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Objective: Sarcopenia is a frequently observed comorbidity of rheumatoid arthritis (RA) due to the chronic activation of the innate 
immune system. Accumulating evidence has indicated that Chinese herbal medicine (CHM) safely suppresses proinflammatory 
pathways and controls inflammation-associated disease, but its effect in reducing the risk of developing sarcopenia among RA 
subjects has not been established. We conducted a population-level cohort study to compare the sarcopenia risk in patients with RA 
who use or do not use CHM.
Methods: Using claims from a nationwide insurance database, we recruited patients with newly diagnosed RA and without 
sarcopenia between 2002 and 2010. Propensity score matching was applied to randomly select sets of CHM users and non-CHM 
users to compare the sarcopenia risk until the end of 2013. The risk of new-onset sarcopenia was assessed using the Cox proportional 
hazards model.
Results: As compared to non-CHM users, those receiving CHM treatment had a lower incidence of sarcopenia (7.69 vs 9.83 per 
1000 person-years). CHM was correlated with a decreased chance of sarcopenia after controlling for potential covariates. Notably, use 
of CHM for more than two years may diminish the risk of getting sarcopenia by about 47% when taken as prescribed. Prescriptions of 
several herbal formulae may benefit the reduction of sarcopenia risk, such as Yan-Hu-Suo, Bei-Mu, Da-Huang, Huang Qin, Ping-Wei- 
San (PWS), Shu-Jing-Huo-Xue-Tang (SJHXT) and Chuan-Xiong-Cha-Tiao-San (CXCTS).
Conclusion: This study produced new evidence as it is the first to show that the longer duration of CHM use was correlated to 
reduced risk of sarcopenia in a dose-dependent manner, implying that CHM treatment could be embraced as a routine care strategy for 
preventing sarcopenia.
Keywords: sarcopenia, rheumatoid arthritis, Chinese herbal medicine, cohort study

Introduction
Rheumatoid arthritis (RA) is a well-known progressive form of joint destruction that affects millions of people world-
wide, particularly women. It is estimated that by 2022, the global population affected by RA have reach approximately 
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18 million individuals.1 Notably, the report showed that within 10 years of symptom onset, up to 70% of the affected 
patients became unable to work, leading to high economic costs as well.2 In the United States, for example, the annual 
healthcare cost due to RA was $19.3 billion, and the total societal costs exceed approximately $40 billion after 
accounting for indirect expenses.3

Not only did RA cause enormous economic losses, but it also triggered a higher risk of comorbidities for the affected 
persons, including sarcopenia. One recent meta-analysis of 17 reports mentioned that the sarcopenia prevalence in RA 
persons ranged from 11% to 46%, with a pooled mean estimate of 29.1%.4 Unfortunately, sarcopenia is a silent illness in 
which the affected patients may be unaware of their condition. Despite the etiological ambiguity of RA so far, the 
dysregulated expression of cytokines from T helper cells is presumed to play a definitive role in the pathogenesis of RA.5 

Underlying a dysfunctional immune system, there may exist a link between pro-inflammatory cytokines and degradation 
of skeletal muscles. For example, the scholars found that the release of cytokines, such as (IL)-6, tumor necrosis factor 
(TNF)-alpha and interferon-γ (IFN-γ), might cause aberrant muscle homeostasis through the mediation of phosphatidy-
linositol 3 kinase (PI3K)/protein kinase B (AKT) signaling pathway.6 This pathway has been found to be capable of 
activating the nuclear factor kappa beta (NF-κB), consequently leading to an increased matrix metalloproteinase gene 
expression and migration, which in turn leads to degradation of specific muscle proteins that provokes the development 
of sarcopenia.7 As such, skeletal muscle wasting, incited by sarcopenia, may insidiously affect human health. One earlier 
meta-analysis indicated that patients with sarcopenia may face up to twice the risk of fracture than those without 
sarcopenia.8 Of note, once individuals experienced concomitant sarcopenia, their risk of earlier mortality more than 
doubled.9 Faced with this severe impact, initiating therapy to prevent sarcopenia among RA cohorts is highly 
important.10

