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Chen et al.: Cost Analysis of Allisartan and Other Antihypertensives

This meta-analysis aims to assess the antihypertensive effectiveness, safety, and cost-effectiveness of allisartan 
to support its clinical use and promote rational antihypertensive drug usage. A meta-analysis was registered 
on International Prospective Register of Systematic Reviews (CRD42022370300) and collected allisartan 
research on hypertensive patients from sources like PubMed, Cochrane library, China National Knowledge 
Infrastructure, Wanfang and Vipshop databases from the establishment of the databases to September 
2022. Review manager and Stata software evaluated the literature quality, analyzed the outcome indicators, 
assessed publication bias via Egger's test, and conducted pharmacoeconomic evaluation. Inclusion criteria 
covered 14 studies with 2125 patients, including 734 allisartan-treated patients. When compared with other 
angiotensin receptor blocker antihypertensives, allisartan showed reduced systolic blood pressure (5.46 mmHg, 
95 % confidence interval: 1.99~8.93, p<0.001) and diastolic blood pressure (2.90 mmHg, 95 % confidence 
interval: -0.28~6.08, p<0.001). However, this was clinically within the normal blood pressure fluctuations and 
did not reach the threshold for adverse reactions (relative risk=0.74, 95 % confidence interval: 0.53~1.04, 
p=0.953). Safety and efficacy of allisartan were compared with other angiotensin receptor blocking drugs. 
Cost-minimization analysis indicated favorable economics for allisartan. Allisartan exhibits antihypertensive 
safety and efficacy with other angiotensin receptor blocker antihypertensive drugs, while also displaying cost-
effectiveness. This supports its clinical use and rationalizes antihypertensive drug choices.
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Activation of the Renin-Angiotensin System (RAS) 
plays a key role in the development of hypertension 
and cardiovascular disease[1-3]. Angiotensin II, a 
key effector of the RAS, mediates cardiovascular 
disease by binding to the Angiotensin II Type 1 
receptor (AT1) and also exerts cardioprotective 
effects by binding to the Angiotensin II Type 
2 receptor (AT2)[4,5]. A large body of evidence 
suggests that Angiotensin Receptor Blockers 
(ARBs) as first-line antihypertensive agents having 
significant antihypertensive effects and they exert 
target organ protection during the development of 
hypertension.

Allisartan is a newly developed ARB class drug in 
China. Allisartan ester is a prodrug of the active 
metabolite EXP-3174 of losartan, which produces 
41 times more EXP-3174 than losartan potassium. 

However, unlike losartan, allisartan ester can 
be hydrolyzed by esterases and can be directly 
converted to the active substance EXP-3174. After 
absorption through the gastrointestinal tract, it does 
not require the metabolic catalysis of Cytochrome 
P450 (CYP450); therefore, the interaction between 
different drugs and the incidence of adverse drug 
reactions are low, and it has obvious advantages in 
terms of safety and tolerability.

Previous studies have shown that allisartan has 
efficient effects in lowering blood pressure and 
organ protection with low toxicity in animal 
models[6]. However, till date there is only little 
evidence from clinical studies. Thus, in this study 
we studied the clinical efficacy of allisartan in the 
treatment of hypertensive patients, quantitatively 
evaluated the antihypertensive effect of allisartan 

Meta-Analysis and Cost-Minimization Analysis of Allisartan 
and Other Angiotensin Receptor Blocking  
Antihypertensives for Hypertension
MINGYUE CHEN* AND XINYING LU1

Department of Critical Care Medicine, Affiliated Hangzhou First People's Hospital, Zhejiang University School of Medicine, 
Hangzhou, Zhejiang 310052, 1Department of Emergency Medicine, Shanxi Provincial People's Hospital, Taiyuan, Shanxi 
030012, China



www.ijpsonline.com

Special Issue 6, 2023Indian Journal of Pharmaceutical Sciences153

by two indicators, systolic and diastolic blood 
pressure, measured the safety of allisartan 
according to the occurrence of adverse reactions, 
and evaluated the economics of allisartan using 
appropriate pharmacoeconomic methods, so as to 
provide a reference for further securing the rational 
use of antihypertensive drugs.

MATERIALS AND METHODS

Literature search strategy:

Literature search was performed using PubMed, 
Cochrane Database of Systematic Reviews 
(CDSR), China National Knowledge Infrastructure 
(CNKI) (https://www.cnki.net/), Wanfang (https://
www.wanfangdata.com.cn/) and Wipu databases 
(https://www.cqvip.com/). The search terms used 
were “allisartan”, “hypertension” and the search 
period was considered from the establishment 
of the databases to September 2022. According 
to the previously published literature reviews, 
meta-analyses and studies, a manual search was 
also conducted for references included in this 
meta-analysis. This literature search process was 
performed independently by two researchers 
respectively. 

