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Purpose: This randomized controlled trial aimed to evaluate the clinical efficacy of Jianyao Migu granules (JYMGG) in the treatment 
of primary osteopenic low back pain (LBP).
Patients and Methods: A total of 108 patients with primary osteopenic LBP were randomly divided into the JYMGG group and 
placebo group. Both groups took 600 mg of oral Caltrate D daily; in addition, the JYMGG group was given oral JYMGG, while the 
placebo group was given placebo granules. The treatment period was 6 months for both groups. The pre- to post-treatment changes in 
the bone mineral density (BMD), visual analogue scale (VAS) score, Oswestry disability index (ODI), and bone turnover markers were 
compared between the two groups.
Results: The post-treatment VAS score and ODI were significantly lower than baseline in both groups (P<0.05). In the JYMGG 
group, the lumbar BMD increased from 0.88±0.07 g/cm2 to 0.90±0.13 g/cm2 and the hip BMD increased from 0.77±0.08 g/cm2 to 
0.78±0.10 g/cm2, giving increases of 2.70% and 1.96% respectively, but the differences were not statistically significant. The post- 
treatment levels of ALP, osteocalcin, P1NP, and β-CTX were increased compared with baseline in both groups, but the differences 
were not statistically significant. The thyrotropin level was significantly increased after treatment in the placebo group (P<0.05). There 
were no abnormalities detected in routine blood and kidney function tests performed during the observation period. Some patients 
showed elevated liver enzymes and gastrointestinal reactions.
Conclusion: JYMGG effectively relieved the bone pain, and improved the quality of life of patients with primary osteopenic LBP.
Keywords: chinese herb, clinical trial, Jianyao Migu granules, osteoporosis

Introduction
Osteoporosis is one of the most common senile diseases worldwide.1 In 2018, the National Health Commission publicly 
released the results of the first epidemiological survey on osteoporosis in China,2 which showed that the prevalence of 
low bone mass was 32.9% in Chinese people aged 40–49 years (34.4% among men and 31.4% among women) and 
46.4% in those older than 50 years (46.9% among men and 45.9% among women). This low bone mass negatively 
affects the quality of life of older adults. Furthermore, several cross-sectional studies have shown that patients with 
osteoporosis more frequently experience low back pain than individuals without osteoporosis.3 A study performed in 
Japan from 2017 to 2019 found that 58.3% of osteoporotic patients experience pain-related dysfunction.4 The most 
common symptom of osteoporosis is pain, which is experienced by about 58% of individuals with osteoporosis, among 
whom 70%–80% have waist pain.5 However, 10.4% of osteoporotic patients with low back pain have no evidence of 
fracture.6 Although there is still no clear definition of “osteopenic low back pain”, Fujimoto et al defined it as chronic low 
back pain caused by primary osteoporosis for more than 3 months. The characteristics of osteopenic low back pain are 
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that it usually occurs at rest rather than during exercise and that it is mainly nociceptive rather than neuropathic.7 

Osteoporotic fractures caused by long-term chronic pain and limited activity greatly affect the quality of life of patients.8 

Therefore, it is important to quickly identify the trend of bone mass reduction in patients with low back pain, focus on 
osteoporosis prevention and treatment, and perform timely intervention during the period of bone mass reduction.

Although the pathogenesis of osteoporosis is complex, insufficient intake of vitamin D and calcium is an important 
factor.9 Updated guidelines published in 2020 indicate that adequate intake of calcium and vitamin D is beneficial for 
achieving ideal peak bone mass, delaying bone mass loss, and improving and maintaining bone health.10 Caltrate D 
effectively supplements calcium and vitamin D, and is widely used as a basic treatment for osteoporosis in clinical 
practice. Other treatments for osteoporosis include bone resorption inhibitors, bone formation promoters, functional 
exercises, and internal and external traditional Chinese medicines.11–13 Traditional Chinese medicine has a long history in 
the treatment of osteoporosis under the guidance of the “kidney and bone” theory. Jianyao Migu granules (JYMGG) is an 
empirical prescription for the treatment of osteoporosis created based on the theory of “Focusing on qi and blood first” 
and many decades of clinical experience by Professor Shi Qi, a master of traditional Chinese medicine in our hospital. 
JYMGG has been clinically verified to effectively relieve back pain and significantly increase vertebral bone mass.14 

Previous animal studies have also shown that JYMGG increases bone mass by increasing the number, thickness, and 
volume of bone trabeculae.15,16 In the present study, Caltrate D combined with JYMGG was used in the treatment of 
osteopenic low back pain; the efficacy of JYMGG was objectively evaluated in comparison with Caltrate D combined 
with placebo as the control.