At present, Chinese herbal medicine (CHM) has been widely employed for the treatment of a variety of chronic 
diseases.11,12 Several studies have addressed how the ingredients in CHM products may lessen bone disease progression 
and aid in the prevention of joint deformities. For instance, via the regulation of NF-κB signaling, Corydalis is believed 
to regulate serum pro-inflammatory cytokines, including IL-6, TNF-alpha and nitric oxide (NO),13 all of which may 
progressively cause muscle wasting and apoptosis.10 Moreover, the extract from Yan-Hu-Suo was found to suppress the 
activation of the receptor activator NF-κB ligand and the MAPK pathway,14 both of which have been demonstrated to be 
involved in the pathogenesis of sarcopenia.7,15 Based on these molecular mechanisms, the application of CHM might be 
beneficial in instituting a novel strategy for preventing, or delaying, sarcopenia among RA patients.

A detailed literature search revealed that no studies reported data on the relationship between CHM use and the 
sequential chance of having sarcopenia amongst RA persons. A closer look at this issue was therefore required. This 
cohort study sought to address this issue by using a nationwide database to compare the risk of having sarcopenia in RA 
persons with and without receiving adjunctive CHM treatment in addition to the routine care.

Methods
Data Source and RA Cohort
This cohort study was implemented using patient records from a national claim data handled by the Bureau of National 
Health Insurance (NHI) in Taiwan. As participation in social insurance is compulsory, more than 99% of the healthcare 
providers have contracted with the NHI so far. The national insurance program would enable the inhabitants to access the 
cost-effective and quality health care. In this work, all analytical data were obtained from the Longitudinal Health 
Insurance Database (LHID), which included the original claims data of 1 million insurants randomly extracted from all 
beneficiaries under the NHI program.16 This database holds the information on demographics, diagnoses, prescriptions, 
referrals, and hospitalization for these subjects covered by the NHI program. The diagnostic codes shown in this database 
are in the format of the International Classification of Diseases, Revision 9, Clinical Modification (ICD-9-CM).

Between 2002 and 2010, a total of 6483 RA persons aged 20–70 years were identified from inpatient and 
outpatient claims, and all of them were further validated in the catastrophic illness registry, with ICD-9-CM code 
of 714.0. In Taiwan, RA is one of the statutory major diseases, such as malignancies, end-stage renal disease or 
autoimmune disorders, and only the beneficiaries who fulfill the related diagnostic criteria are issued a catastrophic 
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card to exempt from the required cost under insurance program. By using this verification process, the diagnostic 
accuracy of RA herein is reliable. Thereafter, we assumed the date of approval for catastrophic illness registration due 
to RA as the index date. Cases who had exhibited sarcopenia prior to RA onset and those with incomplete 
demographic information were excluded. The remaining subjects were observed for the occurrence of sarcopenia, 
withdrawal from the insurance system or the end of 2013, whichever date came first. This study was performed under 
the guidelines of the Helsinki Declaration. Consultation with the Institutional Review Board of Buddhist Dalin Tzu 
Chi Hospital also confirmed that this study was exempt from full review by the Institutional as the de-identified 
secondary data used (No. B10803015).

Definition of Sarcopenia Incident
Based on former report,17 the major outcome of interest was regarded to be first-time sarcopenia onset, which was 
identified as one diagnostic appearance in a single inpatient, or at least two outpatient, claim records of ICD-9-CM codes 
733.1 and 805–829, or the following conditions: fracture-related surgery with the following ICD-9-CM codes of 78.1 
(application of external fixation device), 78.4 (other repair or plastic operation on bone), 78.5 (internal fixation of bone 
without fracture reduction), 78.9 (insertion of bone growth stimulator), 79 (reduction of fracture and dislocation), or 81 
(repair and plastic operations on joint structures). As shown in Figure 1, after excluding 207 patients with pre-existing 
sarcopenia prior to RA onset and 41 persons who had missing demographic information or were followed for less than 
1 year, a total of 6235 RA patients were recruited and followed to learn their CHM use pattern. All eligible RA patients 
were then randomly divided into a routine care group and a routine care plus CHM treatment group, based on individual 
use patterns of CHM therapy.