Inclusion criteria:

It included studies with appropriate clinical 
efficacy outcomes including systolic and diastolic 
blood pressure; Randomized Controlled Trials 
(RCTs); healthy adults in the study population 
and interventions in which allisartan were 
given to the experimental group and other ARB 
antihypertensive drugs to the control group.

Exclusion criteria:

Literature that did not meet the above inclusion 
criteria; literature for which the full text was 
not available; review literature, conference 
literature and animal experiments; literature with 
missing data and results not using mean±standard 
deviation; literature with poor quality assessment 
and literature with duplicate publications was 
excluded.

Data extraction:

After the data was extracted according to the 
above inclusion and exclusion criteria, both the 
researcher’s extracted relevant indicators from the 
screened literature, including first author, sample 

size, age, dose administered, time of administration, 
control measures, primary outcome indicators and 
adverse events. In case of disagreement during 
the data extraction, a third investigator joined the 
discussion to make the final decision regarding 
data extraction. Since some of the included studies 
in the literature did not directly give the mean and 
standard deviation of systolic and diastolic blood 
pressure changes in the control and experimental 
groups, the difference between pre- and post-
dosing for each group was used to represent the 
changes in systolic and diastolic blood pressure 
using the below mentioned formula[7].

√(SD)2+(sd)2-(2×r×SD×sd)

Here, SD is the standard deviation of the pre-
dosing index; sd is the standard deviation of 
the post-dosing index, and r is the correlation 
coefficient between pre-dosing and post-dosing 
measurements, r=0.5.

Literature quality evaluation:

The study was evaluated for literature quality 
using Review Manager (RevMan) 5.4 software, 
which uses a modified version of the Cochrane risk 
bias assessment tool. It included random sequence 
generation; allocation concealment; double-
blinding of performers and participants; blinding 
in outcome assessment; incomplete outcome data; 
selective publication and other bias criteria, each 
of which was evaluated to include three scenarios 
like high risk, low risk and unclear risk.

Statistical analysis:

The data was extracted and statistically analyzed 
using Stata 15. The data processing included forest 
plot, funnel plot drawing, sensitivity analysis, 
subgroup analysis and publication bias test. I2 was 
used as a measure of heterogeneity; when I2<25 
%, heterogeneity was low; when 25≤I2<50 %, 
moderate heterogeneity existed; in both cases, a 
fixed effects model was selected; when I2≥50 %, 
it indicated high heterogeneity among studies, 
and a random effects model was used for analysis. 
Egger's test was used to detect publication bias 
in the included literature, and when p>0.05, it 
indicated that the study had no publication bias. 
Normally distributed measures were expressed 
as mean±standard deviation and p<0.05 was 
considered statistically significant.
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Cost analysis:

Based on the results of the meta-analysis, an 
appropriate economic evaluation method was 
selected. If the efficacy and safety of allisartan 
and other ARB antihypertensive drugs did not 
differ significantly, “cost minimization analysis” 
was used to analyze the pharmacoeconomics 
of two regimens while if the efficacy or safety 
of the two drugs differed significantly, “cost-
effectiveness analysis” was selected to compare 
the pharmacoeconomics of the two regimens.

This study focused only on direct medical costs. 
It is assumed that patients have similar baseline 
characteristics such as source, basic information 
and major symptoms. The cost of tests and 
registration incurred during the treatment are 
same, so only drug costs are included in this study. 
Drug price data was obtained from the average 
winning prices of domestic drugs published in the 
2022 DrugWise Data-Drug Winning Bids Database 
(https://db.yaozh.com/yaopinzhongbiao). The 
average drug prices in China were used as estimated 
costs to compare the cost differences between the 
two groups.

RESULTS AND DISCUSSION
Literature screening results were carried out where 
we searched the database to obtain a total of 186 
publications, and after screening a total of 14 RCTs 
which met our inclusion and exclusion criteria 

were considered in the final meta-analysis (fig. 1).

General information and quality evaluation of 
the included literature was carried out. A total of 
2125 patients were included in the 14 publications, 
734 of whom were treated with allisartan. 14 
publications which were included were assessed 
using a modified version 2 of the Cochrane Risk of 
Bias (RoB 2) tool for randomized trials, and those 
consisting of more than two high-risk conditions 
were considered to be of poor quality. The general 
profile of the literature is specified in Table 1 and 
the risk assessment is shown in fig. 2.

