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Abstract. – OBJECTIVE: Aspirin resistance 
is described as the failure of aspirin to decrease 
the production of thromboxane A2 by plate-
lets, which is the mechanism by which aspirin 
decreases platelet activation and aggregation. 
This study was performed to assess the preva-
lence of aspirin resistance among cardiovascu-
lar patients in al-Qassim, Saudi Arabia.

PATIENTS AND METHODS: The study used 
a survey of patients with first and recurrent at-
tacks of ischemic heart disease (IHD) and avail-
able data from blood samples processed using 
a VerifyNow® kit, which measures aspirin reac-
tion units (ARUs).

RESULTS: A total of 119 patients were includ-
ed: 45 with their first IHD episodes and 74 with 
recurrent episodes. Of the surveyed patients, 
40% with a first episode were younger than 50 
years old, and 75.6% of them have been diag-
nosed with IHD during the previous 5 years. Of 
the patients with recurrent attacks, 45.9% were 
older than 60 years, and 54.1% of them have 
been diagnosed more than 5 years before. The 
group with first episodes of IHD had 133.2 ARUs, 
whereas the group with recurrent episodes had 
168.5 ARUs (p=0.105). In the recurrent-episode 
group, 77% had diabetes; in the first-episode 
group, only 37.8% had diabetes (p≤0.001). Over-
all, 46.2% were overweight, 54.6% were non-
smokers, and 82.4% underwent percutaneous 
coronary intervention.

CONCLUSIONS: The study participants in 
both the new and recurrent IHD groups showed 
no sign of aspirin resistance. The presence of 
cardiovascular risk factors increased the likeli-
hood of episode recurrence.
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sistance, Clopidogrel, Cardiovascular disease.

Introduction

Cardiovascular disease (CVD) is the leading 
cause of mortality worldwide1. In 2015, Roth et 
al2 reported 422.7 million cases of CVD and 17.92 
million CVD-related deaths. In Saudi Arabia, a 
study performed by Al-Nozha et al3 reported an 
estimated overall CAD prevalence of 5.5%.

Antiplatelet therapy is the mainstay of treat-
ment for coronary artery disease (CAD), periph-
eral arterial disease, and ischemic cerebrovascu-
lar disease, and its benefits have been documented 
and established in several studies4. Currently, the 
drugs of choice for the prevention and treatment 
of thrombosis and CAD are antiplatelet drugs 
that target cyclooxygenase-1 (COX-1) (e.g., ace-
tylsalicylic acid, or aspirin) or the platelet P2Y12 
receptor (e.g., clopidogrel, prasugrel, or ticagre-
lor)5. The increasing number of CAD cases has 
meant that several organizations are giving more 
attention to these diseases. In 2016, the American 
College of Cardiology and the American Heart 
Association recommended dual antiplatelet ther-
apy with aspirin and clopidogrel for patients with 
CAD6. Aspirin works by irreversibly inhibiting 
platelet COX-1 to impair the development of 
platelet-mediated atherothromboembolic events7. 
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Clopidogrel inhibits thrombosis by inhibiting 
ADP-induced platelet aggregation and by inhib-
iting collagen- and thrombin-induced platelet ag-
gregation, increasing the concentrations of these 
agonists and preventing the negative effects of 
their aggregation8.

In recent years, aspirin resistance has gar-
nered attention and has become an important 
clinical issue9. An exact, universally accepted 
definition of aspirin resistance does not yet 
exist, as the majority of mechanisms involved 
in the failure of aspirin to prevent atherothrom-
boembolic events do not fit the classic model of 
drug resistance. Specifically, the pharmacolog-
ical target, COX-1, often remains sensitive to 
aspirin, but the ability of aspirin to suppress the 
systemic levels of thromboxane A2 (TXA2) and 
platelet reactivity may be attenuated by a wide 
range of other factors7. In 2009, the European 
Society of Cardiology studied the variability 
among individuals in terms of their responses 
to oral antiplatelet therapy; in that study, aspirin 
resistance was categorized as clinical resistance 
and laboratory resistance10. Regardless of the 
reasons for resistance, the prognostic impact of 
resistance has been shown in many studies. In 
2003, a study performed by Grundman et al11 
showed that aspirin resistance was identified in 
34% of patients with recurrent episodes of isch-
emic heart disease (IHD) who adhered to aspirin 
treatment for more than 5 years. Previous stud-
ies12,13 have shown that patient noncompliance is 
the most common cause of a lack of response to 
the antiplatelet regimen.

