.

Parameter Total (n=254) CHM (n=127) Non‑CHM (n=127) P‑valuea

Age, years 60.35±11.69 60.39±11.77 60.33±11.62 0.487
Sex, N (%)    
  Female 206 104 (50.48) 102 (49.51) 0.043
  Male 48 12 (25.00) 25 (75.00) 
Course of disease, months 5.77±1.53 5.80±1.49 5.76±1.56 0.537
Comorbidity, N (%) 54 21 (40.74) 33 (59.26) <0.01
  Interstitial lung disease 16 5 (35.29) 11 (64.71) 
  Rheumatic heart disease 21 8 (40.00) 13 (60.00) 
  Atrophic gastritis 8 3 (37.50) 5 (62.50) 
  Sjogren's syndrome 12 5 (41.66) 7 (58.33) 
  Chinese Patent Medicine, N (%) 162 107 (84.25) 37 (29.13) <0.01
  Xinfeng Capsule 118 97 21 
  Wuwei Wentong capsule 66 62 4 
  HuangQin Capsule 103 89 14 
External medication, N (%) 34 24 (70.59) 10 (29.41) 0.317
  Hibiscus ointment 23 17 (73.91) 6 (26.08) 
  Xiaoyu Jiegu powder 6 6 (100) 0 (0) 
  Wuwei gujuba poison powder 5 1 (20.00) 4 (80.00) 
Western medicine, N (%) 178 62 (34.83) 126 (65.17) 0.142
  Methylprednisolone 149 36 (24.16) 113 (75.83) 
  Leflunomide 121 24 (19.83) 97 (80.17) 
  Lornoxicam 106 22 (20.75) 84 (79.25) 

CHM, Chinese herbal medicine; aTwo independent samples t‑test was used to analyze the differences in age and course of disease, where the 
data are presented through as the mean ± standard deviation. χ2 test was used to test the difference between CHM group and Non‑CHM group 
in terms of sex, comorbidity and medicine use.
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~66% reduction in the readmission rate due to events in the 
circulatory system (61). Our previous studies demonstrated 
that intervention with traditional Chinese medicine has been 
associated with the occurrence of endpoint events (including 
re‑admission, extra‑articular lesions, surgery and all‑cause 
death) in patients with RA, such that the longer the patient 
takes CHM, the lower the incidence of endpoint events (62).

In previous RA cohort follow‑up studies, the types 
of comorbidities that can affect RA activity was focused 
upon (63,64). Although they have investigated the influence of 
circulatory system diseases and lipoprotein metabolic disorder 
on RA activity (65), none have explored the influence of TCM 
on the readmission of patients with RA‑HL. Therefore, the 
present cohort study was performed to clarify the impact of 

dyslipidemia on the readmission of patients and the relation‑
ship between TCM treatment and readmission of patients with 
RA‑HL.

In the present study, the collected information of patients 
was subjected to propensity score matching. The results 
demonstrated that differences in sex existed between the 
RA‑HL and RA‑non‑HL groups. Following propensity score 
matching, no notable differences could be found between the 
RA‑HL group and the RA‑non‑HL group in terms of age, 
sex, used drugs, course of disease or readmission. It was then 
observed that the proportion females as higher compared with 
males in the CHM group after propensity score matching. The 
proportion of patients with RL also suffering from interstitial 
lung disease, rheumatic heart disease, atrophic gastritis and 

Table IV. Results of the χ2 test of readmission among patients in the CHM and non‑CHM groups.

  Recurrent  Non‑Recurrent  Recurrent   
Group N exacerbation exacerbation exacerbatio n (%) χ2 value P‑value

CHM 127 49 78 38.58 7.645 0.006
Non‑CHM 127 71 56 55.91  
Total 254 120 134 47.24  

CHM, Chinese herbal medicine.

Figure 3. KM curve of readmission among patients in the RA‑HL and 
non‑RA‑HL groups. RA, rheumatoid arthritis; CHM, Chinese herbal medi‑
cine; HL, hyperlipidemia; KM, Kaplan‑Meier.

Table III. Results of the χ2 test of readmission among patients in the RA‑HL and RA‑non‑HL groups.

  Recurrent  Non‑Recurrent  Recurrent   
Group N exacerbation exacerbation exacerbatio n (%) χ2 value P‑value

RA‑HL 181 109 72 60.22 5.385 0.020
RA‑non‑HL 181 87 94 37.01  
Total 362 176 186 48.62  

RA, rheumatoid arthritis; HL, hyperlipidemia.