Measurement of CHM Use
In this investigation, CHM users were clarified as having ever visited a practitioner and having application of 
Chinese herbs during the entire time frame analyzed in the study. In accordance with the a priori rule11,12 the 
enrollees who used CHM for >30 days were defined as CHM users, and those who utilized CHM treatment for 
fewer than 30 days were considered non-CHM users. To reduce selection bias arising from participation or non- 
participation in CHM treatment, we randomly selected a comparison using 1:1 propensity score matching. The 
predicted probability of participating in treatment by CHM was calculated using a logistic regression model based 
on the enrollee’s baseline characteristics (Table 1). At the same time, to clarify the dose–response relation on the 
basis of CHM use duration, all subjects were further classified into four groups: non-CHM use (≤30 days), low 
intensity (CHM use for 31–365 days), medium intensity (CHM use for 366–730 days), and high intensity (CHM use 
for more than 730 days) based on their cumulative days of CHM prescriptions. Additionally, to correct for immortal 
time for patients who received CHM treatment,18 the index date of follow-up period for RA patients who never 
used CHM was assigned to the date of RA diagnosis, whereas those for CHM users were assigned to the first 
prescription date of CHM prescription. All of them were followed up to December 31, 2013. The follow-up time, 
shown in person-years (PYs), was calculated as the time interval from the index date until the study’s endpoint or 
study end.

Covariate Assessment
Covariates in the statistical analysis included age, gender, monthly income, urbanization and prior comorbidities, as listed 
in Table 1. As to income, we utilized the premium payment category as a proxy and transformed this indicator to 
a 3-level ordinal variable as follows: US Dollar (US) ≤623; 624–1394; and ≥1395. Regarding the urbanization degree, it 
was classified into three types of settlements based on former rule, which comprised cities, towns and semi-dense areas, 
and rural areas.19 Baseline comorbidities were assessed using the Charlson–Deyo comorbidity index.20 It has been well 
established to accurately assess the overall burden of illness with specific assessment of multiple medical comorbidities 
and severity to generate 17 specific medical category ratings, where higher scores correlated with a higher severity of 
comorbidities.
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Analysis
The Statistical Analysis System (SAS), version 9.3 (SAS Institute, Cary, NC) computer software program was applied to 
perform all statistical analyses. First, the descriptive analysis was done and reported as mean and standard deviation (SD) 
for continuous variables and frequencies and percentages for categorical variables. Additionally, considering the statistic 
for assessing the balance between two groups should not be affected by the sample size, the approach of standardized 
differences was applied herein to compare the baseline balance between treated and untreated groups.21 A standardized 
difference of 0.1 or more was considered indicative of imbalance. The incidence rate of sarcopenia was presented as the 
number of cases per 1000 PYs. The Cox proportion hazards model was then applied to estimate the hazard ratio (HR) at 
95% confidence interval (CI) of sarcopenia for those receiving CHM treatment, using non-CHM users as the reference 
group. The proportional hazards assumption was checked using the Schoenfeld residuals and constructing a log–log plot 
as well.

Additionally, two sensitivity analyses were employed to assess whether the individual a priori treatment patterns 
received would prejudice the findings herein. First, we merely selected RA subjects who reported no comorbidities. 

Figure 1 Flow chart for population inclusion criteria.
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Second, we further considered the prescriptions of biological agents, used for six months or longer, as a surrogate 
indicator for RA severity in the regression model. These drugs included adalimumab, etanercept, infliximab, rituximab 
and tocilizumab. All statistical tests were performed at the two-tailed significance level of 0.05.

