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for viral myocarditis: a systematic review
and meta-analysis
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Abstract

Background Astragalus injection has been utilized in traditional Chinese medicine to treat a variety of diseases. The
purpose of this systematic review was to evaluate the effectiveness of Astragalus injection in the treatment of viral
myocarditis.

Methods English databases such as PubMed, Cochrane Library, and EMBASE, and Chinese databases of Sino Med,
China National Knowledge Infrastructure (CNKI), the VIP Information Resource Integration Service Platform, and Wan-
fang Data Information Site, were searched from their inception until May 1, 2024. The outcome measures of this study
included the effectiveness rate, creatine kinase (CK), aspartate aminotransferase (AST), creatine kinase Isoenzyme (CK-
MB), lactate dehydrogenase (LDH), cardiac troponin | (cTnl), and electrocardiogram (ECG).

Results Twenty-six studies were included in this analysis, comprising a total of 2793 patients. Meta-analyses indicated
that, compared to standard treatment alone, the Astragalus injection group demonstrated significant advantages,
achieving an effectiveness rate of 92.79% (1094 cases). In contrast, the control group, which included 1108 cases,

had an effectiveness rate of 77.71% (861 cases). Additionally, the Astragalus injection group exhibited the follow-

ing benefits for patients affected by viral myocarditis: decreasing AAST [weighted mean difference (WMD) =-14.23,
95% confidence interval (Cl) (—24.17, —4.30), P < 0.05]; ACK [weighted mean difference (WMD) =—34.84, 95% conf-
dence interval (Cl) (—48.03, —21.65), P < 0.05], lowering ACK-MB [WMD =—7.64, 95% Cl (—9.30, —5.99), P<0.001], AcTnl
[WMD=-0.18,95% Cl (-0.27,—0.10), P<0.001], ALDH [WMD =-41.93, 95% Cl (—55.97, — 27.90), P < 0.05], and AcTnl
[WMD=-0.18,95% ClI (- 0.28, —0.08), P < 0.05].

Conclusion Astragalus injection may have a therapeutic effect in patients with viral myocarditis by reducing lev-
els of AST, CK, CK-MB, LDH, and cTnl, improving ECG results, and increasing the overall effectiveness rate for those
affected by this condition.

Trial registration: This study registered with PROSPERO before conducting the systematic review. The registration num-
ber is CRD42021239660.
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Introduction

Viral myocarditis (VMC) is a potentially life-threatening
condition, particularly in young adults [1]. The global
incidence of VMC is estimated to be approximately
10 to 20 cases per 100,000 individuals. With advance-
ments in diagnosis and survival rates, the prevalence of
VMC is expected to increase by 46% by 2030 [2]. VMC
is characterized by the degeneration and necrosis of car-
diac myocytes and is an inflammatory myocardial lesion
caused by viral invasion of the heart, with the Coxsackie
B group being the most common viruses responsible for
VMC [3, 4]. The infectious phase of VMC is marked by
viral invasion and subsequent direct damage to the myo-
cardium, which includes inflammation stemming from
both innate and adaptive immune responses, as well as
necrosis and apoptosis of cardiomyocytes [5]. Follow-
ing viral infection, damage to cardiomyocytes occurs,
leading to widespread inflammation that may also affect
the pericardium, sinoatrial node, and conduction sys-
tem to varying extents. Despite the emergence of immu-
nosuppressive and antiviral therapies, supportive care,
including mechanical circulatory support, remains the
primary treatment approach for VMC. However, due to
the absence of large-scale, randomized controlled tri-
als assessing this treatment modality, current clinical
guidelines do not endorse the use of immunoadsorp-
tion in VMC patients [6]. The underlying etiology and
pathophysiological mechanisms of VMC are not yet fully
understood, which complicates timely diagnosis and
effective management for healthcare providers [7].

Coxsackie B viruses, recognized for their role in viral
myocarditis, primarily impact the heart by directly infil-
trating myocardial cells and eliciting localized inflamma-
tory responses. In contrast, SARS-CoV-2, the etiological
agent of coronavirus disease 2019 (COVID-19), primarily
affects the respiratory system, but has also been associ-
ated with cardiac complications, including myocarditis,
particularly in severe instances. Both viruses can provoke
substantial immune responses; Coxsackie B may result
in immune-mediated cardiac damage, whereas COVID-
19 is frequently linked to a cytokine storm that intensi-
fies cardiac injury. COVID-19, caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2),
was first identified in Wuhan, China, in December 2019
and rapidly spread worldwide. Severe manifestations of
SARS-CoV-2 infection appear to elicit an inflammatory
response in cardiac tissue, potentially leading to myocar-
ditis [8].

