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O R I G I N A L  R E S E A R C H
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Patients: Evidence from Population-Based Health 
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Introduction: With population aging, sarcopenia and its accompanying risk of osteoporotic fracture has drawn increased attention. 
Nowadays, while Chinese herbal medicine (CHM) is often used as complementary therapy for many medical conditions, its effect 
against likelihood of osteoporotic fracture among sarcopenia subjects was not fully elucidated yet. We therefore conducted 
a population-level study to compare osteoporotic fracture risk for sarcopenia persons with or without CHM use.
Methods: Using the patient record from a nationwide insurance database, we recruited persons with newly diagnosed sarcopenia and 
simultaneously free of osteoporotic fracture between 2000 and 2010. Propensity score matching was then applied to randomly select 
sets of CHM users and non-CHM users. All of them were tracked until end of 2013 to measure the incidence and adjusted hazard 
ratios (HRs) for new new-onset fracture in multivariable Cox proportional hazards model.
Results: Compared to non-CHM users, the CHM users indeed had a lower incidence of osteoporotic fracture (121.22 vs 156.61 per 
1000 person-years). Use of CHM correlated significantly with a lower fracture likelihood after adjusting for potential covariates, and 
those receiving CHM treatment for more than two years experienced a remarkably lower risk by 73%. Uses of several herbal formulae 
were correlated to reduced risk of osteoporotic fracture, such as Caulis Spatholobi, Xuduan, Duzhong, Danshen, Shu-Jing-Huo-Xue- 
Tang, Du-Huo-Ji-Sheng-Tang, Shao-Yao-Gan-Cao-Tang, and Shen-Tong-Zhu-Yu -Tang.
Conclusion: Our study depicted that cumulative CHM exposure was inversely associated with osteoporotic fracture risk in 
a duration-dependent manner, implying that CHM treatment may be embraced as routine care in preventing incident osteoporotic 
fracture.
Keywords: sarcopenia, osteoporotic fracture, risk, Chinese herbal medicines, cohort study

Introduction
Sarcopenia, an age-related musculoskeletal disease, is characterized by progressive loss of skeletal mass that leads to 
severe disability and premature mortality.1 The global prevalence of sarcopenia is nearly 10% of the population.2 With 
the aging of the population worldwide, health-care costs associated with this illness are expected to increase heavily. 
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A recent study reports that the total annual cost of hospitalization for patients with sarcopenia in the United States was as 
high as USD $40.4 billion.3

During the aging process, the impact of endocrine alternations on muscle protein synthesis has attracted substantial 
clinical attention, as it may insidiously lead to loss in muscle mass together with muscle strength.4 Recently, the 
sarcopenia has been recognized as a trigger for a wide array of comorbid conditions, particularly osteoporotic 
fracture.5,6 One review article based on findings from 36 studies figured that individuals with sarcopenia were nearly 
twice as likely to experience osteoporotic fracture as those in the general population.7 At present, accumulated evidence 
suggests that hormonal disturbances and inflammatory molecules may be involved in the pathogenesis of sarcopenia and 
bone fragility.8–10 An animal study reported that the administration of interleukin (IL)-6 and tumor necrosis factor-α 
(TNF-α) resulted in the degradation of skeletal muscle.11 The activation of inflammatory mediators may gradually induce 
bone loss via the up-regulation of pro-osteoclastogenic agents, including receptor activation of nuclear factor-kappaB 
(NF-kB) ligand (RANKL), thereby inciting osteoporosis fracture.12,13 Furthermore, sarcopenia increases the probability 
of mortality nearly threefold over that of individuals who were not diagnosed with sarcopenia.14 Given the alarming 
clinical findings, the availability of effective treatments to manage sarcopenia, particularly for preventing osteoporotic 
fracture, is of utmost importance.

Traditional Chinese herbal medicine (CHM) is often used to treat a broad range of health conditions. Several studies 
have uncovered the active herbal ingredients that act to lessen bone disease progression and aid in the prevention of joint 
deformities. For example, by abating NF-κB signaling, some Chinese herbs are believed to regulate pro-inflammatory 
cytokines.15 The inflammatory mediators are well known to impact bone marrow production during skeletal development 
and increase bone brittleness, thereby inciting the susceptibility to fracture.11,16,17 Thus, investigating whether the 
addition of CHM to conventional sarcopenia treatment may be helpful in preventing or delaying osteoporotic fracture.

