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A B S T R A C T

Hyperlipidemia is rampant as a crucial risk factor for cardiovascular diseases. Xue Fu Zhu Yu (XFZY), a pre-
scription formula in traditional Chinese medicine, is well-known for treating hyperlipidemia. Herein we con-
ducted meta-analysis and assessed the efficacy of XFZY prescription as mono or adjunctive therapy in patients
with hyperlipidemia. Databases including Medline, Cochrane Library, Embase, CNKI, Wanfang Data and VIP
Information were comprehensively investigated via searching keywords “Xuefuzhuyu”, “Xuefu Zhuyu”, “Xue Fu
Zhu Yu”, “Xuefu-Zhuyu” or “XFZY” in combination with “hyperlipidemia” and “dyslipidemia”. Efficacy, meth-
odological quality, and publication bias of recruited trials on XFZY prescription were also assessed. Review
Manager version 5.3 software was used for statistical analysis. Twelve trials involving 1305 participants all
reported in Chinese were enrolled and, based on our analysis, significant increase of efficacy in XFZY pre-
scription groups compared to control groups was observed, and there was either significance or non-significance
of differences in regulating the levels of total cholesterol (TC), triglycerides (TG), low-density lipoprotein cho-
lesterol (LDL-C) and high density lipoprotein cholesterol (HDL-C). This meta-analysis preliminarily demon-
strated that XFZY prescription is effective for treating hyperlipidemia, but due to the poor methodological
quality of most analyzed trials, conclusion should be cautiously summarized. Thoroughly designed, large-scale
and multicenter trials are needed to estimate efficacy and safety of XFZY prescription for hyperlipidemia in the
future.

1. Introduction

Hyperlipidemia is featured by hypercholesterolemia, hyper-
triglyceridemia and mixed hyperlipidemia1 associated with the esca-
lation of single or multiple lipid components (total cholesterol (TC),
triglycerides (TG)) and/or lipoproteins (very low-density lipoproteins
(VLDL), low-density lipoprotein cholesterol (LDL-C)), and/or decreased
levels of high density lipoprotein cholesterol (HDL-C). It is usually ca-
tegorized into primary and secondary hyperlipidemia.2,3 With the ele-
vating incidence and prevalence, hyperlipidemia becomes a global issue
for public health. As such, hyperlipidemia is one of the most crucial risk
factors for cardiovascular diseases (CVD).4 It was reported that the
newly addressed lipid measures, such as TC/HDL-C, TG/ HDL-C, and
LDL-C/HDL-C ratios, are significantly associated with severity of CVD
risk.5

It is necessary to prevent CVDs with lipid-lowering treatment, and
statins is considered as the first choice to date.6 Statins restrains the
activity of 3-hydroxy-3-methylglutaryl coenzyme A reductase, which is

responsible for cholesterol synthesis.7 Statins were reported beneficial
in reducing the levels of TC and LDL-C.8 However, those patients suf-
fering from adverse events failed to respond to statins-based treat-
ment.9,10 Statin-fibrate combination was recommended for hyperlipi-
demia treatment by the National Cholesterol Education Program Adult
Treatment Panel III.11 However, the clinical benefit of statin-fibrate
combination appeared to be limited12 and raised kidney-related side
effects.13,14

