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Background: Huangai injection (HQ)I) is the extract of Astragalus membranaceus (Fisch.)
Bunge, which is widely used in the treatment of a variety of diseases in China. It is
supposed to be an important adjuvant therapy for hypertensive nephropathy.

Objective: To evaluate the efficacy of HQI combined with antihypertensive drugs in the
treatment of hypertensive nephropathy.

Materials and Methods: We systematically searched China National Knowledge
Infrastructure (CNKI), Chinese Scientific Journals Database (VIP), Wanfang Knowledge
Service Platform (WanfangData), Chinese Biomedical Database (CBM), EMBASE,
PubMed and Cochrane Library from their inception to April 23st, 2021. All studies were
independently screened by two auditors according to the inclusion and exclusion criteria.
Randomized controlled trials comparing HQI in combination with antihypertensive drugs
vs. antihypertensive drugs alone were extracted.

Results: The meta-analysis included 15 studies involving 1,483 participants.The effect
of HQI combined with antihypertensive drugs is better than that of antihypertensive drugs
alone in regulating hypertensive nephropathy for reducing 24-h urinary total protein (24 h
UTP) WMD=-0.29, 95% CI (—0.40, —0.18), P = 0.000], microalbuminuria (mALB) [WMD
= —17.04, 95% Cl (—23.14, —10.94), P = 0.000], serum creatinine (SCr) [WMD =
—40.39, 95% CI (—=70.39, —10.39), P = 0.008], systolic blood pressure (SBP) [WMD
= —9.50, 95% CI (—14.64, —4.37), P = 0.000], diastolic blood pressure (DBP) [WMD
= —4.588, 95% CI (—6.036, —3.140), P = 0.000], cystatin-C (Cys-c) WMD = —0.854,
95% CI (—0.99, —0.72), P = 0.000], blood urea nitrogen (BUN) [WMD = —4.155, 95%
Cl (—-6.152, —2.157), P = 0.000].

Conclusion: The combination of HQI and antihypertensive drugs is more efficient in
improving the related indexes of patients with hypertensive nephropathy than using
antihypertensive drugs alone, and a moderate dose of HQI (no more than 30 mL) may
benefit more. However, the quality of the methodology is low and the number of samples
is small, the results need to be confirmed by more stringent randomized controlled trials.

Keywords: hypertensive nephropathy, Astragalus membranaceus (Fisch.) Bunge, Huangqi injection, systematic
review, meta-analysis
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INTRODUCTION

Hypertension is one of the important risk factors for
cardiovascular events and kidney disease, which is considered
to be a potential cause of death and a major health problem
in all regions of the world. The prevalence of hypertension in
different countries ranges from 22 to 55%, which is expected to
increase to 60% by 2025. It has become a global high-burden
disease (1). Chronic kidney disease (CKD) is a common
complication in patients with hypertension, which plays a
major role in the progression of most forms of CKD, including
diabetic nephropathy. Hypertension accelerates the progression
of kidney disease, and the deterioration of renal function
makes it more difficult to control blood pressure, resulting in
a vicious circle of progressive renal failure (2, 3). When the
glomerular filtration rate (GFR) falls below the critical level,
CKD will continue to develop to end-stage renal disease (ESRD).
Hypertensive nephropathy is the main cause of ESRD after
diabetic nephropathy (4). In the United States, hypertension
is the second major cause of ESRD patients. More than 30,000
people are diagnosed with hypertension-related ESRD every
year, and the number of patients diagnosed with RSRD continues
to grow steadily, which has become a major challenge in the field
of public health care (5-7).

Studies found that hypertension is positively related to
the occurrence and development of cardiovascular disease
and kidney disease. Considering that reducing blood pressure
can significantly reduce the risk of chronic kidney disease,
active intervention and management of blood pressure should
be carried out in patients with hypertension. Moreover, the
development of hypertensive nephropathy is related to many
factors, such as sympathetic nervous activity (SNA) change,
renin-angiotensin-aldosterone  system (RAAS) activation,
arteriosclerosis, water and sodium retention, and genetic
susceptibility (3). Current guidelines recommend that adults
with hypertension and chronic kidney disease should control
the blood pressure below 130/80 mmHg, with an emphasis on
the management of blood pressure and urinary microalbumin,
and prefer to RAAS inhibitor drugs, usually in combination
with diuretics or calcium antagonists to slow the progression of
kidney disease (8). Microalbumin (mALB) which was defined as
the excretion rate of urinary albumin between 20-200 mg/min
or 30-299 mg/d is an important indicator of cardiovascular
events and renal function. The degree of mALB is closely related
to the progression of ESRD (9, 10). Studies have shown that
after active treatment, mALB can be reduced by more than 30%,
while the risk of dialysis in 3-5 years is reduced by 39-72%.
Progressive kidney disease can be minimized when albuminuria
and blood pressure decrease simultaneously (11, 12). As a part
of alternative medical adjuvant therapy, traditional chinese
medicine is widely used in the treatment of hypertension and
chronic kidney disease. More and more evidence support the
point of view (13-15).

