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Purpose: The systemic inflammation is believed to provide an outline of the association between rheumatoid arthritis (RA) and
endometriosis. This retrospective cohort study aimed to explore the association of Chinese herbal medicine (CHM) use with the
prevention of endometriosis onset in women diagnosed with RA.

Methods: We utilized the claims data from the National Health Insurance of Taiwan from 2000 to 2009 and excluded individuals diagnosed
with endometriosis before being diagnosed with RA, using age at clinical diagnosis. After selection and propensity-score matching, a total of
5992 females aged =20 years old and with newly diagnosed RA but without endometriosis at baseline were included, which contained 2996
CHM users and 2996 non-CHM users. All of them were followed until the end of 2013 to measure the incidence of endometriosis.
Results: During the study period, we noticed that CHM users had a substantially lower incidence of endometriosis compared to non-CHM
users (2.54 vs 5.19 per 1000 person-years). Use of CHM correlated significantly with a lower endometriosis likelihood even after adjusting
for potential covariates, with the adjusted hazard ratio of 0.47 (95% confidence interval, 0.35-0.65). A longer duration of CHM use was
associated with a reduction in endometriosis risk, especially in those using CHM for more than 730 days. Uses of several herbal products
may be associated with a lower risk of endometriosis, like Ge-Gen, Da-Huang, Huang-Qin, Ye-Jiao-Teng, Chuan-Niu-Xi, Shu-Jing-Huo-
Xue-Tang, Du-Huo-Ji-Sheng-Tang, Ge-Gen-Tang, Shao-Yao-Gan-Cao-Tang, Ping-Wei-San, Gan-Lu-Yin, and Dang-Gui-Nian-Tong-Tang.
Conclusion: Taken together, adding CHM to conventional therapy may reduce the incidence of endometriosis in women with RA.
The therapeutic mechanisms and safety of these natural products may be a direction for future clinical studies.

Keywords: endometriosis, theumatoid arthritis, Chinese herbal medicines, propensity score match

Key Messages

¢ RA and endometriosis are closely linked physiologically since the two conditions may share underlying physiologic
mechanism, namely systemic inflammation.

e This is the first report to identify the therapeutic efficacy of CHM on the prevention of sequent risk of endometriosis
among females with RA.

e Our study found that the number of days of CHM use was inversely associated with the likelihood of having
endometriosis in a dose-dependent manner.

e Utilization of a nationwide administrative database allowed for detailed CHM prescription records and prevented
recall bias.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory joint disease that leads to pain and inflammation of the tendons in
one or more joints. Several studies have linked RA to immune system dysregulation and persistent inflammation.'~
Nearly up to one-third of RA patients become permanently disabled from work in the first 2 to 3 years of the disease,’
causing enormous socioeconomic burden. A recent study in the United States took a nationally representative sample of
RA patients and estimated annual costs of $20,919 per patient, or nearly three times than those without RA ($7197).*

In addition to the enormous economic burden, the systemic inflammation caused by RA has been associated with
a wide array of comorbidities, including malignancy, cardiovascular disorders, and respiratory diseases.” Notably, the
link between RA and endometriosis has attracted considerable attention,® and is especially important because of the
higher incidence of RA among females. A recent, large prospective NHS cohort study found that women with RA were at
a 40% greater risk of developing endometriosis compared to those without RA.” While the precise etiology of RA
remains elusive, in typical physiological conditions, the dysregulated expression of different types of cytokines from the
Helper T (Th) cells is believed to play an important role in the pathogenesis of RA."* In this context, a growing body of
evidence has indicated that the upregulation of chronic inflammatory markers, containing interleukin-1(IL-1), interleu-
kin-6 (IL-6), and tumor necrosis factor-o. (TNF-a)), may induce proliferation of endometriosis cells, thus provoking the
onset of endometriosis.” Additionally, recent research efforts have focused on another signaling pathway, namely gut-to-
uterus, which suggested that intestinal microbiome dysfunction may cause the activation of immune cells and the
production of cytokines in the gut as well, thus driving the risk of endometriosis.'®'" Altogether, these intrinsic
inflammatory pathways are presumed to serve as a link between endometriosis and RA. Faced with the increasing
burdens caused by these two diseases, the implementation of novel disease management program, with anti-
inflammatory agents, may be a more useful addition in early disease stages than in later stages where irreversible tissue
damage has already occurred.