The effect of allisartan on systolic blood pressure 
was evaluated using 14 papers[8-21]. When compared 
with other ARB antihypertensive agents, the results 
showed that allisartan was able to reduce systolic 
blood pressure in patients to a greater extent (5.46 
mmHg, 95 Confidence Interval (CI) %-1.99~8.93, 
p<0.001) with an I2>50 %. Therefore random 
effects model was chosen and the difference was 
statistically significant (fig. 3). Although there 
is statistical difference, the continuous variable 
was different and the difference was clinically 
normal. Fluctuations in blood pressure did not 
reach the clinical threshold, and therefore, it was 
not considered that allisartan could provide more 
meaningful antihypertensive benefit compared 
to other ARBs. Therefore, it is considered that 
allisartan has a role in lowering systolic blood 
pressure that is not weaker than other ARBs.

Fig. 1: Literature screening process
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Sample size Age Dose Time of 
administration Control group Control group 

dose References

80 60.33±5.05 80 mg 12 mo Losartan 80 mg [8]

35 70.56±3.47 240 mg 2 mo Valsartan 80 mg [9]

50 56.3±7.2 80 mg 2 mo Telmisartan 50 mg [10]

30 68.33±6.05 240 mg 3 mo Valsartan 80 mg [11]

55 70.29±5.69 240 mg 6 mo Irbesartan 150 mg [12]

68 57.82 240 mg 1 mo Irbesartan 150 mg [13]

69 54±9.7 80 mg 2 mo Losartan 50 mg [14]

20 / 80 mg 3 mo Irbesartan 150 mg [15]

59 52.89±5.13 240 mg 2 mo Irbesartan 150 mg [16]

40 63.14±5.82 240 mg 3 mo Valsartan 80 mg [17]

50 51.3±6.2 240 mg 0.5 mo Losartan 100 mg [18]

30 63.7±7.3 240 mg 2 mo Valsartan 80 mg [19]

43 70.36±3.62 80 mg 3 mo Irbesartan 150 mg [20]

105 67.64±6.76 240 mg 3 mo Losartan 100 mg [21]

Note: (/): Not available

TABLE 1: GENERAL SITUATION OF THE INCLUDED LITERATURE

Fig. 2: Literature quality evaluation
Note: (A): (  ): Low risk; (  ): High risk and (  ): Unclear risk; (B): (  ): Low risk of bias; (  ): Unclear risk of bias and (  ): High risk of bias

Fig. 3: Forest plot of the effect of allisartan on systolic blood pressure
Note: Weights are considered according to random effects model
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reduced uric acid levels in patients, compared with 
other ARB antihypertensive agents.

Publication bias evaluation and sensitivity 
analysis evaluation was conducted using funnel 
plot analysis, where each of the 3 indicators of 
systolic blood pressure, diastolic blood pressure 
and adverse reactions, showed inverted symmetric 
funnel plots (fig. 6-fig. 8), indicating no 
significant publication bias. However, the funnel 
plot was highly subjective, and Egger's test was 
performed to evaluate the publication bias of the 
included literature. The p values obtained were 
>0.05, indicating no significant publication bias. 
Sensitivity analysis was performed for each result 
(fig. 9). 14 studies were included in the study and 
by excluding one study; the combined results of 
the remaining 13 studies were not statistically 
significant and were consistent with the originally 
combined results of 14 studies, indicating stable 
results. 

Similarly the effect of allisartan on diastolic blood 
pressure was also evaluated using 14 papers[8-21]. 
When compared with other ARB antihypertensive 
agents, the results denoted that allisartan reduced 
diastolic blood pressure in patients to a greater 
extent (2.90 mmHg, 95 CI %-0.28~6.08, p<0.001) 
with I2>50 %. So random effects model was chosen 
and the difference was statistically significant (fig. 
4). 

Occurrence of adverse reactions to allisartan 
treatment was evaluated using 9 publications. 
Patients suffering with hypertension were treated 
with allisartan. I2<50 %, and meta-analysis was 
performed using a fixed effects model. The results 
showed that the occurrence of adverse reactions 
(Relative Risk (RR)=0.74, 95 CI %-0.53~1.04, 
p=0.953) compared to the control group, was not 
statistically significant (fig. 5).