Huangqi injection (HQI) is a Chinese herbal medicine which
is a water extraction and sterilization solution of dried roots
of Astragalus membranaceus (Fisch.) Bunge. HQI has a wide
range of pharmacological effects. Ultra-high performance liquid
phase tandem quadrupole time-of-flight mass spectrometry has

identified 46 active components of HQI, such as saponins,
flavonoids and amino acids (16, 17). Studies have shown that
HQI can dilate blood vessels, increase coronary and renal blood
perfusion, reduce myocardial oxygen consumption, improve
renal microcirculation, eliminate lipid peroxides and scavenge
ROS (18-20). HQI can inhibit phosphodiesterase activity,
reduce cAMP decomposition, increase extracellular calcium
(CA?*) inflow and sarcoplasmic reticulum CA?* outflow,
increase cardiomyocyte excitability, thus enhance myocardial
contractility. HQI can inhibit thromboxane synthesis, reduce
blood viscosity, alleviate water retention and increase eGFR
by improving arginine vasopressin (AVP) system and AVP-
dependent aquaporin2 levels (21). With the study of the
pharmacological effects of Astragalus membranaceus (Fisch.)
Bunge, HQI is widely used in clinical practice in China, such as
in the treatment of coronary heart disease, cardiomyopathy, acute
and chronic glomerulonephritis, diabetic nephropathy, as well as
hypertensive nephropathy (20, 22).

In recent years, there have been many clinical practices
comparing the efficacy of HQI combined with antihypertensive
drugs with that of antihypertensive drugs alone in the treatment
of hypertensive nephropathy, and the results show that the
combined use of HQI and antihypertensive drugs benefits
patients, but the efficacy of HQI in the treatment of hypertensive
nephropathy has not been laborated. Therefore, we conducted a
systematic review and meta-analysis to determine the efficacy of
HQI in adjuvant treatment of hypertensive nephropathy.

MATERIALS AND METHODS

Systematic reviews and meta-analyses were designed in
accordance with the guidelines of the 2009 Preferred Reporting
Project for Systematic Analysis and Meta-analysis (PRISMA)
statement (23).

Search Strategy

Literature retrieval is carried out from the electronic network
databases from inception to April 23st, 2021, and the retrieval
language is not limited. The databases include China National
Knowledge Infrastructure (CNKI), China Scientific Journal
Database (VIP), WanfangData Knowledge Service Platform
(WanfangData), Chinese Biomedical Database (CBM), EMBASE,
Cochrane Library and PubMed. The retrieval scheme was
based on the combination of subject words and free words,
and the search terms included “hypertension,” “Hypertensive
nephropathy,” “Hypertension nephropathy,” “Hypertensive renal
injury, “Hypertensive renal damage,” “Hypertensive kidney
injury,” “Hypertensive kidney damage,” “Astragalus,” “Astragalus
injection,” “Huangqi” and “Huangqi Injection.”

Inclusion Criteries

Inclusion studies should meet the following criteria: (1)
Randomized Controlled Trials (RCTs) regardless of blinding,
publication status, type of publication, or language; (2) Patients
meeting the diagnostic criteria of hypertensive nephropathy,
Omeeting the diagnostic criteria of hypertension. Hypertension
was defined as SBP > 140 mmHg or DBP>90 mmHg,
Oappearing clinical patterns of abnormal renal function, such
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as increased urinary protein and serum creatinine, Oexcluding
secondary hypertension and primary renal disease caused
by other reasons, other serious diseases or complications;
(3) Comparing the intervention with HQI combined with
antihypertensive drugs with the treatment in the control group.
The intervention measures in the control group included
antihypertensive drugs and conventional therapy, and there
were no restrictions on the dosage, type, frequency or course
of treatment.

Exclusion Criteria

Research that meets the following criteria will be excluded : (1)
duplicate publications; (2) basic research, non-clinical studies,
systematic review, case report and case discussion; (3) use of any
other drugs and/or herbal medicines during the study; (4) clinical
trials from which relevant data cannot be extracted; (5) clinical
trials that did not meet the expected inclusion criteria.

Study Selection

The levels of serum creatinine (Scr), microalbuminuria (mALB)
and 24-h urinary total protein (24h UTP) were selected as
the main outcome indicators. The secondary outcome included
blood urea nitrogen (BUN), cystatin C (Cys-c), systolic blood
pressure (SBP), diastolic blood pressure (DBP).

Data Extraction

Two researchers independently conducted searches according to
the search strategy. Preliminary screening was based on topics
and abstracts, excluding studies that were obviously unqualified.
For studies that might be eligible, full text screening was
performed according to inclusion and exclusion criteria, and
data was extracted. Two researchers then cross-checked the
studies.Any differences are resolved through discussion or final
arbitration verified by a third researcher.