Data from the National Health Commission of China
indicate that 92% of confirmed COVID-19 patients
received a combination of traditional Chinese medi-
cine and Western medical treatments, which have
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demonstrated significant efficacy, particularly in patients
with pre-existing health conditions. Early intervention
with traditional Chinese medicine has been shown to
effectively mitigate the progression of the disease to more
severe forms. Accumulated clinical evidence suggests
that early application of traditional Chinese medicine is
vital for enhancing cure rates, shortening the duration of
illness, delaying disease progression, and reducing mor-
tality among COVID-19 patients [9].

Astragalus was first described in the renowned tradi-
tional Chinese medicine (TCM) text, “Shen Nong Ben
Cao Jing” It is a quintessential Chinese herbal remedy
for treating vital energy deficiency and holds a signifi-
cant position in TCM. According to TCM theory, Astra-
galus can tonify Qj, lift yang, induce diuresis to alleviate
edema, eliminate toxins, and promote tissue regenera-
tion. The total flavonoids of Astragalus (TFA) are one
of the primary active constituents found in Astragalus.
The antiviral properties of Astragaloside IV against
Coxsackievirus B3 are facilitated by the upregulation
of interferon-gamma mRNA expression [10]. Addi-
tionally, Astragaloside IV influences the inflammatory
response associated with CVB3-induced viral myocardi-
tis by enhancing the expression of Tumor Necrosis Factor
Alpha-Inducible Protein 20 [11].

Astragalus injection is derived from TFA and can
be utilized to modulate the immune response, thereby
achieving an antiviral effect. Previous studies indicate
that Astragalus injection can enhance immune function
in patients with VMC, reduce the activation and ampli-
fication of inflammatory pathways, mitigate myocardial
cell damage, and improve the clinical efficacy of treat-
ment [12]. In this paper, we aim to summarize all rele-
vant studies to provide updated evidence on the effects
of Astragalus injection treatment for viral myocarditis
through a systematic review and meta-analysis.

Methods

We conducted this study in accordance with the PRISMA
guidelines. All analyses were performed based on previ-
ously published reports; therefore, no ethical approval or
patient consent was required (Prisma 2020 check list in
Supplementary material).

Information sources and search strategy

Comprehensive literature searches were conducted in
PubMed, Cochrane Library, EMBASE, SinoMed, China
National Knowledge Infrastructure (CNKI), the VIP
Information Resource Integration Service Platform, and
Wanfang Data Information Site. The publication date
range was set from the inception of each database to
May 1, 2024. The reference lists of selected studies and
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systematic reviews with a similar scope were examined
for additional relevant studies. The search strategy was
developed with the assistance of a medical librarian expe-
rienced in systematic review research. Medical Subject
Headings (MeSH) and keywords pertinent to the study
population, exposure, outcome, and study type were
combined to formulate the search strategy. The complete
search strategies for each database are shown in (Table 1,
Figure 1 and Supplement 1).

Inclusion criteria

Inclusion criteria: (a) type of study (S): the included study
was a randomized controlled trial; (b) type of participant
(P): adult patients clinically diagnosed with viral myo-
carditis; (c) type of intervention (I): the experimental
group was given Astragalus injection and conventional
treatment; (d) type of comparator (C): the control group
received conventional treatment; (e) type of prognos-
tic measurement (O): these studies included one of the
following outcomes: CK, CK-MB, LDH, cTnl, AST, and
ECG results.

Exclusion criteria

Studies were excluded if they met any of the following cri-
teria: (1) duplicate publications; (2) lack of relevant data
from which clinical trial information could be extracted;
(3) inclusion of single case reports, systematic reviews,
essential scientific reports, and animal studies; (4) clinical
trials that did not meet the above inclusion criteria.

The type of the outcome measurement

The outcome measures of this study included the effec-
tiveness rate, creatine kinase (CK), aspartate aminotrans-
ferase (AST), creatine kinase isoenzyme (CK-MB),
lactate dehydrogenase (LDH), cardiac troponin I (cTnl),
and electrocardiogram (ECQG).

Data extraction

Two reviewers independently extracted data from the
included studies. A data extraction form was developed
as a data collection tool and was modified based on
group feedback. A calibration exercise was conducted by
the reviewers to ensure consistent assessment methods.
The principal investigator was involved whenever dis-
crepancies arose between the reviewers. The following
details were extracted from each study: (1) study charac-
teristics: author, year of publication, study design, coun-
try of study, and study period; (2) study population; (3)
diagnostic criteria; (4) outcome measures; (5) covariates:
confounders were noted when the adjusted effect meas-
ures were reported.
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Assessment of bias risk of included studies

The risk of bias in the studies included in our meta-
analysis was independently assessed by two authors
using the of Bias evaluation tool from the Cochrane
Handbook for Systematic Reviews. The risk assess-
ment covered seven items: random sequence genera-
tion, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and
other sources of bias. We evaluated each of these
aspects separately and categorized them as or based
on the established assessment criteria.

