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Abstract

Objective Antiplatelet drugs, such as Aspirin and Clopidogrel (Plavix) are effective in the primary prevention of
thromboembolic events. They are commonly used to reduce the risk of recurrence of thromboembolism. The
body’s hemostatic system responds differently to these drugs in different people. Resistance testing for aspirin and
Clopidogrel is now recommended before starting antiplatelet therapy.

Methods A systematic literature search was performed on May 12, 2021, using the medical search engines PubMed,
Scopus, and Web of Science, and the local databases SID and Magiran. After data extraction, a meta-analysis was
performed using Comprehensive Meta-Analysis (CMA2) software. The 12 statistic was used to measure heterogeneity
between estimates.

Results Among the 949 papers, Clopidogrel resistance was assessed in 136 patients and Aspirin resistance in 400
patients. The prevalence of Aspirin resistance was found to be 52.1% and the prevalence of Clopidogrel resistance was
found to be 20.5%.

Conclusion [t seems that in Iran, the issue of Aspirin and Clopidogrel resistance is suboptimally addressed. This
pattern could also occur in other developing countries in the Middle East region.
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Introduction

According to the World Health Organization (WHO),
cardiovascular disease (CVD) accounts for approximately
31% of all deaths worldwide. In 2015, nearly 17 700 000
people died as a result of CVD. Most deaths from CVD
deaths occurred in middle and low-income countries
worldwide. There is no detailed article on CVD deaths
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drugs for the prevention of thrombosis prevention [3].
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More than 50 million people around the world take it
regularly. The annual intake of aspirin is estimated to be
about 40 000 tons [4]. Aspirin has been included in the
list of important drugs for major health care systems at
WHO due to its therapeutic efficacy, cost-effectiveness,
and safety requirements [5]. The primary pharmaco-
logical action of aspirin is the suppression of the syn-
thesis of thromboxane and prostaglandins. Synthesis of
thromboxane and prostaglandin requires cyclooxygen-
ase (COX) (Fig. 1). It is worth noting that aspirin tar-
gets cyclooxygenase COX-1 more strongly than COX-2.
In other words, higher doses of Aspirin are required
to inhibit COX-2, since Aspirin has a 170-fold lower
potency for COX-2 [6]. Taking 100 mg of aspirin com-
pletely produces this effect. As a result, Aspirin inhib-
its platelet activation by inhibiting COX-1 at (529 Ser),
and COX-2 at (516 Ser) sites [7]. Since platelets have
a half-life of about 7 days and Aspirin has a half-life of
15-20 min, Aspirin may suppress platelets throughout
the lifespan of the affected platelets [8—10].

Clopidogrel bisulfate, marketed as Plavix, is a second-
generation, thienopyridine drug first marketed in 1991
[11]. It is used alone or in combination with Aspirin to
reduce the risk of atherosclerotic events, such as myo-
cardial infarction and stroke [12]. Clopidogrel acts as a
P2Y12 antagonist. P2Y12 chemoreceptors are mainly
located on the surface of platelets. When platelets are
stimulated, ADP is released from their dense granules,
which enhances the platelet response to weak agonists.
The platelet receives an activating signal when ADP binds
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to P2Y12 (Fig. 2). P2Y12 receptors on platelets are inhib-
ited by Clopidogrel, and the platelet response to ADP is
also inhibited [13, 14].

Aspirin resistance has been defined as laboratory or
biochemical resistance, i.e., the development of a labo-
ratory platelet response despite the use of Aspirin that
does not block platelet activity [15]. Resistance to Plavix
as a drug that does not fulfill its intended purpose of
inhibiting platelet function is considered Plavix resis-
tance. Indeed, a weak response to clopidogrel, cause the
detection of a change in ADP induced platelet activ-
ity compared to the reference point [16]. In the last
decade, medical researchers have focused their research
on aspirin resistance (AR) and clopidogrel resistance
(CR) (Table 1). The prevalence of AR in patients treated
with aspirin in different countries ranges from 5 to 60%,
according to the available literature [17]. The prevalence
of CR ranges from 17 to 25% in different populations,
with an average of 21% [18]. It appears that emphasiz-
ing the importance of AR and CR paves the way for
improved prevention of thrombotic events in the general
population. It is important to determine an appropri-
ate individual Aspirin dose to ensure optimal drug effi-
cacy over time [19]. It has been reported that CR has not
been extensively investigated in Asian communities to
date [20]. This systematic review and meta-analysis was
conducted on published papers on AR and CR in Iran as
an example of a developing country in the Middle East
region to portray understanding of the importance of this
issue in clinical practice in developing countries.
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Fig. 1 The mechanism of Aspirin actions through inhibition of cyclooxygenase-1 &2