Materials and Methods
Study Design and Participants
This 6-month multicenter, randomized, double-blind, placebo-controlled clinical study was conducted in three commu-
nity health service centers: Pengpu Xincun Community in Jing’an District, Shanggang Community in Pudong New Area, 
and Nanmatou Community in Pudong New Area. We enrolled 108 patients with osteopenic back pain treated between 
January 2019 and October 2019. The inclusion criteria were: bone mineral density (BMD) between −1 and −2.5, women 
aged 50 to 75 years and men aged 60 to 75 years, low back pain symptoms (visual analogue scale (VAS) score ≥4), and 
no other treatment regimen. The exclusion criteria were allergy to the drug components in Caltrate D and JYMGG; 
secondary osteoporosis or concomitant various endocrine diseases, rheumatic immune diseases, or other serious diseases 
affecting bone metabolism; specific lumbago caused by tumor, fracture, tuberculosis, or inflammation; patients requiring 
surgical treatment; patients who could not participate in the study for other reasons; current participation or participation 
in another study within the last 3 months.

Sample Size Calculation
The main outcome index was the pre- to post-treatment change in the BMD, and the treatment received by the placebo 
group was considered the basic treatment in the test of superior efficacy. The following sample size calculation formula 
was used:

nc
ðZ1� α þ Z1� βÞ

2σ2ð1þ 1
KÞ

ðμr � μc � ΔÞ2 

where μr was the mean BMD of the JYMGG group, μc was the mean BMD of the placebo group, and σ was the standard 
deviation of BMD. With α=0.05, β=0.1, Δ=0.025, and K=1 between the JYMGG group and the placebo group, μr=0.866, 
μc=0.756, and σ=0.125. When the calculated nc=nr=45 and the assumed dropout rate was 20%, 108 cases were needed.

Blinding and Treatment
Patients were randomly assigned to the JYMGG group or the placebo group. The JYMGG group received 600 mg of 
Caltrate D once daily + one bag of JYMGG twice daily after meals. The JYMGG were composed of Astragali Radix 15 
g, Epimedii Folium 12 g, Ecliptae Herba 12 g, Salviae Miltiorrhizae Radix Et Rhizoma 9 g, Sinomenii Caulis 9 g, and 
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Achyranthis Bidentatae Radix 9 g (all the weights mentioned above are the weight of crude herbs, prepared by Sichuan 
New Green Pharmaceutical Co, Ltd). The placebo group received 600 mg of Caltrate D once daily + one bag of placebo 
granules twice daily after meals. The placebo granules were 2% caramel pigment, 0.35% tartrazine pigment, 0.04% 
sunset yellow pigment, and 0.04% bitter agent (sucrose octaacetate) and maltodextrin dissolved in water and sprayed 
with dry powder to create granules (prepared by Sichuan New Green Pharmaceutical Co, Ltd). All patients were 
instructed to take the drugs as prescribed for 6 months.

Endpoints
The primary efficacy endpoints were the lumbar and hip BMD (left femoral neck) after 6 months of treatment and the 
VAS scores after 1, 3, and 6 months of treatment. The secondary efficacy endpoints were the Oswestry Disability Index 
(ODI) and bone conversion indicators (serum calcium, Thyroid Stimulating Hormone (TSH), 25-hydroxy vitamin D (25- 
OH-VITD), serum osteocalcin, Procollagen Type 1 N-peptide (P1NP), β-cross-linked C-terminal telopeptide of type I 
collagen (β-CTX), and serum alkaline phosphatase (ALP)).

Baseline and Follow-Up Measurements
The BMD of the lumbar spine and hip (left femoral neck) were measured at baseline and after 6 months of treatment 
using a dual-energy X-ray bone density instrument (HologicQDR-2000 DXA). The bone density meter was operated by 
skilled professional technicians, and the pre- and post-treatment assessments were obtained via the same bone density 
meter, procedure, and operator.

