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Abstract
Introduction
Hypertension is one of the most important risk factors for cardiovascular disease, and its treatment and control rates are still
low worldwide. The most effective strategy is that patients with hypertension should be diagnosed and treated early. Preliminary
studies showed that the Bushen Jiangya granule (BSJY) may suppress ventricular hypertrophy and inflammatory responses,
lower blood pressure and protect the target organs of hypertension. We designed a randomized, double-blind, placebo-controlled
trial to evaluate the efficacy of BSJY in patients with low-to-medium risk hypertension.
Methods and analysis
This trial is a one-center, randomized, double-blind, placebo-controlled study. A total of 260 participants will be randomized in a
1:1 ratio to an experiment group (BSJY plus amlodipine) and a control group (placebo plus amlodipine). The trial cycle will last
8 weeks. The primary outcome is blood pressure, which is reduced to a threshold set out in Guiding Principles for Clinical
Research of New Chinese Medicines. The secondary outcomes include the change in 24-h average systolic and diastolic blood
pressure, heart rate variability, pharmacogenomic Evaluation, improvement in TCM Syndrome, serum pro-inflammatory/antiinflammatory cytokines, etc. between the two groups. Safety in medication will also be evaluated. All the data will be recorded in
electronic case report forms and analyzed by SPSS V.22.0.
Ethics and dissemination
This study has been approved by Research Ethics Committee of Guang’anmen Hospital,
China Academy of Chinese Medical Sciences in Beijing, China (No. 2019-186-KY-01). The participants are volunteers,
understand the process of this trial and sign an informed consent. The results of this study will be disseminated to the public
through peer-reviewed journals and academic conferences.
Discussion
We hypothesize that patients with low-to-medium risk hypertension will benefit from BSJY. If successful, this study will provide
evidence-based recommendations for clinicians.

Strengths And Limitations Of This Study
► This is the first randomized, double-blinded, placebo-controlled clinical trial that exploring the efficacy, safety and
pharmacogenomic evaluation of Chinese medicine (BSJY) in treating patients with low-to-medium risk hypertension.
► Numerous experiments and case study showed that BSJY had good effect on lowering BP and improving quality of life.
However, there is a lack of high-quality clinical research on the supposed benefits of BSJY.
► It should be considered that the complexity of the genetic mechanisms underlying hypertension and the need for much larger
sample sizes when looking for genes associated with BP. For BSJY, it can be viewed as a very important environment element to
pharmacogenomic evaluation.
► The Multi-center experiments should be conducted in the future.

Introduction
Hypertension has become one of the most important leading global health challenges as the major risk for stroke, coronary
heart disease (including heart attack), renal failure, and heart failure. As of now, the number of hypertensive patients worldwide
has increased to 1.1 billion [1–2]. According to the 2020 International Society of Hypertension (ISH) Global Hypertension Practice
Guidelines, although effective management greatly reduces the risk of cardiovascular events, blood pressure (BP) remains
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uncontrolled in many people [3]. This ISH guide is different from the past, mainly in the following three points: 1. Different BP
goals: the best standard is that for young and middle-aged people, the target BP should be less than 130/80 mmHg (not less
than 120/70 mmHg); 2. The grading of hypertension is simplified, reduced the three stages to the two main ones (stages one,
two); 3. Adjust the risk stratification, cancel the very high risk, and merge it into the high risk. BP remains uncontrolled in many
people. If the diagnostic criteria for hypertension are moved forward, the BP of more people can be managed, which will help
prevent long-term complications and reduce the long-term burden of economic health [4]. Although the new U.S. guidelines
advocate the priority lifestyle intervention for the hypertensive population with the new definition, there are big differences in
implementation and treatment in China and other Asia counties, and large-scale clinical trials are still needed to determine the
ideal antihypertensive treatment, not only for the senior people, but also for the young and middle-aged population [5].
For the treatment of hypertension, five drug classes (β-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers, thiazide diuretics and calcium channel blockers) are considered appropriate first-line therapy for HTN [6]. However, the
reesponse rates to monotherapy with any given antihypertensive drug are only ≈ 50% [7]. It is said that selection of the initial
antihypertensive therapy is essentially by trial and error, therefor the difficulty in determining the most appropriate
antihypertensive drug for a specific patient likely contributes to the fact that less than half of the hypertensive patients
worldwide currently have their BP controlled [8–10]. Pharmacogenomic evaluation of antihypertensive responses offers the
clinical promise of individualization of therapy based on a person’s genetic makeup [11]. More than twenty single nucleotide
polymorphisms (SNPs) have been associated with BP in genome-wide association studies in Asian [12–13]. The loci/SNPs
associated with BP/hypertension are also associated with BP response to antihypertensive drugs [8].
Traditional Chinese medicine (TCM) has long been widely used in hypertension in China. Huangdi Neijing, a classic work on
TCM classified hypertension as headaches and vertigo. It is an early mention of hypertension occurs in ancient China.
Nowadays, numerous studies have demonstrated the biological activity and therapeutic mechanism of TCM in hypertension [14–
15]