Traditional Chinese Herbal Medicine (CHM) has been recognized as a safe and effective method for the treatment of
various diseases. Several studies have shown that the active ingredients in CHM may play a role in reducing RA disease
activity and have protective effects on joint deformities.'? In addition, CHM has some advantages over Western medicine
in lowering the likelihood of endometriosis by regulating inflammation, immunity and angiogenesis.'> However, there is
a scarcity of research regarding use of CHM in modulating the subsequent risk of endometriosis among women with RA.
To clearly assess effect of CHM on the development of endometriosis among females with RA, we carried out this cohort
study using a random sample from a nationwide claims database in Taiwan. By using a larger cohort, we expected to
clearly uncover the effect of integrating CHM into conventional therapy for RA patients, which in turn provides the
insights into novel disease management strategies.

Methods

Data Source and ldentification of Patients with RA

Taiwan’s National Health Insurance Administration Ministry of Health and Welfare (NHI) program, launched in 1995, is
a single-payer government-operated compulsory health insurance program. Currently, up to 99% of Taiwanese have been
enrolled in the NHI program. The Longitudinal Health Insurance Database (LHID), the database for the NHI program, is
made up of one million randomly selected beneficiaries under the NHI and contains the corresponding registration
profiles that cover both inpatient and outpatient demographics, primary and secondary diagnoses, procedures, prescrip-
tions, and medical expenditures.'® In the present study, we used the 2000-2009 ambulatory and inpatient data in the
LHID to identify subjects with RA and without endometriosis at baseline. RA patients were identified using the
International Classification of Diseases-Ninth Revision-Clinical Modification (ICD-9-CM) code for RA (ICD-9-CM
714.0). To avoid potential misclassification, subjects were classified as having RA and included in the analysis if they had
at least one hospital admission with a diagnostic code of RA or three or more outpatient visits with a RA diagnostic code
within 365 calendar days. Further, to avoid any potential misclassifications, all the records were linked to the catastrophic
illness registry to ensure the validity of diagnosis. In Taiwan, the insured citizens with major diseases, such as
schizophrenia, mood disorders, autoimmune disorders and cancer, are eligible to apply for a catastrophic illness
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certificate to obtain a subsidy from the government, which can result in the waiving of outpatient and inpatient co-
payments.15 The date of approval for catastrophic illness registration was considered the index date. Overall, we enrolled
7406 females with new-onset RA. The Ministry of Health and Welfare manages the claim data and assigns random
identification numbers to beneficiaries to protect their privacy. Accordingly, the Institutional Review Board and Ethics
Committee of Buddhist Dalin Tzu Chi Hospital approved this study and waived informed consent for the entire study
cohort (Approval Number: B10803015-1).

Outcome of Interest

The primary outcome measure was the development of endometriosis. The diagnosis of endometriosis required that
patients were treated with >3 outpatient treatment claims or >1 hospitalization due to endometriosis (ICD-9-CM code
of 617)."° To establish a temporal link between RA and endometrioses, we excluded patients who had a diagnosis of
endometrioses before the first RA diagnosis (n = 257), as well as those being followed for less than one year after the
cohort entry or with missing data (n = 39). The final cohort comprised 7110 new-onset RA patients (Figure 1).

Exposure of CHM Use

Under the NHI program in Taiwan, only certified Chinese medicine physicians are allowed to provide CHM treatment. Based
on formerly established methods,'” CHM users were identified if they were ever treated for RA with CHM for more than 30
days (n = 3469). Those treated for <30 days were considered to be non-CHM users. Because participation and non-
participation in CHM were not randomized in this observational study, we employed the propensity score matching method,
in a 1:1 ratio, to improve consistency in the baseline characteristics between both groups. The propensity score value and the
predicted probability of CHM exposure were calculated using logistic regression from the patient demographic data (Table 1).
We calculated person-years (PYs) of CHM use based on time from initiation of CHM to correct for survival bias in patients
who received CHM. The index date of the follow-up period for non-CHM users was assigned as the date of the first RA
diagnosis, whereas for CHM users, the date was the start of a CHM prescription.'® All subjects were followed until the end of
2013 to measure the incidence of endometriosis. The duration of observation for each person was calculated until endome-
triosis diagnosed or censored. Censoring occurred when the patients died, transferred out the insurance system or reached the
end of study period, whichever came first.