Lumbar pain and function were assessed using the VAS and ODI, respectively. The VAS was scored by the patients 
from 0 to 10. A VAS score of 2–4 was taken to indicate mild pain, 5–7 indicated moderate pain, and 8–9 indicated severe 
pain. The ODI was used to evaluate the waist function by assessing 10 items: the degree of waist and back pain, self-care 
ability in daily life, ability to lift heavy objects, walking status, sitting status, standing status, sleep status, sexual status, 
social life status, and travel status. Each item was scored from 0 to 6, with a lower score indicating better function. The 
VAS score and ODI were measured at baseline, and after 1, 3, and 6 months of treatment.

Bone metabolism was measured at baseline and after 6 months of treatment. The patients began fasting at 8:00 pm on 
the day before the test. Samples were collected and sent to a third-party testing institution (Kingdomain Testing 
Company) for measurement on the following morning.

Adverse Events
All patients underwent routine blood tests (white blood cell count, platelet count) and liver and kidney function tests 
(alanine aminotransferase, aspartate aminotransferase, uric acid, and urea nitrogen) at enrollment and after 6 months of 
treatment. Any adverse events that occurred during treatment were recorded to evaluate the treatment safety.

Statistical Analyses
SPSS 21.0 for Windows statistical software was used for data processing and statistical analysis. A full analysis set was 
used for the intention-to-treat analysis, and missing data due to loss of follow-up were supplemented by the last 
observation data carried forward method. Measurement data were tested for normality of distribution. Data with normal 
distribution were expressed as mean ± standard deviation. The paired t-test was used for intragroup analyses before and 
after treatment, the independent sample t-test was used for intergroup analyses, and the Wilcoxon rank sum test was used 
for non-normally distributed measurement data. The statistical data were described as percentages or constituent ratios, 
and were analyzed using the χ2 test, Fisher’s exact probability method, or non-parametric testing. With a test level of 
α=0.05 for two-sided tests, P<0.05 was considered statistically significant. The measurement data of repeated measure-
ment were analyzed by ANOVA, and the Greenhonse-Geisser correction coefficient was used if the covariance matrix did 
not meet the property of “spherical symmetry”.
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Results
Baseline Characteristics
Baseline characteristics are shown in Table 1. The mean patient age was 66.13 years. There were no significant 
differences between the two groups in pre-treatment physical characteristics, including age, height, weight, and body 
mass index. The two groups had similar baseline lumbar spine and femoral neck BMD values, VAS scores, ODI values, 
and levels of bone turnover markers.

Study Withdrawals and Treatment Adherence
A total of 108 eligible patients with primary osteopenic low back pain were included. Among the 54 patients in the 
treatment group, four dropped out and 50 completed the study. Among the 54 patients in the placebo group, five dropped 
out and 49 completed the study (Figure 1). In accordance with the study protocol, all dropout cases were analyzed based 
on the intention-to-treat protocol, with missing data replaced with data from the last follow-up.

Bone Mineral Density
The BMD data are summarized in Table 2. The lumbar vertebral BMD in the JYMGG group increased from 0.88±0.07 g/ 
cm2 at baseline to 0.90±0.13 g/cm2 after 6 months of treatment, giving an increase of 2.70%; the lumbar vertebral BMD 
in the placebo group increased from 0.88±0.10 g/cm2 at baseline to 0.90±0.09 g/cm2 after 6 months of treatment, giving 
an increase of 0.93%. The pre- to post-treatment change in the lumbar vertebral BMD did not significantly differ between 
the two groups (P>0.05). The femoral neck BMD increased by 1.96% from 0.77±0.08 g/cm2 at baseline to 0.78±0.10 g/ 
cm2 after 6 months of treatment in the JYMGG group and increased by 0.09% from 0.76±0.10 g/cm2 at baseline to 0.75 

Table 1 Baseline Characteristics

Characteristics JYMGG Group (n = 54) Placebo Group (n=54)