. Bu-Shen-Jiang-Ya granule (BSJY), is composed of eight herbs, Dihuang (Radix Rehmanniae Glutinosae), Shanzhuyu (Corni
Fructus), Duzhong (Cortex Eucommiae Ulmoidis), Tianma(Gastrodiae Rhizoma), Sanqi(Notoginseng Radix), Mudanpi (Cortex
Radicis Moutan), Shanzha (Crataegi Fructus), and Zexie (Rhizoma Alismatis), which is made from a modification of the
classical Chinese herbal formula Liuwei Dihuang pill (table.1). Our previous evidence shows that BSJY has clinically effect on
patients suffering from kidney-Yin Deficiency syndrome type hypertension [38–40]. The experimental acute toxicology study
showed that he safety of BSJY is reliable [41]. Besides, BSJY reversed hypertensive ventricular hypertrophy by regulating the ERK
pathway, and protected the endothelial function by regulating the PI3K/Akt pathway [42]. However, the pharmacogenomic
evaluation of antihypertensive responses of BSJY remains unclear. This study is designed to investigate whether BSJY may
represent a potential remedy for decreasing BP and slowing disease progression in low-to-medium risk hypertension based on
pharmacogenomic evaluation. If positive, this work will be the first one that provide an evidence-based medicine remedy for
TCM on treating hypertension by pharmacogenomic evaluation.

Methods And Design
Objectives
Our study aims to assess the clinical effect of BSJY on pharmacogenomics and pro-inflammatory/antiinflammatory cytokines in patients with low-to-medium risk hypertension, to firstly provide a preliminary
pharmacogenomic evaluation of antihypertensive responses in hypertension, and to observe whether TCM plus
Western medicine has a better curative effect than Western medicine alone.
Study design
This protocol will be designed as a randomized, placebo-controlled trial. Participants, investigators, and
statisticians will be blinded. A total of 260 subjects will be recruited at Guang An Men Hospital of the China
Academy of Chinese Medical Sciences in China. The trial will be implemented base on the principles of good
clinical practice and reported according to the CONSORT statement
illustrated