1S VR
l PRISMA 2009 Flow Diagram
Records identified through database Additional records
c searching PubMed= 5, the Cochrane identified through
2 Library= 22, EMBASE= 16 CNKI= other sources
g 873, Wanfang Data= 25, VIP= 27, (n=0)
-?:_, CBM=34
=
o
=
v
) Records after duplicates removed
(n= 912)
o0
=
i
o
o
5
wv v
Records excluded (n = 888)
Recordf screened | Irrelevant studies(n = 778)
(n=912) | Animal experiments (n = 57)
— review (n = 53)
g
S Full-text articles excluded
&
= (n=9)
Full-text articles assessed _| -not RCTs(n=3)
for eligibility "| -inclusion criteria not met
— (n=24) (n=4)
- use of any other drugs and/or
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% Studies included in meta-
= analysis (n = 15)
FIGURE 1 | Flowchart of the process for literature retrieval.
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TABLE 1 | Characteristics of the included studies.

References Sample size Sex M/F Age (years) Diagnosis Treatment Control Duration of Outcomes Adverse events
(T/C) standards treatment
T Cc T C
Chen, (38) 90/90 54/36 51/39 43.25 +9.61 42.67 +£9.72 CGMH (2005) HQI 30mL ivgtt  Antihypertension 30 days SBP, DBP, Scr, no mentioned
qd) +control therapy (no details) 24h UTP, MDA,
+Low protein, low SOD, NO, NOS,
salt and low fat Ep, PWVB, AC
diet (no details)
Dong, (29) 26/23 19/7 17/6 65+ 3.2 64.3+4.5 Diagnosis and HQI 20mLivgtt  Fosinopril Sodium 30 days BUN, Scr no mentioned
Treatment of qd) +control (10-20 mg/d)
Nephropathy (Ye
Rengao)
Guo, (32) A47/47 33/14 34/13 57.6 £9.3 57.8 £ 9.1 Essential HQI (30 mL ivgtt Low protein, low 4 weeks SBP, DBP, BUN, no mentioned
hypertension with  qd) +control salt and low fat Scr, Cys-c, 24h
proteinuria diet (no details) UTP, NAG, a1-MG
+lIrbesartan (150
mg/d)
Han, (24) 40/38 26/14 22/16 57.2 £35 57.8 £3.3 CGMH (2009) HQI (40mLivgtt  Irbesartan (150 30 days SBP, DBP, no mentioned
qd) +-control mg/d) hs-CRP, UAER,
B2-MG, BUN, Ccr,
TG, TG, HDL-C,
LDL-C
He, (35) 50/46 40/10 38/8 74.2 (mean) Essential HQI (40mL ivgtt  Low protein, low 45 days BUN, Scr, Cer no mentioned
hypertension with  qd) +control salt and low fat
proteinuria (without PGE1 diet (no details)
injection) +PGET1 injection
200mg ivgtt gqd
Huang, (30)  45/45 54/36 (no details) 62.25 + 8.52 (no details) CGMH (2005) HQI (30 mL ivgtt Irbesartan (150 4 weeks Cys-c, mALB, no mentioned
qd) +control mg/d) B2-MG, NAG
Huang, (27)  63/63 41/22 40/23 58.36 + 6.87 57.93 + 6.97 Diagnosis and HQI 30mL ivgtt  Irbesartan 4 weeks BUN, Scr, 24 h Treatment group
Treatment of qd) +control (150mg/d) UTP, mALB, 2, Control group 4
Nephropathy (Ye Cys-c, LP
Rengao)
Ji, (28) 54/40 36/18 23/17 56.3 (mean)  54.6 (mean) CGMH (2000) HQI 25 mL ivgtt  Antihypertension 30 days mMALB, B2-MG no mentioned
qd) +control therapy (no details)
Song, (31) 39/39 26/13 25/14 56.87 £ 55.26 + 10.47 Nephrology (Wang HQI (30mL ivgtt  Irbesartan (150 28 days SBP, DBP, 24 h no mentioned
11.55 Haiyan) qd) +control mg/d) UTP, Scr, BUN
Tang, (25) 30/30 18/12 16/14 67.10 £9.94 62.96 +9.54 Nephrology (Wang HQI (60mL ivgtt  Antihypertension 4 weeks NAG, 24h UTP, no mentioned
Haiyan) qd) +control therapy (no details) ET-1

+Low protein, low
salt and low fat
diet (no details)

(Continued)
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TABLE 1 | Continued

References Sample size Sex M/F Age (years) Diagnosis Treatment Control Duration of Outcomes Adverse events
(T/C) standards treatment
T C T C
Wu, (37) 23/23 15/8 16/7 54 +8 55+9 CGMH (1999) HQI (60mLivgtt  Antihypertension 4 weeks 24h UTP no mentioned
qd) +control therapy (no details)

+Low protein, low
salt and low fat
diet (no details)

