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Introduction

Hypertension is a progressive cardiovascular syndrome 

of multiple causes, and the number of people with 

hypertension globally has recently exceeded 1 billion (1). 

Hypertension can be divided into primary and secondary 

according to the exact etiology, of which primary 
hypertension accounts for about 90% (2,3). The continuous 
increase of blood pressure (BP) increases the left ventricular 
load, which leads to the changes of heart and vascular 
function and structure over time, and finally leads to left 
ventricular hypertrophy, ventricular enlargement, heart 
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failure, and so on (4-6).
At present, hypertension is predominantly treated with 

western medicine. Western medicine usually only adopts 
conventional antihypertensive treatment, from which it 
is easy to have adverse reactions after long-term use, and 
the BP can easily rebound after withdrawal. The clinical 
effect of simple western medicine treatment sometimes 
cannot meet the needs of patients (7,8). Therefore, actively 
seeking effective treatment methods is of great significance 
to improve the curative effect, BP, and blood lipid (9). 
Through the application of traditional Chinese medicine 
(TCM) to the treatment of hypertension, the advantages of 
TCM in reducing BP have been gradually recognized by 
the majority of doctors and patients (10,11). 

Zhongjing Zhang, a famous doctor of the Han Dynasty, 
mentioned in his book “The typhoid miscellaneous diseases 
theory” that Lingguizhugan decoction can be used for the 
treatment of hypertension (12). Lingguizhugan decoction 
is composed of Poria cocos (Fu Ling), Cinnamon Twig 
(Gui Zhi), Atractylodes macrocephala (Bai Zhu), and 
licorice (Gan Cao) and it has the functions of strengthening 
spleen and promoting drainage (13,14). At present, 
Lingguizhugan decoction is commonly used to treat chronic 
bronchitis, bronchial asthma, cardiogenic edema, chronic 
glomerulonephritis edema, and other diseases (15-17).

There are many meta-analysis on the treatment of 
hypertension with Chinese and Western medicine, but as 
the few studies on Lingguizhugan decoction combined with 
western medicine in the treatment of hypertension, and 
no relevant meta-analysis has been carried out so far, their 
overall quality has been uneven due to small sample sizes, 
and the test quality has not been systematically evaluated. 
We conducted a meta-analysis on the relevant randomized 
controlled trials (RCTs) to evaluate the clinical efficacy of 
Lingguizhugan decoction in the treatment of hypertension, 
so as to provide reference basis for clinical decision-making. 
We present the following article in accordance with the 
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-2639).

Methods

Literature search strategy

A systematic search of relevant studies was conducted in 7 
electronic databases including PubMed, Cochrane Central 
Register of Controlled Trials (CENTRAL), Embase, China 
Knowledge Resource Integrated Database (CNKI), Chinese 

Biomedical Literature Database (CBM), China Science and 
Technology Journal Database (VIP) and Wanfang Data. 
These databases were searched from inception to July 2021. 
The search was performed by combination of the following 
search terms using the Boolean operators “OR” and/or 
“AND”: “Lingguizhugan decoction”, “hypertension” and 
“western medicine”. There were no restrictions on the 
publication language in the literature search. The eligibility 
of titles, abstracts, and studies that were deemed relevant for 
review of their full texts were independently reviewed and 
assessed by two authors. Any discrepancies were resolved 
through discussion with a third author.

Study selection

The studies had to fulfill the following criteria to be 
included in the analysis:

(I)	 Studies comparing patients receiving combination 
therapy of Lingguizhugan decoction and western 
medicine (test group) and conventional western 
medicine alone (control group);

(II)	 Patients with hypertension [diastolic BP (DBP)  
≥90 mmHg or systolic BP (SBP) ≥140 mmHg];

(III)	 Containing indicators evaluating effectiveness 
between test group and control group;

(IV)	 Available in full text.
Studies were excluded for following reasons:
(I)	 Not meeting the inclusion criteria;
(II)	 No outcomes of interest were impossible to 

calculate or extrapolate or were reported;
(III)	 Articles were reviews, abstracts, letters, case 

reports, or duplicate publications.

