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Danshen, Fufang Danshen, Shuxuening and Shuxuetong injections, four traditional Chinese medicine
prescriptions, have been widely explored regarding their lipid-lowering property, but the findings were
inconsistent and inconclusive. This meta-analysis was to clarify the lipid-lowering effect of the four
injections. PubMed, Scopus, Embase, Web of Science, Google Scholar, Cochrane Library and CNKI
databases were searched, and data including age, sex, ethnicity, disease type, dose, duration, sample size
and blood lipids were extracted from each eligible study. The alterations in lipids from pre- to post-
treatment were calculated and compared between control and treatment groups, and standardized mean
differences (SMDs) with 95% confidence intervals (Cls) were used to assess the lipid-lowering effect of the
injections. Twenty-eight studies (2,624 subjects), 31 studies (3,023 subjects), 17 studies (1,507 subjects)
and 54 studies (4,435 subjects) were respectively identified for Danshen, Fufang Danshen, Shuxuening
and Shuxuetong injections. All of the four injections could effectively and significantly reduce serum levels
of triglycerides (p < 0.001 for all), total cholesterol (p < 0.001 for all) and low-density lipoprotein cholesterol
(b < 0.001 for all), and elevate high-density lipoprotein cholesterol level (p < 0.02 for all). Shuxuening
injection had the strongest lipid-lowering effect with almost twice that of the other three injections.
Danshen, Fufang Danshen and Shuxuening injections showed a good lipid-lowering effect on patients with
heart disease, while Shuxuetong injection displayed a powerful lipid-lowering effect among diabetic
patients. Unfortunately, all of these injections had a poor lipid-lowering effect in patients with renal disease.
The meta-analysis demonstrates that Danshen, Fufang Danshen, Shuxuening and Shuxuetong injections
all can effectively reduce blood lipids. Among them, Shuxuening injection has the strongest lipid-lowering
effect with almost twice that of the other three injections. In terms of reducing blood lipid levels, Danshen,
Fufang Danshen and Shuxuening injections are suitable for patients with cardiovascular disease,
Shuxuetong injection is suitable for patients with diabetes, but none of them is suitable for patients with
renal disease.
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(Alanaeme et al. 2022; Pal et al. 2023; Tsao et al. 2023).

Introduction Multiple risk factors are implicated in the pathogenesis of
Cerebrovascular and cardiovascular diseases are cur- cerebrovascular and cardiovascular diseases, such as hyper-
rently one of the leading causes of death around the world lipidemia, hypertension, hyperuricemia, hyperhomocystein-

Received January 28, 2024; revised and accepted August 4, 2024; J-STAGE Advance online publication August 29, 2024

*These authors contributed equally to this work.

Correspondence: Yongyan Song, Central Laboratory, Clinical Medical College and Affiliated Hospital of Chengdu University, No. 82,
North Section 2, Second Ring Road, Chengdu, Sichuan 610000, People’s Republic of China.

e-mail: songyongyan@cdu.edu.cn
©2025 Tohoku University Medical Press. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC-BY-NC-ND 4.0). Anyone may download, reuse, copy, reprint, or
distribute the article without modifications or adaptations for non-profit purposes if they cite the original authors and source properly.
https://creativecommons.org/licenses/by-nc-nd/4.0/

47



48 Y. Zhang et al.

emia, diabetes, obesity, old age, male gender, smoking, etc.
(National Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults 2002; Grundy et al. 2019).
Hyperlipidemia is probably the most important modifiable
risk factor for cardiovascular and cerebrovascular diseases,
and accounts for approximately fifty percent of the popula-
tion-attributable risk (Yusuf et al. 2004; O’Donnell et al.
2016). Hyperlipidemia is a severe lipid disorder mainly
involving abnormal elevation of low-density lipoprotein
cholesterol (LDL-C), total cholesterol (TC) and triglycer-
ides (TG), and/or reduction of high-density lipoprotein cho-
lesterol (HDL-C) in circulation, although apolipoproteins
Al and B and lipoprotein (a) are sometimes also included in
clinical testing (National Cholesterol Education Program
Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults 2002, Grundy et al.
2019). A systematic review of 23 randomized controlled
trials demonstrated that a 40% reduction in LDL-C along
with a 30% elevation in HDL-C is able to lower the risk of
cardiovascular disease by nearly 70% (Brown et al. 2006).
There are several classes of lipid-lowering drugs currently
available in pharmacy for patients to use, such as statins,
fibrates, bile acid sequestrants, PCSK9 inhibitors, etc., but
none of these drugs are suitable for all patients (Tsu et al.
2021; Chen and Chen 2023; Zivkovic et al. 2023). Statins,
as the most widely used lipid-lowering drugs in the world,
have muscle symptoms of rhabdomyolysis with a preva-
lence estimated at 10% (Iatan et al. 2023). The use of
fibrates in patients with end-stage renal disease did not
reduce cardiovascular risk and events regardless of being
used alone or in combination with other drugs (Ho et al.
2022). PCSKO9 inhibitors were recently reported to be less
effective in women compared to men, and there were about
30% incidence of side effects such as neurological and gas-
trointestinal symptoms in both genders (Galema-Boers et
al. 2023). Based on these concerns, there have been
increasing attempts to use traditional Chinese medicines as
alternatives to Western lipid-lowering medicines in some
specific patient populations, and traditional Chinese medi-
cines are sometimes more acceptable to Chinese patients.
Danshen, Fufang Danshen, Shuxuening and
Shuxuetong injections are four Chinese patent drugs which
are widely used in hospitals and clinics around China.
Danshen injection, also known as Salvia miltiorrhiza injec-
tion, is made from the extracts of a famous Chinese herbal
medicine Danshen (Radix Salviae Miltiorrhizae), and con-
tains a variety of active ingredients such as salvianolic
acids, protocatechuic aldehyde, rosmarinic acid and caffeic
acid. A number of clinical studies indicated that Danshen
injection has a good therapeutic effect on cerebrovascular
disease (Yu et al. 2000; Ren et al. 2022), cardiovascular dis-
ease (Liu et al. 2014; Shao et al. 2018; Li et al. 2022a),
pneumonia (Guo et al. 2022) and ulcerative colitis (Zhou et
al. 2022). Fufang Danshen injection, also named as com-
pound Danshen injection or Xiangdan injection, is made