After a thorough literature review, we found that no study has been published regarding the long-term effect of CHM in 
mitigating fracture risk among sarcopenia patients. To investigate this issue, we exploited a cohort study via a nationwide 
claims database. Results of this study could provide valuable information on the compatibility and clinical application of 
CHM, enabling healthcare providers to timely integrate CHM into conventional therapy for sarcopenia persons.

Materials and Methods
Data Source and Identification of Study Participants
At present, nearly 99% of Taiwan’s population is enrolled in the National Health Insurance (NHI) program of the 
National Health Insurance Administration Ministry in Taiwan. In this exploration, all analytical data were obtained from 
the Longitudinal Health Insurance Database (LHID), a data subset of the NHI program that includes the original claims 
data of 1 million insurants randomly extracted from all beneficiaries under the NHI program.18 This database holds the 
information on demographics, diagnoses, prescriptions, referrals, and hospitalisation for these subjects covered by the 
NHI program.

Firstly, from the database, we collected the patient records submitted for those aged 20 years or more, and they had at 
least one hospital admission with a diagnostic code of sarcopenia or three or more outpatient visits due to sarcopenia 
within 365 calendar days (International Classification of Diseases-Ninth Revision-Clinical Modification [ICD-9-CM] 
code of 728.2 and 728.9).19 This investigation was carried out based on the Helsinki Declaration and was approved by 
the local institutional review board of Buddhist Dalin Tzu Chi Hospital (No. B10803015-1). The institutional review 
board also waived the need for informed consent since the raw data used were on the basis of a retrospective claims data 
with encrypted attribution.

Identification of Osteoporotic Fracture Outcome
The primary outcome in this study was first-time diagnosis of osteoporotic fracture, which was defined as the first 
appearance in the inpatient or outpatient claim records of ICD-9-CM codes 733.1 and 805–829 or fracture-related surgery 
indicated by ICD-9-CM code 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 
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(reduction of fracture and dislocation), or 81 (repair and plastic operations on joint structures).20 To ascertain the cau-
sal estimates, we removed the enrollees if they had the diagnosis of fracture before sarcopenia (n = 8317), as well as 
those who had missing values or were followed up for less than 365 days after cohort entry (n = 896). The final cohort 
comprised 13,985 enrollees with sarcopenia (Figure 1).

Definition of CHM Use
To define patients’ CHM use, we reviewed individual CHM treatment records from cohort entry date to index date. In 
this study, CHM users were defined as those who ever received the relevant CHM treatment for a period of 31 days or 
longer, due to a diagnosis of sarcopenia. To reduce selection bias arising from participation/non-participation in CHM 
treatment, we randomly selected a comparison cohort via the propensity score matching on a 1:1 ratio. The predicted 
probability of participating in treatment by CHM was calculated by a logistic regression model based on the enrollee’s 
baseline characteristics (Table 1). Afterwards, we categorized the cumulative days of CHM treatment as follows: non- 
CHM use (<31 days), CHM use for 31–365 days, CHM use for 366–730 days, and CHM use for more than 730 days. 
This approach would allow us to carefully determine the duration-dependent effect of CHM in preventing fracture 
chance. Moreover, we calculated person-years (PY) of CHM use starting from initiation of CHM treatment to correct for 

23,198 patients aged ≥20 years with newly diagnosed 
sarcopenia between 2000 and 2010

Subjects excluded:

i. Patients with osteoporotic fracture before the date of first 

sarcopenia episode (n = 8,317)
ii. Patients with missing data in baseline characteristics and 
who were followed-up for less than one year (n = 896)

2,829 were CHM users 11,156 were non- CHM

users

2,822 CHM users were 

included for data 
analysis

2,822 non–CHM-users

were included for data 
analysis 

Non–CHM-users were 1:1 matched with CHM users using 
propensity scores

1,618 patients were 

diagnosed with 
osteoporotic fracture

1,655 patients were 

diagnosed with 
osteoporotic fracture

Figure 1 Flowchart showing the method of selecting and following study subjects.
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immortal time for subjects who received CHM.21 The index date of the follow-up period for non-CHM users was 
assigned as the date of the first sarcopenia diagnosis, whereas that for CHM users was the time of the first CHM 
prescription. All participants were followed up until the end of 2013 to measure the incidence of osteoporotic fracture.