Results
Of the enrolled subjects, the matched pairs of subjects with and without CHM use provided data for 2746 cases. The mean age 
of the recruited subjects was 51.1 years (SD = 11.6). The sample consisted mostly of female (73.7%), and the majority of 
enrollees were reported to have a median monthly income (54.3%) and live in urbanized areas (57.9%). The baseline features 
of demographic data and comorbidities in CHM users were similar to those of non-CHM users (Table 1).

During the study timeframe, 395 first episodes of sarcopenia were detected, which consisted of 220 in non-CHM 
users and 175 in CHM users. CHM users indeed experienced a lower incidence rate of sarcopenia than non-CHM users 
(7.69 vs 9.83, respectively, per 1000 PYs), with an adjusted HR of 0.78 (95% CI: 0.65–0.94) (Table 2). Amongst those 
who ever used CHM, a longer period of CHM use was related to the greater decrease in sarcopenia chance, and this trend 
was more obvious for those using CHM for more than 730 days (adjusted HR: 0.53; 95% CI: 0.30–0.92).

Table 1 Patient Demographic Data and Comorbidities

Total Patients Non-CHM 
Users

CHM Users Standardized 
Difference

n = 2746 (%) n = 2746 (%)

Age (years) 51.09(11.6) 51.3(11.8) 50.9(11.4) 0.0007
Mean (SD)

Age 0.001

≤50 years 2440(44.4) 1194(43.5) 1246(45.4)
>50 years 3052(55.6) 1552(56.5) 1500(54.6)

Gender 0.001

Male 1446(76.3) 731(26.6) 715(26.0)
Female 4046(73.7) 2015(73.4) 2031(74.0)

Monthly income (in USD) 0.0007

≤623 2277(41.5) 1126(41.0) 1151(41.9)
624–1394 2984(54.3) 1503(54.7) 1481(53.9)

≥1395 231(4.2) 117(4.3) 114(4.2)

Residential area 0.0007
Urban 3182(57.9) 1585(57.7) 1597(58.2)

Suburban 839(15.3) 434(15.8) 405(14.7)
Rural 1471(26.8) 727(26.5) 744(27.1)

CCI 0.0008

Mean (SD) 5.1(7.2) 4.9(7.3) 5.1(7.2)

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

Table 2 Sarcopenia Incidence (per 1000 PY) and Risk in RA Patients with and without CHM Use

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

Non-CHM users 220 22,396.80 9.83 1 1

CHM users 175 22,746.06 7.69 0.78 (0.64–0.95) 0.78(0.65–0.94)
CHM use for 31–730 days 162 20,243.21 8.00 0.81 (0.66–0.98) 0.81(0.66–0.97)

CHM use for >730 days 13 2503.85 5.19 0.53 (0.30–0.90) 0.53(0.30–0.92)

Notes: *Model adjusted for age, gender, urbanization level, monthly income and CCI score. 
Abbreviations: RA, rheumatoid arthritis; CHM, Chinese herbal medicine; PYs, person-years; HR, hazard ratio; CI, confidence interval.
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At the same time, we performed a stratified analysis by age and sex to clarify the protective effects of CHM in 
offsetting sarcopenia onset. Multivariable analysis depicted that the benefit of CHM treatment was greater in females 
(adjusted HR: 0.69; 95% CI: 0.57–0.88) and younger patients (adjusted HR: 0.70; 95% CI: 0.51–0.95), respectively 
(Table 3). The ten most commonly prescribed herbal formulae among participants are displayed in Table 4. Among them, 

Table 3 Sarcopenia Incidence (per 1000 PY) and Risk in RA Patients with and without CHM Use, Stratified by Sex and Age

Age (Years) Non- CHM Users CHM Users Crude HR (95% CI) Adjusted HR (95% CI)