from the extracts of two Chinese herbs Danshen and
Jiangxiang (Lignum Dalbergiae Odoriferac). The main
active ingredients of Fufang Danshen injection include not
only the active ingredients of Danshen, but also the active
ingredients from Jiangxiang, such as flavonoids, caryophyl-
lene oxide and nerolidol. Clinical researches have shown
that Fufang Danshen injection was effective in treating
cerebrovascular disease (Huang et al. 2015; Li et al. 2015;
Bian et al. 2021), cardiovascular disease (Geng et al. 2004;
Wu et al. 2004; Li et al. 2022a), ulcerative colitis (Zhou et
al. 2022) and nephrotic syndrome (Yu et al. 2020).
Shuxuening injection, made from the extracts of another
Chinese herb gingko leaf (Ginkgo biloba L.), has its main
active ingredients such as flavonol glycosides, ginkgolides
and bilobalide. Clinical studies have suggested that
Shuxuening injection has a good efficacy in treating cere-
brovascular disease (Jiang et al. 2016; Ren et al. 2022; Li et
al. 2023a), cardiovascular disease (Tan et al. 2018; Fan et
al. 2022; Shen et al. 2022), diabetes (Shen et al. 2022) and
idiopathic pulmonary fibrosis (Huang et al. 2022). The
above-mentioned three types of injections are all from
Chinese herbal medicines, while Shuxuetong injection is
made from the extracts of two worms, leech (Whitmania
pigra whitman) and earthworm (Pheretima). The chemical
composition of Shuxuetong injection is complex, and its
active ingredients are not yet clear (Chai et al. 2023). The
use of Danshen, Jiangxiang, gingko leaf, leech and earth-
worm for the treatment of human diseases was initially
recorded in the Chinese ancient medical books such as
Shennong's Classic of Materia Medica and Compendium of
Materia Medica, and all of these traditional Chinese medicines
are currently officially listed in Chinese Pharmacopoeia.

A series of clinical researches have examined the lipid-
lowering effect of Danshen, Fufang Danshen, Shuxuening
and Shuxuetong injections, but the results were inconsistent
and inconclusive. Some studies suggested that the four
injections can effectively and significantly reduce serum
levels of LDL-C, TC and TG, and elevate HDL-C level (Xie
and Yang 2004; Pu 2009; Wang 2013; Chen 2015; Zhou
2017; Liu and Wang 2021), while data from other laborato-
ries did not support these findings (Gong 2011; Tong et al.
2012; He et al. 2014). Herein, a systematic review and
meta-analysis is performed to clarify the effects of Danshen,
Fufang Danshen, Shuxuening and Shuxuetong injections on
serum lipid levels, and the research results can provide a
reference for physicians in clinical practice and help doc-
tors better diagnose and treat patients.

Methods

Literature Search

The systematic review and meta-analysis was regis-
tered in PROSPERO (CRD42023429674) and performed
based on the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) statement.
Comprehensive searches of the electronic databases such as
PubMed, Google Scholar, Cochrane Library, Embase,
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CNKI, Wanfang and VIP were conducted to identify eligi-
ble studies published before May 2023. All researches that
investigated the effects of Danshen, Fufang Danshen,
Shuxuening and Shuxuetong injections on serum lipid lev-
els were reviewed and identified. The languages of the arti-
cles were limited to Chinese and English. The keywords
employed for literature searches included “Danshen or
Fufang Danshen or Shuxuening or Shuxuetong or Danshen
injection or Fufang Danshen injection or Shuxuening injec-
tion or Shuxuetong injection” and “low-density lipoprotein
cholesterol or total cholesterol or high-density lipoprotein
cholesterol or triglyceride or LDL-C or TC or HDL-C or
TG” and “cerebral infarction or coronary heart disease or
type 2 diabetes mellitus or nephrotic syndrome or hyperlip-
idemia or hypertension or hyperlipidemic acute pancreatitis
or non-alcoholic fatty liver disease”. The indicators exam-
ined in this systematic review and meta-analysis were lim-
ited to LDL-C, TC, HDL-C, and TG. All of the following
criteria should be fulfilled: 1) a study pattern of “A vs. A +
B”, i.e., basic treatment vs. basic treatment + injection; 2)
the study that was designed as a controlled clinical trial; 3)
the publication that reported the effects of Danshen, Fufang
Danshen, Shuxuening or Shuxuetong injection on one or
more of the four serum lipid parameters (LDL-C, TC, HDL-
C, and TG); 4) the publication that presented the serum
lipid variables as mean + standard deviation (SD) or mean
+ standard error (SE), and 5) the lipid data before and after
treatment available. Publications with invalid data, review
article, abstract, case report, animal and in vivo studies were
excluded from the systematic review and meta-analysis.

Data Extraction

The researches that did not fully meet the inclusion
criteria were excluded after being carefully reviewed by at
least two reviewers. A structured data collection form was
developed, and the data extracted from each of the enrolled
studies were as follows: first author, sex, age, ethnicity, dis-
ease type, treatment duration, treatment dose, sample size,
lipid variables before and after the treatment of Danshen,
Fufang Danshen, Shuxuening or Shuxuetong injections.
Data were carefully checked to ensure accuracy, and any
uncertainty was discussed and solved in the whole group.
Regarding the overlapping publications, only those with the
most detailed information were included in the present
meta-analysis.