Clinical resistance is defined as the occurrence 
of cardiovascular events during treatment with 
aspirin, whereas laboratory resistance is defined 
as the insufficient suppression of platelet activ-
ity, as evidenced by in vitro assays, despite the 
current use of aspirin. It has been previously dis-
cussed the mechanism underlying aspirin resis-
tance. Multiple factors may affect the inhibition 
of TXA2 production/activation by aspirin and in-
terfere with platelet aggregation, thereby causing 
laboratory aspirin resistance. Many factors lead 
to clinical aspirin resistance14. A Swedish study15 
showed that more than 40% of patients using an-
tiplatelet medications are not optimally adherent 
or are complexly nonadherent to treatment. Non-
adherence was associated with a low education 
level, female sex, a history of depression, a his-
tory of diabetes mellitus, and cigarette smoking. 
Adverse events were noted as the cause of ces-
sation of low-dose ASA treatment in nearly 50% 

of patients15. Resistant to antiplatelet therapy is 
not limited to aspirin. In a prospective study that 
evaluated the antiplatelet effect of clopidogrel, 
approximately 25% of patients who underwent 
percutaneous coronary intervention (PCI) after 
ST-elevation myocardial infarction (i.e., STEMI) 
with stenting were resistant to clopidogrel and 
were therefore at increased risk for recurrent 
thrombosis16.

Laboratory aspirin resistance is defined as the 
failure of therapeutic doses of aspirin to inhibit 
platelet aggregation, and the definition is based 
on the direct measurement of platelet function 
or the detection of a lack of reduction in the 
expression of TXA217. The ineffectiveness of 
clopidogrel at inhibiting platelet aggregation, as 
measured in the laboratory, is known as clopido-
grel resistance18. Many factors, such as clinical 
conditions19, drug interactions20,21, and genetic 
variations22, affect the development of clopidogrel 
resistance.

One hundred ninety patients with a history of 
myocardial infarction (MI) were evaluated by 
Schwartz et al23 in 2005 using an arachidonic ac-
id-stimulated light aggregometry test at three dif-
ferent time points: while taking their usual daily 
dose of aspirin, 1 week after discontinuing aspi-
rin treatment, and 2 hours after the supervised 
administration of aspirin. At the first time point, 
17 patients (9%) showed no aspirin inhibition of 
platelet aggregation; 2 hours after the observed 
aspirin administration, all but one patient exhib-
ited scant observed aspirin inhibition.

This study was performed to identify the prev-
alence and causes of antiplatelet treatment resis-
tance in the al-Qassim region of Saudi Arabia.

Patients and Methods

Participant Selection
We recruited patients from February to Sep-

tember 2018 after their admission to King Fa-
had Specialist Hospital, Prince Sultan Cardiac 
Centre, Buraidah, al-Qassim, Saudi Arabia. We 
collected a total of 119 responses from patients 
who provided their informed consent and divided 
the participants into two groups: those with a first 
heart attack (n=45) and those with recurrent heart 
attacks (n=74).

Inclusion Criteria
We included male and female patients with 

a first or a recurrent episode of IHD who were 
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receiving 81 mg of aspirin alone, combined with 
75 mg of clopidogrel, or combined with 90 mg of 
ticagrelor.

Exclusion Criteria
Patients taking oral anticoagulants and those 

with recurrent IHD episodes who had experi-
enced their first IHD episode within the previous 
month were excluded. Ethical approval for the 
study was obtained from the subcommittee of 
Health Research Ethics in Qassim University, 
Buraidah, Saudi Arabia.

Clinical Resistance
We assessed clinical resistance using a struc-

tured survey that was developed on the basis 
of an extensive literature review. The question-
naires, which were originally written in English, 
were translated into Arabic. The survey included 
demographic data, educational level, smoking 
status, family history, history of IHD, history of 
drug therapy, and adherence. 

Laboratory Resistance
The platelet response to aspirin was mea-

sured using the VerifyNow® aspirin reaction 
units (ARU) test, which measures arachidonic 
acid-induced platelet aggregation. A result of 
<550 ARUs is evidence of platelet inhibition by 
aspirin. A result of ≥550 ARUs indicates no ev-
idence of aspirin-induced platelet inhibition. A 
registered nurse drew 2 mL of blood from each 
patient into a tube containing 3.2% sodium citrate 
after obtaining informed consent. Any samples 
with signs of clotting were excluded.

Statistical Analysis
All categorical variables are presented as the 

counts and proportions (%); continuous vari-
ables are summarized as the means ± standard 
deviations. The relationships between antiplate-
let therapy and recurrent episodes of IHD among 
patients stratified by baseline characteristics and 
comorbid diseases were assessed with Fischer’s 
exact test, and the comparisons between anthro-
pometric measures and laboratory results be-
tween patients with recurrent or first episodes of 
IHD were conducted using the Mann-Whitney 
U test (nonparametric test). The Shapiro-Wilk 
test was used to assess the normality of the 
distribution of data. A p-value of 0.05 indicated 
statistical significance. All statistical data were 
analyzed using the Statistical Package for Social 

Sciences, version 21 (SPSS Inc., Armonk, NY, 
USA).