Covariates

Regression model covariates included age, sex, insured amount, urbanization level of the enrollee’s residential area, former
comorbidities, and medication use. The insured amount was calculated from the patient’s average monthly income and then
served as an economic index, with 17,880 New Taiwanese Dollar (NTD) being the lowest income-related insurance amount
(approximately 623 $US) at that time. Additionally, the participant’s postal address closet to the index date was considered to
determine the level of urbanization according to the categorization scheme developed in a previous study,'” which included
population density, proportion of persons with a college-level education or higher, proportion of elderly residents, proportion
of agricultural workers, and number of physicians per 100,000 population. The Charlson-Deyo Comorbidity Index (CCI),
a validated indicator of a patient’s relative burden of disease, was determined from individual medical records in the year
preceding cohort entry.?’ This index contained 17 chronic diseases, and each assigned a score of 1—6 points, with a higher
score indicating a higher burden. Medication use was stratified in both cohorts into two categories based on whether or not the
subject has ever used disease-modifying anti-rheumatic drugs (methotrexate, sulfasalazine, ciclosporin, hydroxychloroquine,
penicillamine, or leflunomide) for more than 6 months after the index date.

Statistical Analysis

All analyses were performed using the SAS statistical package (Version 9.3; SAS Institute Inc., Cary, NC, USA) with a two-
tailed significance level of 0.05. Incident rates were calculated by dividing the case number from endometriosis by the number
of PYs of follow-up. Differences in baseline characteristics between RA patients who received CHM treatment and those who
did not receive CHM treatment were assessed using a two-sided #-test or the Pearson’s chi-square test. The Cox proportional
hazard regression models adjusting for all potential confounders were used to estimate the relative magnitude of risk in relation
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7406 females aged 20 years or older with newly
diagnosed RA between 2000 and 2009

Exclusion criteria:
i. Having endometrioses before the date of first RA
episode (n=257)

ii. With missing data on baseline characteristics or

A 4

a followed-up period less than one year (n=39)

A 4 A 4

3469 CHM users 3641 non-CHM users

A 4

Non-CHM users were each matched with a CHM user using a

propensity score

2996 CHM users 2996 non-CHM users
v v
58 cases were diagnosed 122 cases were
with endometriosis diagnosed with
endometriosis

Figure | Flowchart showing the method of selecting and following study subjects.

to the use of CHM. To further verify the robustness of the relationship between CHM use and endometriosis risk, the enrollees
were divided into four groups based on CHM exposure categories: nonusers, CHM users for 31-365 days, CHM users for
366—730 days, and CHM users for more than 730 days. We also treated it as a continues variable to calculate the P value of the
linear trend. Hazard ratio (HR) and their 95% confidence interval (CI) were calculated using patients with no exposure as
reference. The Kaplan—Meier method and Log rank test were used to estimate the event-free survival rate and to examine
differences in the risk of endometriosis across all four groups. We checked the assumptions of proportional hazards by plotting

a log (-log[survival]) versus log of survival time plot.

Results

Of the whole study cohort, the CHM user and non-CHM user groups contributed data on 2996 patients each. The mean
age of patients was 53.60 + 13.74 years, and most of the patients had a monthly income of NTD 17,881-43,900 (52.4%)
and lived in urban areas (58.1%) (Table 1). There were no differences between the CHM user and non-CHM user groups
in the baseline distributions that reached statistical significance after matching (Table 1).
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Table | Characteristics of RA Females According to Use of CHM

Total Patients Non-CHM CHM Users p
(n=5812) Users
n =2996 (%) n =2996 (%)
Age (years)
Mean (SD) 53.60(13.74) 53.14(14.84) 53.28(13.88) 0.64
Monthly income (in NTD), n (%)
Low (= 17,800) 2719(44.7) 1353(45.2) 1366(45.6) 091
Median (17,881—40,000) 3107(52.4) 1558(52.0) 1549(51.7)
High (=40,001) 166(2.9)_ 85(2.8) 81(2.7)
Residential area, n (%)
Urban 3480(58.1) 1747(58.3) 1733(57.8) 091
Suburban 903(15.1) 452(15.1) 451(15.1)
Rural 1609(26.9) 797(26.6) 812(27.1)
Medication use, n (%)
Yes 4820(80.4) 2415(80.6) 2405(80.3) 0.72
No 1172(19.6) 581(19.4) 591(19.7)
CCl
Mean (SD) 4.73(7.94) 4.59(7.83) 4.86(8.01) 0.10

Abbreviations: CCl, Charlson-Deyo Comorbidity Index; CHM, Chinese herbal medicine; NTD, New Taiwan Dollar; SD, standard deviation.