The quality of evidence for outcome measures was
assessed utilizing the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE)
methodology. Table 2.

Data analysis

The statal5.1 was used for the meta-analysis. We utilized
WMD and CI as statistical analyses to determine changes
in succession. WMDs and 95% Cls were extracted from
the available publications when necessary. We calculated
WMDs and Cls based on the original study data pro-
vided in the journals. To assess the level of heterogene-
ity among the included studies, we employed /* statistics
and p-values. If 2>50% or P<0.05, we selected the ran-
dom-effects model; otherwise, we chose the fixed-effects
model Table 1.

Study characteristics

A total of 26 randomized controlled trials (RCTs) involv-
ing 2793 patients were included in the meta-analy-
sis [12-37]. Among these studies, the experimental
group comprised 1441 participants (652 males and 789
females), while the control group included 1352 partici-
pants (724 males and 628 females). The control group
received standard treatment, whereas the experimen-
tal group received an Astragalus injection in addition to
standard treatment. The duration of treatment varied
from 10 days to 6 months. The outcome evaluation indi-
cators included the effectiveness rate, improvements in
electrocardiogram readings, and the myocardial enzyme
profile (LDH, AST, CK-MB), as well as troponin cTnl lev-
els, which are illustrated in Table 1.

Assessment of study quality

The analysis included 26 randomized controlled tri-
als (RCTs), which were assessed using Review Manager
for data processing and chart generation. The random
number table method was employed for five items, while
the implementation method for the remaining 21 items
was not described. Assignment concealment was not
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Table 1 Characteristics of 26 included studies
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Author

Year

Intervention

Dose

Course of Gender (male/
treatment female)

C

Astragalus
injection

Average age

Outcomes

Wang Zhaohui

Wu Qiaoyan

Wang Fuyu

Xi Zhongxin

Sun XiangRong

Luo Chengxiang

Peng Yongjun

Lu Zuozheng

Liu Jin

Wang Yuehua

Yuan Binli

Lu Yanmei

Zhang Lisheng

Xu Muzhen

Zhang Defeng

Hu Xiaofeng

Luyingfen

zhou zhilin

Wei Ao

2001

2009

2001

2012

2005

2008

2006

2004

2017

2013

2008

2010

2010

2010

2001

2009

2000

2003

2020

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection+C

Astragalus injection

20 g+ 5%GS 500ML,
ivgtt, qd

Astragalus injec-
tion~2 ml/kg, ivgtt, qd
Astragalus injection
20-30 ml+5%GS
150-200ML, ivgtt, qd

Astragalus injection
40 ml+5%GS 250ML,
ivatt, tid,

Astragalus injec-

tion 30 ml+5%GS
150-200ML, ivgtt, qd

Astragalus injection
6-10 ml+10%GS
250ML, ivgtt, od

Astragalus injection
10-20 ml+10%GS
50-100ML, ivgtt, qd

Astragalus injection
10 ml, ivgtt, gd

Astragalus injection
15 ml+5%GS 1T00ML,
ivgtt, qd

Astragalus injection
2.5 mg/kg-d +5%GS
100-200ML, ivgtt, qd

Astragalus injection
10-20 ml+10%GS
150-200ML, ivgtt, qd

Astragalus injection
10-20 ml+ 10%GS
100-250ML, ivgtt, qd

Astragalus injection
1 ml/kg~2 mL/kg,
ivgtt, qd

Astragalus injec-
tion 0.2 g/kg + 5%GS
10-20ML, ivgtt, qd

Astragalus injec-
tion1~2ml/k
g-d+10%GS 100-
250ML, ivgtt, qd
Astragalus injection
60 ml+5%GS 250ML,
ivgtt, bid

Astragalus injection
30 ml, ivgtt+0.9%Nacl
500ML, ivgtt, qd
Astragalus injection
30mI5%GS 250ML,
ivgtt, qd