in

Fig.
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[43, 44].
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The trial flow diagram is
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(SPIRIT) [45] Checklist is shown in Additional file 1. This study has been registered at http://www.chictr.org.cn.
(ChiMCTR1900002876).
Patient and public involvement
This trial was designed to evaluate the effect of BSJY on BP and pharmacogenomic evaluation in low-to-medium
risk hypertension. Our previous clinical practice showed that BSJY adding to routine medications may lower BP
and improve life quality in essential hypertension patients. The primary and secondary outcome measures used
in this trial were considered as important endpoints in clinical practice. However, the participants of this trial
were not directly involved in design, recruitment or conduct of the study. After the trial completes, the results
of this study will be disseminated to the public through peer-reviewed journals and academic conferences. The
burden of intervention will not be assessed by trial participants.
Participants
Inclusion criteria
Stage I or II hypertension with low to medium risk, which is diagnosed according to the Chinese
Hypertension Guidelines published in 2018 [46]. The BP was continuous or more than 3 times in a non-same day
sitting position with systolic BP ≥140mmHg and <180 mmHg and (or) diastolic BP ≥90mmHg and
<110mmHg. TCM syndrome is associated with kidney deficiency syndrome; TCM kidney deficiency syndrome is
shown in Additional file 2. male or female; Without taking any hypotensive drugs. Aged between 18 and 75
years. The participants are volunteers, understand the process of this trial and sign an informed consent.
Exclusion criteria
Uncooperative. Secondary hypertension (symptomatic hypertension); severe hypertension systolic BP ≥180
mmHg and/or diastolic BP ≥110mmHg; severe heart failure; insulin-dependent diabetes; infectious diseases;
hyperthyroidism; combined with severe primary diseases including liver, kidney, hematopoietic system, nervous
system, mental illness, and malignant tumors; patients participating in other clinical trials; pregnant or
breastfeeding women; recent history of trauma.
Withdraw criteria
(1) Those who are unwilling to continue clinical trials during the research period;
(2) Those who did not follow the prescribed protocol during the study period;
(3) Those who have not completed the course of treatment or have incomplete information;
(4) During the study period, those who applied drugs other than those specified in the study plan that affect the
efficacy of observation.
Ethics
The protocol (version 4.0, dated 09 October 2019) was approved by the clinical research ethics committee
of Guang An Men Hospital of the China Academy of Chinese Medical Sciences in China (approval 2019-186-KY01), where the study will take place. It has been registered with the Chinese Clinical Trial Registry
(ChiMCTR1900002876), which is listed in the WHO Registry Network. The Declaration of Helsinki and the
principles of good clinical practice was complied by this trial [47, 48]. The participant must sign an informed
consent form before enrollment. Meanwhile, they have right to withdraw from the trial at any time.
Randomization and blinding
The generate random tables were developed with Statistical Analysis System (SAS, Version 9.4) by
randomization biostatisticians. All the participants were included in the clinical trial according to the order of
random table numbers. The ratio of two groups was1:1. For blinding, 260 sealed opaque envelopes were used
to keep the allocation code for each participant, which were not accessible to the researchers, participants,
clinical trial pharmacists, data managers, or statisticians. The BSJY granule was similar to its placebo in each
group. The manufacturer, Sichuan Neo-Green Pharmaceutical Technology Development Co., Ltd labeled the
random codes on the package according to the principles of GCP.
Intervention
BSJY (production batch number 191201), the placebo for BSJY (production batch number 191201), were
produced and packed in a single batch by Sichuan Neo-Green Pharmaceutical Technology Development Co.,
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Ltd. (Unified Social Credit Identifier 91510000684559613P). As tested, the drug conformed with the quality
specified in the Chinese medicine standards published by the State Food and Drug Administration. Each bag of
BSJY granule was 14.91g, and made from 138 g of original drug. The main component of the placebo for BSJY
is dextrin and 10% original drug. Amlodipine besylate tablets was bought from Pfizer Co., Ltd. (Unified Social
Credit Identifier 912102006048147187)
Endpoint measurements
Primary outcome
BP is reduced to a threshold set out in Guiding Principles for Clinical Research of New Chinese
Medicines [49].
Secondary outcomes
1. The change in 24-h average systolic and diastolic BP, 24-h coefficient of BP variability (CV), morning BP, 24h BP trough/peak ratio (T/P), 24-h BP smoothing index (SI).
2. Heart rate variability, based on routine 24-h BP monitoring.
3. Assessment of any improvement in TCM Syndrome, using TCM Syndrome Integral Scale (Additional file 2).
4. Assessment of any improvement in quality of life, using 36-Item Short Form Health Survey [50, 51]
5. Changes in levels of blood lipids, including total cholesterol, triglycerides, low-density lipoproteins, and highdensity lipoprotein.
6. Serum pro-inflammatory/anti-inflammatory cytokines in patients: Changes in serum levels of
TNFα, IL2R, IL6, IL8, IL10, IL1β will be assessed at baseline and treatment endpoint.
7. Pharmacogenomic Evaluation: twenty loci/SNPs associated with BP/hypertension will be assessed
at baseline and treatment endpoint.
8. Safety evaluation: routine blood and urine test including levels of creatinine, blood glucose, homocysteine
will be assessed at baseline and treatment endpoint.
Data collection and management
The case report form (CRF) will be used for recording the process for each participant. In addition to the
enrollment evaluation (−7 ± 0 days), each participant will attend an evaluation visit when allocated and every
2 weeks afterwards during the trial (0 days, 2 weeks, 4 weeks, 6 weeks, and 8 weeks). The assessments
including physical examination, improvement in symptoms, compliance with medications, questions about
adverse events, will be given to each participant. Blood tests and 24-h BP monitoring will be evaluated only at
the enrollment and close-out visits. The schedule of enrolment, interventions, and assessments can be check in
table 2. All researchers involved in data entry and data management will sign a confidentiality agreement to
prevent data leakage. The personal information of all participants will be carefully protected and the original
CRF will be kept for 5 years after the end of the trial.
Adverse events
Any accident, any signs of discomfort, or any disease symptoms, such as severe pain, syncope, hematoma,
bleeding, or hypertensive emergencies will be viewed as Adverse events, and will be recorded on the
participant’s CRF. The research leader, sponsor, and the ethics committee will be contact with in 24h, if the
clinical researchers report adverse event. And the ethics committee will recommend relevant treatment.
Statistical analysis
Sample size calculation
The formula used to calculate the sample size is as follows, which is based on superiority clinical trial
interval hypothesis test sample size estimation [52]. The sample size was calculated based on expected reduction
in reducing of BP. One previous study suggested that the reducing of BP after interventional treatment is 4.5
mmHg, and the BP SD is 10mmHg. Therefore, we assume the reduction of BP as 4.5 mmHg in this study. In the
following formula, c is the ratio between two sample cases. n1 = n2, so c=1. σ is the BP SD 10 mmHg and δ is
the expected effect BP 4.5 mmHg, so σ=10, δ=4.5. Given a type I error rate of α = 0.05, a power of 90 % (type
II error rate of β = 0.1), so uα=1.96, uβ=1.282. n1=n2≈104, the sample size for one group needs to be 104,
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resulting n=2×104=208 patients. Considering the maximum possible dropout rate is 20%, a total of 260
patients needs to be allocated to reach the required number of patients for the efficacy analysis.