Data extraction and quality assessment

Study selection, data extraction, and risk of bias assessment 
were undertaken by two reviewers independently, and any 
disagreements were resolved by discussion with referral to 
a third reviewer if required. The following information was 
extracted from enrolled articles: (I) first author’s name; (II) 
year of publication; (III) study design; (IV) treatment; (V) 
number of patients (along with gender); (VI) intervention 
time; (VII) primary outcome. Cochrane bias risk assessment 
tools were used to evaluate the methodological quality 
assessment of the included literatures (https://methods.
cochrane.org/bias/resources/rob-2-revised-cochrane-risk-
bias-tool-randomized-trials).

https://dx.doi.org/10.21037/apm-21-2639
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Statistical analysis

The software Review Manager (RevMan version 5.4; 
Cochrane Collaboration, 2020) was used to estimate the 
impact of the results in the selected studies. All identified 
articles were included in the systematic review and examined 
using narrative synthesis. The mean difference (MD) and risk 
ratio (RR) was used for the measurement data and the count 
data, and 95% confidence intervals (CI) were calculated. To 
assess heterogeneity, we calculated the Cochrane Q statistics 
and I2 statistics. If P<0.05 or I2>50%, indicating a certain 
degree of heterogeneity among the studies, and the random 
effects model would be used for analysis; if P≥0.05 and 
I2≤50%, indicating no heterogeneity or less heterogeneity 
among the studies, and the fixed effects model was used. 
We conducted a sensitivity analysis by excluding merged 
studies one by one and observing whether the synthesis 
result changed significantly. Funnel plots and Egger’s linear 
regression test were used to discover the publication bias.

Results

Search process

In the initial search, we identified a total of 325 studies. 
After the removal of duplicate files, 308 articles were 
screened to determine whether they were eligible. After the 
screening based on the titles and abstracts, 263 articles were 
excluded. After reading the full text of the remaining 45 
articles, 38 studies were further excluded for the following 
reasons: review article; no relevant data; or ineligible article 
design. Finally, 7 papers were included in our meta-analysis 
(18-24). The detailed search process is presented in Figure 1.

Characteristics of included studies

The detailed characteristics of the 7 eligible studies are 
summarized in Table 1. The total study sample size was 
546 participants (range 60 to 98; Table 1). The duration of 
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Figure 1 Schematic of the trial selection process.
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treatment ranged from 2 to 24 weeks. Outcomes of interests 
included: SBP change, DBP change, effective ratio, and 
adverse reactions. 

The antihypertensive effect was determined according to 
the relevant standards in the guiding principles for clinical 
research of new drugs of TCM (25): (I) strongly effective: 
after treatment, DBP decreased more than 10 mmHg, 
BP returned to normal reference range; (II) Moderately 
effective: after treatment, DBP decreased to a certain 
extent, but the decrease was less than 10 mmHg, and the 
BP returned to the normal reference range; (III) ineffective: 
SBP and DBP did not improve significantly after treatment, 

SBP >140 mmHg. The effective ratio in our outcome 
variable was the sum of strongly effective and moderate 
effective ratio. 

Results of quality assessment

Direct comparisons and risk of bias assessment were 
calculated by Cochrane risk of bias assessment tool. 
Among the included studies, high risk of detection bias and 
attrition bias was found in two different studies (Figure 2). 
A summary of the risk of bias assessment for each study was 
presented in Figure 3. 

Table 1 Clinical baseline information of all the included patients

Study
Study 
design

Treatment No. of patients Gender (M/F) Age Intervention 
time

Primary 
outcome*Test Control Test Control Test Control Test Control

Tan 2020, 
(21)

RCT LGZGD + Amlodipine 
aspartate

Amlodipine 
aspartate

45 45 22/23 21/24 64.32±3.55 64.23±3.45 12 weeks 1, 2, 4

Wang 2017, 
(20)

RCT LGZGD + Telmisartan Telmisartan 52 46 28/14 25/21 64.33±4.64 65.6±3.7 12 weeks 1, 2, 3, 4

Pan 2019, 
(23)

RCT LGZGD + Conventional 
therapy

Conventional 
therapy

39 38 20/19 18/20 62.6±8.8 64.6±8.8 1 month 3

Zhang 
2017, (18)

RCT LGZGD + Enalapril 
maleate

Enalapril  
maleate

31 30 17/14 16/14 56.47±6.28 55.83±4.29 24 weeks 1, 2

Qian 2020, 
(22)

RCT LGZGD + Amlodipine Amlodipine 32 32 20/12 19/13 56.33±4.56 55.62±5.23 4 weeks 1, 2, 3

Yang 2016, 
(19)

RCT LGZGD + Conventional 
therapy

Conventional 
therapy

52 44 28/24 24/20 59.7±5.6 60.5±5.4 2 weeks 3, 4

Li 2007, 
(24)

RCT LGZGD + Lotensin Lotensin 30 30 19/11 17/13 67.23±4.62 68.15±4.38 12 weeks 1, 3

*: 1, effective ratio; 2, SBP change; 3, DBP change; 4, adverse reactions. RCT, randomized controlled trial; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; LGZDG, Lingguizhugan decoction.