Results

We analyzed 119 patients who were admitted 
due to IHD episodes. Table I presents the base-
line characteristics of the 119 patients. The ages 
ranged from 18 to 81 years (mean 57.8 years), 
and the most common age group was patients 
older than 60 years (39.5%). Male patients pre-
dominated (85.7% vs. 14.3% female patients), 
and educational levels were almost equally dis-
tributed across the cohort (uneducated: 21.8%, 
elementary education: 21%, intermediate educa-
tion: 21.8%, secondary education: 16%, higher 
education: 19.3%). 

Table II shows the platelet activity, measured 
in ARUs, of patients with first and recurrent 
episodes of IHD. The mean platelet count was 
higher in those with a recurrent IHD episode 
(168.5±83.4) than in those with a first episode 
(133.2±77.7). However, the difference was not sig-
nificant (p=0.105) according to the Mann-Whit-
ney U test (Figure 1).

Table III depicts the adherence to drug thera-
py among patients with first and recurrent IHD 
episodes. In patients who were not adherent to 
aspirin therapy, the most frequently mentioned 
reason for nonadherence was “it was not import-
ant” (67.7%) followed by “failure to remember” 
(19.4%) and “side effects” (12.9%). Of those who 
were not adherent to clopidogrel, approximately 
58.8% said “it was not important”, 35.3% failed 
to remember to take it, and only one patient 
(0.80%) did not adhere because of side effects. In 
addition, 16 patients responded about their adher-
ence to ticagrelor; among them, 13 patients were 
adherent, and 3 patients were not, mainly be-
cause of side effects (n=2) or failure to remember 
(n=1). Finally, nearly all the patients (96.6%) were 
taking other types of medications, and the most 
common were statins (98.2%). When comparing 
patients who had a first IHD episode with those 
who had recurrent IHD episodes, adherence to 
clopidogrel (p=0.023) and taking clopidogrel as 
the brand product Clogrel (Aja Pharma, Hail city, 
Hail region, Saudi Arabia) (p<0.001) were signifi-
cantly associated with the first episode, whereas 
taking aspirin for longer than 1 year (p=0.045), 
taking clopidogrel as the brand product Plavix 
(Sanofi Winthrop, France) (p=0.001), and taking 
proton pump inhibitors (PPIs) (p=0.029) were 
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Table I. Baseline characteristics of patients.

		  Overall	 First episode	 Recurrent episode
		  N (%)	 N (%)	 N (%)
	 Study variables	 (n = 119)	 (n = 45)	 (n = 74)	 p-value*

Age group				  
• < 50 years	 31 (26.1%)	 18 (40.0%)	 13 (17.6%)	 0.023***
• 51-60 years	 41 (34.5%)	 14 (31.1%)	 27 (36.5%)	
• > 60 years	 47 (39.5%)	 13 (28.9%)	 34 (45.9%)	
Sex				  
• Male	 102 (85.7%)	 40 (88.9%)	 62 (83.8%)	 0.591
BMI level
• Normal (18.5-24.9)	 12 (10.1%)	 03 (06.7%)	 09 (12.2%)	 0.162
• Overweight (25.0-29.9)	 55 (46.2%)	 17 (37.8%)	 38 (51.4%)	
• Obese (30-34.9)	 35 (29.4%)	 19 (42.2%)	 16 (21.6%)	
• Severely obese (35-39.9)	 09 (07.6%)	 04 (08.9%)	 05 (06.8%)	
• Morbidly obese (40 or higher)	 08 (06.7%)	 02 (04.4%)	 06 (08.1%)	

Smoking status				  
• Smoker	 25 (21.0%)	 06 (13.3%)	 19 (25.7%)	 0.297
• Non-smoker	 65 (54.6%)	 27 (60.0%)	 38 (51.4%)	
• Ex-smoker	 29 (24.4%)	 12 (26.7%)	 17 (23.0%)	
If smoker, number of cigarettes/day†	
• ≤ 20	 15 (60.0%)	 03 (50.0%)	 12 (63.2%)	 0.653
• > 20	 10 (40.0%)	 03 (50.0%)	 07 (36.8%)	
Type of intervention 				  
• None	 05 (04.2%)	 02 (04.4%)	 03 (04.1%)	 0.272
• PCI	 98 (82.4%)	 38 (84.4%)	 60 (81.1%)	
• CABG	 14 (11.8%)	 03 (06.7%)	 11 (14.9%)	
• Fibrinolysis	 01 (0.80%)	 01 (02.2%)	 0	
• PTCA	 01 (0.80%)	 01 (02.2%)	 0	
Time since diagnosis of IHD				  
• ≤ 5 years	 68 (57.1%)	 34 (75.6%)	 34 (45.9%)	 0.002***
• > 5 years	 51 (42.9%)	 11 (24.4%)	 40 (54.1%)	
Anthropometric measures				  
• Weight in kg (mean ± SD)	 82.6 ± 14.1	 84.2 ± 13.7	 81.7 ± 14.3	 0.339**
• Height in cm (mean ± SD)	 165.4 ± 7.68	 165.8 ± 7.71	 165.1 ± 7.69	 0.727**