Planned data analysis
The intention-to-treat principle will be use to analyze the efficacy and safety of BSJY. The independent data
administrator and the professional statistician will undertake data entry and data management, perform the
data analysis respectively. All the efficacy and safety analyses with all randomly assigned participants included
will be conducted within the full analysis set (FAS). The per-protocol set (PPS) analysis will also be conducted
to compare the results from FAS and PPS. Demographic and laboratory characteristics will be calculated at
baseline and after-treatment period for all patients. The statistical analysis will be done at Guang’anmen
Hospital, China Academy of Chinese Medical Sciences in Beijing.
For continuous variables with normal distribution, the comparability of the characteristics between the two
study groups will be assessed by using t-test. While for the comparison of data with non-normal distribution, the
non-parametric Mann-Whitney-Wilcoxon test will be used. Continuous variables will be expressed by mean ±SD.
Specifically, we will assess the paired t-test to compare the difference of the outcome between preintervention
and postintervention in each group by using independent t-test. A χ2 test will be used for categorical variables,
while the Fisher exact test will be used when the theoretical frequency is less than 5 in more than 25% of the
cells. Categorical variables will be shown as counts and percentages. Whether the hypothesis of superiority is
available will be judged by comparing the 95%CI of the difference in intergroup efficacy. All statistical tests are
unilateral test, p< 0.05 is statistically significant. All statistical analyses will be performed using SPSS V.20.0.