Yang, (34) 80/78 51/29 50/28 no mentioned CGMH (2014) HQI (40mL ivgtt  Losartan 4 weeks SBP, DBP, 24 h No adverse events
qd) +control Potassium (50 UTP, UAER
mg/d)
+Hydrochlorothiazide
(12.5 mg/d)
Zhao, (26) 56/56 31/25 32/24 621 +7.9 61.6+8.2 Essential HQI (30mL ivgtt  Captopril (25 30 days Scr, BUN, Cys-c, no mentioned
hypertension with  gd) +control mg/d) + Low 24h UTP, NAG,
renal damage protein, low salt al-MG
and low fat diet
(no details)
Zhao, (33) 66/66 76/56 (no details) 57.33 & 10.29 (no details) Internal Medicine  HQI (20mL ivgtt  Irbesartan (150 4 weeks SBP, DBP, Scr, no mentioned
(Lu Zaiying) qd) +control mg/d) 4+ Low BUN, 24h UTP,
protein, low salt mAIB
and low fat diet
(no details)
Zhaoyj, (36)  45/45 23/22 22/23 67.6 £ 8.2 68.4 + 8.7 CGMH (2005) HQI (40mL ivgtt  Antihypertension 4 weeks SBP, DBP, UAER, No adverse events
qd) +control therapy (no details) B2-MG, TC, TG,
+Low protein, low HDL-C, LDL-C

salt and low fat
diet (no details)
-+Quitting
cigarettes and
alcohol

T, treatment group; C, control group;, CGMH, Chinese guidelines for the management of hypertension; 24 h UTR, 24-h urinary total protein; AC, arterial compliance; BUN, blood urea nitrogen; Ccr, creatinine clearance rate; Cys-c,
cystatin C; DBF, diastolic blood pressure; Ep, pressure-strain elasticty modulus; ET-1, endothelin-1; HDL-C, high density lipoprotein cholesterol; hs-CRF, high-sensitivity C-reactive protein; LDL-C, low density lipoprotein cholesterol; LF,
lipoprotein; mAIB, microalbumin; MDA, malondialdehyde; NAG, N-acetyl-beta-D-glucosaminidase; NO, nitric oxide; NOS, nitric Oxide Synthase; PWVB, pulse wave velocity B; SBF, systolic blood pressure; Scr, serum creatinine; SOD,
superoxide dismutase; TC, total cholesterol; TG, triglycerides; UAER, urinary protein excretion rate; a1-MG, alpha-1- macroglobulin; p2-MG, beta-2-microglobulin.
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Quality Assessment

According to the bias risk assessment tool in the Cochrane
Handbook for Systematic Reviews, the methodological quality
of the included study was evaluated by two researchers. The
risk assessment tool consists of seven items: (1) generation of
random sequences; (2) allocation concealment; (3) blinding of
participants and personnel; (4) blinding of outcome data; (5)
incomplete outcome data; (6) selective reporting; (7) other biases,
These items were assessed as having “high bias risk,” “low bias
risk” or “unclear bias risk” according to the evaluation criteria.

Data Analysis

Statal4.0 software was used to analyze the meta-analysis. For
continuous variables, weighted mean difference (WMD) or
standardized mean difference (SMD) and 95% CI were used.
Heterogeneity is evaluated using I® statistics and y* statistics.
The effect model was selected according to the results of
heterogeneity test, and the fixed effect model was used when
P > 0.05 and < 50. P < 0.05 and I*?> 50 indicated that the
heterogeneity of the results could not be ignored, and we used the
random effect model. P < 0.05 was considered to be statistically
significant. Potential publication bias was tested by egger. The
possible abnormal studies were evaluated by sensitivity analysis,
and the results were compared with the meta-analysis before
exclusion to determine how the excluded study would affect
the size of the merger effect and the stability of the meta-
analysis. Then we analyzed or eliminated the possible sources of
heterogeneity. The indicators with high heterogeneity could not
be excluded by subgroup analysis in order to explore the potential
causes of heterogeneity according to different interventions or
other factors.

RESULTS

Search Results
A total of 1002 articles [Cochrane Library (n = 22), PubMed
(n = 5), EMBASE (n = 16), CBM (n = 34), CNKI (n = 873),

WanfangData (n = 25) and VIP (n = 27)] met the criteria
through the search strategy, and 90 of them were excluded due
to repeated publication. Eight hundred and eighty-eight articles
were excluded after reviewing titles and abstracts. The remaining
24 articles were reviewed in full, a further 9 articles were excluded.
Among them, 3 were not RCTs, 4 were not in accordance with
the inclusion criteria, and 2 used any other drugs and/or herbal
medicines during the study. In the end, the remaining 15 articles
were included in the meta-analysis. The filtering flow chart is as
follows (Figure 1).

Research Characteristics

All 15 RCTs (24-38) enrolled 1,483 patients, including the
experimental group (n = 754) and the control group (n = 729).
In all studies, the control therapy was followed by conventional
antihypertensive regimen, while in the observation group, the
control therapy was combined with HQI intervention with a dose
range of 20-60 mg/d. Detailed information about the included
studies is provided in Table 1.

Quality Assessment

All of the included studies mentioned randomization, and only
five of the trials described the randomization method used
in their studies, while the others did not describe specific
allocation techniques. None of the studies had procedures for
hidden assignment and blinding. Quality assessment is shown in
Figure 2.