Statistical Analysis

The STATA software package version 11 (Stata Corp.,
College Station, TX, USA) was used for this systematic
review and meta-analysis. Data were shown in the form of
mean + SD, and SE was converted to SD by the formula:
SD = SE*SQRT(n). The unit of all four lipid indicators
was shown as mmol/L, and unit conversion was performed
if other units were used. Standardized mean difference
(SMD) in net change of the lipid parameters as well as 95%
confidence interval (95% CI) was employed to estimate the

effects of Danshen, Fufang Danshen, Shuxuening and
Shuxuetong injections on serum levels of LDL-C, TC,
HDL-C and TG. Net change of lipid parameters upon treat-
ment was calculated by using the following formulas: mean
change = mean s eatment - MEAN e treatment; SD = square root
[(SDpre-treatment)z + (SDpost-treatmem)2 —2R % SDpre-treatmem x SDpost-
weatment]» @ssuming a correlation coefficient (R) = 0.5 (Yu et
al. 2018). Subgroup analyses were performed based on dis-
ease type, duration and dose of treatment. The systematic
review and meta-analysis used the random effects model as
this model provides a more conservative evaluation of the
significance of the associations than the fixed effects model
(Li et al. 2023b). Cochran’s y*-based Q-statistic test was
conducted to evaluate heterogeneity among studies at a sig-
nificance level of p < 0.05, and Galbraith plot was used to
detect the potential sources of heterogeneity (Li et al.
2022b). Begg’s rank correlation test was performed to
assess the publication bias at a significance level of p <
0.05, and funnel plot was used to suggest the presence of a
potential publication bias (Su et al. 2021).

Results

Characteristics of the Enrolled Studies

Flow diagram of the literature searches is displayed in
Fig. 1. Twenty-eight studies (2,624 subjects), 31 studies
(3,023 subjects), 17 studies (1,507 subjects) and 54 studies
(4,435 subjects) were respectively identified for Danshen,
Fufang Danshen, Shuxuening and Shuxuetong injections,
and the reference list of these studies is presented in
Supplementary Table S1. Characteristics of the included
studies are shown in Supplementary Tables S2-S5. The
enrolled studies were published from 2009 to 2022, and
written exclusively in Chinese. All research subjects were
Chinese people. Two studies in which Fufang Danshen
injection was used to treat early onset severe preeclampsia
only included women, and the other studies included both
men and women. Twenty-seven studies, 28 studies, 19
studies and 20 studies respectively presented data for TG,
TC, HDL-C and LDL-C for Danshen injection
(Supplementary Table S2). Thirty-one studies, 28 studies,
21 studies and 18 studies respectively presented data for
TG, TC, HDL-C and LDL-C for Fufang Danshen injection
(Supplementary Table S3). Sixteen studies, 15 studies, 7
studies and 7 studies respectively presented data for TG,
TC, HDL-C and LDL-C for Shuxuening injection
(Supplementary Table S4). Fifty-three studies, 54 studies,
36 studies and 32 studies respectively presented data for
TG, TC, HDL-C and LDL-C for Shuxuetong injection
(Supplementary Table S5). The original lipid data and lipid
changes from pre- to post-treatment are shown in
Supplementary Tables S6-S9 for Danshen, Fufang Danshen,
Shuxuening, and Shuxuetong injections, respectively.
Danshen injection was mainly used to treat diabetic
nephropathy (16 studies), heart disease (12 studies), stroke
(6 studies) and fatty liver disease (4 studies). Fufang
Danshen injection was mainly used to treat heart disease (22
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Fig. 1. The flow diagram of the literature searches.

studies), diabetes (14 studies), nephrotic syndrome (6 stud-
ies) and hyperlipidemic acute pancreatitis (4 studies).
Shuxuening injection was mainly used to treat heart disease
(20 studies), nephrotic syndrome (6 studies) and stroke (4
studies). Shuxuetong injection was mainly used to treat
heart disease (40 studies), stroke (26 studies), diabetic
nephropathy (10 studies), nephrotic syndrome (10 studies)
and hypertension (6 studies). The treatment dose and dura-
tion of Danshen injection were 20-30 mL and 2-16 weeks,
respectively. The treatment dose and duration of Fufang
Danshen injection were 10-60 mL and 1-12 weeks, respec-
tively. The treatment dose and duration of Shuxuening
injection were 10-30 mL and 1-12 weeks, respectively. The
treatment dose and duration of Shuxuetong injection were
4-6 mL and 1-6 weeks, respectively.

Associations of Danshen Injection with Plasma Lipid Levels

The meta-analysis of all eligible studies showed that
Danshen injection can effectively decrease serum levels of
TG (SMD = —0.88 mmol/L, 95% CI = —1.04 to —0.71
mmol/L, p < 0.001) (Supplementary Fig. S1), TC (SMD =
—0.80 mmol/L, 95% CI = —1.10 to —0.49 mmol/L, p <
0.001) (Supplementary Fig. S2) and LDL-C (SMD = —0.71
mmol/L, 95% CI = —1.00 to —0.42 mmol/L, p < 0.001)
(Supplementary Fig. S3), and increase HDL-C level (SMD
=0.78 mmol/L, 95% CI = 0.47 to 1.08 mmol/L, p < 0.001)
(Supplementary Fig. S4) (Table 1).

Stratification analysis by disease type displayed that
the lipid-lowering effect of Danshen injection is robust in
patients with heart disease or stroke, while it is uncertain in
patients with diabetes or renal disease since the reduction of
LDL-C did not reach a significant level among these

patients after treatment (diabetes: SMD = —0.29 mmol/L,
95% CI = —0.65 to 0.06 mmol/L, p = 0.11; renal disease:
SMD = —0.50 mmol/L, 95% CI = —1.03 to 0.03 mmol/L, p
= 0.06). Stratification analysis by treatment dose showed
that Danshen injection decreased serum lipid levels in a
dose-dependent manner, and lipid reduction in high-dose
treatment group (30 mL) was apparently greater than that in
low-dose treatment group (20 mL) (TG: —1.12 vs. —0.81
mmol/L; TC: —1.49 vs. —0.74 mmol/L; LDL-C: —0.94 vs.
—0.69 mmol/L; HDL-C: 0.94 vs. 0.84 mmol/L). Reduction
in serum TG and TC levels by Danshen injection was also
found to be in a time-dependent manner, and the reduction
magnitude of TG and TC increased with the prolongation of
treatment time (TG: 2 vs. 4 vs. 8 weeks = —0.65 vs. —0.91
vs. —1.17 mmol/L; TC: 2 vs. 4 vs. 8 weeks = —0.49 vs.
—0.97 vs. —1.39 mmol/L).