Information Regarding Covariates
Covariates in the statistical analysis included age, sex, monthly income, prior comorbidities, and urbanization of 
individual residential area. With regard to the monthly income, it was transformed to ordinal variables based on 
individual income-related insured amount as follows, namely New Taiwan Dollars [NTD] ≦17,880, 17,881–40,000 
and ≥400,001. Furthermore, the urbanization degree was classified into three types of settlements based on former rule, 
which comprised cities, towns and semi-dense areas, and rural areas.22 Baseline comorbidities were defined as occurring 
within one year preceding sarcopenia onset, and all of them were calculated by the established Charlson-Deyo 
comorbidity index (CCI).23 The Deyo-adapted CCI incorporated 17 diseases and each disease was rated on the scale 
of 1–6, with higher total scores indicating more severe comorbid disease burden. As for medication usage, we stratified 
all enrollees into two groups based on if they ever received, or not received, any one of the anti-osteoporotic medications, 
which included calcium supplements, vitamin D, calcitonin, bisphosphates, selective estrogen receptor modulators 
(SERMs), sex hormones, strontium and RANKL inhibitors for more than six months.

Statistics
In all comparisons, P value < 0.05 was considered significant. Firstly, we reported continuous variables using mean and 
standard deviation (SD) and categorical variables using frequencies and percentages. Distributions of sociodemographic 
data and number of comorbidities between two groups were compared with the standardized differences. It is more 
appropriate for comparing the balance of covariate distribution between treated and untreated groups as it is not subject 

Table 1 Patient Demographic Data and Comorbidities

Total Patients Non-CHM Users CHM Users Standardized Difference

n = 2822 (%) n = 2822 (%)

Age (years)

Mean (SD) 47.6 (14.9) 47.51 (15.1) 47.61 (14.7) 0.007
Age 0.009

≤50 years 3372 (59.7) 1691 (59.9) 1681 (59.6)

>50 years 2272 (40.3) 1131 (40.1) 1141 (40.4)
Sex 0.003

Male 2641 (46.8) 1300 (46.1) 1341 (47.5)

Female 3003 (53.2) 1522 (53.9) 1481 (52.5)
Monthly income (in NTD) 0.09

≤ 17,800 2801 (49.6) 1413 (50.1) 1388 (49.2)

17,881–43,900 2515 (44.6) 1263 (44.8) 1252 (44.4)
≥ 43,901 328 (5.8) 146 (5.2) 182 (6.4)

Residential area 0.07

Urban 3239 (57.4) 1624 (57.5) 1615 (57.2)
Suburban 972 (17.2) 476 (16.9) 496 (17.6)

Rural 1433 (25.4) 722 (25.6) 711 (25.2)

CCI 0.06
Mean (SD) 2.3 (4.4) 2.1 (4.1) 2.4 (4.8)

Medication usage 0.002

Yes 5007(88.7) 2493(88.3) 2514(89.1)
No 637(11.3) 329(11.7) 308(10.9)

Abbreviations: CCI, Charlson-Deyo Comorbidity Index; CHM, Chinese herbal medicine; NTD, New Taiwan Dollar; SD, standard 
deviation.
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to the impact of sample size.24 Incidence rate of osteoporotic fracture was presented as the number of cases per 1000 PY. 
The Kaplan–Meier method was employed to compare the cumulative incidence of osteoporotic fracture between two 
groups, and a Log rank test was applied to examine the significance level of differences between the two groups. We used 
Cox proportion hazard regression analyses to estimate hazard ratio (HR) and 95% confidence interval (CI) of osteo-
porotic fracture for patients with sarcopenia, using the non-CHM users as the reference group. The proportional hazards 
assumption was evaluated by testing the Schoenfeld residuals and constructing a log–log plot, and based on these, it was 
concluded that there was no evidence of violation. All of the analyses were carried out using SAS version 9.3 for 
Windows (SAS Institute Inc., Cary, NC, USA).