Case PYs Incidence Case PYs Incidence

Gender

Male 37 6303.10 5.87 41 6040.32 6.79 1.17 (0.75–1.71) 1.14† (0.74–1.77)

Female 186 16,429.08 11.32 131 16,371.35 8.00 0.70 (0.56–0.86) 0.69† (0.57–0.88)
Age

≤50 92 9978.59 9.22 69 10,364.38 6.66 0.71 (0.52–0.96) 0.70* (0.51–0.95)

>50 131 12,753.59 10.27 103 12,047.29 8.55 0.84 (0.65–1.08) 0.83* (0.65–1.09)

Notes: *Model adjusted for urbanization level, gender, monthly income, and CCI score. †Model adjusted for age, urbanization level, monthly income, and CCI score. 
Abbreviations: RA, rheumatoid arthritis; CHM, Chinese herbal medicine; PYs, person-years; HR, hazard ratio; CI, confidence interval.

Table 4 Herbs Contained in the Most-Used Single-Herb and Multi-Herb Products Among Study Participants

Chinese Herbal Product Ingredients or Generic Name Function Classification

Multi-herb products
Shu-Jing-Huo-Xue-Tang Ginger, White Peony Root, Rehmannia Root, Cang 

Zhu, Citrus (Peel) - CHEN PI, Prunus Persica, Dong 
Quai Root, Cyathula Root Clematis Root, Poria, 

Gentiana, Notopterygium, Siler, Sichuan Lovage Root, 

Stephania Root, Angelica Root, Licorice Root.

Treats chronic pain syndromes, including sciatic 

neuralgia.

Jia-Wei-Xiao-Yao-San Bupleuri radix, Angelicae radix, Paeoniae radix alba, 

Atractylodis rhizome macrocephalae, Poria cocos, 

Zingiberis siccatum rhizome, Menthae haplocalycis, and 
Glycyrrhizae radix

Reduces depression and anxiety.

Duo-Huo-Ji-Sheng-Tang Herba Taxilli, Radix Rehmanniae, Poria, Radix Angelicae 
Pubescentis, Radix Gentianae Macrophyllae, Radix 

Saposhnikoviae, Cortex Eucommiae, Radix Achyranthis 

Bidentatae, Radix Angelicae Sinensis, Radix Alba 
Paeoniae, Radix Ginseng, Rhizoma Chuanxiong, Cortex 

Cinnamomi, Radix Glycyrrhizae, Pericarpium 

Zanthoxyli.

Reduces inflammation severity and encourages the 
lymphatic function.

Shao-Yao-Gan-Cao-Tang Paeoniae Radix, Glycyrrhizae Radix. Antioxidative and antiaggregating effect

Ge-Gen-Tang Kudzu Root, Hb. Ephedra, Saposhnikovia Root, 

Cinnamon Branch, White Peony Root, Fresh Ginger, 
Jujube Fruit, Licorice Root

Induces sweating to release the exterior symptoms 

and dispel Wind-Cold

Dan-Gui-Nian-Tong-Tang Notopterygium, Licorice, Chinese Skullcap, Capillaris, 

Atractylodes. 
Alba, Alisma, Polyporus, Siler Root, Anemarrhena, 

Dong Quai Root, Ginseng, Sophora Flavescens, 

Cimicifuga Rhizome, Pueraria Root, Cang Zhu Rhizome

Treats arthritis of the limbs, beriberi, skin diseases 

of the lower limbs and groin area, gonorrhea

(Continued)
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prescriptions of Huang Qin, Bei-Mu, Yan Hu Suo, Da-Huang, Ping-Wei-San (PWS), Chuan-Xiong-Cha-Tiao-San 
(CXCTS), and Shu-Jing-Huo-Xue-Tang (SJHXT) were strongly related to lower odds of sarcopenia (Figure 2).