Associations of Fufang Danshen Injection with Serum Lipid
Levels

The meta-analysis of all eligible studies showed that
Fufang Danshen injection can effectively decrease serum
levels of TG (SMD = —0.77 mmol/L, 95% CI = —0.97 to
—0.57 mmol/L, p < 0.001) (Supplementary Fig. S5), TC
(SMD = —-0.77 mmol/L, 95% CI = —1.01 to —0.53 mmol/L,
p < 0.001) (Supplementary Fig. S6) and LDL-C (SMD =
—0.64 mmol/L, 95% CI = —0.85 to —0.42 mmol/L, p <
0.001) (Supplementary Fig. S7), and increase HDL-C level
(SMD = 0.63 mmol/L, 95% CI = 0.31 to 0.95 mmol/L, p <
0.001) (Supplementary Fig. S8) (Table 2).

Stratification analysis by disease type displayed that
the lipid-lowering effect of Fufang Danshen injection is
robust in patients with heart disease or dyslipidemia, while
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Table 1. Meta-analysis for Danshen injection and blood lipids.

Studies

Groups or subgroups (Subjects) Pricierogencity SMD (95% CI) Pyvip
TG
All 27 (2556) <0.001 —0.88 (-1.04,-0.71) <0.001
Diabetes 13 (1360) <0.001 —0.81 (-1.04,-0.57) <0.001
Renal disease 9 (1120) <0.001 —0.91 (-1.18,-0.63) <0.001
Heart disease 6 (524) <0.001 —-1.01 (-1.43,-0.60) <0.001
Stroke 3 (236) 0.52 —0.82 (-1.08, -0.55) <0.001
Low dose (20 mL) 15 (1692) <0.001 —0.81 (-1.02, -0.60) <0.001
High dose (30 mL) 9 (680) 0.07 —-1.12 (-1.34,-0.89) <0.001
Short duration (2 weeks) 5(560) <0.001 —0.65 (-1.13,-0.18) 0.007
Medium duration (4 weeks) 12 (1300) <0.001 —0.91 (-1.12,-0.69) <0.001
Long duration (8 weeks) 6 (432) 0.35 —1.17 (-1.39,-0.95) <0.001
TC
All 28 (2624) <0.001 —0.80 (-1.10,-0.49) <0.001
Diabetes 13 (1360) <0.001 —0.83 (-1.25,-0.42) <0.001
Renal disease 10 (1188) <0.001 —0.94 (-1.45,-0.44) <0.001
Heart disease 6(524) <0.001 —0.93 (-1.39,-0.46) <0.001
Stroke 3(236) 0.001 —1.05 (-1.82,-0.28) 0.007
Low dose (20 mL) 16 (1760) <0.001 —0.74 (-0.98,-0.51) <0.001
High dose (30 mL) 9 (680) <0.001 —1.49 (-2.22,-0.77) <0.001
Short duration (2 weeks) 5(560) 0.23 —0.49 (-0.69, -0.28) <0.001
Medium duration (4 weeks) 13 (1368) <0.001 —0.97 (-1.40,-0.53) <0.001
Long duration (8 weeks) 6 (432) <0.001 —-1.39 (-2.00,-0.79) <0.001
LDL-C
All 19 (1658) <0.001 —0.71 (-1.00, -0.42) <0.001
Diabetes 8 (642) <0.001 —0.29 (-0.65, 0.06) 0.11
Renal disease 6 (536) <0.001 —0.50 (-1.03, 0.03) 0.06
Heart disease 6(524) <0.001 —1.24 (-1.85,-0.63) <0.001
Low dose (20 mL) 13 (1226) <0.001 —0.69 (-1.07,-0.30) 0.001
High dose (30 mL) 4(320) 0.01 —0.94 (-1.39,-0.49) <0.001
Short duration (2 weeks) 4 (470) 0.17 —0.61 (—0.86,—0.36) <0.001
Medium duration (4 weeks) 7 (582) 0.001 —0.37 (-0.70,—0.05) 0.025
Long duration (8 weeks) 5(382) 0.002 —1.64 (-2.14,-1.15) <0.001
HDL-C
All 20 (1772) <0.001 0.78 (0.47, 1.08) <0.001
Diabetes 10 (812) <0.001 1.02 (0.60, 1.44) <0.001
Renal disease 7 (634) <0.001 1.12 (0.61, 1.64) <0.001
Heart disease 6 (524) 0.001 0.75(0.38, 1.11) <0.001
Low dose (20 mL) 14 (1324) <0.001 0.84 (0.45, 1.24) <0.001
High dose (30 mL) 3(264) 0.001 0.94 (0.28, 1.60) 0.005
Short duration (2 weeks) 5(560) <0.001 0.30 (-0.27, 0.86) 0.30
Medium duration (4 weeks) 8(692) <0.001 1.23 (0.80, 1.66) <0.001
Long duration (8 weeks) 4 (296) 0.004 0.94 (0.42, 1.46) <0.001

SMD, standardized mean difference; 95% CI, 95% confidence interval; TG, triglycerides;
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol.

it is uncertain in patients with diabetes or renal disease are not significant among patients with diabetes, and the
since the changes in LDL-C (SMD = —0.11 mmol/L, 95% reduction of TG (SMD =—0.75 mmol/L, 95% CI =—1.61 to
CI =-0.59 to 0.38 mmol/L, p = 0.66) and HDL-C (SMD = 0.10 mmol/L, p = 0.08) and TC (SMD = —1.15 mmol/L,

0.11 mmol/L, 95% CI = —0.42 to 0.63 mmol/L, p = 0.69) 95% CI =—-2.31 to 0.008 mmol/L, p = 0.052) did not reach
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Table 2. Meta-analysis for Fufang Danshen injection and blood lipids.