Physical characteristics

Age (years) 65.65±6.74 66.61±5.01

Height (cm) 157.94±6.41 161.87±6.55
Weight (kg) 62.11±7.57 60.02±7.38

Body mass index (kg/m2) 25.10±3.20 23.58±2.70

Bone densitometry
Lumbar spine

Bone mineral density (g/cm2) 0.88±0.07 0.88±0.10

T-score −1.54±0.66 −1.54±0.75
Femoral neck

Bone mineral density (g/cm2) 0.77±0.08 0.78±0.10

T-Score −1.46±0.67 −1.53±0.79
VAS score 4.85±1.41 4.75±1.75

Oswestry Disability Index (ODI) 15.74±6.31 15.82±7.51

Bone turnover markers
ALP (U/L) 72.96±16.51 75.91±28.94

Osteocalcin (ng/mL) 14.44±5.57 14.23±4.80

P1NP (ng/mL) 44.93±24.00 40.56±17.30
β-CTX (ng/mL) 0.36±0.21 0.33±0.16

Serum Ca2+ (mmol/L) 2.33±0.28 2.29±0.30

25-OH-VitD (ng/mL) 20.24±8.01 19.53±7.12
TSH (µIU/mL) 2.89±1.52 2.59±1.56

Notes: Values are mean ± SD. There was no difference among the two groups. 
Abbreviations: JYMGG, Jianyao Migu granules; VAS, Visual analogue scale; ALP, alkaline phosphatase; P1NP, 
Procollagen Type 1 N-peptide; β-CTX, β-cross-linked C-terminal telopeptide of type I collagen; 25-OH-VITD, 25- 
hydroxy vitamin D; TSH, Thyroid Stimulating Hormone.
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±0.13 g/cm2 after 6 months of treatment in the placebo group. There was no significant difference between groups in the 
pre- to post-treatment change in the femoral neck BMD (P>0.05).

Visual Analogue Scale Score and Oswestry Disability Index
The changes in the VAS score and ODI are shown in Table 3 and Figure 2. After 3 months and 6 months of treatment, 
there were significant differences between the two groups in the VAS and ODI (P=0.001 for the VAS and P=0.003 for the 
ODI after 3 months of treatment; P=0.001 for the VAS and P=0.001 for the ODI after 6 months of treatment). Both 
groups showed significant differences in the VAS and ODI after 6 months of treatment compared with baseline (P=0.001 
for the VAS and P=0.001 for the ODI in the treatment group; P=0.001 for the VAS and P=0.001 for the ODI in the 
placebo group). Repeated measures ANOVA results showed that the VAS score and ODI in the two groups significantly 
decreased with the extension of the treatment time (F=102.92, P=0.001 for the VAS score; F=111.92, P=0.001 for the 
ODI). There were no significant interactions between treatment time and group (F=0.18, P=0.832 for the VAS score; 
F=0.11, P=0.853 for the ODI), indicating that there was no significant difference between the two groups in the decreases 

Figure 1 Participant flow diagram. 
Abbreviations: JYMGG, Jianyao Migu granules; LOCF, last observation carried forward; ITT, Intention-to-treat.
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in the VAS score and ODI over time. There were no significant differences between the two groups in the VAS score and 
ODI after 6 months of treatment (F=0.03, P=0.858 for the VAS score; F=0.13, P=0.720 for the ODI).

Bone Turnover Markers
The changes in bone metabolism indexes are shown in Table 2. After 6 months of treatment, the ALP, osteocalcin, P1NP, and β- 
CTX levels tended to be increased compared with baseline in both groups, but these differences were not statistically significant 
(P>0.05). In the JYMGG group, the TSH level after 6 months of treatment was 23.93% higher than the baseline value (P=0.040) 
and was significantly higher than the TSH level in the placebo group (P=0.018). In the JYMGG group, the serum calcium and 
total 25-OH-VITD levels after 6 months of treatment were 4.62% and 18.36% higher than baseline, respectively; however, these 
increases were not statistically significant (P>0.05). In the placebo group, the serum calcium and total 25-OH-VITD levels after 6 
months of treatment were significantly increased by 8.18% and 29.35%, respectively, compared with baseline (P<0.05).

Safety
Adverse events are summarized in Table 4. During the whole treatment process, there were no severe abnormalities in 
routine blood tests and kidney function tests in either group. The main adverse events were abnormal liver enzyme levels 

Table 2 Results for Bone Mineral Density and Bone Turnover Markers

JYMGG Group (n=54) Placebo Group (n=54)

0M 6M Percentage 
Change (%)

0M 6M Percentage 
Change (%)

Lumbar spine
Bone mineral density (g/cm2) 0.88±0.07 0.90±0.13 2.70±12.01 0.88±0.10 0.90±0.09 0.93±5.31

T-score −1.54±0.66 −1.40±1.03 −1.54±0.75 −1.39±0.88

Femoral neck
Bone mineral density (g/cm2) 0.77±0.08 0.78±0.10 1.96±13.85 0.76±0.10 0.75±0.13 0.09±13.38