Results of Meta-Analysis

24-H Urinary Total Protein (24 h UTP)

There are 8 studies (25-27, 32-34, 37, 38) included a total of 908
participants reporting 24 h UTP. After heterogeneity was tested
(I = 79.2%, P = 0.000, Supplementary Figure 1), a random
effect model was used. A funnel chart analysis of 8 studies showed
significant asymmetry, which may be related to publication bias
or inclusion of low-quality studies (Supplementary Figure 2).
Egger test (P = 0.372) (Supplementary Figure 3) was used to
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Study(ID)

chen (2015)
guo (2017)
huang (2017)
tang (2006)

wu (2007)

yang (2015) +*
zhao (2015)

zhao (2017)

Overall, DL (I’ = 79.2%, p = 0.000)

%

WMD(95% Cl) Weight
-0.44 (-0.63, -0.25) 11.51
-0.15 (-0.29, -0.01) 13.69
-0.30 (-0.47, -0.13) 12.29
-0.14 (-0.21, -0.07) 16.58
-0.25 (-0.50, 0.00) 9.16
-0.41 (-0.72, -0.10) 7.30
-0.45 (-0.54, -0.36) 15.67
-0.28 (-0.42, -0.14) 13.80
-0.29 (-0.40,-0.18)  100.00

T
-5 0

NOTE: Weights are from random-effects model

FIGURE 3 | Forest plot of 24 h UTP.

evaluate publication bias, and the results showed that there was
no publication bias. The results of meta-analysis showed that
the experimental group was superior to the control group in
reducing 24h UTP [WMD = —0.29, 95% CI (—0.40, —0.18),
P = 0.000] (Figure 3, Supplementary Figure 1). The difference
was statistically significant, and patients with HQI combined
with routine antihypertensive intervention had more significant
efficacy in reducing 24 h UTP.

Sensitivity Analysis of 24 h UTP

We conducted a sensitivity analysis of 24h UTP
(Supplementary Figure 4). By excluding one inclusion study
one by one, a meta-analysis of the remaining experiments
was conducted to determine whether the results had changed
significantly. Sensitivity analysis shows that the results of 24h
UTP are very similar and have relatively good stability.

Subgroup Analysis of 24 h UTP

There is a high degree of heterogeneity in the evaluation of
24h UTP. In order to determine the source of heterogeneity,
we included the dose of HQI, antihypertensive regimen, course
of treatment, and the year in which the study was published.
Univariate Meta regression analysis was performed on the
parameters of 8 studies (Supplementary Figure 5). The results
show that the source of heterogeneity of HQI intervention in
24h UTP may be related to the course of treatment (P =
0.001). The subgroup analysis was carried out based on the
course of treatment. The results of meta-analysis showed that
the heterogeneity was lower in the subgroup with a treatment

cycle of 4 weeks [WMD = —0.212, 95% CI (—0.287, —0.138),
P = 0.000, I> = 0.0%], The results were statistically significant
(Figure 4). Meta-analysis showed that the results were still
statistically significant for subgroups with more than 4 weeks
of treatment [WMD = —0.448, 95% CI (—0.287, —0.138), P
= 0.000, I> = 0.0%] (Supplementary Figure 6). Results of the
subgroup analysis showed a statistically significant reduction in
24h UTP levels in studies that treated for more than 4 weeks
compared with studies that treated for 4 weeks (P = 0.000). It
is suggested that prolonging the treatment period of HQI may
benefit patients with a reduction of 24 h UTP.

Microalbumin (mALB)

A total of 442 participants from 4 studies reported mALB levels
(27, 28, 30, 33). After heterogeneity test (I? = 74.4%, P = 0.008,
Supplementary Figure 7), random effects model was used to
summarize the data. Publication bias was assessed by Egger test
(P = 0.629) (Supplementary Figure 8), and sensitivity analysis
of mALB was performed (Supplementary Figure 9). The results
showed that there was no significant publication bias, and meta-
analysis was conducted to exclude the study at a time. The
results of mALB were similar and relatively stable. The results
of meta-analysis show that HQI combined with conventional
antihypertensive regimen is more effective in reducing mALB
[WMD = —17.04, 95% CI (—23.14, —10.94), P = 0.000]
(Figure 5, Supplementary Figure 7). Due to the heterogeneity,
different doses of HQI were used for subgroup analysis in our
study. The effect of subgroup of not <30 mL/d HQI was used
[WMD = —13.375, 95% CI (—16.497, —10.252), P = 0.000, 12
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FIGURE 4 | Subgroups analysis of 24 h UTP.

= 0.0%] is more significant than subgroup using HQI below 30
mL/d [WMD = —23.71, 95% CI (—28.85, —18.56), P = 0.000,
I? = 0.0%], the results were statistically significant (P = 0.001)
(Figure 6, Supplementary Figure 10).