Studies

Groups or subgroups (Subjects) Pricierogeneity SMD (95% CI) Py
TG
All 31(3023) <0.001 —0.77 (-0.97,-0.57) <0.001
Diabetes 7 (603) 0.30 —0.43 (-0.61,-0.26) <0.001
Renal disease 3(148) 0.002 —0.75 (-1.61, 0.10) 0.08
Heart disease 10 (1160) <0.001 —-1.06 (-1.40,-0.71) <0.001
Dyslipidemia 5(407) 0.007 -0.71 (-1.10,-0.31) <0.001
Low dose (10 mL) 4(297) <0.001 —0.81 (-1.68, 0.06) 0.07
High dose (20 mL) 18 (1911) <0.001 —-0.79 (-0.97,-0.61) <0.001
Short duration (1-2 weeks) 16 (1544) <0.001 —0.89 (-1.24,-0.54) <0.001
Medium duration (3-4 weeks) 6(502) <0.001 —0.65 (-1.07,-0.24) 0.002
Long duration (> 4 weeks) 8 (890) 0.11 —0.65 (-0.83,-0.48) <0.001
TC
All 28 (2776) <0.001 —0.77 (-1.01, -0.53) <0.001
Diabetes 7 (603) 0.01 —0.49 (-0.77,-0.21) 0.001
Renal disease 3(148) <0.001 —-1.15 (-2.31, 0.008) 0.052
Heart disease 10 (1171) <0.001 —0.80 (-1.23,-0.38) <0.001
Dyslipidemia 3(236) 0.39 —0.33 (-0.59,-0.08) 0.01
Low dose (10 mL) 4(297) <0.001 —0.76 (-1.69,0.17) 0.11
High dose (20 mL) 16 (1751) <0.001 -0.82 (-1.07,-0.57) <0.001
Short duration (1-2 weeks) 14 (1384) <0.001 —0.81 (-1.15,-0.47) <0.001
Medium duration (3-4 weeks) 6(502) <0.001 —0.65 (-1.31,0.01) 0.054
Long duration (> 4 weeks) 8 (890) <0.001 —0.80 (-1.20,-0.39) <0.001
LDL-C
All 21 (2282) <0.001 —0.64 (—0.85,-0.42) <0.001
Diabetes 5(441) <0.001 —0.11 (-0.59, 0.38) 0.66
Heart disease 9 (1051) <0.001 —0.86 (-1.13,-0.59) <0.001
Low dose (10 mL) 4(297) <0.001 —0.89 (-1.61,-0.16) 0.016
High dose (20 mL) 12 (1437) <0.001 —0.53 (-0.82,-0.24) <0.001
Short duration (1-2 weeks) 14 (1264) <0.001 —0.81 (-1.09,-0.53) <0.001
Medium duration (3-4 weeks) 3(290) 0.15 —0.26 (-0.59, 0.07) 0.12
Long duration (> 4 weeks) 6 (728) <0.001 —0.49 (-0.91,-0.08) 0.018
HDL-C
All 18 (2084) <0.001 0.63 (0.31, 0.95) <0.001
Diabetes 4 (386) <0.001 0.11 (-0.42, 0.63) 0.69
Heart disease 8 (964) <0.001 0.72 (0.16, 1.28) 0.01
Low dose (10 mL) 3(242) 0.55 1.41 (1.13, 1.69) <0.001
High dose (20 mL) 10 (1294) <0.001 0.65 (0.26, 1.04) 0.001
Short duration (1-2 weeks) 9 (1066) <0.001 0.73 (0.19, 1.27) 0.008
Medium duration (3-4 weeks) 3(290) <0.001 0.22 (-0.50, 0.94) 0.55
Long duration (> 4 weeks) 6 (728) <0.001 0.68 (0.23, 1.14) 0.003

SMD, standardized mean difference; 95% CI, 95% confidence interval; TG, triglycerides; TC,
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipopro-

tein cholesterol.

a significant level among patients with renal disease after

treatment.

Reduction in serum lipid levels by Fufang

Danshen injection was not found to be in a dose- and time-

dependent manner.

Associations of Shuxuening Injection with Serum Lipid
Levels

The meta-analysis of all eligible studies showed that
Shuxuening injection can effectively decrease serum levels
of TG (SMD = —1.51 mmol/L, 95% CI = —2.04 to —0.99
mmol/L, p < 0.001) (Supplementary Fig. S9), TC (SMD =
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Table 3. Meta-analysis for Shuxuening injection and blood lipids.

Studies

Groups or subgroups (Subjects) Prcierogencity SMD (95% CI) Pyvip
TG
All 16 (1467) <0.001 —1.51 (-2.04,-0.99) <0.001
Diabetes 3(277) 0.32 —0.31 (-0.56,—0.05) 0.02
Heart disease 10 (1005) <0.001 —1.49 (-2.09,-0.90) <0.001
Short duration (1-2 weeks) 7 (618) <0.001 —0.86 (—1.33,-0.40) <0.001
Long duration (3-4 weeks) 7(679) <0.001 —1.60 (-2.41,-0.78) <0.001
TC
All 15 (1397) <0.001 -1.35(-1.78,-0.92) <0.001
Diabetes 3(277) <0.001 -0.52 (-1.25,0.22) 0.17
Heart disease 10 (1005) <0.001 -1.61 (-2.17,-1.05) <0.001
Short duration (1-2 weeks) 7 (618) <0.001 —-1.08 (-1.71,-0.45) 0.001
Long duration (3-4 weeks) 6 (609) <0.001 -1.34 (-1.97,-0.71) <0.001
LDL-C
All 7(612) <0.001 -1.26 (-1.90,-0.63) <0.001
Heart disease 5(480) <0.001 -1.31(-2.20,-0.43) 0.004
Long duration (3-4 weeks) 4 (382) <0.001 -0.97 (-1.78,-0.15) 0.02
HDL-C
All 7(612) <0.001 1.10 (0.16, 2.05) 0.02
Heart disease 5 (480) <0.001 1.53 (0.24, 2.83) 0.02
Long duration (3-4 weeks) 4 (382) <0.001 0.43 (-0.34,1.19) 0.27

SMD, standardized mean difference; 95% CI, 95% confidence interval; TG, triglycerides;
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density

lipoprotein cholesterol.