We identified 180 cases of endometriosis, 122 in non-CHM users and 58 in CHM users, during follow-up periods of 23,508.31
and 22,870.99 PYs, respectively. The incidence of endometriosis was indeed lower in the CHM users than in non-CHM users
(2.54 vs 5.19 per 1000 PYs) (adjusted HR = 0.47; 95% CI: 0.35-0.65) (Table 2). Notably, subgroups with a longer duration of
CHM use had lower risks of endometriosis, with a dose-dependent relationship identified between days of CHM usage and
endometriosis risk (Table 2). Results of Kaplan—-Meier survival analysis and the Log rank test also showed differences in the
endometriosis-free survival rate across the four groups during the follow-up period (p < 0.001) (Figure 2).

In addition, among the commonly prescribed CHM therapies for RA, twelve herbal products were noted to be
associated with a lower risk of endometriosis, like Ge-Gen, Da-Huang, Huang-Qin, Ye-Jiao-Teng, Chuan-Niu-Xi, Shu-
Jing-Huo-Xue-Tang (SJHXT), Du-Huo-Ji-Sheng-Tang (DHIJST), Ge-Gen-Tang (GGT), Shao-Yao-Gan-Cao-Tang
(SYGCT), Ping-Wei-San (PWS), Gan-Lu-Yin (GLY), and Dang-Gui-Nian-Tong-Tang (DGNTT) (Figure 3).

Discussion

The onset of RA often arises within the ages of 30-50 years, which may pose a major health burden and affect many
women of reproductive age. It is well known that the pathophysiology of RA involves chronic inflammation of the
synovial membrane, such as the expressions of TNF-a and several of interleukins containing IL-1, IL-6 as well as IL-7,
all of which gradually destroy articular cartilage and juxta-articular bone'* The production of various pro-inflammatory
mediators is also shown to affect tissue destruction and this further leads to the induction of endometriosis.”” Thus, early
detection and treatment to prevent endometriosis following a diagnosis of RA seems an important clinical goal. Findings

Table 2 Cox Model with HR and 95% CI of Endometriosis Associated with CHM Use

Patient Group Cases PYs Incidence | Crude HR (95% CI) | Adjusted HR* (95% CI)

Non-CHM users 122 23,508.31 5.19 | |

CHM users 58 22,870.99 2.54 0.49(0.36-0.66) 0.47(0.35-0.65)
CHM use for 31-365 days 54 18,206.64 297 0.57(0.41-0.77) 0.55(0.39-0.76)
CHM use for 366—730 days 3 2913.21 1.02 0.20(0.06-0.63) 0.19(0.06-0.59)
CHM use for > 730 days | 1751.14 0.57 0.11(0.02-0.81) 0.11(0.02-0.84)

Note: *Model adjusted for age, urbanization level, monthly income, medication use and comorbidities.
Abbreviations: RA, rheumatoid arthritis; CHM, Chinese herbal medicine; PYs, person-years; HR, hazard ratio; Cl, confidence interval.
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Figure 2 Kaplan—Meier curves plotting cumulative incidence of endometriosis across four groups (Log rank test, p<0.001).