Results
Baseline and Demographic Characteristics of the Study Population
The inclusive studied cohort was comprised of 2822 CHM users and 2822 non-CHM users. The mean age of patients was 
47.6 ± 14.9 years, with female predominance (53.2%). Most of the enrollees had monthly incomes of NTD less than 
17,880 (49.6%) and lived in urbanized areas (57.4%) (Table 1). After the matching procedure, there were no significant 
differences between the treated CHM and untreated CHM cohorts in age, sex, comorbidities, geographic region, 
urbanization level and medication usage (Table 1).

CHM Use and Subsequent Risk of Osteoporotic Fracture Among Enrollees
Review of the total cohort identified 3273 cases of osteoporotic fracture, 1655 in non-CHM users and 1618 in CHM users 
during follow-up periods of 10567.96 PY and 13347.88 PY, respectively. Incidence of fracture during the study period 
was 156.61 per 1000 PY among non-CHM users as compared to 121.22 per 1000 PY among CHM users. Those receiving 
CHM services had a reduced risk of osteoporotic fracture after controlling for baseline characteristics (adjusted HR, 0.77; 
95% CI, 0.73–0.85) (Table 2). Subgroup analysis also revealed a duration-dependent inverse relation between the CHM 
use period and fracture risk (Table 2). Those receiving CHM treatment in addition to the conventional treatment for more 
than two years had a marked 73% reduction in fracture risk. Kaplan–Meier survival curve analysis and Log rank tests 
revealed a significant difference in osteoporotic-fracture-free survival across the four groups (p < 0.001) (Figure 2).

Association of CHM Use with Subsequent Risk of Osteoporotic Fracture by Sex and 
Age
According to the multivariable analysis stratified by age and sex, we noted that benefit of CHM therapy in reducing 
osteoporotic fracture was more predominant in females, with an adjusted HR of 0.72 (95% CI, 0.67–0.78) (Table 3). 
Among the commonly used herbal products, some prescriptions were related to decreased risk of osteoporotic fracture, 
containing Caulis Spatholobi, Xuduan, Duzhong, Danshen, Shu-Jing-Huo-Xue-Tang (SJHXT), Du-Huo-Ji-Sheng-Tang 
(DHJST), Shao-Yao-Gan-Cao-Tang (SYGCT), and Shen-Tong-Zhu-Yu -Tang (STZYT) (Figure 3).

Table 2 Risk of Osteoporotic Fracture Among Sarcopenia Patients with and without CHM Use

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

Non-CHM users 1655 10,567.96 156.61 1.00 1.00

CHM users 1618 13,347.88 121.22 0.78 (0.73–0.83) 0.77 (0.73–0.85)
CHM use for 31–365 days 1534 12,041.01 127.40 0.81 (0.76–0.87) 0.81 (0.76–0.88)

CHM use for 366–730 days 68 903.36 75.27 0.49 (0.39–0.63) 0.48 (0.39–0.62)

CHM use for > 730 days 16 403.51 39.65 0.26 (0.16–0.42) 0.27 (0.18–0.45)

Note: *Model adjusted for age, sex, urbanization level, monthly income, CCI score and medication usage. 
Abbreviations: CHM, Chinese herbal medicine; PY, person-years; HR, hazard ratio; CI, confidence interval.
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Discussion
Faced with no specific treatments for the prevention of fracture incident after onset of sarcopenia, seeking promptly 
complementary therapies in managing the bone-muscle crosstalk appears to be the privileged direction in clinical 
practice. Few studies, if any, have been conducted to explore the long-term effect of CHM on the reduction of 
osteoporosis fracture incident among sarcopenia subjects. We observed that if individuals with sarcopenia received 
CHM treatment in addition to the conventional treatment, they would experience a lower risk of osteoporotic fracture 
than did those who did not receive CHM treatment. On top of that, the longer the duration of CHM use, the greater more 
notable impact of CHM in reducing incident osteoporotic fracture. Those who received CHM treatment for more than 
two years had a substantially lower risk of osteoporotic fracture by 73%, as compared to those who did not receive CHM. 
Despite the lack of comparable studies, the beneficial effect of CHM in preventing osteoporotic fracture observed herein 
contributes to a growing body of evidence indicating the clinical efficacy of CHM for individuals with chronic 
diseases.16,25