—1.35 mmol/L, 95% CI = —1.78 to —0.92 mmol/L, p
0.001) (Supplementary Fig. S10) and LDL-C (SMD =
—1.26 mmol/L, 95% CI = —1.90 to —0.63 mmol/L, p <
0.001) (Supplementary Fig. S11), and increase HDL-C
level (SMD = 1.10 mmol/L, 95% CI=0.16 to 2.05 mmol/L,
p <0.001) (Supplementary Fig. S12) (Table 3).

Stratification analysis by disease type displayed that
the lipid-lowering effect of Shuxuening injection is robust
in patients with heart disease, while it is uncertain in
patients with diabetes since TC reduction did not reach a
significant level among such patients after treatment (SMD
= —0.52 mmol/L, 95% CI = —1.25 to 0.22 mmol/L, p =
0.17). Reduction in serum TG and TC levels by
Shuxuening injection was found to be in a time-dependent
manner, and 3 to 4 weeks of treatment had a larger magni-
tude of reduction in TG and TC levels than 1 to 2 weeks of
treatment (TG: —1.60 vs. —0.86 mmol/L; TC: —1.34 vs.
—1.08 mmol/L).

A

Associations of Shuxuetong Injection with Serum Lipid
Levels

The meta-analysis of all eligible studies showed that
Shuxuetong injection can significantly decrease serum lev-
els of TG (SMD = —0.68 mmol/L, 95% CI = —0.86 to —0.50
mmol/L, p <0.001) (Supplementary Fig. S13), TC (SMD =
—0.83 mmol/L, 95% CI = —1.05 to —0.60 mmol/L, p <
0.001) (Supplementary Fig. S14) and LDL-C (SMD =

—0.82 mmol/L, 95% CI = —1.05 to —0.58 mmol/L, p <
0.001) (Supplementary Fig. S15), and increase HDL-C
level (SMD = 0.33 mmol/L, 95% CI = 0.13 to 0.53 mmol/L,
p=0.001) (Supplementary Fig. S16) (Table 4).

Stratification analysis by disease type displayed that
the lipid-lowering effect of Shuxuetong injection is robust
in patients with diabetes, stroke or hypertension, while it is
uncertain in patients with renal disease, heart disease and
atherosclerosis. TG reduction in patients with renal disease
(SMD = —0.54 mmol/L, 95% CI =—1.17 to 0.10 mmol/L, p
= 0.10), LDL-C reduction in patients with atherosclerosis
(SMD = —1.40 mmol/L, 95% CI =—4.95 to 2.15 mmol/L, p
= 0.44), and HDL-C elevation in patients with heart disease
(SMD = 0.17 mmol/L, 95% CI = —0.16 to 0.49 mmol/L, p
= 0.31) and atherosclerosis (SMD = 0.34 mmol/L, 95% CI
= —-0.50 to 1.19 mmol/L, p = 0.43) did not reach a signifi-
cant level. Reduction in serum lipid levels by Shuxuetong
injection was not found to be in a dose- and time-dependent
manner.

Heterogeneity Analysis

Significant heterogeneity was detected in the pooled
meta-analyses for Danshen, Fufang Danshen, Shuxuening
and Shuxuetong injections in the whole population (Tables
1-4). Sources of heterogeneity were successfully identified
by using Galbraith plots. The heterogeneity was effectively
removed or decreased after excluding the outlier studies,
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Table 4. Meta-analysis for Shuxuetong injection and blood lipids.