Figure 4. KM curve of readmission in among patients the CHM and 
non‑CHM groups. CHM, Chinese herbal medicine; KM, Kaplan‑Meier.
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Sjogren's syndrome was lower in the CHM group compared 
with that in the non‑CHM group. In addition, there was a 
lower proportion of patients treated with NSAIDs in the CHM 
group compared with that in the non‑CHM group. By contrast, 

there was a higher proportion of patients administered with 
both Chinese patent medicine and external drugs in the CHM 

Figure 5. Results of the logistic regression analysis. The vertical dotted line 
indicates the boundary, the left side is the protective factor against readmis‑
sion, and the right side is the risk factors for readmission. CHM, Chinese 
herbal medicine; RF, rheumatoid factor; ESR, erythrocyte sedimentation 
rate.

Table V. Differences in laboratory indicators before and after treatment of patients with RA‑HL in the CHM group.

Indices Pre‑treatment (n=127) Post‑treatment (n=127) P‑values

Total cholesterol, mmol/l 4.92 (4.04, 5.69) 4.39 (3.77, 5.09) <0.001
Triglyceride, mmol/l 1.46 (1.03, 2.11) 1.10 (0.78, 1.60) <0.001
High‑density lipoprotein‑Cholesterol, mmol/l 1.27 (1.03, 1.65) 1.34 (1.05, 1.72) <0.001
Low‑density lipoprotein‑Cholesterol, mmol/l 2.85 (2.27, 3.46) 2.75 (2.19, 3.38) 0.006
Rheumatoid factor, U/ml 97.60 (19.8, 245.80) 92.50 (20.00, 197.40) 0.001
C‑reactive protein, mg/l 17.05 (3.54, 40.14) 1.65 (0.42, 5.69) <0.001
Erythrocyte sedimentation rate, mm/h 34.00 (19.00, 58.00) 22.00 (13.00, 40.00) <0.001
IgG, g/l 12.28 (9.53, 16.04) 12.03 (9.5, 15.60) 0.009
IgM, g/l 1.07 (0.80, 1.55) 1.13 (0.80, 1.58) 0.237
IgA, g/l 2.60 (1.83, 3.25) 2.43 (1.82, 3.20) <0.001
C3, g/l 113 (98.4, 135.2) 110.4 (98.2, 123.1) <0.001
C4, g/l 26.5 (21.7, 31.8) 23.9 (19.7, 29.7) <0.001

Wilcoxon signed‑rank test was used to analyze the data, which are presented as the median (interquartile range).

Table VI. Association rules for the association assessment between Chinese herbal medicine and laboratory indicators in patients 
with rheumatoid arthritis and hyperlipidemia.

 Support Confidence 
Items (left hand side ⇒ right hand side) (%) (%) Lift

{HQC & XFC & ALISMATIS RHIZOMA} ⇒ {rheumatoid factor↓} 47.29 97.75 1.22
{XFC & ALISMATIS RHIZOMA} ⇒ {Erythrocyte sedimentation rate↓} 44.40 93.89 1.11
{HQC & Hedyotis diffusa} ⇒ {C‑reactive protein↓} 42.59 91.47 1.13
{HQC & CLEMATIDIS RADIX ET RHIZOMA} ⇒  {C3↓} 53.06 89.09 1.11
{XFC & PLANTAGINIS HERBA} ⇒ {total cholesterol↓} 20.58 87.69 1.02
{XFC & SINOMENII CAULIS} ⇒ {triglyceride↓} 24.18 86.56 1.05

XFC, Xinfeng Capsule; HQC, HuangQin Capsule.

Figure 6. Complex network map of the association between Chinese herbal 
medicine and laboratory indicators in patients with rheumatoid arthritis 
and hyperlipidemia. ESR, erythrocyte sedimentation rate; CRP, C‑reactive 
protein; HQC, Huangqin chubi capsule; LDL‑C, low‑density lipoprotein 
cholesterol; XFC, Xinfeng capsule; RF, rheumatoid factor; TC, total choles‑
terol; TG, triglyceride.
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group compared with that in the non‑CHM group. Age, sex 
and course of disease did not differ between the CHM group 
and the non‑CHM group.

In the present study, the results of the χ2 test and logistic 
regression analysis suggest that HL was a risk factor whereas 
CHM is a protective factor against readmission in patients 
with RA‑HL. The laboratory indicators of patients with 
RA‑HL were compared to assess the mechanism of action of 
CHM. The levels of TC, TG, HDL‑C, ESR, CRP, IgA, IgG, 
C3, C4 and RF were all significantly lower in patients with 
RA‑HL after treatment compared with those prior to treat‑
ment. Afterwards, association rule analysis was conducted 
to determine the association of CHM and Chinese patent 
medicines utilized for patients with RA‑HL, with laboratory 
indicators, with the support degree set at >20%, the confidence 
degree of CHM for the improvement of laboratory indicators 
set at >80% and the lift degree set at >1. The results showed 
that the combination of CHM and hospital preparations (XFC 
and HQC) in this hospital effectively ameliorated the serum 
TC and TG levels and immune‑inflammation indicators C3, 
ESR and CRP.