Single-herb products Number of prescriptions AdjustedHR* 95%CI
Yan-Hu-Suo 7275 —_—,— 0.68 0.44-1.01
Ge-Gen 4791 —_—— 0.51/0.33-0.78
Da-Huang 4654 — e 0.590.36-0.87
Dan-Shen 4390 —_—1 0.65/0.41-1.03
Bie-Mu 4281 —_—— 0.73/0.48-1.12
Huang-Qin 4279 — 0.57/0.38-0.92
Ye-Jiao-Teng 3269 —_—— 0.430.23-0.7'
Hai-Piao-Xiao 3230 e es) 0.93/0.65-1.41
San-Qi 1824 —_——— 0.68/0.37-1.24
Chuan-Niu-Xi 1635 —. 0.45/0.21-0.92
Multi-herb products
Jxa-\\' ei-Xiao-Y a'o-San 7853 0.96 0.68-1.12
Shu-Jing-Huo-Xie-Tang 7456 0.390.26-0.60
= —_—
Du-Huo-Ji-Sheng-Tang 5033 0.46 0.28-0.76
Ge-Gen-Tang 791 0.51/0.33-0.75
Shao-Yao-Gan-Cao-Tang 4707 ¢ i 0.4 0.25-0.64
Chuan-Xiong-Cha-Tiao-San 4153 0.7/0.45-1.05
Ping-Wei-San 3627 i 0.51 0.32-0.84
Ban-Xia-Xie-Xin-Tang 3424 0.6 0.33-1.04
Gan-Lu-Yin 3359 —— 0.47 0.27-0.81
Dang-Gui-Nian-Tong-Tang 3286 g 0.39 0.20-0.63
02 05 1 14 18
Lower risk Higher risk
Figure 3 Risk of endometriosis in relation to the 10 most-used single-herb and multi-herb CHM products among subjects.
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of this study showed that, compared with those without receiving CHM, those treated with CHM in addition to routine
care experienced a 53% lower risk of developing endometriosis. Those receiving CHM treatments for more than two
years had a nearly 90% lower risk of endometriosis than the non-CHM users. Even though there is a lack of comparable
literature, these positive effects of CHM on the reduction of endometriosis chance could add to a growing body of
literature on the clinical efficacy of CHM.?'*? A variety of natural products from traditional Chinese medicines have
been shown to safely regulate proinflammatory pathways and control inflammation-associated diseases,'> which may
account for the positive impacts of CHM observed in this study.

For example, the current study showed that several herb products may have potential for preventing endometriosis, like
SYGCT, GLY and PWS. All of these remedies have been shown to regulate cellular responses to inflammation, which in turn
decrease the risk of endometriosis after RA onset. Regarding SYGCT, it is traditionally used to treat muscle spasms and pain
throughout the body by acting as a muscle relaxant. A previous in vivo study demonstrated that paconiflorin, the main component
of SYGCT, dose-dependently decreases the secretion of pro-inflammatory mediators by inhibiting the activation of nuclear
factor kappa light chain enhancer in B cells p65 (NF-kB/p65).* As to the prescription of GLY, a mechanistic study in a rat model
revealed that the anti-inflammatory activity of GLY may be tied to the inhibition of pro-inflammatory cytokines such as IL-1p, IL-
6, TNF-0, and PGE2.** One former study using an animal experimental model also found that an extract of Magnolia officinalis,
a major ingredient purified from PWS, could substantially regulate the production of inflammatory mediators by abating the NF-
«B pathway.*> All of these may point to the possible mechanisms for these herbs.

We also noted that other commonly prescribed CHM therapies targeting RA, such as SJTHXT and DHIJST, were significantly
linked to a lower risk of endometriosis. In practice, these two herbal products are commonly used for pain and muscle soreness
relief. In addition to regulating immunity, STHXT possesses anti-inflammatory properties. One earlier rodent experiment
suggested that SJHXT might exert anti-inflammatory and analgesic effects by modulating the activity of the o-2
adrenoceptor.® A review article reported that dysregulation of the a2- adrenoceptor pathway may contribute to aberrant
cytokine gene expression.”’ Additionally, gentianine, a major compound of DHJST, was found to exhibit powerful anti-
inflammatory effects via the downregulation of cytokines, including IL-6 and TNF-a,?® all of which are implicated in the
pathogenesis of endometriosis.'

The positive therapeutic impacts of DGNTT and GGT in reducing the likelihood of endometriosis were also identified.
The prescription of DGNTT was found to have anti-inflammatory and immune regulatory effects in murine macrophages by
regulating the activation of p38 mitogen-activated protein kinase (MAPK) pathway.*’ In addition, we observed positive
effects of GGT when taken together with Ge-Gen in preventing endometriosis. An earlier report showed that, compared to
untreated controls, mice fed with GGT had remarkably lower inflammatory-induced cytokine levels through the down-
regulation of NF-kB/p65 activation and the inhibition of NF-kB activity.® The anti-inflammatory effects of these polyherbal
formulations may explain the reduction in the endometriosis risk among females with RA.