Discussion
Hypertension, as one of the most important risk factors for cardiovascular disease, its treatment and control rates are still low
worldwide [53]. Better treatment methods with fewer side effects are required, which was the motivation to apply BSJY in this
research. In this trial, we will assess the efficacy and safety of BSJY in treating patients with low-to-medium risk hypertension.
According to our previous studies, BSJY can promote the expression of the ERK pathway and inhibit the expression of the TNFα, MCP-1, IL-6, which would suppress ventricular hypertrophy and inflammatory responses. Furthermore, BSJY may lower BP
and protect the target organs of hypertension including heart, kidney by inhibiting TGF-β1/Smads signaling molecules in
spontaneous hypertensive rats [54]. Based on network pharmacology, 93 active ingredients were predicted for BSJY involving
566 core targets, including 50 direct targets, such as epinephrine receptor, adenosine receptor, endothelin receptor, nitric oxide
synthase, glucose Kinases, etc.; involved in the regulation of calcium and sodium ion transport, vascular endothelial function,
glucose and lipid metabolism and other related biological processes and signaling pathways [55]. A liquid chromatography–
mass spectrometry analysis of BSJY also has been conducted to evaluate its chemical components. It mainly contains tartaric
acid, gallic acid, gastrodin, catalpol, neochlorogenic acid, 2-[4-(b-D-Glucopyranosyloxy) benzyl] citrate, morroniside, chlorogenic
acid, oxypaeoniflorin, cryptochlorogenic acid, loganin, parishin B, pinoresinol di-O-Glc, parishin C, quercetin-3-O-sambubioside,
suffruticoside A or B or C or D, galloylpaeoniflorin, iso-Mudanpioside H. However, there is a lack of high-quality clinical research
on the supposed benefits of BSJY.
Pharmacogenomic evaluation of antihypertensive responses offers the clinical promise of individualization of therapy based on
a person’s genetic makeup [11]. It is said that the loci/SNPs associated with BP/hypertension are also associated with BP
response to antihypertensive drugs [8]. This is the first paper that researching pharmacogenomic evaluation of antihypertensive
responses in TCM. The present study is designed as a double-blind, randomized, placebo-controlled trial that will provide highpowered evidence regarding the efficacy, safety and pharmacogenomic evaluation of BSJY in treating patients with low-tomedium risk hypertension. The progress and quality of the trial will be monitored by a clinical research organization of Guang
an men Hospital.
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There are also some limitations in this study. First, we supposed to test twenty single nucleotide polymorphisms (SNPs) that
have been associated with BP in genome-wide association studies in Asian. It is different that significant genetic loci for BP and
hypertension reported in genome-wide association studies in Europeans and Asians and Africans. It should be considered that
the complexity of the genetic mechanisms underlying hypertension and the need for much larger sample sizes when looking for
genes associated with BP. For TCM, it can be viewed as a very important environment element to pharmacogenomic evaluation.
Second, our Multi-center experiments will be conducted in China in the future.

Trial Status
Patient recruitment began in November 2019 and was expected to be completed in December 2022. At the time of manuscript
submission, 80 patients had been recruited and completed the 9-week follow-up. Currently, we are still recruiting participants.
However, no analysis has been conducted since the commencement of the trial. No serious AEs have occurred to date.
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Process