T-Score −1.46±0.67 −1.38±0.84 −1.53±0.79 −1.49±0.78

Bone turnover markers
ALP (U/L) 72.96±16.51 82.06±39.26 0.14±0.48 75.91±28.94 79.43±19.34 0.09±0.27

Osteocalcin (ng/mL) 14.44±5.57 13.64±4.65 0.05±0.37 14.23±4.80 14.25±4.28 0.08±0.37

P1NP (ng/mL) 44.93±24.00 44.95±18.53 0.26±0.73 40.56±17.30 44.21±15.44 0.27±0.60
β-CTX (ng/mL) 0.36±0.21 0.38±0.18 0.27±0.74 0.33±0.16 0.36±0.15 0.25±0.59

Serum Ca2+ (mmol/L) 2.33±0.28 2.37±0.08 0.05±0.23 2.29±0.30 2.39±0.10Δ 0.08±0.31

25-OH-VitD (ng/mL) 20.24±8.01 21.80±6.87 0.18±0.49 19.53±7.12 23.71±5.82Δ 0.29±0.48
TSH (µIU/mL) 2.89±1.52 3.33±1.99*Δ 0.24±0.62 2.59±1.56 2.51±1.30 0.14±0.51

Notes: *p<0.05 (compared to placebo group); Δp<0.05 (compared to baseline). The paired t-test was used for intragroup analyses before and after treatment, the 
independent sample t-test was used for intergroup analyses. P value < 0.05 is significant. 
Abbreviations: JYMGG, Jianyao Migu granules; VAS, Visual analogue scale; ALP, alkaline phosphatase; P1NP, Procollagen Type 1 N-peptide; β-CTX, β-cross-linked 
C-terminal telopeptide of type I collagen; 25-OH-VITD, 25-hydroxy vitamin D; TSH, Thyroid Stimulating Hormone.

Table 3 Results for VAS Score and ODI

Time Post-Treatment JYMGG Group (n=54) Placebo Group (n=54)

VAS score ODI VAS Score ODI

0M 4.85±1.41 15.74±6.31 4.75±1.75 15.82±7.51

1M 3.21±1.55 12.24±3.86 3.81±1.77 13.46±5.28
3M 2.10±0.89* 8.82±2.54* 3.32±1.97 11.46±4.94

6M 1.24±0.86*Δ 6.56±1.70*Δ 2.35±2.27Δ 9.57±4.37Δ

Notes: *p<0.05 (compared to placebo group); Δp<0.05 (compared to baseline). The paired t-test was used for intragroup analyses 
before and after treatment, the independent sample t-test was used for intergroup analyses. P value < 0.05 is significant. 
Abbreviations: JYMGG, Jianyao Migu granules; VAS, Visual analogue scale; ODI, Oswestry Disability Index.
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and gastrointestinal reactions. There were three and four patients with abnormal liver enzyme levels in the JYMGG 
group and the placebo group, respectively; the liver enzyme levels returned to normal 2 weeks after drug withdrawal. 
Gastrointestinal discomfort, including constipation, heartburn, nausea and vomiting, was reported by 12 patients in the 
JYMGG group and nine in the placebo group. The overall incidence of adverse reactions did not significantly differ 
between the two groups (P>0.05).

Figure 2 (A) Mean time course changes in lumbar spine BMD. (B) Mean time course changes in femoral neck BMD. (C) Mean time course changes in VAS score. (D) Mean 
time course changes in ODI. *p<0.05 (compared to placebo group); #p<0.05 (compared to baseline). The paired t-test was used for intragroup analyses before and after 
treatment, the independent sample t-test was used for intergroup analyses. P value < 0.05 is significant. 
Abbreviations: JYMGG, Jianyao Migu granules; VAS, Visual analogue scale; ODI, Oswestry Disability Index.

Table 4 Adverse Events Documented During the 6-Month Trial Period in the ITT Population

Adverse Events JYMGG Group (n=50) Placebo Group (n=49)

Blood pressure increasing 0 0

Bilateral knee joint pain 0 0

Sacral fracture 0 1
Breast discomfort 1 1

Hysterectomy 0 0

Liver Enzyme abnormal 3 4
Lung tumorectomy 0 0

(Continued)
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Discussion
This is the first multicenter, randomized, double-blind, placebo-controlled trial to demonstrate the clinical efficacy and 
safety of a Chinese herbal compound in the treatment of osteopenic low back pain by observing changes in BMD, 
clinical symptoms, and bone metabolism indicators during a 6-month period. After 6 months of treatment with JYMGG 
combined with Caltrate D, the VAS score was significantly decreased, and symptoms such as low back pain were 
effectively improved.