Astragalus injection
20mI5%GS 250ML,
ivgtt, qd

4w

1-4w

10-14d

42d

14d

4w

2w

2w

30/20

17/13

23/27

29/41

18/16

37/26

22/18

12/1

31/21

16/15

13/11

20/10

22/18

16/14

42/36

27/23

23/17

48/42

27/39

18/12

22/28

31/52

18/17

36/24

24/16

18/17

30/22

26/21

14/12

17/13

23/17

20/18

34/50

26/24

27/19

14/18

50/40

32

75

24.72

40.2

28

7.7

5.7

74

7.32

8.3

37

37.3

34

70

CK, cTnl

ECG

LDH, AST, ECG

CK,CK-MB,LDH, ASTECG

AST, CK-MB

ECG

AST, CK-MB, LDH, CK,

cTnl, ECG

AST, CK-MB, LDH, CK

AST, CK-MB, LDH, CK

CK-MB

ECG

AST, CK-MB, LDH, CK

CK-MB, cTnl

CK-MB, cTnl

CK-MB, LDH

AST, CK-MB, LDH, CK, cTnl

LDH, ECG

CK-MB, AST, ECG

CK-MB, LDH, cTnl, ECG




jialiken et al. European Journal of Medical Research (2025) 30:1

Table 1 (continued)
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Author Year Intervention Dose Course of Gender (male/ Average age Outcomes
treatment female)
C Astragalus
injection
ZhangYisheng 2013 Astragalus injection+C Astragalus injection 4w 22/16 28/20 25 CK-MB, cTnl
30mI5%GS 250ML,
ivgtt, qd
Wu Bing 2016 Astragalus injection+C Astragalus injection 2w 24/23 21/26 26 CK-MB, cTnl, LDH
20 ml+5%GS 250ML,
ivgtt, qd
Xie Honhying 2021 Astragalus injection+C  Astragalus injection 2w 42/38 43/37 45 CK-MB, cTnl
20 ml+5%GS 250ML,
ivgtt, qd
Yang Wenjun 2022 Astragalus injection+C Astragalus injection 2w 35/35 37/33 58.7 CK-MB, cTnl, LDH
20 ml+5%GS 250ML,
ivgtt, qd
LiWangxuan 2018 Astragalus injection+C  Astragalus injection 2w 36/26 38/24 30 CK-MB, cTnl, LDH, CK
20 ml, ivgtt, qd
Liu Ningning 2021 Astragalus injection+C  Astragalus injection 2w 35/28 33/30 40 CK, CK-MB, LDH
5~10 ml+10%GS
100-150ML, ivgtt, gd
Wang Honglei 2019 Astragalus injection+C Astragalus injection 2w 27/20 26/22 5 CK-MB, cTnl, LDH

30 ml, ivgtt, qd

T: treatment group; C: control group; Ivgtt: intravenous glucose tolerance test; CK: creatine kinase; CK-MB: creatine kinase isoenzyme; LDH: lactate dehydrogenase;
cTnl: cardiac troponin |; AST: aspartate aminotransferase and electrocardiogram (ECG)

)

Identification of studies via databases and registers

o Records identified by electronic
:g search CNKI n =318,Wan Fang n . . N
] =165, China Science and Additional records identified
£ Technology Journal Datab through other source
= n =1527,Cochrane Library n=57, (Total n =182)
§ Pubmed n=4
(Total=2071)
'on) l Records excluded(n =9)
Duplicate studies(n =154)
Records screened Animal experiments(n =3)
(n = 206) Conference abstracts (n =8)
l Pharmacokinetic studies(n =3)
Full-text articles for
> eligibility (n =32 Full-text articles excluded,did not
z mention the inclusion criteria(n
o =1)
§ l Nonrandomized controlled trails
(n=4)
Reports assessed for eligibility Outcome measure did not
(n =26) mention the inclusive criteria (n
=1)

Studies included in review
(n=26)

[ Included ][

Fig. 1 PRISMA 2020 flow diagram

specified, and only two studies reported blinding of
patients or participants. No information was provided
regarding blinded outcome evaluations. All 26 follow-
up datasets were complete, with no evidence of selection

bias or other identified biases. Figures 2 and 3 present a
summary of the risk of bias evaluation.

Result

Effectiveness

Astragalus injection group comprised 1179 cases across
22 studies, achieving an effectiveness rate of 92.79%
(1094 cases). In contrast, the control group included
1108 cases with an effectiveness rate of 77.71% (861
cases). A meta-analysis was performed on the effective
odds ratio (OR), indicating no significant heterogeneity
(P=0%, P=0.968) and utilizing a fixed-effects model.
The Astragalus injection group exhibited a significantly
higher effective rate [OR=3.82, 95% CI (2.93, 4.97)]
compared to the control group, as illustrated in Fig. 3.