Xue Fu Zhu Yu (XFZY) prescription, a famous traditional Chinese
medicine (TCM) formula, refers to a combination of 11 crude drugs,
including Angelica sinensis (Oliv.) Diels (root, Apiaceae), Rehmannia
glutinosa (Gaertn.) DC. (root, Plantaginaceae), Prunus persica (L.)
Batsch (seed, Rosaceae), Carthamus tinctorius L. (flower, Compositae),
Citrus aurantium L. (fruit, Rutaceae), Paeonia veitchii Lynch (root,
Paeoniaceae), Bupleurum chinense DC. (root, Apiaceae), Glycyrrhiza
uralensis Fisch. (root, Leguminosae), Platycodon grandiflorum (Jacq.)
A. DC. (root, Campanulaceae), Ligusticum striatum DC. (root,
Apiaceae) and Achyranthes bidentata Blume. (root, Amaranthaceae).
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Additionally, hydroxysafflor yellow A, amygdalin, albiflorin, paeoni-
florin, liquiritin, ferulic acid, naringin, hesperidin, neohesperidin, nar-
ingenin, isoliquiritigenin, glycyrrhizic acid, marmin, senkyunolide A,
dehydrosafynol, safynol and ferric acid are reported as effective com-
pounds within XFZY prescription.15–17 XFZY prescription is originally
applied to the treatment of blood-stasis syndrome in the chest for
centuries. In recent decades, beneficial effects of XFZY prescription for
hyperlipidemia have been confirmed in the forms of decoction, capsule
and oral liquid.18 It has been regularly used alone or in conjunction
with hypolipidemic drugs, similar as those prescriptions for treating
other TCMs. XFZY prescription functions through multi-targets and
pathways. A metabolomics study in rats indicated that XFZY prescrip-
tion improves global lipid profiles by affecting several metabolic
pathways, such as ketone body metabolism, acetyl-glycoprotein meta-
bolism and glutathione biosynthesis.19 Pharmacological studies sug-
gested the major active constituents such as auraptene, naringin, he-
speretin, saponins and ferulic acid demonstrate promising effects on
anti-hyperlipidemia, anti-oxidative and anti-inflammatory.20,21 Hy-
perlipidemia with complex pathogenesis is more likely to respond well
to those multi-pathway treatments.

It is believed that different dosage forms may induce changes in
proportion of active compounds within a formula22 and then influence
its efficacy. Particularly, the potential interactions between TCM and
western medicines is an unavoidable safety issue.23 Here in current
meta-analysis, we aimed to assess the efficacy and safety of XFZY pre-
scription including different dosage forms, as mono- or adjunctive
therapy in patients with hyperlipidemia.

2. Materials and methods

2.1. Search strategy

We systematically investigated the published reports on randomized
controlled trials (RCTs) of XFZY prescription treatments in patients
with hyperlipidemia throughout six databases (Medline, Cochrane
Library, Embase through Ovid, CNKI, Wan fang Data, and VIP
Information) inclusive to June 15, 2017, by searching the terms
“Xuefuzhuyu”, “Xuefu Zhuyu”, “Xue Fu Zhu Yu”, “Xuefu-Zhuyu”,
“XFZY” in combination with “hyperlipidemia”, “dyslipidemia”. There
was no limitation to languages and formulation of XFZY prescription.

2.2. Study selection

Two reviewers (L.L.Z and S.W) independently decided which lit-
erature fit the inclusion criteria of the meta-analysis. Inclusion criteria
was described as below: (1) the experiments were conducted with
randomized and controlled design; (2) hyperlipidemia diagnosis should
accomplished based on strict criteria: TC > 5.7mmol/L and (or)
TG > 1.7mmol/L. (Focus group of prevention and treatment of dys-
lipidemia, 1997); (3) the experiments should include the comparison of
the efficacy of XFZY (monotherapy or concomitant therapy with lipid-
lowering drugs) to lipid-lowering drugs or placebo; (4) sample size
should be more than 30 in each group, and the therapy duration should
be at least 4 weeks; (5) outcomes assessments should include the ef-
fective rate based on "Guiding principle of clinical research on cardio-
vascular drugs (Trial)”24 or lipid levels (TC, TG, LDL-C and HDL-C).

In addition, the exclusion criteria include: (1) studies involved pa-
tients with secondary hyperlipidemia (2) studies which can’t be extract
the original information.

2.3. Data extraction

Detailed information including the authors, year of publication,
methodological information, baseline data of subjects, (age, gender,
severity, duration of disease), diagnostic instruments, outcome mea-
surements were independently extracted by two authors, (L.L.Z, S.W).

Discrepancies were solved by discussing with a third reviewer.
Methodological quality was evaluated primarily by Jadad’s validated
score25 which includes the evaluation of randomization, (D. S. Wang),
blinding, description of lost cases. In addition, allocation concealment
was also assessed.