In our study, the lumbar spine and hip BMD were increased after 6 months of treatment in both groups. This is 
consistent with the results of similar studies. Zhu et al17 reported that in patients treated with herbal formula Xian Ling 
Gu Bao, the lumbar biphasic BMD response increased by 2.11% in the first 6 months and then decreased by 1.1%, but 
still remained 1.00% higher than the baseline value. Previous animal studies have shown that JYMGG significantly 
promotes the proliferation of osteoblasts, promotes the osteogenic differentiation of bone marrow mesenchymal stem 
cells, stimulates the expression of bone morphogenetic protein-7 and osteocalcin during the differentiation process, and 
increases the number, thickness, and volume of bone trabeculae to increase bone mass.15,16 Overall, these findings 
suggest that JYMGG prevents and cures osteoporosis.

We also found that the increase in the hip BMD after 6 months of JYMGG treatment (1.96±13.85%) was lower than 
the increase in the lumbar spine BMD (2.70±12.01%). This may be because the occurrence of lumbar osteosclerosis 
increases with age, which interferes with BMD assessments;18 alternatively, it may be because cortical bone in the 
femoral neck is richer in content than the spine, and its metabolic rate is slow, resulting in later bone loss than trabecular 
bone.19 Therefore, if only one site can be assessed when evaluating age-related bone loss, the hip may be most 
representative.20 Although the BMD increased, the difference was not statistically significant either from baseline or 
from placebo (P>0.05), so the change in bone mass may be dependent on the basic treatment of Caltrate D. However, this 
is not consistent with the conclusions of our previous animal studies. The reason for this may be that the duration of 
treatment was shorter than the change cycle of the BMD. Therefore, a longer period of intervention is needed in future 
studies.

Although JYMGG significantly improves low back pain and lumbar function, the mechanism of pain relief remains 
unclear. Epimedium is one of the most widely used herbal medicines in traditional anti-osteoporosis herbal prescriptions 
and is the main component of JYMGG. The anti-osteoporosis effect of JYMGG is partly due to the inhibitory effect of 
icariin (ICA) and its derivatives on osteoclasts.21 The formation and differentiation of osteoclasts depend on the control 
of the RANK-RANKL-OPG system. Osteoblasts act on osteoclast precursor cells by expressing RANKL molecules to 
promote their differentiation and maturation. ICA stimulates the expression of OPG mRNA to make RANKL competi-
tively bound by OPG, thereby inhibiting the formation and activation of osteoclasts.22–24 Although there is no direct 
evidence that osteoclast activity is related to osteoporotic pain, the association is suggested by the good effect of 
antiresorptive drugs on osteoporotic pain. Ohtori et al25 reported that patients with osteoporosis without vertebral 
fractures who received risedronate treatment for 4 months showed a significant improvement in pain and significant 

Table 4 (Continued). 

Adverse Events JYMGG Group (n=50) Placebo Group (n=49)

Herpes zoster (face) 0 0

Neck eczema 0 0

Constipation 5 5
Heart burn (acid reflux) 2 0

Nausea, vomiting 3 1

Stomach discomfort 2 3
Total participants with any adverse events (%) 14 (28.00%) 15 (30.61%)

Note: No significant difference in the number of total participants with any adverse events among the two groups. 
Abbreviation: JYMGG, Jianyao Migu granules.
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decreases in serum and urine levels of N-terminal telopeptide of type I collagen (51.4% and 62.0%, respectively). This 
suggests that increased osteoclast activity due to osteoporosis may cause pain despite the absence of vertebral fractures.

Another possible analgesic mechanism of JYMGG is that ICA relieves pain by affecting neuropeptides involved in 
pain transmission (eg, substance P and calcitonin gene-related peptide (CGRP)).26 Substance P, CGRP, and other 
neuropeptides are widely distributed in the nerve endings around bone marrow and periosteum tissues, which are related 
to the regulation of local bone conversion, bone injury, inflammation, and cell proliferation, and can affect the 
microstructure of bone and participate in the occurrence of osteoporosis.27,28 Li et al29 reported that ICA inhibits the 
continuous production of pain-related factors such as substance P and CGRP by inhibiting the upregulation of cytokine- 
induced neutrophil chemoattractant-1, thus achieving a more lasting analgesic effect than non-steroidal anti-inflammatory 
drugs.