Cox: cyclooxygenase, PG: prostacyclin, TXA: Thromboxane A2
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Fig. 2 The schematic picture of various surface glycoproteins on platelets and their activation

pathways, which lead to activation of platelets

Materials and methods

Strategy of search and criteria

A systematic search was performed in PubMed, Sco-
pus, and Web of Science databases to find articles on
the prevalence of Clopidogrel and Aspirin resistance.
Moreover, local databases such as SID and Magiran were
searched to detect local articles. The used keywords
were as follows: “Aspirin” OR “Acetylsalicylic acid” OR
“Aspirin resistance” OR “Acetylsalicylic acid resistance”
OR “platelet resistance” OR “Clopidogrel” OR “Clopi-
dogrel resistances” OR “Plavix” OR “Plavix resistances”
OR “antiplatelet” OR “urinary thromboxane disease”
OR " platelet function assay 100" OR " platelet func-
tion assay 200” OR " Rapid platelet function assay " OR
" flow cytometry " OR " light transmission aggregometry
" OR " multiple electrode aggregometry " OR “96-well
plate aggregometry " OR " cone and platelet analyzer
(Impact-R)” OR " Plateletworks " OR " single platelet
counting system " OR " vasodilator-stimulated phospho-
protein phosphorylation " OR " VASP “AND “Iran”. The
equivalent words in Persian were searched in the cited
local search engines. The literature search ended on May
12, 2021. After the literature search, all retrieved arti-
cles were entered into EndNote X7 reference manager

software to perform the review procedures. In the first
stage, duplicate articles were deleted. Then, the titles and
abstracts of all papers were independently reviewed by
the two authors.

Inclusion and exclusion criteria
Studies were included if they met the following criteria in
this systematic review: (1) published in English or Persian
languages, (2) assessed the prevalence of AR or CR, (3)
The study was performed on the Iranian’s population, (4)
Relevant paper was among cross-sectional, case-control,
before and after, and cohort or interventional studies.
The excluding criteria were: (1) Studies with insuffi-
cient information, (2) The review articles, meta-analysis,
case reports and letter to the editor were excluded from
the analysis.

Quality assessment of selected papers

Two reviewers (M. P. and H. M.) independently assessed
the quality of the studies. The each selected study was
scored from 0 to 10. By summing the scores the risk of
bias was determined. The final score of 0-3 was low, 4—6
was moderate, and 6—10 was high risk. Any conflict was
clear in a joint meeting. The Joanna Briggs Institute (JBI)
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Table 1 The characteristics of the included studies in the meta-analysis
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23
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Appraisal Tool (check list) was used to assess the quality
of included studies.

Data extraction and statistical analysis

We extracted information from the articles into the Excel
database. Data extraction included; the first author’s
name, year of publication, study location, type of study,
number of patients, patient age and sex, and the preva-
lence of AR or CR.

Comprehensive Meta-Analysis (CMA2) software was
used to perform this meta-analysis. The prevalence rates
of the studies were combined using a weighted average.
The 12 statistic was used to measure heterogeneity between
estimates. An increase in the degree of heterogeneity was
described as 12>50%. In the meta-analysis, the random
effect model was used to perform the analysis. The funnel
plot test was used to assess publications bias.

Results

Selection and characteristics of the articles

After reviewing the literature according to the search strat-
egy, 949 articles were found, including 220 articles from
PubMed, 555 articles from Scopus, 173 articles from the
Web of Science and one article from the local database SID
and Magiran. After removing duplicates, there were 618
papers remained. The papers were then evaluated based on
their titles and abstracts. Then, 25 review articles, seven let-
ters to the editor, and 576 unrelated articles were removed.
Finally, the full text of ten articles were reviewed, of which
six were included in the systematic review (Fig. 3). Table 1
shows the characteristics of the included studies.

Studies on CR

According to our literature review, there were two papers
on CR, which investigated the prevalence of CR in 136
individuals [21, 22]. Therefore, a meta-analysis on this
topic was not performed because there was only one
paper. This study showed a mean of 20.5% for CR in the
studied population.

Studies on AR

Three papers had investigated AR. A total of, 400 cardio-
vascular patients were studied in these studies [23-25].
There is a discrepancy between the number of retrieved
papers on AR (four articles) and the number of papers
included in the analysis (three articles). The overall prev-
alence of AR in patients with cardiovascular disease in
the Iranian population was 52.1% ([95% CI 26.8-76.5],
12=96.16%, p: 0.877) (Fig. 4). A funnel plot was used
to determine publication bias between studies (Fig. 5).
There was no evidence of publications bias.