Studies

Groups or subgroups (Subjects) Priterogenciy  SMD (95% CI) Psvp
TG
All 53 (4397) <0.001 —0.68 (-0.86,-0.50) < 0.001
Diabetes 12 (861) <0.001 —0.49 (-0.88,-0.11) 0.012
Renal disease 10 (805) <0.001 —0.54 (-1.17, 0.10) 0.10
Heart disease 20 (1571) <0.001 —0.67 (-0.99,-0.35)  <0.001
Stroke 13 (1228) <0.001 —0.80 (-1.04,-0.56)  <0.001
Hypertension 4(414) 0.006 —0.83 (-1.25,-0.41) <0.001
Atherosclerosis 3(210) 0.11 -0.73 (-1.15,-0.32) 0.001
Low dose (4 mL) 4 (282) 0.31 —-0.95 (-1.23,-0.68)  <0.001
High dose (6 mL) 48 (3925) <0.001 —0.68 (-0.87,-0.49)  <0.001
Short duration (1-2 weeks) 34 (2884) <0.001 —0.73 (-0.94,-0.52)  <0.001
Medium duration (3-4 weeks) 14 (1030) <0.001 —0.66 (-1.13,-0.19) 0.006
Long duration (> 4 weeks) 5(483) 0.053 —0.44 (-0.72,-0.16) 0.002
TC
All 54 (4435) <0.001 —0.83 (-1.05,-0.60)  <0.001
Diabetes 13 (899) <0.001 —0.98 (-1.57,-0.38) 0.001
Renal disease 10 (805) <0.001 —-1.05 (-1.91,-0.20) 0.016
Heart disease 20 (1571) <0.001 —0.98 (-1.40,-0.57)  <0.001
Stroke 13 (1228) 0.01 —0.65(-0.82,-0.48)  <0.001
Hypertension 4 (414) 0.85 —0.44 (-0.64,-0.25)  <0.001
Atherosclerosis 3(210) 0.01 -1.67 (-2.36,-0.99)  <0.001
Low dose (4 mL) 4 (282) 0.007 -0.92 (-1.43,-0.41)  <0.001
High dose (6 mL) 49 (3963) <0.001 —0.84 (-1.08,-0.60)  <0.001
Short duration (1-2 weeks) 35(2922) <0.001 —0.64 (-0.86,-0.42)  <0.001
Medium duration (3-4 weeks) 14 (1030) <0.001 -1.26 (-1.96,-0.56)  <0.001
Long duration (> 4 weeks) 5(483) <0.001 —0.99 (-1.47,-0.51) <0.001
LDL-C
All 36 (2910) <0.001 —0.82 (-1.05,-0.58)  <0.001
Diabetes 6 (408) <0.001 -1.08 (-1.84,-0.31) 0.006
Heart disease 17 (1223) <0.001 —0.88 (-1.15,-0.61)  <0.001
Stroke 10 (937) <0.001 -0.71 (-0.99,-0.43)  <0.001
Hypertension 4 (414) 0.45 -0.59 (-0.79,-0.39)  <0.001
Atherosclerosis 3(210) <0.001 —1.40 (-4.95, 2.15) 0.44
High dose (6 mL) 36 (2910) <0.001 —0.82 (-1.05,-0.58) < 0.001
Short duration (1-2 weeks) 28 (2295) <0.001 —0.69 (-0.86,-0.51)  <0.001
Medium duration (3-4 weeks) 6 (476) <0.001 -1.35(-2.67,-0.02) 0.046
HDL-C
All 32 (2532) <0.001 0.33(0.13, 0.53) 0.001
Diabetes 6(412) 0.08 0.43 (0.14,0.71) 0.003
Heart disease 17 (1223) <0.001 0.17 (-0.16, 0.49) 0.31
Stroke 9(827) <0.001 0.61 (0.34, 0.88) <0.001
Atherosclerosis 3(210) <0.001 0.34 (-0.50, 1.19) 0.43
High dose (6 mL) 32 (2532) <0.001 0.33(0.13, 0.53) 0.001
Short duration (1-2 weeks) 24 (1913) <0.001 0.42 (0.26, 0.57) <0.001
Medium duration (3-4 weeks) 5(356) <0.001 —0.21 (-1.47, 1.05) 0.74
Long duration (> 4 weeks) 3(263) 0.01 0.36 (—0.16, 0.89) 0.17

SMD, standardized mean difference; 95% CI, 95% confidence interval; TG, triglycerides; TC,
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein

cholesterol.
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while the results of the pooled meta-analysis were not
altered significantly except the association of Shuxuening
injection with HDL-C, which became insignificant when
the outlier studies were excluded (SMD = 0.05 mmol/L,
95% CI =—0.17 to 0.27 mmol/L, Pyeterogencity = 0.99, Pswp =
0.68).

Publication Bias

Publication bias was observed in the association analy-
sis between Shuxuening injection and TG or TC, and
between Shuxuetong injection and TG, TC or LDL-C.
However, no significant changes were found for all after
adjustment by trim-and-fill method.

Discussion

As clinical therapeutic drugs, traditional Chinese med-
icine injections are subject to strict supervision by China
Food and Drug Administration (CFDA). CFDA has a set of
strict guidelines for traditional Chinese medicine injections
such as new drug approval process, adverse drug reaction
monitoring and drug instruction supervision. In the process
of clinical use, the government and relevant functional
departments will follow up on safety, efficacy, rational drug
use and combined drug use. Danshen and Fufang Danshen
injections in the present meta-analysis were mainly made
by Chiatai Qingchunbao Pharmaceutical Co., Ltd.,
Hangzhou, China. The national medicine permission num-
ber (NMPN) of Danshen is Z33020176, and its national
quality standard is 1.5 g of Danshen per mL. Fufang
Danshen’s NMPN is Z33020055, and its national quality
standard is 1 g each of Danshen and Jiangxiang per mL.
Shuxuening injection (NMPN Z23022004) was mainly
made by Hei Long Jiang ZBD Pharmaceutical Co., Ltd.,
Hulin, China, and its national quality standard is 4.2 mg of
total flavonol glycosides and 0.30 mg ginkgolide A per 5
mL. Shuxuetong injection (NMPN Z20010100) was
mainly made by Mudanjiang Youbo Pharmaceutical Co.,
Ltd., Mudanjiang, China, and its national quality standard
is > 12 mg total solids per mL.

A large number of clinical studies have explored the
lipid-lowering effect of Danshen, Fufang Danshen,
Shuxuening and Shuxuetong injections. Associations of the
four injections with decreased levels of TG, TC and LDL-
C, and/or increased level of HDL-C have been reported in
some, but not all studies. Two research teams respectively
from Traditional Mongolia Medicine Hospital of Ar Horqin
Banner and Xiangzhou District People’s Hospital of
Xiangyang used Danshen injection to treat patients with
angina pectoris for 8 weeks, and all blood lipid indexes sig-
nificantly decreased by about 40% (Wang 2013; Chen
2015). Other researchers observed similar or even better
lipid-lowering effect when using Danshen, Shuxuening and
Shuxuetong injections to treat patients with angina pectoris,
cerebral infarction or hyperlipidemia (Xie and Yang 2004;
Pu 2009: Zhou 2017; Liu and Wang 2021). However, sev-
eral studies demonstrated that these injections had a poor

lipid-lowering ability in patients with coronary artery dis-
ease or early onset severe preeclampsia, and the differences
did not reach a significant level (Gong 2011; Tong et al.
2012; He et al. 2014). A lack of consistency in lipid-lower-
ing effects reflects some limitations in these studies such as
small sample size and differences in disease type, dose and
duration of treatment. The present meta-analysis was con-
ducted to clarify the overall lipid-lowering effect of these
injections under various conditions. To our knowledge, this
is the first meta-analysis to explore the lipid-lowering effect
of the four injections based on well-designed clinical stud-
ies.