Random sequence generation (selection bias) 
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Blinding of participants and personnel (performance bias) 

Blinding of outcome assessment (detection bias) 

Incomplete outcome data (attrition bias) 

Selective reporting (reporting bias) 

Other bias

0%          25%          50%         75%    100%

Low risk of bias High risk of biasUnclear risk of bias

Figure 2 Quality assessment of the studies in this meta-analysis of high, low, and unclear risk of bias are marked in red, green, and yellow.
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Results of heterogeneity test

A total of 5 studies comprising 184 test group and 183 
control group participants reported the SBP change. To 
analyze the difference of SBP change between two groups, we 
performed a meta-analysis by using the random effects model 
based on heterogeneity analysis. The MD was 12.33 mmHg  
with 95% CI: 3.37 to 21.28, P=0.007, and significant 
heterogeneity was found (I2=96%, P<0.00001) (Figure 4). 

A total of 4 studies reported the DBP change. A random 
effects model was used to evaluate the heterogeneity of 
DBP change due to the significant heterogeneity among 
included studies (I2=90%, P<0.00001) (Figure 5), and the 
result showed that test group had a better reduction of DBP 
than control group (MD was 7.42 mmHg with 95% CI: 1.89 
to 12.95, P=0.009). 

In the evaluation of difference of effective ratio between 
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Figure 3 Summary of risk of study bias for individual studies.
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Figure 4 Forest plot evaluating the outcomes of SBP change. SBP, systolic blood pressure; SD, standard deviation; CI, confidence interval.
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Figure 5 Forest plot evaluating the outcomes of DBP change. DBP, diastolic blood pressure; SD, standard deviation; CI, confidence 
interval.
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two groups, 5 articles involving 395 participants were 
included. The pooled analysis showed that the test group 
had a better level of effective ratio when compared to 
control group (RR: 1.20, 95% CI: 1.11 to 1.31), P<0.0001, 
fixed effect model), without significant heterogeneity 
(I2=0%, P=0.88) (Figure 6). 

A total of three studies reported the adverse reactions. 
The forest plot showed that the rate of adverse reactions 
in test group was lower than in control group (RR: 0.51, 
95% CI: 0.30 to 0.86, P=0.01, fixed effects model), without 
significant heterogeneity among studies (I2=0%, P=0.47) 
(Figure 7).

Results of sensitivity analysis and publication bias

The included studies were excluded one by one for 
sensitivity analysis. For SBP, the I² changed from 96% 
to 93% when Zhang 2017 (18) was excluded, the overall 
MD did not change significantly after sensitivity analysis  
(MD =15.49, P<0.0001) (Figure 8), which explained that the 
heterogeneity among studies was relatively steady.

The funnel plots were primarily drawn to evaluate 
potential publication bias for the outcomes, which revealed 
the shapes of the funnel plot with some evidence of 
symmetry (Figure 9), and the Egger test was non-significant 
(P=0.58). 

0.5            0.7               1                 1.5            2
Test control

Test                Control                              Risk ratio                                        Risk ratio
Study or subgroup

Figure 6 Forest plot evaluating the outcomes of effective ratio. SD, standard deviation; CI, confidence interval.

0.1   0.2       0.5     1       2         5      10
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Study or subgroup

Figure 7 Forest plot evaluating the outcomes of adverse reactions. SD, standard deviation; CI, confidence interval.
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Figure 8 Sensitivity analysis: forest plots of SBP change. SBP, systolic blood pressure; SD, standard deviation; CI, confidence interval.
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Discussion

Most patients with hypertension have different degrees 
of abnormal glucose and lipid metabolism and insulin 
resistance, which are closely related to cardiovascular and 
cerebrovascular diseases (3). Western medicine mainly 
focuses on simple hypertension, with 1 drug corresponding 
to 1 hypertension mechanism, and there are many potential 
adverse reactions associated with these drugs (26,27). The 
use of TCM regulates water and fluid metabolism, reduces 
weight, and improves obesity, so as to control BP (28,29); 
however, its specific antihypertensive mechanism needs to 
be further studied (30). 