The efficacy rate of the electrocardiogram

Seven studies were included, comprising a total of 299
cases in the Astragalus injection group and 276 cases
in the control group. A meta-analysis was conducted
to determine the effective odds ratio (OR), revealing no
significant heterogeneity (I*=0%, P=0.929) when using
a fixed-effects model. The electrocardiogram effective
rate in the Astragalus injection group [OR=2.51, 95%
CI (1.66, 3.81)] was significantly higher than that in the
control group (82.94% vs. 67.39%), with statistical sig-
nificance achieved (P<0.05) (Fig. 4).
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Fig. 2 Assessment of study quality

ALDH, AAST, ACK and AcTnl
Significant heterogeneity was detected for the included
studies (P<0.01, ?=90.2%). As a result, random model
was used in the analysis. The ALDH [WMD =—41.93,
95%CI (—55.97, —27.90)] in the AI group showed a sta-
tistically significant difference compared to the control
group, indicating a significant reduction (P<0.05). This
suggests that Astragalus injection effectively reduces
LDH release, as depicted in A; the random model was
employed due to significant heterogeneity (P<0.01,
I?=97.7%) among the eight included studies in AAST.
The Astragalus injection group demonstrated a signifi-
cantly lower AAST [WMD =-14.23, 95%CI (—24.17,
—4.30)] compared to the control group, with a statisti-
cally significant difference (P <0.05). This indicates that
Astragalus injection effectively reduces AST release,
as depicted in B. The meta-analysis by ACK included
8 studies exhibiting significant heterogeneity (P<0.01,
P=79.2%).

The Astragalus injection group demonstrated a sig-
nificantly lower level of ACK [WMD = —34.84, 95%CI

(—48.03, —21.65)] compared to the control group,
with statistical significance (P<0.05), as depicted
in D. The meta-analysis of 19 studies on ACK-MB,
which exhibited significant heterogeneity (P<0.01,
I’=89.2%), necessitated the adoption of a random
model. The Astragalus injection group demonstrated
a significantly lower level of ACK-MB [WMD = —7.64,
95%CI (—9.30, —5.99)] compared to the control group,
with statistical significance (P <0.05), as depicted in E.
The changes of cTnl in the Astragalus injection group
and the control group before and after intervention
were statistically calculated, AcTnl included 10 studies
with significant heterogeneity (P<0.01, I?=97.1%), so
the random model was adopted. Astragalus injection
group AcTnl [WMD=-0.18, 95%CI (—0.27, —0.10)]
was significantly lower than that of control group, the
difference was statistically significant (P <0.05), Astra-
galus injection could reduce the level of serum cTnl
(Fig. 5).
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Author (year) n/N n/N (95% CI) Weight
Wu Qiaoyan (2009) 28/30 23/30 | N 4.26 (0.81, 22.53) 534
Wang Fuyu (2001) 77/83 51/65 | e 3.52 (1.27,9.77) 14.39
Luo Chengxiang (2008) 45/50 43/52 —.—:— 1.88 (0.58, 6.07) 14.67
Peng Yongjun (2006) 29/40 20/40 |+ 2.64 (1.04, 6.69) 19.14
Yuan Binli (2008) 22/26 15/24 t 3.30 (0.86, 12.71) 8.35
Lu yingfen (2000) 32/42 23/38 —.—o—.— 2.09 (0.80, 5.47) 20.01
zhou zhilin (2003) 15/28 11/27 ﬁ_*_:— 1.68 (0.58, 4.88) 18.10
Overall, MH 248/299 186/276 0 2.51(1.66, 3.81) 100.00
(% =0.0%, p = 0.929) |

T T T
0625 1 16

NOTE: Weights are from Mantel-Haenszel model

Fig. 4 The forest plot of ECG

Subgroup analysis

The effectiveness of different intervention courses

The effectiveness of various intervention courses was
evaluated through subgroup analysis. Thirteen studies

were included in the 2-week intervention course group,
while ten studies were part of the group with interven-
tions lasting more than 2 weeks. No significant het-
erogeneity (I>=0%) was observed in either group, or a
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Fig. 5 The forest plot of ALDH, AAST, ACK, ACK-MB and AcTnl (A-E)

fixed-effects model was employed for the analysis. The
Astragalus injection group demonstrated a higher effec-
tive rate at 2 weeks [OR=3.52, 95% CI (2.52, 4.94)]
compared to the control group. Furthermore, the Astra-
galus injection group exhibited a higher response rate at
2 weeks [OR=4.34, 95% CI (2.84, 6.66)] than the control
group, with a statistically significant difference between
the two subgroups (P<0.05) (Supplementary Fig. 1).