Serum Creatinine (Scr)

Five studies (26, 29, 32, 35, 38) reported Scr analysis,
involving a total of 531 participants. After the heterogeneity
test (IZ2 = 97.6%, P = 0.000, Supplementary Figure 11), the
random effect model was used to evaluate the data. Egger
test (P = 0.659) (Supplementary Figure 12) showed that
there was no significant publication bias. Sensitivity analysis
shows the stability of the results (Supplementary Figure 13).
Meta-analysis showed that the Scr of patients receiving
HQI combined with routine antihypertensive regimen was
significantly lower than that of the control group [WMD
= —40.39, 95% CI (—70.39, —10.39), P = 0.008] (Figure 7,
Supplementary Figure 11). We also carried out a subgroup
analysis based on the selection of conventional antihypertensive
schemes. The results showed that HQI combined with irbesartan
was effective in reducing Scr [WMD = —61.346, 95% CI
(—67.075, —55.617), P = 0.000, I*> = 0.0%], In the subgroup
of HQI combined with other antihypertensive drugs, the
decreasing trend of Scr between the experimental group and
the control group was not significant [WMD = —17.073,

95% CI (—34.315, 0.169), P = 0.052, I> = 41.6%] (Figure 8,
Supplementary Figure 14).

Systolic Blood Pressure (SBP)

There are 7 studies (24, 31-34, 36, 38) involving 810
participants that reported SBP levels. The random effect
model was used after heterogeneity test (I> = 96.5%, P =
0.000, Supplementary Figure 15). We used sensitivity analysis
to test the stability of the results (Supplementary Figure 16),
and Egger test (P = 0.188) (Supplementary Figure 17) to
evaluate the publication bias of SBP. Meta-analysis showed
that patients treated with HQI combined with conventional
antihypertensive regimen had better SBP management [WMD
= —950, 95% CI (—14.64, —4.37), P = 0.000] (Figure9,
Supplementary Figure 15). The subgroup analysis based on the
dose of HQI showed that there was a correlation between the
reduction of SBP and the dose of HQI. The results showed
that the heterogeneity decreased in the subgroup using more
than 30mL HQI [WMD = —3.451, 95% CI (—14.642, —4.366),
P = 0.011, I = 0.0%]. the subgroups using less than the
dose of 30 mL HQI performed better [WMD = —13.570, 95%
CI (—19.506, —7.633), P = 0.000, 1> = 97.2%] (Figure 10,
Supplementary Figure 18), the results are statistically significant
(P = 0.002). It is suggested that patients receiving dose
intervention of no more than 30 mL HQI will benefit more
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FIGURE 6 | Subgroups analysis of mALB.

than those who receive dose more than 30 mL HQI. However,
the subgroup using <30mL HQI still has high heterogeneity,
suggesting that there are other sources of heterogeneity, which
may be related to the low quality of the included study.

Diastolic Blood Pressure (DBP)

There are 7 studies (24, 31-34, 36, 38) that involved 810
participants assessed the level of DBP. After heterogeneity
test (I> = 47.7%, P = 0.075, Supplementary Figure 19),

Frontiers in Medicine | www.frontiersin.org

9 April 2022 | Volume 9 | Article 838256


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Xu et al.

HQI for Hypertensive Nephropathy

%

Study(ID) WMD(95% Cl) Weight
guo (2017) —— : -61.40 (-69.85, -52.95) 22.23
1
zhao (2015) —- -61.30 (-69.10, -53.50) 22.29
1
chen (2015) i — -8.79 (-14.30, -3.28) 22.46
1
dong (2002) _— -29.10 (-56.65, -1.55) 19.01
1
he (2004) N -39.77 (-89.24, 9.70) 14.01
1
Overall, DL (I* = 97.6%, p = 0.000) <> -40.39 (-70.39, -10.39) 100.00
T T
-100 0 100
NOTE: Weights are from random-effects model
FIGURE 7 | Forest plot of Scr.
%
Study(ID) WMD(95% Cl) Weight
with Irbesartan
guo (2017) — : -61.40 (-69.85, -52.95) 22.23
1
zhao (2015) — : -61.30 (-69.10, -53.50) 22.29
1
Subgroup, DL (I2 =0.0%, p = 0.986) 0 : -61.35 (-67.07, -55.62) 44.52
1
I
with other drugs or not specified :
1
chen (2015) : - -8.79 (-14.30, -3.28) 22.46
dong (2002) —e—#— -29.10 (-56.65, -1.55) 19.01
he (2004) - -39.77 (-89.24, 9.70) 14.01
1
Subgroup, DL (I° = 41.6%, p = 0.181) <l -17.07 (-34.32, 0.17) 55.48
I
;
Overall, DL (I = 97.6%, p = 0.000) <> -40.39 (-70.39,-10.39)  100.00
Heterogeneity between groups: p = 0.000
T T
-100 0 100
NOTE: Weights and between-subgroup heterogeneity test are from random-effects model
FIGURE 8 | Subgroups analysis of Scr.
a fixed-effect model was used.Egger test (P = 0.900) were relatively stable (Supplementary Figure 21). The results
(Supplementary Figure 20) was used to evaluate DBP  showed that HQI combined with conventional antihypertensive

publication bias. Sensitivity analysis showed that the results
of DBP were relatively analogical, while the results of successive
exclusion of one trial and reanalysis of the meta-analysis

regimen was superior to the control group in reducing DBP
level [WMD = —4.588, 95% CI (—6.036, —3.140), P = 0.000]
(Figure 11, Supplementary Figure 19). Subgroup analysis
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FIGURE 10 | Subgroups analysis of SBP.