The present study found that the TSH levels were significantly higher in the JYMGG group than the placebo group. 
Population-based observations show that bone mass is correlated with the TSH level30 and TSH receptors are expressed 
in a large number of osteoblast precursor cells and osteoclasts; thus, TSH regulates osteoblast bone formation and 
osteoclast bone absorption through different intracellular signals.31,32 TSH promotes the proliferation and differentiation 
of osteoblasts. Deng et al33 treated rat skull osteoblasts with different doses of TSH and reported that high-dose TSH 
effectively promotes the proliferation of osteoblasts and increases the expressions of key osteoblast differentiation genes 
(ALP, BMP2, COL2, and Runx2).

TSH also has a direct inhibitory effect on osteoclast differentiation. Ma et al34 reported that the level of OPG is 
significantly increased by TSH stimulation in a constructed embryonic stem cell system, partially inhibiting the 
differentiation of embryonic stem cells into osteoclasts, and the TSH-related inhibition of osteoclast formation is 
significantly weakened after the addition of OPG antibody. These results support the observation that early TSH 
negatively regulates osteoclast formation. Furthermore, Agrawal et al35 reported that TSH receptor haploid-deficient 
mice still showed high turnover of osteoporosis after excluding the influence of thyroid hormone. This suggests that the 
effect of TSH on bone mass is independent of thyroid hormone. Therefore, we can speculate that JYMGG not only 
promotes bone formation, but also alleviates bone loss by regulating the TSH level.

After 6 months of treatment, the serum levels of calcium and total 25-OH-VITD were increased in both groups, and 
the differences were statistically significant in the placebo group. Vitamin D is essential for calcium homeostasis. 
Vitamin D is metabolized into 25-OH-VITD and then becomes the active form 1, 25-OH-VITD.36 An inadequate 
serum level of vitamin D affects calcium absorption, resulting in a low serum calcium ion level, which triggers the 
release of parathyroid hormone, promotes bone absorption, and ultimately leads to osteomalacia or fracture.37 Although 
we found increased serum levels of calcium and total 25-OH-VITD in the JYMGG group, these increases were not 
statistically significant; this may be because JYMGG interfered with the absorption of vitamin D in Caltrate D in the 
human body, but the specific mechanism of the effect is unclear, possibly due to the complex multi-organ and multi-target 
mechanism of traditional Chinese medicine. This issue warrants further research in future clinical trials.

The present study had some limitations. First, although JYMGG contains epimedium, estrogen-dependent organs (ie, 
breasts and uterus) were not assessed as safety observation indicators. Second, the efficacy of JYMGG in the treatment of 
osteoporosis was not evaluated with fracture as the endpoint. Third, the duration of intervention was too short to detect 
significant differences in BMD and some bone metabolism indicators between the treatment and placebo groups.

Conclusion
In summary, we conducted a prospective study to investigate the efficacy of a Chinese herbal compound in the treatment 
of osteopenic low back pain. The results showed that JYMGG significantly relieved the symptoms of low back pain in 
patients with reduced bone mass. This study provides more clinical evidence for the treatment of lumbago and suggests 
the effectiveness of JYMGG as a new treatment method for patients with lumbago.

Data Sharing Statement
We are willing to share individual deidentified participant data. We will share Individual participant data that underlie the 
results reported in this article, after deidentification (text, tables, figures, and appendices). Study Protocol, Statistical 
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Analysis Plan, Informed Consent Form, Clinical Study Report, Analytic Code will be made available. Anyone who 
wishes to access the data can get the above data by sending an email to this email address: 719179067@qq.com. These 
data are available for: beginning 3 months and ending 5 years following article publication.

Ethical Approval
All procedures performed in studies involving human participants were in accordance with the ethical standards of the 
institutional and national research committee and with the 1964 Helsinki declaration and its later amendments or 
comparable ethical standards.This research proposal was approved by the Ethics Committee of Longhua Hospital 
Shanghai University of Traditional Chinese Medicine on December 7, 2017.(Ethics Number: 2017LCSY056).

Informed Consent
Informed consent was obtained from all individual participants included in the study.
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