The combined use of CHM is a common method of treating 
diseases in China (66), which is associated with increased effi‑
ciency (67). Multiple components and multiple targets appear 
to form the treatment characteristics of CHM for the treatment 
of RA‑HL (68,69). A previous study assessed the potential 
effects of CHM on RA treatment based on the association rule 
and a random walking‑based model (70), which demonstrated 
that the CHM constituents likely exert synergistic effects, such 
that various combinations of a particular CHM can produce 
different therapeutic effects on RA treatment (70). Wang 
et al (71) explored the characteristics of compound prescription 
of TCM acting through ‘multi‑component‑multi‑target‑mult
i‑pathway’ through establish a network pharmacology‑based 
model.

The association rules analysis in the present study found 
that Alismatis Rhizoma, Hedyotis diffusa, Angelicae Sinensis, 
clematidis radix et rhizoma and the Chinese patent 
medicine HQC were tightly associated with the improve‑
ment of the immune inflammatory indicators. In addition, 
Alismatis Rhizoma, Plantaginis Herba, Sinomenii Caulis and 
XFC were associated with improvements in the lipid metabo‑
lism indices. TCM believes that these herbs have significant 
effects on relieving the clinical symptoms of RA (72‑75), espe‑
cially Alisma orientalis. In addition, a previous study found 
that Alisma orientalis extract can reduce blood lipid level (TC, 
TG and LDL‑C) in hyperlipidemia model rats (76).

XFC is a hospital preparation of the First Affiliated 
Hospital of Anhui University of Traditional Chinese Medicine 
and also the most frequently used Chinese patent medicine 
in the present study. The preparation consists of four tradi‑
tional Chinese medicines, namely Astragali Radix, Coicis 
Semen, Tripterygium wilfordii and Scolopendea. Among 
them, Astragalus polysaccharide, the main active ingredient 
of Astragali Radix, has been reported to exhibit favorable 
anti‑inflammatory effects (77). By contrast, Coix oil, the 
main active ingredient of Coicis Semen, has been previously 
observed to exert an anti‑inflammatory and analgesic role, by 
diminishing capillary permeability (78). Thunder male vine 
and centipede are effective in promoting blood circulation 

and relieving pain (79,80). In addition, triptolide, the main 
active ingredient of Tripterygium wilfordii, has been found to 
suppress inflammation by decreasing IL‑1 and TNF levels in 
the peripheral blood of rats with AA (81). A previous study (19) 
demonstrated that XFC could improve disease activity score 
(DAS28) and iron reserve in patients with RA during the 
active period.

HQC is mainly comprised of five Chinese medicines, 
including Scutellariae radix, Coicis Semes, Persicae Semen, 
Gardeniae Fructus and Clematidis Radix ET Rhizoma. A 
previous study revealed that HQC inhibited secondary joint 
inflammation in AA rats as a result of lowering the serum levels 
of inflammatory cytokines (IL‑1β and IL‑6) (82). Another 
study previously reported that HQC markedly attenuated the 
clinical symptoms and inflammation of patients with RA, 
with superior efficacy compared with leflunomide (83). Data 
mining results revealed that XFC combined with HQC may 
be effective in ameliorating aberrant immune inflammation 
in patients with RA (84). In addition, a previous multi‑center, 
parallel‑group, double‑blind and randomized controlled trial 
reported that the most common adverse reactions caused by 
XFC and HQC were hepatic impairment, anemia, leukocy‑
topenia, epigastric discomfort and phalacrosis. However, no 
severe adverse reactions occurred and no subjects withdrew 
due to adverse reactions (85,86). It should be emphasized here 
that only two Chinese medicine preparations were investigated 
in the present study, meaning that the results obtained in the 
present study may not be fully representative of all CHM.

In terms of methods and study design, propensity score 
matching was utilized in the present study to increase the 
comparability of patients in the CHM and non‑CHM groups, 
which reduced the analysis of confounding factors, such as 
age, sex and disease course of the patients in the CHM and 
non‑CHM groups. However, the number of limitations remain. 
The present study remains to be only a single‑center clinical 
study and cannot be applied to fully reflect the effect of CHM 
treatment on the risk of readmission in patients with RA‑HL 
in the ‘real world’. In addition, only the time of treatment with 
prescribed CHM were collected as treatment period of CHM. 
Therefore, it was difficult to exclude patients with unknown, 
potentially combined medication, such as those receiving 
CHM treatment in other hospitals.

In conclusion, the results of the present cohort study gener‑
ated a conclusion that the risk of readmission was increased 
in patients with RA‑HL compared with that in patients with 
RA‑non‑HL. However, CHM treatment may decrease this risk 
in patients with RA‑HL. This conclusion indicates that CHM 
is a protective factor against readmission in patients with 
RA‑HL long‑term.
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