20

based on HQI usage dose showed that subgroup using more
than 30 ml HQI [WMD = —4.588, 95% CI (—6.036, —3.140),
P = 0.000, I* = 0.0%] and <30mL HQI [WMD = —5.623,

95% CI (—7.033, —4.213), P = 0.000, I> = 18.2%)] (Figure 12,
Supplementary Figure 22) both reduce heterogeneity, and the
results were statistically significant (P = 0.010). There was a
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correlation between the decrease of DBP and the dose of HQI,
and the results were consistent with the intervention of SBP with
HQI combined with conventional antihypertensive regimen.

Cystatin C (Cys-c)
Only four studies (26, 27, 30, 32) included Cys-c levels.

After testing the heterogeneity (2 = 76.9%, P = 0.005,
Supplementary Figure 23), the random effect model
was used. We performed an Egger test (P = 0.336)
(Supplementary Figure 24) to assess publication bias.

Considering the high degree of heterogeneity, sensitivity
analysis was conducted on Cys-C data. By excluding one
study one by one and re-meta-analysis of the other studies
(Supplementary Figure 25), we found that the study from an
article led to an increase in sensitivity. After elimination, meta-
analysis was carried out. After heterogeneity test (I = 0.0%, P =
0.933, Supplementary Figure 26), a fixed effect model was used.
Meta-analysis showed lower Cys-C in patients treated with HQI
combined with conventional antihypertensive regimens [WMD
—0.854, 95% CI (—0.987, —0.721), P = 0.000] (Figure 13,
Supplementary Figure 26).

Blood Urea Nitrogen (BUN)

There are 5 studies (26, 29, 32, 33, 35) that showed BUN
results. After the heterogeneity test (I> = 88.5%, P = 0.000,
Supplementary Figure 27), the random effect model was used.
The publication bias was assessed by Egger test (P = 0.191)
(Supplementary Figure 28). High sensitivity was detected, and
sensitivity analysis was used, and the results showed that the
stability was high (Supplementary Figure 29). Meta-analysis
showed that the therapeutic effect of HQI combined with
conventional antihypertensive regimen was better than that of
the control group [WMD = —4.155, 95% CI (—6.152, —2.157),
P =0.000] (Figure 14, Supplementary Figure 27).

DISCUSSION

The increase of blood pressure is closely related to the
progress of CKD. The prevalence of CKD and ESRD caused
by hypertension continues to rise worldwide. It is a challenge
to identify biomarkers of early renal insufficiency due to
the lack of unified criteria for the diagnosis of hypertensive
nephropathy. Hypertension-related renal dysfunction can lead
to an increase in serum creatinine (Scr) which eventually
lead to irreversible kidney damage. Urinary protein can be
used to evaluate hypertension-related kidney damage caused by
glomerular disease, and urinary mALB is also considered as
a potential marker of early renal dysfunction (9). Scr, urinary
protein and urinary microprotein have become important
indicators to evaluate the protective effect of antihypertensive
drugs on kidney in clinical trials, and that is also the reason
why we take them as the main evaluation indexes (39-41). Cys-
c is another biomarker that reflects the level of renal function.
Studies have shown that Cys-c-based eGFR is superior to Scr-
based eGFR in predicting the risk of cardiovascular disease and
chronic kidney disease (42). It has important reference value in
evaluating the prognosis of hypertensive nephropathy. BUN is

usually considered as an important serum marker to evaluate
renal function. BUN plays an important role in the diagnosis of
renal disease, prediction of cardiovascular events caused by acute
heart failure and prognosis in patients with acute myocardial
infarction (43, 44).

The incidence of hypertension and hypertension-related
chronic kidney disease is increasing year by year, which is
an independent risk factor for the morbidity and mortality
of cardiovascular disease. Hypertension is not only the
cause of kidney disease, but also the result of kidney
disease, so hypertension nephropathy is bound to become
a heavy burden in the field of public health and medical
insurance. Strict antihypertensive treatment and measures to
minimize proteinuria can significantly improve the prognosis
of patients with hypertensive nephropathy (45-47). Although
the pathogenesis of hypertensive nephropathy is unclear, current
evidence suggest that RAAS is associated with hypertension and
kidney disease (7, 48). The guidelines recommend that RAAS-
inhibitor durgs are the first-line choice for hypertensive patients
complicated with CKD (8). Unfortunately, the management of
blood pressure in patients with hypertensive nephropathy is very
difficult. A data from a trial of IDNT showed that only 30% of
patients met the goal of systolic blood pressure management (49).
Predictably, the proportion of patients whose blood pressure are
effectively controlled in clinical practice is much lower than the
reported data. Therefore, it is critical to explore other effective
treatments for patients with hypertensive nephropathy.