2.4. Quality appraisal

Methodological quality was evaluated using the Jadad’s validated
score,25 and allocation concealment was also assessed by two authors.26

Disagreements were resolved by discussing with a third reviewer.

2.5. Sensitivity analyses

Sensitivity analyses were performed to examine the robustness of
the results. Each of the trials with poor methodological quality (JADAD
score≤2) was removed in turn from the analysis to investigate the in-
fluence on heterogeneity and the changes of effect size.27

2.6. Publication bias

The likelihood of publication bias in this meta-analysis was eval-
uated by asymmetry funnel plot and examined by Egger’s and Begg’s
test statistic.28,29

2.7. Statistical analysis

Review Manager version 5.3 software (Cochrane Collaboration) and
STATA software version 14.0 (STATA Corporation, College Station, TX,
US) were employed for statistical analysis. For dichotomous data, risk
ratios (RRs) were calculated using mantel-haenszel ((M-H)) method,
while for continuous data, weighted mean difference (WMD) were
calculated using inverse variance (IV) method, both with 95% con-
fidence interval (95% CI). Heterogeneity was tested by chi-squared test
and I squared statistic. A fixed-effect model was applied when statistical
homogeneity existed (p value> 0.1 or I2< 50%), while a random-ef-
fect model was applied when statistical heterogeneity appeared (P
value< 0.1 or I2> 50%).

3. Results

3.1. Studies selection

A total of 113 studies, including 108 trials reported in Chinese and
five trials reported in English, were comprehensively investigated.
Amongst 12 studies involving 1305 participants reported in Chinese
were recruited. The selection process and exclusion reasons were
summarized in Fig. 1. Characteristics of the included studies were de-
tailed in Table 1. The publishing time period ranged from February
2000 to June 2015. The ages of patients ranged from 18 to 80 years,
and course of diseases ranged from 5 months to 49 years. Severe dis-
eases and secondary hyperlipidemia were excluded in most of the re-
cruited trials.30–41

3.2. Interventions

Patients in four trials32,33,37,38 employed XFZY prescription in
combination of lipid-lowering drugs in the treatment groups, in com-
parison to lipid-lowering drugs alone for those in control groups. Pa-
tients in three trials31–36,38,40 received XFZY prescription in treatment
groups comparing to lipid-lowering drugs in control groups. Patients in
four trials30,34,39,41 used XFZY prescription in treatment groups in
contrast to Chinese medicine in control groups. Patients in one trial40

employed XFZY prescription in the treatment groups comparing to
placebo in the control group. The treatment duration ranged from 4
weeks to 12 weeks. Detailed information was summarized in Table 1,
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and the ingredients and dosages of the formulas were listed in Table 2.
However, none of the included trials reported the authorities and family
of the botanical drugs. The voucher specimens were also missing.

3.3. Adverse events

Three trials described the adverse events by XFZY prescription, in-
cluding the mild gastrointestinal discomfort, fatigue and headache in
the treatment groups.31,33,37 It is noteworthy that among these trials,
concomitant therapy with lipid-lowering drugs was utilized in two
trials.33,37 Thus, we could not identify the potential source of adverse
events. Two trials stated that there was no adverse event in XFZY
prescription group.30,32 The rest did not describe any information about
adverse events potentially due to XFZY prescription.

3.4. Methodological quality

Most of the trials were designed with randomization and included
suitable control groups. However, there was no report mentioning the
method of sequence generation. Only one trial40 set up blinding of
participants and investigators to treatment allocation. Majority of trials
except one31 stated that there was no significant differences between
the treatment and control groups in terms of the backgrounds of par-
ticipants, including ages, genders and other conditions. No study de-
scribed the information about the strategy for allocation concealment.
One trial40 described the withdrawal and dropout without defined
reason. Multi-center study and data analysis based on FAS (full analysis
set) were conducted in one single report40 (shown in Table 1).