Effectiveness of electrocardiogram in different
intervention courses

The subgroup analysis focused on the response rate of
ECG during the intervention course, which included

two studies conducted within two weeks and more
than five studies conducted beyond 2 weeks. No sig-
nificant heterogeneity (I*=0%) was observed in either
group, and a fixed-effects model was employed. The
ECG response rate within two weeks for the Astragalus
injection group was higher compared to the control
group, with an odds ratio (OR) of 2.17 and a 95% con-
fidence interval (CI) of (1.08, 4.37) (64.71% vs. 46.27%).
Furthermore, the Astragalus injection group demon-
strated a higher ECG response rate beyond 2 weeks,
with an OR of 2.71 and a 95% CI of (1.62, 4.56) (88.31%
vs. 74.16%), indicating a statistically significant differ-
ence (P<0.05) (Supplementary Fig. 2).
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Alterations in myocardial enzyme profiles (ALDH,
AAST, ACK, ACK-MB, and AcTnl) were analyzed for
subgroup analysis based on different intervention dura-
tions (2 weeks and more than 2 weeks) (Supplementary
Material, Figs. 3-6).

In the 2-week group, a total of 10 studies were
included, with more than 4 studies incorporated within
this timeframe. Heterogeneity analysis revealed no sig-
nificant heterogeneity (P=0.732, ’=0%) in the 2-week
group, while significant heterogeneity was observed
in the>2-week subgroup (P<0.01, ?=92%). Conse-
quently, a random-effects model was adopted for the
overall analysis. In the subgroup analysis of the 2-week
duration [WMD=-51.56, 95% CI (—67.93, —35.20)],
it was found that the change in ALDH in the Astragalus
injection group was significantly lower compared to the
control group, with these differences being statistically
significant (P<0.05). However, there was no statisti-
cally significant difference in ALDH at 2 weeks (P> 0.05).
Four studies included in the analysis of AAST over a
period of 2 weeks demonstrated significant heterogene-
ity in both the 2-week group (P=0.062, ’=67.7%) and
the>2-week subgroup (P<0.01, ?=98.5%). Therefore,
a random-effects model was employed for the overall
analysis. In the 2-week subgroup [WMD=-17.37, 95%
CI (—33.75, —0.98)], as well as in the >2-week subgroup
[WMD =—9.40, 95% CI (—16.10, —2.71)], there was a
statistically significant decrease in AAST compared to
the control group (P<0.05).

Four studies were included in the analysis of ACK over
a 2-week period. No heterogeneity was observed in the
2-week subgroup (P=0.794, I*=0%), while significant
heterogeneity was found in the same subgroup (P<0.01,
PP=84.9%). Consequently, a random-effects model was
adopted for the overall analysis. In the 2-week subgroup,
WMD was -33.10 with a 95% CI of (—51.51, —14.69).
Both subgroups exhibited significantly lower changes in
ACK levels in the Astragalus injection group compared
to the control group, and these differences were statisti-
cally significant (P<0.05). Fourteen studies were included
in the analysis of ACK-MB over a 2-week period, with
more than five studies in each subgroup. Both sub-
groups showed significant heterogeneity (P<0.01,
?=81.5% for the>2-week group and P<0.01, >=88.8%
for the<2-week group). Therefore, a random-effects
model was used for the overall analysis. In the >2-week
subgroup, the WMD was —6.70 with a 95% CI of (- 8.40,
—5.00), and in the <2-week subgroup, the WMD was
—10.34 with a 95% CI of (—14.77, —5.92). Changes in
ACK-MB were significantly lower in the Astragalus injec-
tion group compared to the control group (P<0.05).

Subgroup analyses were conducted for troponin AcTnl
based on intervention durations of 2 weeks and greater
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than 2 weeks. Eight studies were included in the 2-week
subgroup, while 2 studies were included in the subgroup
for durations exceeding 2 weeks. There was no heteroge-
neity in the group with interventions lasting more than
2 weeks (P=0.794, I*=0%), whereas significant het-
erogeneity was observed in the 2-week group (P<0.01,
PP=97.1%). Consequently, a random-effects model was
applied to the overall analysis. In the 2-week subgroup,
the weighted mean difference (WMD) was —0.21 (95%
CI —-0.31, —0.12), and in the>2 weeks subgroup, the
WMD was —0.02 (95% CI —0.03, —0.01). The change in
AcTnl in the Astragalus injection group was significantly
lower than that in the control group, with a statistically
significant difference (P<0.05).

The analysis of bias

The indices (effective rate, ALDH, ACK-MB, AcTnl)
that included ten or more items in the study underwent
bias analysis. Stata 15 was used to generate funnel plots
and conduct Egger tests for projects with more than ten
included studies. The findings indicate no significant
publication bias in the quantitative results for efficiency,
ALDH, and AcTnl (P>0.05). However, there is evidence
of publication bias in the quantitative results for ACK-
MB (P<0.05). Please refer to Fig. 6, Tables 3, and Supple-
mentary Fig. 7.