HQI is the extract of Astragalus membranaceus (Fisch.)
Bunge. More and more evidence show that HQI can reduce
hypertension and protect kidney. Modern pharmacological
studies have proved that HQI has a variety of active components.
HQI has obvious advantages in the treatment of hypertensive
nephropathy. Some pharmacological experiments on the efficacy
and mechanism of HQI in treating hypertensive nephropathy
have suggested that it plays an important role in improving renal
perfusion, managing blood pressure and delaying renal function
progression. (1) Improving hemodynamics. Studies have shown
that HQI can affect the expression of renal vasoactive substances,
improve renal hemodynamics and reduce tissue ischemia and
hypoxia (50). (2) Anti-renal fibrosis. Astragalus polysaccharides
can reduce the expression of Transforming Growth Factor p
(TGF- B) and connective Tissue Growth Factor (CTGF) in renal
tissue, reduce the excessive deposition of extracellular matrix and
improve interrenal fibrosis (51, 52). (3) Regulation of vascular cell
migration and proliferation. Astragaloside can regulate the effect
of Protein Kinase D1 (PKD1)-Histone Deacetylase 5 (HDACS5)-
Vascular Endothelial Growth Factor (VEGF) on vascular growth,
migration and differentiation in rats (53). (4) Blood pressure
management. Astragaloside IV can improve the diastolic and
systolic function of the heart and has a two-way regulation,
thus playing a role in the regulation of blood pressure (54). (5)
Protective effect on myocardial ischemia injury. By increasing
the content of cAMP, HQI can fully play the role of positive
myodynamia, improve the stability of cardiomyocytes, reduce
myocardial oxygen consumption, avoid ischemia-reperfusion
injury, and improve the ability of myocardial antioxidation at
the same time (55). These studies support the positive effects
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FIGURE 12 | Subgroups analysis of DBP.
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FIGURE 14 | Forest plot of BUN.

of HQI in relieving hypertensive nephropathy, but the efficacy
of HQI combined with antihypertensive drugs in hypertensive
nephropathy remains to be further reviewed and analyzed.

This meta-analysis included 15 RCTs and involved 1,483
patients to evaluating the relationship between HQI combined
with antihypertensive agents and the use of antihypertensive
agents alone in the treatment of hypertensive nephropathy.
Based on the analysis of available data, we found that
the efficacy of HQI combined with antihypertensive drugs
is better than antihypertensive drugs used alone in the
treatment of hypertensive nephropathy. The results showed
that all of the involved patients improved from baseline, but
the patients who received HQI combined with conventional
antihypertensive therapies were more effective in improving

24h UTP, mALB, Scr, SBP, DBP, Cys-c and BUN than those
who only received conventional antihypertensive therapies.
Compared with using antihypertensive drugs alone, patients
with hypertensive nephropathy treated with HQI have significant
advantages in reducing 24 h UTP. Although the included studies
showed a high degree of heterogeneity, we conducted a subgroup
analysis based on different courses of treatment. We observed the
benefit of prolonging the course of HQI combination therapy
in all subgroups with low heterogeneity. HQI combination
treatment showed statistically significant advantages in the
intervention of mALB, SBP and DBP. Interestingly, in the
subgroup analysis based on the dosage of HQI, we observed
that the intervention of antihypertensive drugs combined with
not exceeding 30 mL HQI in hypertensive nephropathy was
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more effective in reducing mALB, SBP and DBP than that of
antihypertensive drugs combined with more than 30 mL HQI,
and the difference was statistically significant. We believe that the
combined treatment dose of 30 mL HQI is a key point, which
can achieve the goal of controlling mALB, SBP and DBP, and
the use of large doses of HQI will not increase the benefits of
patients. Therefore, excessive HQI combination therapy may be
unreasonable. Considering that the methodological quality of
these randomized controlled trials is low and the number of
cases included is relatively small, the reliability of this conclusion
needs to be further tested by prospective studies. In terms of
Scr level, HQI combined with antihypertensive drugs was more
effective than antihypertensive drugs alone. Subgroup analysis
showed that HQI combined with irbesartan was superior to HQI
combined with other antihypertensive drugs in the treatment
of Scr. However, in view of the ambiguity of the description
of other types of antihypertensive drugs in the included study,
some studies lack specific and detailed drug regimen, and their
reliability needs to be further confirmed, and this finding should
be carefully interpreted.

Limitations

Several limiting factors should be taken into account in this
study. First of all, all the included studies were published
in Chinese journals, which may lead to potential ethnic and
geographical bias. Secondly, the methodological quality of the
included randomized controlled trials is generally low, and all
studies claim to be random, but only 5 studies mention the
specific information generated by the sequence, so the so-called
randomization method is questionable. Third, blinding is an
important way to prevent research results from being affected by
placebo effects or observer biases. All studies have no information
about hidden allocation and participant blindness, which may
lead to potential selection biases. Fourth, safety is the basic
principle for the provision of herbal products for adjuvant
therapy. Twelve studies have not reported adverse drug events
and adverse reactions, and there is not enough evidence to
conclude safety because some of the active components of the
herbal may be unstable. Finally, there are no clear criteria for
the diagnosis of hypertensive nephropathy, and the different
diagnostic criteria used in the study may affect the reliability of
the results.
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