3.5. Outcomes measurements

3.5.1. Effective rate assessments
A total of 11 RCTs compared effective rates between the two

random groups after intervention periods. All trials presented sig-
nificantly increased effective rates in treatment groups, comparing to

those in control groups. XFZY prescription were applied in four
trials32,33,37,38 in combination with lipid-lowering drugs and compared
with lipid-lowering drugs only (risk ratios 1.18, 95% CI: 1.08–1.28;
Z=3.93, p<0.0001), and used XFZY prescription was compared with
lipid-lowering drugs in three trails (risk ratios 1.24, 95% CI: 1.11–1.39;
Z=3.83, p=0.0001). 30,35,36 XFZY prescription, versus placebo, was
employed in one multicenter clinical trial,40 and the data in four centers
were jointly analyzed (risk ratios 1.31, 95% CI: 1.06–1.62; Z=2.48,
p=0.01). The fixed-effects model was applied for the statistical eva-
luation of heterogeneity, and the results were P=0.30/I2=18%,
P=0.29/I2=20% and P=0.18/I2=39%, respectively corresponding to
the subgroups mentioned above (Fig. 2.1). Application of XFZY pre-
scription versus Chinese medicine were performed in 3 trials34,39,41

(risk ratios 1.33, 95% CI: 1.11–1.60; Z=3.14, p=0.002) and we em-
ployed the random-effect model (Fig. 2.2) according to the statistical
test of heterogeneity (P=0.09, I2=58%).

Results of sensitivity analysis displayed one trial39 seems to mark-
edly influence the pooled risk ratios. By removing this trial from the
analysis, the risk ratios for XFZY prescription versus Chinese medicine
was 1.44 (95% CI: 1.25–1.66; Z=5.09, p< 0.00001), and hetero-
geneity was reduced to P=0.37, I2=0%.

3.5.2. Outcome: total cholesterol (TC)
A total of nine RCTs paralleled the efficacy of lowering TC between

the two random groups. Both trials revealed that XFZY prescription was
significantly more effective than controls in lowering TC. Three
trials33,37,38 exerted XFZY prescription plus lipid-lowering drugs com-
paring to lipid-lowering drugs (WMD=0.92, 95% CI: 0.48–1.37;
Z=4.07, p=0.0003). XFZY prescription was compared with lipid-
lowering drugs in three trials31,35,36 (WMD=0.66, 95% CI: 0.22–1.11;
Z=2.94, p=0.003), and three trials31,39,41 reported the application of
XFZY prescription in comparison with Chinese medicine (WMD=1.18,
95% CI: 0.71–1.65; Z=4.95, p< 0.00001). We completed the analysis
via random-effects model due to the statistical tests of heterogeneity
(P=0.0003/I2=87%, P=0.03/I2=71% and P=0.002/I2=84%,

Fig. 1. Studies selection process.
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respectively) (Fig. 3).
Sensitivity analysis revealed that two trials30,39 seemed to sig-

nificantly influence the pooled WMD. By excluding the trial30 from
analysis, the pooled WMD for XFZY prescription versus chemotherapy
was 0.43 (95% CI: 0.11 to 0.75; Z=2.62, p=0.009), and the hetero-
geneity was reduced to P=0.37, I2=0%. By excluding the trial,39 the
pooled WMD for XFZY prescription versus Chinese medicine was 1.44
(95% CI: 1.36 to 1.52; Z=35.90, p<0.00001), and the heterogeneity
was reduced to P=0.96, I2=0%.

3.5.3. Outcome: triglyceride (TG)
A total of nine RCTs were incorporated in the analysis. Amongst

three33,37,38 reported the use of XFZY prescription plus lipid-lowering
drugs in contrast to lipid-lowering drugs (WMD=0.36, 95% CI: 0.15-
0.56), showing significant differences between treatment and control
groups in TG lowing levels (Z=3.42, p=0.0006) under fixed-effects
model (P=0.26, I2=27%) (Fig. 4.1). Three trails31,35,36 stated the
comparisons of XFZY prescription versus lipid-lowering drugs
(WMD=0.85, 95% CI: -0.10-1.80), and showed no significant differ-
ences in TG lowing levels between treatment and control groups
(Z=1.75, p=0.08) under random-effect models (P< 0.0001, I2=91%)
(Fig. 4.2). Three trails30,39,41 described the comparison between XFZY
prescription and Chinese medicine (WMD=0.39, 95% CI: 0.08-0.69),
which showed significant differences in TG lowing levels (Z=2.48,
p=0.01) under random-effects model (P=0.001, I2=85%) (Fig. 4.2).