In the first sensitivity analysis that focused on RA subjects with no comorbidities, we ascertained that CHM 
use was still related to a lower risk of sarcopenia, with an adjusted HR of 0.80 (95% CI: 0.65–0.95). Furthermore, 
there were 1375 CHM users and 1343 non-CHM users who ever took these biological drugs. This variable was 
then treated in the multivariate Cox proportional hazards model. The reanalysis yielded that adding CHM to 
conventional care still correlated with subsequent risk of sarcopenia among RA subjects (adjusted HR: 0.79; 95% 
CI: 0.63–0.94).

Table 4 (Continued). 

Chinese Herbal Product Ingredients or Generic Name Function Classification

Chuan-Xiong-Cha-Tiao-San Chuanxiong Rhizoma, Schizonepetae Herba, Angelicae 

Dahuricae Radix, Notopterygii Rhizoma et Radix, 
Glycyrrhizae Radix et Rhizoma, Asari Radix et 

Rhizoma, Saposhnikoviae Radix, Menthae Haplocalycis 

Herba

Scatters wind and relieves pain.

Xue-Fu-Zhu-Yu-Tang Prunus Persica, Dong Quai Root, Rehmannia Root, 

Carthamus Tinctorius, Cyathula Root, Aurantium, 

Chinese Peony Root, Platycodon Root, Sichuan Lovage 
Root, Bupleurum Root, Licorice Root.

Invigorates blood, dissolves stasis, and moves Qi, 

unblocks the channels, relieves painful obstructions

Ping-Wei-San Rhizoma Atractylodis, Cortex Magnoliae officinalis, 

Pericarpium Citri reticulatae, Radix Glycyrrhizae 
Praeparata cum Melle, Rhizoma Zingiberis recens, 

Fructus Jujubae

Balances digestion and eases abdominal pain and 

fullness

Gan-Lu-Yin Artemisia Capillaris flower, Scutellaria root, Loquat 
leaf, Immature orange, Rehmannia root, Asparagus 

root, Ophiopogon root, Dendrobium, and Glycyrrhiza

Treats oral inflammations, such as periodontitis, 
stomatitis, and glossodynia

Single-herb products
Yan-Hu-Suo Corydalis yanhusuo. Used for pain relief, anticancer effects, and 

enhancement of vital energy.

Ge-Gen Kudzu Root Treats infectious respiratory diseases.
Bei-Mu Fritillaria Thunbergii Treats cough with thick and yellowish sputum, lung 

abscess, skin infection, subcutaneous nodule, 

scrofula, goiter.
Huang-Qin Scutellariae Radix Clearing heat, removes toxins, relieves diarrhea 

and pain.

Da-Huang Rheum Palmatum Breaks up heat, removes blood stagnation and 
reduces swelling, release through the bowels.

Suberect Spatholobus Stem Spatholobi Caulis Tonifies blood, activates blood circulation, and frees 

collateral vessels.
Ye-Jiao-Teng Caulis Polygoni Multiflori Nourishes the Heart, calms the spirit, unblocks 

channels, dispels wind-dampness, alleviates itching 

(topically as a wash), astringes sweat.
Hai-Piao-Xiao Cuttlefish bone Stops bleeding, secures the essence, dries 

dampness, reduces gastric acidity.

San-Qi Roots of Panax notoginseng Used for cardiovascular diseases.
Chuan-Niu-Xi Radix Cyathulae Activates blood, eliminates stasis, strengthens 

tendons and bones, promotes urination, treats 
dysuria.
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Discussion
The systemic inflammation observed in RA is directly related to sarcopenia, and both share mutual chemical mediators 
related to their respective pathophysiologies.4 As there are no specific therapies for the prevention of sarcopenia after RA 
onset, the assessment of complementary and alternative medicine may offer a promising direction for future research and 
clinical practice.