Further, 3 articles evaluated the effect of allisartan 
on uric acid, and found that allisartan significantly 

Fig. 4: Forest plot of the effect of allisartan on diastolic blood pressure
Note: Weights are considered according to the random effects model

Fig. 5: Forest chart of the occurrence of adverse reactions
Note: Weights are considered according to the Mantel-Haenszel model
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Fig. 6: Systolic blood pressure funnel diagram

Fig. 7: Diastolic blood pressure funnel diagram

Fig. 8: Adverse reaction funnel diagram
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an important alternate endpoint for cardiovascular 
disease. The results of the analysis showed that 
allisartan has an antihypertensive efficacy and 
safety that is not weak than other ARB class 
antihypertensive agents.

With this evidence, we can use the least-cost 
analysis method to evaluate the economics of 
allisartan vs. other ARB class antihypertensive 
drugs. The least-cost analysis is one of the four 
main methods of pharmacoeconomic evaluation, 
and it is applicable when the benefits or outcomes 
of the alternative options are the same. In such 
case, the pharmacoeconomic study compares only 
cost differences. In this meta-analysis, allisartan 
had good economics compared with other ARB 
class antihypertensive drugs. 

ARB class antihypertensive drugs are widely 
used among hypertensive patients with combined 
atherosclerosis, diabetes mellitus, and heart 
failure because of their target organ protective 
effects[22-24]. Studies by Chen et al.[17] and Hong et 
al.[13] showed that, compared with valsartan and 
irbesartan, allisartan tablets were safer and more 
effective in reducing patients’ blood pressure in the 
treatment of essential hypertension and in relieving 
their heart failure symptoms. Additionally, these 
tablets reasonably improve cardiac functioning in 
patients with combined ejection fraction preserved 
heart failure. Studies by Tang et al.[19], Jiang et 
al.[18] and Shi et al.[8] showed that the clinical 
efficacy of allisartan tablets for hypertension 
combined with hyperuricemia was definite and 
could significantly reduce uric acid compared with 
olmesartan and valsartan in case of comparable 

Cost analysis was carried out according to the results 
of the above meta-analysis. The antihypertensive 
effect and safety of allisartan were compared to 
other ARB antihypertensive drugs, and allisartan 
had good economics using the least-cost analysis.

Due to the different treatment doses of each sartan, 
the average daily dosage of the drug with the same 
efficacy is calibrated, where 9 sartan treatments 
include telmisartan tablets (80 mg), valsartan 
capsules (160 mg), irbesartan (300 mg), losartan 
potassium (100 mg), candesartan medoxomil 
tablets (32 mg), olmesartan medoxomil tablets 
(40 mg), alisartan medoxomil tablets (240 mg), 
mexartan potassium tablets (80 mg), eprosartan 
tablets (1200 mg). According to DrugWise 
Data-Drug Winning Bids Database, the value is 
calculated by two decimal places, telmisartan 
tablet is Renminbi (RMB) 4.79/d, valsartan capsule 
is RMB 7.01/d, irbesartan is RMB 6.35/d, losartan 
potassium is RMB 6.42/d, candesartanate tablet 
is RMB 12.24/d, olmesartanate tablet is RMB 
11.38/d, allisartan tablet is RMB 4.30/d, azilsartan 
medoxomil potassium tablet is RMB 12.80/d and 
eprosartan tablet is RMB 23.14/d.

To our knowledge, this is a meta-study comparing 
the efficacy and safety of allisartan and the first 
meta-analysis to compare the efficacy and safety 
of allisartan with other ARB class antihypertensive 
agents in patients with hypertension. In this meta-
analysis, we included 14 RCTs involving a total of 
2125 patients, and we combined all relevant RCTs 
of allisartan wherever possible and compared their 
efficacy using systolic and diastolic blood pressure 
as the primary outcomes, as they are considered 

Fig. 9: Sensitivity analysis
Note: (  ): CI limit and (  ): Estimated limit 
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there were few relevant studies with homogeneity 
and no statistical significance, so they were not 
selected for inclusion in the analysis. However, 
the extra-hypertensive benefits are also reported 
above. Another limitation of this study is the 
large heterogeneity of the results of this meta-
analysis, which may not be due to the fact that the 
antihypertensive effect of allisartan is related to the 
type of other ARB drugs, duration of administration, 
period of time and the health status of the subjects. 
It is difficult to perform subgroup analysis and 
some bias is inevitable. Therefore, it is suggested 
that future studies should focus on exploring the 
antihypertensive effect and safety of allisartan 
in a wider population with respect to dose and 
duration of administration, as well as conducting 
similar clinical trials in foreign populations, so as 
to provide adequate theoretical guidance for the 
application of allisartan. The allisartan group has 
antihypertensive safety and efficacy that are not 
inferior to other ARB antihypertensive drugs, and 
has good economy.
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