The results of this meta-analysis suggested that all of
the four injections can effectively and significantly decrease
serum levels of TG, TC and LDL-C, and increase HDL-C
level in the whole population. In subgroup analyses, it was
found that different injections have different lipid-lowering
effects on different disease types. Danshen, Fufang
Danshen and Shuxuening injections all showed a good
lipid-lowering effect on patients with heart disease, but the
lipid-lowering effect of Shuxuetong injection on these
patients was uncertain; the increase in HDL-C after treat-
ment did not reach a significant level. On the other hand,
the lipid-lowering effects of Danshen, Fufang Danshen and
Shuxuening injections on patients with diabetes are not so
well, while Shuxuetong injection has a very good effect on
reducing blood lipids among these patients, and all lipid
parameters have been significantly improved after treat-
ment. In terms of lipid-lowering effect, all of these injec-
tions may not be suitable for patients with renal disease as
they are unable to effectively and significantly reduce blood
lipid levels among such patients. This meta-analysis
showed a dose- and time-dependent relationship in the
lipid-lowering effect of Danshen and Shuxuening injec-
tions, which can guide clinical doctors to choose different
doses and treatment courses for different patients.

None of the included studies in the present meta-anal-
ysis mentioned toxicology of Danshen, Fufang Danshen,
Shuxuening and Shuxuetong injections. However, some
side effects of the injections have been pointed out, e.g.,
nausea, vomiting, skin itching, edema and headache caused
by Danshen injection (Xu et al. 2010; Weng and Han 2012);
nausea, rash, dizziness, chest tightness and cough caused by
Fufang Danshen injection (Li 2012; Pan 2020); allergic
reaction, diarrhea, dizziness and gastrointestinal discomfort
caused by Shuxuening injection (Yang and Xie 2014; Qu et
al. 2023). Shuxuetong injection has a good safety record.
Since its launch for more than 10 years, it has been used in
a total of over 100 million doses and in over 10 million
cases. By tracking and searching in the database of the
National Adverse Drug Reaction Monitoring Center, only a
few patients experienced side effects such as allergies and
fever, and there were no reports of serious adverse reactions
(Wang and Zhang 2012). Generally, special treatments are
not required for all of these side effects which will disap-
pear on their own within 2-4 days after discontinuation of
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the medication (Dong and Dong 2016; Gong and Shang
2023). Some rare and severe adverse reactions have also
been reported, e.g., anaphylactic shock and difficulty in
breathing caused by Shuxuening injection and Fufang
Danshen (Song et al. 2009; Yang et al. 2013).

The mechanisms by which Danshen, Fufang Danshen,
Shuxuening and Shuxuetong injections lower serum lipid
levels have not been clarified yet. However, several studies
(Zhang et al. 2003; Li et al. 2013; Wang et al. 2022) have
made some preliminary explorations on the mechanisms by
which Danshen and Shuxuening injections reduced serum
lipid levels. Wang et al. (2022) established a mouse model
of hyperlipidemia and found that Danshen injection exerts a
lipid-lowering effect by upregulating the expression of the
genes related to cholesterol conversion and excretion such
as cytochrome P450 family 7 subfamily A member 1
(CYP7A1) and lecithin-cholesterol acyl transferase (LCAT),
as well as downregulating the expression of 3-hydroxy-
3-methylglutaryl coenzyme A Reductase (HMGCR), the
only rate-limiting enzyme in cholesterol de novo synthesis.
Li et al. (2013) confirmed this discovery in her doctoral the-
sis, and found that Danshen extract reduced blood lipids
and hepatic lipid content by upregulating the expression of
CYP7A1 and low-density lipoprotein receptor (LDLR), and
downregulating the expression of HMGCR in a rat model
of hyperlipidemia. The main component of Shuxuening
injection is Ginkgo biloba extract. Zhang et al. (2003)
found that Ginkgo biloba extract can increase transforma-
tion and excretion of cholesterol by modulating the compo-
sition of gut microbiota.

Significant heterogeneity was detected in the overall
analysis for all injections and lipid indexes. Subgroup anal-
yses stratified by disease type, dose and duration of treat-
ment were performed to explore the potential sources of the
observed heterogeneity, and the results showed that disease
type, dose and duration are all responsible for the heteroge-
neity. Galbraith plots were drawn to figure out the studies
which produced heterogeneity. The heterogeneity was
effectively removed or decreased after excluding the outlier
studies, and no significant changes in SMD values and 95%
Cls were found after excluding the outlier studies except
the association between Shuxuening injection and HDL-C,
which became insignificant when the outlier studies were
excluded. It suggests that the significant relationship
between Shuxuening injection and HDL-C may be due to
the extensive heterogeneity among studies. The results
from this meta-analysis were based on the random effects
model. Comparing with the fixed effects model, the ran-
dom effects model is a more conservative method and less
likely to produce false-positive results.

Several limitations should be acknowledged in this
meta-analysis. Firstly, all of the included studies used an A
versus A + B design in which each patient was randomly
assigned a control treatment or a control treatment plus an
experimental treatment. This kind of design is likely to
generate false positive results (Yu et al. 2018). However, it

was not possible to find better designed trials to evaluate
the lipid-lowering effect of Danshen, Fufang Danshen,
Shuxuening or Shuxuetong injection. Secondly, this meta-
analysis only included the studies published in Chinese, and
all of the subjects were exclusively Chinese people as there
were no studies being conducted outside of China so far.
Due to this limitation, the results of this study may only
apply to Chinese populations, but cannot be extended to
populations elsewhere.

Conclusions

In summary, the present meta-analysis demonstrated
that Danshen, Fufang Danshen, Shuxuening and
Shuxuetong injections all can effectively reduce blood lip-
ids. Among them, Shuxuening injection has the strongest
lipid-lowering effect, almost twice that of the other three
injections. In addition, the lipid-lowering effect of these
injections is influenced by the type of disease, Danshen,
Fufang Danshen and Shuxuening injections are suitable for
patients with cardiovascular disease, Shuxuetong injection
is suitable for patients with diabetes, but none of them is
suitable for patients with renal disease.
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