Parsa-kondelaji and Mansouritorghabeh Thrombosis Journal

(2023) 21:79

Page 5 of 8

M) Articles identified through database PubMed: 220
_5 (n =949) Web of science: 173
‘é Local search engines: 1
&
=}
S + » | Duplicates: 331
E]
Articles after removal of the duplicates
—
(n=618)
)
Articles excluded (n =608):
g Reviews (n=25)
i= . eviews (n=
c Articles screened
o (n=618) Letters (n=7)
Q
v}
Deleted through reading the titles
and the abstracts (n=576)
—
Full-text articles assessed .
P - Articles excluded at Full-text
— or eligibility - > gi
(n = 10) reading stage (n = 4)
£ |
E
5o
S Studies included in
gualitative synthesis
(n=6)
—/

B l

b
= Studies included in
S - .
S quantitative synthesis
= (meta-analysis)

(n=6)

-/

Fig. 3 Flow-chart that is describing the selection of literatures through the strategy of including and excluding criteria

Discussion

According to the present results, only three and two papers
were published on AR and CR in Iran, respectively. In fact,
there were four papers on AR, but one study was published
twice [26]. Therefore, one of them was deleted from the
analysis to avoid bias. According to the results of the cur-
rent systematic review and meta-analysis, the prevalence
of Aspirin and Plavix resistance in Iranian patients was
52.1% and 24.76%, respectively. Although, these results are

consistent with the worldwide prevalence [25], the discrep-
ancy between AR and CR may be attributed to the lower
number CR publications compared with the higher number
of AR publications. The lower number of publications on
CR may be a source of bias in determining the true estimate
of the CR community. Iran is a country with a population
of about 84 000 000 people. It is the second most popu-
lous country in the Middle East. These results highlight the
lack of attention given to this therapeutic area. In Turkey, a
neighboring country, 78 articles have been published on AR
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Study name

Event
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Kojuri. J et al. 2010 0.302
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Fig. 4 The forest plot of the Aspirin resistance prevalence in cardiovascular patients with its 95% confidence interval based on the random-effect model
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Fig. 5 The Funnel plot of the studies included in the meta-analysis of Aspirin resistance
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as of 2017, which is second only to the United States in this
field [25].

The prevalence of these drugs resistances is influenced by
a variety of factors, such as clinical factors, cell biology fac-
tors, genetic factors (differences between countries and con-
tinents), age [27], gender (women benefit less from Aspirin
use), and dosage [28]. Comparisons of AR and CR between
different populations are difficult because of these criteria.

Despite the fact that this was a simple study, we could
not obtain reliable results on the prevalence of AR and CR
in the country due to the lack of adequate publications on
AR and CR. Only four of 31 provinces in the country have
conducted studies in this field. Furthermore, these publi-
cations cannot be representative of the entire population
of these provinces because of limited number of patients
studied and the large population of the country. Therefore,
transferring these limited data to the entire country could
lead to bias. Another limitation of this study was the differ-
ent methods for detecting used to detect Aspirin resistance
that were used. To detect Aspirin resistance, Ziaie et al.
used urinary thromboxane B 2 (TXB 2) level [26], Kojuri et
al. used the light transmission aggregometry method [24].,
and Eskandarian et al. used the ELISA kit to detect urinary
thromboxane B 2 (TXB 2) [23]. It goes without saying that a
similar detection approach is preferred for mining a robust
prevalence.

Conclusion

According to the International Monetary Fund, Iran is a
semi-developed country, with a GDP ranking of 38 out of
144 countries. Among the countries in the Middle East and
North Africa, Iran ranks first in several health indicators,
including low maternal mortality rate, low neonatal, infant,
and under-5 mortality rate, and high life expectancy [29,
30]. Therefore, we chose Iran as a semi-optimistic health
benefit as a template for determining the status of attention
to AR and CR in the Middle East. It is likely that in other
developing countries in the Middle East AR and CR receive
similarly little attention. Despite their importance in car-
diovascular practice, AR and CR received little attention in
Iran, according to this meta-analysis. As a result, clinicians
and researchers in these countries should pay close atten-
tion to this crucial point in the cardiovascular field. It should
be recalled that cardiovascular diseases are the leading
cause of mortality and morbidity worldwide, which under-
scores, emphasizing the importance of this recommenda-
tion. However, despite the discovery of AR and CR in earlier
decades, it seems that these issues are still poorly addressed
in this country, and further research is needed.
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