Table 3 Incidence and Osteoporotic Fracture Risk for Sarcopenia Patients with and without CHM Use Stratified by Sex and Age

Variables Non-CHM Users CHM Users Crude HRm (95% CI) Adjusted HR (95% CI)

Event PY Incidence Event PY Incidence

Sex

Female 1020 5239.41 194.68 945 6725.59 140.51 0.72 (0.66–0.79) 0.72 (0.67–0.78)a

Male 635 5328.55 119.17 673 6622.29 101.63 0.86 (0.77–0.96) 0.85 (0.79–0.94)a

Age

≤ 50 971 6412.48 151.42 921 8161.16 112.85 0.75 (0.68–0.82) 0.74 (0.66–0.83)*

>50 684 4155.48 164.60 697 5186.72 134.38 0.82 (0.73–0.90) 0.81 (0.72–0.91)*

Notes: aModel adjusted for age, urbanization level, monthly income, CCI score and medication usage. *Model adjusted for sex, urbanization level, monthly income, CCI 
score and medication usage.

Figure 2 Cumulative incidence of osteoporotic fracture across four groups.
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Findings from the present study indicate that female patients benefited more from CHM use than did males. As others 
have shown, females often possess better knowledge, attitudes, and self-care practices than males;26 accordingly, they 
may tend to adhere to the prescribed medical regimen to minimize the likelihood of osteoporotic fracture. Another 
possible reason for this may be tied to the production of sex hormones, especially estrogen. Decline of estrogen would 
contribute to the releases of pro-inflammatory mediators, such as IL-6 and TNF-α,27 both of which are viewed as 
underlying mechanism for osteoporotic fracture.11,12

A major contribution of this study is the identification of specific herbal products that may exert therapeutic effects in 
reducing susceptibility to osteoporotic fracture. Of the single-herb products commonly used to treat sarcopenia, Caulis 
Spatholobi may decrease the vulnerability to bone fracture. This reaction may have several scientific explanations behind 
it. First, a recent in vivo study found that Caulis Spatholobi stems inhibit lipopolysaccharide-induced production of pro- 
inflammatory cytokines in murine macrophage cells.28 Second, another pharmacological study reported that formono-
netin, a major component of Caulis Spatholobi, may dose-dependently suppress the proliferation and differentiation of 
primary mononuclear macrophages and osteoclast activation.29 These explanations may have been put forward to explain 
the protective effect of Caulis Spatholobi.

The present study also identified Xuduan and Danshen as agents that may offer protection against osteoporotic 
fracture. These two remedies have long been used in CHM for the treatment of bone diseases.30,31 Salvianolic acid B and 
asperosaponin VI, two major compounds purified from these herbal products, have been found to substantially induce 
osteoblast maturation and increase bone formation, mainly through the activation of PI3K/AKT osteogenic pathway.31,32 

This pathway plays an indispensable role in the survival, proliferation, migration, and differentiation of bone mesench-
ymal stem cells. Furthermore, both in vivo and in vitro studies implicated the PI3K/AKT signaling pathway in the 
inhibition of articular cartilage destruction.33

Another herbal product proven effective in lessening osteoporotic fracture risk in this study is Duzhong. In a study 
involving rats fed 100 mg/kg Duzhong twice per day, for four days, this herb was found to significantly promote 

Figure 3 Risk of osteoporotic fracture in relation to the 10 most-used single-herb and multi-herb CHM products for participants. *Adjusted for age, sex, urbanization level, 
monthly income, CCI score and medication usage.
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osteocalcin and increase the releases of alkaline phosphatase along with collagen I in osteoblasts via regulation of 
RANKL-induced NF-κB signaling pathway.34 There are also data that suggested this pathway plays the role in 
aggressiveness of immune cells and osteoclast formation.17