Discussion

Our updated systematic meta-analysis indicated that
Astragalus injection could improve outcomes for patients
affected by VMC. Specifically, Astragalus injection sig-
nificantly reduced levels of inflammatory factors: CK,
CK-MB, and LDH in the Astragalus injection group com-
pared to conventional treatment alone Table 3.

Although the internationally recognized Dallas cri-
teria exist for diagnosing myocarditis, they have limita-
tions [38]. The presence of elevated myocardial markers
is a critical criterion for diagnosing VMC. Furthermore,
the commonly used myocardial enzyme indices in clini-
cal practice include CK, CK-MB, LDH, and AST, with
CK and CK-MB holding the greatest clinical significance
[39]. In recent years, cInl has also emerged as a highly
sensitive and specific biomarker for diagnosing myocar-
dial injury, making it increasingly valuable in the diagno-
sis of acute viral myocarditis [40]. CK plays a vital role in
energy regulation as a myocardial enzyme and is found in
the renal distal convoluted tubules, as well as in muscles
and the brain. CK is a dimer composed of two subunits,
M and B. CK-MB is a low molecular weight protein found
in cardiac and skeletal muscle cells, and it is the first non-
enzymatic protein used for the diagnosis of myocardial
injury [41]. It is generally detectable in the bloodstream 1
to 2 h after myocardial damage [42].
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Fig. 6 The funnel plot of ALDH, ACK-MB and AcTnl (A-C)
Table 2 Grading of recommendations, assessment, development, and evaluation
Outcomes N Design Certainty assessment Patients Effect WMD/OR(95%Cl) Quality
Risk of bias Inconsistency Indirectness Imprecision Others T C
CK 9 RCT No serious  No serious Serious Serious No serious 481 440 —34.83(—48.03,—21.65) Moderate
AST 9 RCT No serious  No serious Serious No serious No serious 407 380 —14.23(-24.17,-430) Moderate
CK-MB 20 RCT No serious  No serious Serious No serious No serious 1058 1022 —7.64(—=9.30,—5.99) Moderate
LDH 14 RCT No serious  No serious Serious No serious Noserious 850 812 —41.93(-55.97,—-27.90) Moderate
cnl 12 RCT No serious  No serious No serious No serious No serious 679 644 -0.18 (=0.27,-0.10) High
ECG 9 RCT No serious  No serious No serious No serious No serious 457 438 2.51(1.66,3.81) High

T: treatment group; C: control group; N: number

Lactate dehydrogenase (LDH) is a nonspecific myocar-
dial enzyme found in the liver, skeletal muscle, erythro-
cytes, and other cells within the mitochondria. It serves
as a marker in viral myocarditis (VMC), which can be
effectively reduced by Astragalus injection interventions.
Most of the cardiac troponin I (cTnl) binds to the myo-
cardial contractile proteins in myocardial fibers, while a

small portion remains free in the cytoplasm of cardiomy-
ocytes. When the myocardium is damaged, cTnl can leak
into the bloodstream through compromised myocardial
cells, resulting in elevated levels of ¢Tnl in the blood
[43]. Additionally, cTnl plays a role in regulating myo-
cardial contraction by influencing calcium metabolism,
inhibiting kinin, and altering ATPase activity in muscle
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Table 3 Egger test result

Study Coef std P>Itl 95% conf. interval
Effectiveness 23 1441 0462 0.051 0.481 2401
ALDH 14 -3.139 1.545 0.065 —6.500 0.226
ACK-MB 19 —3.108 0.949 0.004 —5.112 —1.105
AcTnl 10 —4.251 1.939 0.06 -8723 0.221

fibers. Once myocardial damage subsides, cTnl levels
will decrease. However, patients with VMC who exhibit
a poor response to treatment may experience prolonged
and more severe viral infections, leading to exacerbated
chronic inflammation in cardiomyocytes and sustained
elevated levels of ¢Tnl [44]. Pharmaceutical studies have
demonstrated that Astragalus injection can enhance the
permeability of the blood—brain barrier and increase
local blood flow.

Lactochrome is an extract derived from Astragalus
membranaceus. It serves as an antioxidant and car-
dioprotective agent. The primary components of lac-
tochrome, including astragaloside and isoflavonoids, are
involved in various metabolic processes that effectively
enhance myocardial contractility, reduce the replication
of myotropic viruses, and protect heart function. Addi-
tionally, these compounds promote vascular dilation
and help lower blood pressure. The combination of lac-
tochrome with conventional therapies may yield syner-
gistic effects through these mechanisms.