Among the other single-herb products used to treat those with RA, uses of Da-Huang and Huang-Qin were effective in
reducing the risk of endometriosis. We speculate that the positive impacts may be related to the corresponding compounds,
such as the baicalin in Huang-Qin and emodin in Da-Huang, respectively. Both of these compounds can mediate brain-derived
neurotrophic factor (BDNF) expression.*'~*? In addition to their positive effects on cognitive function and long-term memory,
serum BDNF level has been implicated not only in neuroinflammation but also in inflammatory processes in visceral organs,
especially in RA.** Meanwhile, BDNF, together with its high-affinity tyrosine kinase type B (TrKB) receptor, has been linked
to the onset of severe female reproductive disorders, including endometriosis.>*

Further, the present investigation pointed out the positive effects of Ye-Jiao-Teng and Chuan-Niu-Xi in preventing the
onset of endometriosis. A murine model showed that an extract of Ye-Jiao-Teng could downregulate nitric oxide (NO) and
pro-inflammatory cytokines, such as TNF-o and IL-1p, which are key mediators of inflammation.** One recent review article
mentioned that oxidative stress was associated with the inflammatory response, and excess reactive oxygen species may play
an essential role in endometriosis onset.” For Chuan-Niu-Xi, this remedy has demonstrated various beneficial pharmacological
activities both in vivo and in vitro, including analgesic, immunostimulant, antitumor, and anti-inflammatory effects.>® Cao
et al compared a group of mice injected an extract of Chuan-Niu-Xi to a control group of mice that had not been injected, and
they found this CHM product can significantly reduce levels of IL-6, TNF-o and cyclooxygenase-2 (COX-2) in the plasma,’’
all of which have been implicated in the pathogenesis of endometriosis.’
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This investigation is strengthened by the use of a population-based design, a large and nationally representative
sample, and a long follow-up time, especially given the relatively low incidence of RA in the population.
Furthermore, this study applied the medical records from a primary care database, and thus results are less likely
to be affected by confirmation bias. The third strength was the use of propensity score matching to select subjects
without CHM use, which could reduce the possibility of confounding. Yet, this study has several limitations that
should be taken into account. First, certain important information regarding family history, lifestyle, and laboratory
parameters were not recorded in the LHID. Thus, the residual confounding might occur in the observed association
because participants were not initially randomly assigned into users and non-users. A randomized controlled trial to
validate the present findings is warranted. Second, our findings were based on a retrospective cohort design that
utilized the ICD-9-CM diagnostic codes. Thus, bias due to miscoding and misclassification may occur. To diminish
the possible misdiagnosis, we selected only participants with at least two consistent ICD-9-CM diagnosis, plus at
least one inpatient hospitalization claim during the study period. It should be acknowledged that the NHI of Taiwan
makes efforts to prevent misdiagnoses by performing quarterly expert reviews on diagnosis and imposing severe
penalties on misdiagnosis. Additionally, the probability of individuals being misclassified is equal across groups, so
any misclassification in this study was prone to be randomized, thereby reducing the overall HR observed towards the
null value and thus providing a conservative estimation of risk. Third, data regarding RA severity are unavailable in
the database, and failure to deal with this might bias the conclusion. To address this point, we used a proxy indicator
to confirm RA severity, namely a history of biologic agents that include adalimumab, etanercept, infliximab,
rituximab and tocilizumab. After considering this surrogate variable in the multivariate analysis, the re-analysis
indicated that, as compared to RA patients who did not receive CHM therapy, the selected group of RA who did
receive CHM still had a lower risk for endometriosis (adjusted HR, 0.49; 95% CI, 0.36-0.66).

Conclusions

After utilizing a larger, nationally representative medical records database with up to over 10 years of follow-up, we
found that RA patients receiving CHM, in addition to conventional treatment, had a 53% lower risk of developing
endometriosis. As a consequence, heightened attention for preventing and managing symptoms of RA may be warranted,
especially endometriosis. Future prospective randomized trials that overcome the limitations herein are needed to provide
more robust evidence to support and guide the use of CHM in clinical practice for patients with RA.
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