Findings of this study indicate that individuals who used SJHXT and SYGCT had a lower incidence of fracture. Clinically, 
these two herbs are often prescribed to arthritis patients for the treatment of muscle pain. An earlier study in a rodent model 
revealed that SJHXT could exert anti-inflammatory and analgesic effects by modulating α-2 adrenoceptor activity.35 A review 
article reported that dysregulation of the α2- adrenoceptor pathway would contribute to aberrant cytokine gene expression.36 

Additionally, SYGCT is often used to relieve muscle cramps in arthritis patients. One recent report by Chang et al showed that 
this compound markedly ameliorated the inflammatory state in rats with polycystic ovary syndrome by blocking activation of 
the TLR4/NF-κB signaling pathway.37 Under pathological conditions such as inflammation, activated B cells and T cells are 
known to secrete large concentrations of RANKL, which in turn increases osteoclastogenesis and bone loss.17,33

We also identified positive therapeutic effects of DHJST together with STZYT on the subsequent predisposition to 
fracture. Both animal and human studies have provided evidence that herbs such as gentianine from DHJST have anti- 
inflammatory properties.38 The mechanism by which this ingredient exerts potent anti-inflammatory effect may include the 
inhibition of Rho/NF- κB signaling pathway activation.39 We observed that STZYT was associated with a decreased risk of 
osteoporotic fracture as well. In one recent animal study, this decoction resulted in marked inhibition of the inflammatory 
response and alleviated the symptoms of arthritis through the MAPK p38/PPARγ/CTGF signaling pathway.40 This pathway 
was involved in a diverse array of cellular processes, including inflammation, angiogenesis, and cell proliferation,41 and is also 
implicated in the release of myokines,8 thus playing a decisive role in the generation of bone loss.

Despite being a pioneer study in exploring the effect of CHM on risk of developing osteoporotic fracture for sarcopenia 
patients, this study has several noteworthy limitations. First, data used in this work are from a claims-based database; 
accordingly, no detailed information regarding biochemical data, family history, lifestyle behaviors, or body weight was 
recorded in the database. Thus, it is inevitable that residual confounding by a few of these factors may partially bias the 
association herein. Therefore, a large cohort size of sarcopenia patients and adopting prospective randomized trials are 
warranted to explore the potential mechanisms underpinning the clinical benefits of CHM. Second, in this study, all enrollees 
were assigned a diagnosis based on the ICD-9-CM code only, thus risking an inaccurate diagnosis of disease. To ameliorate 
this issue, we capitalized on procedural claims data to confirm ambulatory diagnostic codes along with inpatient claims data to 
minimize the possibility of misclassification. On this note, it should also be highlighted that probability of exposure being 
misclassified is independent of disease status and the probability of disease status being misclassified is independent of 
exposure status, which in turn leads to an underestimate (dilution) of the true strength of an association between exposure and 
disease. Third, a surveillance bias might arise since the CHM users would be more likely to seek additional healthcare services 
as compared to those who did not receive CHM treatment. To confront this concern, the frequency of medical visits for each 
participant was estimated and inserted into the multivariate regression model. The reanalysis supported that the positive effect 
of CHM remained invariable after adjusting the surveillance bias, with an adjusted HR of 0.78 (95% CI, 0.73–0.84). These 
limitations notwithstanding, this study has several strengths that bolster its merits. The first strength stems from the use of 
a large population database. Over 90% of the Taiwanese population and healthcare providers are covered by the NHI program, 
which included a representative Taiwanese sample, leaving little room for non-response or loss to follow-up. The second 
strength is the employment of a long observation time. Given that fracture is one of the major contributors to disability and the 
need for medical care, a 10-year observation period and the large sample size used in this work ensure a better empirical 
assessment of the treatment employed. The third strength relates to the application of propensity score matching to select the 
subjects with and without CHM exposure, thus reducing the possibility of confounding by indication.

Conclusion
In sum, this population-based cohort study depicted that, during conventional treatment for sarcopenia, the integration of 
CHM would nearly reduce the chance of osteoporotic fracture by 23%. Long-term use of CHM may potently bring the 
inverse association with fracture risk among persons with sarcopenia. In addition to the positive effect of CHM reported 
herein, the findings of this study further indicated those commonly prescribed herbal products that are likely to be 
associated with lower osteoporotic fracture risk, thus paving the way for further pharmacological investigations.
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