Astragalus membranaceus is a well-known traditional
Chinese medicine celebrated for its immunomodula-
tory properties. The primary constituents of Astragalus
include flavonoids, saponins, polysaccharides, amino
acids, and trace elements. As a natural immune regula-
tor, it is widely used in the treatment of various con-
ditions, including nephritis, cancer-related immune
responses, and other immune disorders. Furthermore, it
demonstrates cardioprotective effects in cardiovascular
diseases. In recent years, both clinical and fundamental
studies have reported the beneficial therapeutic effects of
Astragalus membranaceus against viral infections [45].
However, the clinical evidence remains fragmented, and
the underlying mechanisms are still unclear, which limits
the clinical application of Astragalus membranaceus.

The traditional Chinese medicine injection is an inno-
vative formulation that integrates traditional Chinese
medicine with modern science and technology, dem-
onstrating high bioavailability and remarkable efficacy.
It has been extensively used in the treatment of viral
myocarditis [46]. A previous study examined the effects
of Astragalus injection on inflammatory mediators in
patients with viral myocarditis; however, this study only

included Astragalus injection and highlighted its poten-
tial therapeutic role through immunomodulatory effects.
Furthermore, subgroup analyses were not conducted to
explore additional factors [47].

In our study, we found that the combination group
exhibited significantly greater reductions in viral myo-
carditis-related indicators and enhanced clinical efficacy
compared to the control group. Furthermore, no seri-
ous adverse events were observed in this meta-analysis.
These findings suggest that the administration of Astra-
galus injection in conjunction with antihypertensive
drugs has a cardioprotective effect on patients with viral
myocarditis, making it a viable option for widespread
use in clinical treatment. The significant heterogeneity
observed in the included studies may pose a challenge
in interpreting the results, despite the use of a random-
effect model to account for this study. Thus the need for
further research to strengthen the conclusions drawn
in this article, including larger sample sizes and more
diverse populations.

Currently, the concentration and compatibility of
Astragalus injection require further optimization. Future
research could focus on developing new formulation
types, such as sustained-release formulations and nan-
odrugs, to enhance the drug’s bioavailability and efficacy.
Astragalus injection has demonstrated significant effi-
cacy in treating viral myocarditis and also holds poten-
tial value in various cardiovascular diseases, including
coronary heart disease and chronic heart failure. Future
studies could broaden the application of Astragalus injec-
tion to other cardiovascular conditions and evaluate its
overall therapeutic effects. Long-term efficacy and safety
are critical indicators for assessing the clinical applica-
tion of drugs. Therefore, future research should include
long-term follow-up to evaluate the efficacy and safety
of Astragalus injection in extended treatments, provid-
ing more comprehensive clinical data. By thoroughly
exploring these research avenues, a more robust scien-
tific foundation can be established for the clinical use of
Astragalus injection in viral myocarditis and other car-
diovascular diseases.
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Limitations

There were several limitations in this study. First, there
is controversy regarding the timing of CK-MB and CK
index detection, making it difficult to reach a defini-
tive conclusion about this indicator in our review. Sec-
ond, the sample sizes of the included studies tended
to be small. Third, in the original studies, the medica-
tions used in the conventional therapy group included
only oxygen free radical scavengers, and it is unclear
whether other drugs, such as immunosuppressants and
interferons, were also utilized. Additionally, it is uncer-
tain if, in the experimental group, other traditional
Chinese medicines were used alongside Astragalus
injection. Fourth, all included trials were conducted
in China, which may introduce potential location bias.
Finally, the quality of the included studies is relatively
low; they were primarily short-term follow-up stud-
ies with small sample sizes, and they rarely employed
allocation concealment or blinding methods. The types
of interventions and the duration of the interventions
in the included studies were also inconsistent. There-
fore, caution should be exercised when interpreting
the results. Despite these limitations, this investigation
represents the first and most recent systematic assess-
ment of Astragalus injection’s efficacy in treating viral
myocarditis, which could be beneficial for clinicians.
The significant heterogeneity observed in the included
studies may pose a challenge in interpreting the results,
despite the use of a random-effects model to account
for this variability. Therefore, there is a need for fur-
ther research to strengthen the conclusions drawn in
this article, including larger sample sizes, more diverse
populations and more high-quality studies are needed
to enhance the credibility of these findings.

Conclusion

Astragalus injection may have a therapeutic role in
patients with viral myocarditis by reducing levels of
AST, CK, CK-MB, LDH, and c¢Tnl when compared to
antiviral medications alone, thereby increasing the
effectiveness rate for viral myocarditis. Well-designed
and executed multicenter clinical trials are still needed
to draw definitive conclusions regarding the effects of
Astragalus injection treatment for viral myocarditis.

Abbreviations

CcK Creatine kinase

AST Aspartate aminotransferase
CK-MB  Creatine kinase isoenzyme
LDH Lactate dehydrogenase
cTnl Cardiac troponin |

ECG Electrocardiogram

VMC Viral myocarditis
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