Using records from a population-based health claims database, findings from the present study suggested that if 
persons with RA could receive CHM in addition to conventional treatment, they may experience a decreased chance of 
sarcopenia. Additionally, the longer the duration of taking CHM herbs, the greater the benefit of reduction in incidence of 
sarcopenia found in this work. The largest reduction was observed for those who had CHM treatment for more than two 
years, who experienced a 50% lower risk of sarcopenia compared to the controls. Despite a lack of comparable studies, 
the result added to the body of the literature suggesting the clinical efficacy of CHM for individuals with chronic 
diseases.22,23

After stratifying patients by age and gender, we noticed that females benefited more from CHM treatment than males. 
Numerous surveys focusing on gender differences in health-related knowledge and healthy behaviors found that females 
are more aware of the importance of self-care than males.24,25 In this case, females may be more attuned to adhering to 
the prescribed medical regimen to minimize the likelihood of sarcopenia. Additionally, the release of sex hormones, 
especially estrogen, may account for this phenomenon. There is accumulating evidence that estrogen may stimulate the 
activation and proliferation of satellite cells, required for the growth, maintenance, and regeneration of skeletal 
muscle.26,27 Consequently, the decline of estrogen in elderly women may dilute the therapeutic effects of CHM.

To date, few assessments towards the long-term effects of CHM in RA patients have been done, let alone on the 
prevention of sarcopenia. CHM is a promising potential adjunct therapy for sarcopenia due to its antioxidant and anti- 
inflammatory activities. For example, use of SYGCT was associated with a lower risk of sarcopenia. In clinical practice, 
this remedy is commonly employed in treating muscle cramps as well as crampy pain.28 Some recent studies using both 

Figure 2 Sarcopenia risk regarding uses of top ten most-used single-herb and multi-herb products among subjects.
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animal models and human patients observed that SYGCT was beneficial in attenuating the plasma levels of pro- 
inflammatory cytokines by modulating the activation of NF-κB signaling pathway.29,30 Not only being a key marker 
of inflammatory response, NF-κB is often considered one of the most critical muscle transcription factors, since its 
activation provokes muscle loss and muscular dystrophy.10 Consequently, NF-κB has been recognized to be an important 
molecular target for the prevention of skeletal muscle loss while instituting the novel therapy to mitigate musculoskeletal 
disorders.7

Those who received CXCTS experienced a deceased risk of sarcopenia when compared to controls. Modern pharmaco-
logical evidence shows that Angelica dahurica, a major compound of CXCTS, can notably lower the expression of 
inflammatory mediators, such as IL-6, TNF-alpha, IL-1β and IFN-γ, in ligature-induced periodontitis rats and lipopolysac-
charide-induced RAW 264.7 cells.31 Extreme muscle loss often results from a combination of diminishing hormonal anabolic 
signals mediated through pro-inflammatory parameters.10 The reason for this is that elevated inflammatory cytokine values 
may abate the expression and activity of insulin-like growth factor hormone (IGF-I).27 This indicator often acts as a key 
myokine that is correlated with skeletal muscle mass and strength.7,10

Another multi-herb product shown to be effective in reducing sarcopenia risk is PWS. Based on a previously published 
animal study, it was found that the magnolia-bark, a major element purified from PWS, could significantly suppress the 
responses of inflammatory mediators by inhibiting the NF-κB pathway.32 The activation of the inflammatory process was also 
believed to cause a decrease in satellite cells and, accordingly, inciting the predisposition to develop sarcopenia.