Run-in
period

Run-in
period

Pretreatment

Treatment period

Time point

-7 day

－1day

0day

2W 4W 6W 8W

Item

Baseline information
Informed consent

√

Eligibility screen
Medical history
Allocation
Blood pressure

√
√
√
Effectiveness observation
√

√

√

√

√

√

24-h blood pressure

√

√

pro-inflammatory/anti-inflammatory
cytokines
improvement in TCM Syndrome

√

√

improvement in quality of life

√

√

Pharmacogenomic Evaluation

√

√

√

√

√

√

√

Safety observation
Physical exam

√

√

Blood pressure

√

√

Routine Blood test

√

√

Routine urine test
Liver and kidney function

√
√

√
√

Adverse event

√

√

√

√

Other work
CRF audit

√
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Chinese
name

English
name

Latin
name

Duzhong

Eucommia
Bark

Cortex
Eucommiae
Ulmoidis

Dihuang

Rehmannia

Radix
Rehmanniae
Glutinosae

Tianma

Gastrodia

Gastrodiae
Rhizoma

Wuzhuyu

Cornus
Fruit

Corni
Fructus

Mudanpi

Cortex of
the Peony
Tree Rote

Cortex
Radicis
Moutan

Zexie

Alisma

Rhizoma
Alismatis

Sanqi

Notoginseng

Notoginseng

Table 1 Components and dose of BSJY
Origin
Main ingredients
Main
Raw
Pharmacological drug
effects
weight
(g)
The bark of
Quercetin; Mairin;
Lowering BP
10
Cortex
beta-sitosterol;
[16]; reversing
Eucommiae
kaempferol;
hypertensive
Ulmoidis
Erythraline;
vascular
Eucommin A; (-)remodeling and
Tabernemontanine;
hypertensive
Cyclopamine; GBGB;
cardiac
Helenalin
remodeling [17];
improving
insulin
resistance and
lowering blood
glucose [18];
The root of
EIC; sitosterol;
Lowering BP
25
Radix
Stigmasterol;
and improving
Rehmanniae aeginetic acid;
insulin
Glutinosae
jioglutin D;
resistance [19]
Rehmaglutin B
glucose
metabolism,
lipid
metabolism,
[20];
The tuber of Daucosterol;
impairing
20
Gastrodiae
citronellal; dauricine; vascular
Rhizoma
gastrodin; pendothelial
hydroxybenzaldehyde; function [21];
p-hydroxybenzyl
Lowering BP
alcohol; 4[22]; improving
hydroxybenzylamine;
lipid metabolism
suchilactone;
and insulin
suffruticoside a;
resistance [23];
sucrose; vanillin;
vanillin acetate
The fruit of
beta-sitosterol;
Regulating
10
Corni
sitosterol;
adipogenesis
Fructus
Stigmasterol;
[24]; Lowering
Mandenol; Ethyl
blood glucose
linolenate; poriferast- and insulin
5-en-3beta-ol; Ethyl
resistance [25];
oleate (NF);
improving lipid
Leucanthoside;
metabolism [26];
Hydroxygenkwanin;
protecting
Telocinobufagin;
vascular
gemin D;
endothelial cell
Tetrahydroalstonine
[27], and
protecting target
organs and
tissue related to
diabetic damage
[28];
The root and Quercetin; Mairin;
increasing the
10
bark of
sitosterol; kaempferol arterial blood
Cortex
flow, and
Radicis
improving
Moutan
glucose
metabolism [29];
Lowering BP
and heart rate
[30];
The rhizome Sitosterol; Alisol B;
Lowering blood
30
of Rhizoma
Alisol B monoacetate; glucose [31];
Alismatis
alisol,b,23-acetate;
improving
alisol B; alisol C;
Hepatic lipid
alisol C monoacetate; deposition
1-Monolinolein
[32]; Improving
lipid metabolism
[33];
The root of
Quercetin; betaProtecting the
3
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Granule
weight
(g)
0.48

3.57

1.82

1.43

0.91

2.73

1.5

Shanzha

Root

Radix

Notoginseng
Radix

Crataegus
Fruit

Crataegi
Fructus

The fruit of
Crataegi

sitosterol;
Stigmasterol;
Mandenol; DFV;
ginsenoside rh2;
ginsenoside f2
Quercetin;
isorhamnetin;
sitosterol;
kaempferol;
Stigmasterol

Figures

Figure 1
CONSORT flow diagram for BSJY clinical trial. BSJY, Bushen Jiangya granules.
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vascular
endothelium
[34]; improveing
myocardial
ischemia [35];
Promoting anti30
atherosclerosis
[36]; improving
vascular
endothelial
dysfunction [37];

4.29