Sensitivity analysis indicated that two trials30,36 seemed to mark-
edly influence the pooled WMD. Not including trial36 from analysis, the
pooled WMD for XFZY prescription versus chemotherapy was 1.27
(95% CI: 0.80 to 1.3; Z=5.33, p<0.00001), and the heterogeneity was
decreased to P=0.41, I2=0%. By excluding the trial30 from analysis,
the pooled WMD for XFZY prescription versus Chinese medicine was
0.22 (95% CI: 0.18 to 0.27; Z=9.41, p< 0.00001), and the hetero-
geneity was reduced to P=0.72, I2=0%.

3.5.4. Outcome: LDL-C
Four RCTs contributed to the analysis. Two trails33,37 presented the

comparisons of XFZY prescription plus lipid-lowering drugs versus
lipid-lowering drugs (WMD=0.60, 95% CI: 0.38-0.82), showing sig-
nificant differences between treatment and control groups in LDL-C
lowing levels (Z=5.25, p<0.00001) under fixed-effects model
(P=0.70, I2=0%). two trails39,41 paralleled the XFZY prescription to
Chinese medicine (WMD=0.06, 95% CI: -0.02-0.15), and presented no
significant differences in LDL-C lowing levels (Z=1.43, p=0.15) within
the fixed-effects model (P=0.57, I2=0%) (Fig. 5).

3.5.5. Outcome: HDL-C
Six RCTs were applied to the analysis. Three RCTs33,37,38 listed the

comparisons of XFZY prescription plus lipid-lowering drugs to lipid-
lowering drugs (WMD=0.13, 95% CI: -0.05-0.31) and exhibited no
significance between treatment and control groups in regulation of
HDL-C levels (Z=1.37, p=0.17) based on random-effects model
(p=0.03, I2=73%). One single trail35 stated the comparison of XFZY
prescription with lipid-lowering drugs (WMD=0.24, 95% CI: 0.13-
0.35), which presented significant differences between treatment and
control group in HDL-C level regulation (Z=4.28, p< 0.0001). Two
trials39,41 compared the XFZY prescription to Chinese medicine
(WMD=0.26, 95% CI: -0.05-0.57) and showed no significant differ-
ences in HDL-C level regulation (Z=1.63, p=0.10) under random-ef-
fects model (p=0.0003, I2=93%) (Fig. 6).

Sensitivity analysis revealed that one trial37 appeared to markedly
influence the pooled WMD. By removing the trial from the analysis,
pooled WMD for XFZY prescription plus chemotherapy versus che-
motherapy was 0.03 (95% CI: -0.10 to 0.16; Z=0.46, p=0.64), and the
heterogeneity was reduced to P=0.83, I2=0%.Ta
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3.6. Publication bias

Funnel plots (Fig. 7) based on the effect rates exhibited asymme-
trical distribution, indicating that parameters including random as-
signment of patients to treatment groups, concealment of randomiza-
tion and blinding to investigators, patients, or outcome assessors may
present publication bias. The Egger’s test (P = 0.049) also indicated
obvious publication bias, although there is no significant indication
from Begg’s test (p=0.101).

4. Discussion

Our current meta-analysis examined the efficacy of XFZY prescrip-
tion on patients with hyperlipidemia. Distinct from previous meta-
analysis by Liao et al.42 which was based on different dosage forms of
XFZY prescription, such as decoction, capsule and oral liquid, we re-
defined the inclusion criteria and exclusion criteria to recruit a greater
diversity of patient groups such as Chinese medicines as control med-
icine. We further extended time period of publication for investigated

literature to June 15, 2017, and performed a sensitivity analysis to
explore the influence of trial quality on the effect size. Similarly, we
assessed the outcomes including effective rates or lipid levels (TC, TG,
LDL-C and HDL-C).