In TCM, it is believed that hypertension is closely related 
to patients’ congenital endowment deficiency, physical 
deficiency, advanced age, improper diet, excessive work and 
leisure, and unregulated emotions (31). In those affected by 
hypertension, the spleen has lost the power of circulation, 
the metabolism of water is impaired, fluid accumulates in 
the body, and forms physical deficiency and obesity. Phlegm 
dampness arises and stagnates, turbid phlegm accumulates, 
and over the long-term transforms into heat, phlegm, and 
blood stasis, which together block the vessels, and result 
in vertigo (32). Therefore, the principle of TCM in the 
treatment of hypertension is to strengthen the spleen and 
help transport and dispel phlegm (33,34).

The ingredients of Lingguizhugan decoction are Poria 
cocos, Cinnamon Twig, Atractylodes macrocephala, and 
licorice. Poria cocos is sweet, light, and beneficial to water, 
which tonifies the spleen. Atractylodes macrocephala 
assists Poria cocos in tonifying spleen (35,36). Roasted 
licorice helps Cinnamon twig to support the heart and 
protect spleen and stomach at the same time. Modern 

pharmacological research shows that Poria cocos can 
reduce the contraction amplitude and tension of smooth 
muscle, affect metabolism in vivo, reduce BP, and reduce 
blood glucose. Atractylodes macrocephala can promote 
the generation of endogenous vasodilator substances, 
inhibit the release of vasoconstrictor substances, and play 
a role in reducing BP (37,38). Licorice can expand blood 
vessels, reduce BP, improve microcirculation, regulate 
blood glucose, reduce blood lipid level, and inhibit 
arteriosclerosis (39).

A total of 7 studies were included in our systematic 
evaluation. The results of meta-analysis showed that the 
total effective ratio of Lingguizhugan decoction in the 
adjuvant treatment of hypertension on the basis of routine 
western medicine treatment was higher than that of 
western medicine alone (RR: 1.20, 95% CI: 1.11 to 1.31, 
P<0.0001), suggesting that Lingguizhugan decoction has 
a good adjuvant effect on hypertension. In addition, it was 
more obvious than the control group in reducing SBP (MD: 
12.33 mmHg, 95% CI: 3.37 to 21.28, P=0.007) and DBP 
(MD: 7.42 mmHg, 95% CI: 1.89 to 12.95, P=0.009), and 
had fewer adverse reactions (RR: 0.51, 95% CI: 0.30 to 0.86, 
P=0.01). In terms of improving the curative effect of clinical 
symptoms, the Lingguizhugan decoction combined with 
western medicine group performed better than the simple 
western medicine group. 

Some literature also mentioned the influence of 
Lingguizhugan decoction on other health indicators. For 
example, Yang’s study (19) mentioned that Lingguizhugan 
decoction can increase the heart output, increase left 
ventricular mass index, reduce pulmonary artery pressure, 
and relieve the patient’s pulmonary hypertension. Tan’s 
research (21) mentioned that Lingguizhugan decoction can 
regulate lipid metabolism and insulin resistance, protect 
myocardial cells, and regulate body fluid metabolism.

Western medicine was aimed at lowering blood pressure, 
and one drug corresponded to one hypotension mechanism, 
and there were many side effects at the same time. Chinese 
medicine regulated body fluid metabolism, reduces weight 
and improved obesity (37). Lingguizhugan decoction 
combined with western medicine was used to treat 
hypertension, which was beneficial to improve the clinical 
symptoms of patients, protected the kidneys, regulated 
blood pressure and blood lipid levels, and enhance the 
therapeutic effect (34).

This meta-analysis had some limitations. Firstly, 
because Lingguizhugan decoction is a unique traditional 
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prescription in China, the reports published were mainly 
in Chinese, and the quality was relatively poor. Secondly, 
the number of included studies was small, and the sample 
size was relatively low, lacking the demonstration of large 
sample size. Thirdly, due to the limitation of the number 
of included literatures, as the combined western medicine 
scheme used in the included literatures either conventional 
therapy or amlodipine, we cannot compare the differences 
between different combination therapy.

In conclusion, Lingguizhugan decoction combined with 
western medicine can reduce patients’ blood pressure and 
improve their clinical symptoms, with high safety. This 
study was limited by the quantity and quality of the included 
studies, thus the findings require verification through 
further large sample and multi center follow-up controlled 
trials.
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