Among other commonly used single-herb products, both Huang-Qin and Da-Huang were correlated with a decreased 
risk of sarcopenia. This trend may reflect the positive impact of corresponding compounds, such as emodin in Da-Huang 
and baicalin in Huang-Qin. They had been indicated to mediate the brain-derived neurotrophic factor (BDNF) 
expression.33,34 Besides the potential therapeutic benefits of cognitive function, the plasma level of BDNF has been 
implicated in the metabolic processes of peripheral systems, like muscle fibers.27 A murine model demonstrated that 
rodent muscle could lose its ability to synthesize proteins and reduce myogenic regulatory factors in the absence of 
BDNF signaling, thus provoking muscular dysfunction.35

Uses of Yan-Hu-Sou and Bei-Mu were also found to decrease the risk of sarcopenia. One recent study demonstrated that 
l-tetrahydropalmatine, a major compound purified by Yan-Hu-Sou, significantly suppressed the receptor activator of NF-κB 
ligand and the MAPK pathway.14 An earlier in vitro study noted that activation of the NF-κB and MAPK signaling pathways 
contributed to inflammatory responses throughout the body,15 which in turn increased the predisposition to develop sarcopenia.7 

Our study demonstrated the benefits of Bei-Mu in preventing sarcopenia. In studies of both humans and animals,36,37 this herb 
was proven to exert anti-inflammatory and anti-oxidant effects by inhibiting the MAPK/NF-κB signaling pathways. These 
underlying mechanisms may, therefore, explain the benefits of Yan-Hu-Sou and Bei-Mu found in the present study.

Despite being a pioneering, albeit ex-post-facto, study providing strong evidence for the effects of CHM on reducing 
sarcopenia in RA patients, this work may face some noteworthy limitations. First and foremost, the data used are merely 
from a claims-based database; accordingly, the information regarding biochemical data, family history, lifestyle beha-
viors, or body weight was not obtained. Thus, it is inevitable that residual confounding by these factors may exist to 
partly bias the association herein. Caution, therefore, must be exercised while interpreting the present findings. Therefore, 
a large cohort of RA patients created by prospective randomized trials are suggested to further explore the potential 
mechanisms underlying the clinical benefits of CHM on the prevention of sarcopenia risk. Second, this study is on the 
basis of a retrospective cohort study design that applied ICD-9-CM codes. While misclassification of cases may arise in 
the administrative database research, we capitalized on the approach that patients must have had either one inpatient 
ICD-9-CM code or at least two outpatient ICD-9 codes for RA together with sarcopenia in a 12-month span, which 
allowed us to lessen the chance of misclassification to some extent. Furthermore, the probability of misclassification was 
the same for all enrollees, so any misclassification of exposure may tend to be nondifferential, and thus, if indeed present, 
would be biased toward the null relationship. Third, surveillance bias may lead to errors in reporting, possibly as the 
CHM users may tend to receive additional healthcare services than the comparison group. To confront this drawback, we 
added the frequency of medical visits for each participant into the multivariate regression model, and a significantly 
decreased risk of sarcopenia among the CHM users was still noted. Notwithstanding these limitations, this work is a sole 
population-based investigation to evaluate the association of CHM use with sarcopenia risk among RA persons via 
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a nationwide health claims, which could leave little room for non-response or loss to follow-up. The second strength of 
this work is the long observation time used. The over 10-year follow-up period used provided ample time to observe 
outcome trajectories. The third strength is that we select the subjects with and without exposure to CHM treatment by the 
propensity score matching method, thus reducing the possibility of confounding effects.

Conclusion
In summary, this population-based nested cohort study found that, during conventional treatment for RA, adjunctive 
CHM use reduced the chance of developing sarcopenia by 22%. Furthermore, the duration of CHM use further 
influenced the inverse dose–response association with sarcopenia risk among enrollees. Findings from the current 
study indicated that a complementary therapy, specifically CHM, contributed to disease management of musculoskeletal 
pain. The results of our study further indicated that those commonly prescribed herbal products that are likely to lower 
sarcopenia risk, hence paving the way for further pharmacological research to cure and control other health maladies. As 
far as clinical practice is concerned, we recommend that clinicians and people diagnosed with RA become aware of the 
elevated likelihood of having sarcopenia and be vigilant in watching for early symptoms of this disease, so that 
appropriate diagnostic tests, along with provable treatments, could be administered when early symptoms of these 
conditions are experienced.
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