Our results indicated that XFZY prescription, serving as either
monotherapy or concomitant therapy with lipid-lowering drugs, func-
tioned with higher effective rates than that of the control groups
(Fig. 2). In terms of regulating lipid levels, especially TC and LDL-C
lowing, the efficacy of XFZY prescription was significantly more effec-
tive than the control medicine (Figs. 3 and 5). In regulating TG, it was
consistent with finding of previous research35,36 that the efficacy of
XFZY prescription was no significantly different from that of lipid-
lowering drugs, however, XFZY prescription combined with lipid-low-
ering drugs functioned with higher effective rates compared with lipid-
lowering drugs alone (Fig. 4.1 and 4.2). Although effectiveness of the
comparison of XFZY prescription with lipid-lowering drugs was higher
than that of mono-lipid-lowering drugs at lowering TC, LDL-C and TG,
in term of regulating HDL-C, there was no significantly difference be-
tween the two groups (Fig. 6), which was not conformed with the

Fig. 2. (1) Comparison of the effective rate between treatment groups and control groups under fixed effects model. (2) Comparison of the effective rate between
treatment groups and control groups under random effects model.
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Fig. 3. Comparison of the efficacy of XFZY prescription on TC lowing between treatment groups and control groups under random effects model.

a)

b)

Fig. 4. (1) Comparison of the efficacy of XFZY prescription on TG lowing between treatment groups and control groups under fixed effects model. (2) Comparison of
the efficacy of XFZY prescription on TG lowing between treatment groups and control groups under random effects model.
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results of other traits.33,37

There was no overt side effect by XFZY prescription reported in the
included trials, and one possible explanation is the coexistence of other
phytochemicals in XFZY prescription may moderate the side effects.
The heterogeneity was found in lowering lipid index evaluation (Figs. 3,
4.2 and 6), which is possibly attributed to the modification of the XFZY
preparation, dosage, course of treatment and control medicines.

Meanwhile, limitations may exist in this meta-analysis. First,
methodological quality of the included trials was not highly compelling,
since randomization and blinding were not reported clearly, and the
allocation concealment as well as the withdrawal/dropout were not
mentioned for most of the included trails. Only one trial excluded
placebo effect35 so the selection bias might exist. Second, available
number of trials was not statistically sufficient to engage in subgroup
analysis by formulation, dosage, and control medicines. Third, three
trials30,37,41 specifically stated the subtypes of hyperlipidemia, but none
reported the outcomes according to the subtypes of hyperlipidemia.
Moreover, since the demographic details were not provided, we were
not able to complete meta-analysis based on the subtypes of hyperli-
pidemia and demographic factors. Fourth, most of the studies published
in Chinese were of low methodological quality and selective publication

of positive results,43,44 which may lead to bias. Finally, lack of long-
term follow-up data, long-term efficacy and safety, and side effect in
recruited studies may cause unreliable results and inability to truly
reflect general trends.

5. Conclusion

This meta-analysis preliminarily indicated that the XFZY prescrip-
tion, whether applied as monotherapy or adjunctive therapy, is an ef-
fective and safe traditional Chinese medicine for patients with hy-
perlipidemia. However, methodological quality of the most included
studies was not high, hence the results should be interpreted with
caution. Rigorously designed, large-scale and multicenter trials are
needed to estimate the efficacy and safety of XFZY prescription on
hyperlipidemia in the future.

Declaration of interest

All authors declare no conflicts of interest in this study.

Fig. 5. Comparison of the efficacy of XFZY prescription on LDL-C lowing between treatment and control groups under random effects model.

Fig. 6. Comparison of the efficacy of XFZY prescription on HDL-C regulating between treatment and control groups under random effects model.
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prescription versus placebo; group 4: XFZY prescription versus Chinese medi-
cine.
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