Notes: †Non-smokers and ex-smokers were excluded from the analysis. *p-value was calculated with Fisher’s exact test. ** p-value 
was calculated with the Mann-Whitney U test. ***Significant at p < 0.05. Abbreviations: BMI: Body Mass Index; CABG, Coronary 
artery bypass; PCI, Percutaneous coronary intervention; grafting; PTCA, Percutaneous transluminal coronary angioplasty.

Figure 1. Mean platelet counts in patients with first and recurrent episodes of IHD.
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significantly associated with recurrent episodes.
Table IV shows the comorbid diseases in pa-

tients with first and recurrent IHD episodes. 
One-third of patients (33.6%) had a family history 
of IHD. We also observed that 78.4% of diabetic 
patients were diagnosed more than 5 years be-
fore. In addition, 12.6% had peptic ulcers, and 
89.1% reported no history of blood disorder. We 
found that diabetes (p<0.001) and hypertension 
(p=0.002) were significantly associated with re-
current IHD episodes.

Table V shows the characteristics of patients 
with recurrent IHD episodes. The most com-
mon intervention for recurrent episodes was PCI 
(74.3%), and the most common interval between 
episodes was longer than 6 months (78%). With 
regard to the metabolic parameters in patients 
with recurrent episodes, the mean cholesterol, 
prothrombin time (PT), activated partial throm-
boplastin time (APTT), fasting blood glucose 
(FBG), and hemoglobin A1c (HbA1c) were 3.9 
mmol/L, 12.5 sec, 31.4 sec, 11.2 mmol/L, and 

Table II. Platelet activity in patients with first and recurrent IHD episodes (n=43).

Values shown are the means ± SDs

	 Parameter	 Overall	 First episode 	 Recurrent episode	 p-value*

ARU	 152.1 ± 81.8	 133.2 ± 77.7	 168.5 ± 83.4	 0.105

Notes: *p-value was calculated with the Mann-Whitney U test. Abbreviations: ARU, Aspirin Resistant Unit.

Table III. Adherence to drug therapy among patients with first and recurrent IHD episodes N (%).

		  Overall	 First episode	 Recurrent episode
	 Parameters	 (n = 119)	 (n = 45)	 (n = 74)	 p-value*

Drug therapy				  
• Aspirin only	 14 (11.8%)	 04 (08.9%)	 10 (13.5%)	 0.371
• Aspirin and clopidogrel	 90 (75.6%)	 33 (73.3%)	 57 (77.0%)	
• Aspirin and ticagrelor	 15 (12.6%)	 08 (17.8%)	 07 (09.5%)	
Adherence to aspirin therapy (n=115)				  
• Yes	 84 (73.0%)	 33 (75.0%)	 51 (71.8%)	 0.830
• No	 31 (27.0%)	 11 (25.0%)	 20 (28.2%)	
Duration of aspirin therapy (n=105)				  
• ≤ 1 year	 10 (09.5%)	 07 (17.1%)	 03 (04.7%)	 0.045**
• > 1 year	 95 (90.5%)	 34 (82.9%)	 61 (95.3%)	
Adherence to clopidogrel therapy (n=85)				  
• Yes	 68 (80.0%)	 29 (93.5%)	 39 (72.2%)	 0.023**
• No	 17 (20.0%)	 02 (06.5%)	 15 (27.8%)	
Duration of clopidogrel therapy				  
• ≤ 1 year	 18 (23.1%)	 07 (23.3%)	 11 (22.9%)	 1.000
• > 1 year	 60 (76.9%)	 23 (76.7%)	 37 (77.1%)	
Brand name of clopidogrel used† (n=59)				  
• Plavix	 36 (61.0%)	 05 (27.8%)	 31 (75.6%)	 0.001**
• Pedovex	 19 (32.2%)	 09 (50.0%)	 10 (24.4%)	 0.072
• Clogrel	 29 (49.2%)	 17 (94.4%)	 12 (29.3%)	 < 0.001**
Adherence to ticagrelor therapy (n=16)				  
• Yes	 13 (81.3%)	 06 (66.7%)	 07 (100%)	 0.213
• No	 03 (18.8%)	 03 (33.3%)	 0	
Duration of ticagrelor therapy (n=15)				  
• ≤ 1 year	 03 (20.0%)	 01 (11.1%)	 02 (33.3%)	 0.525
• > 1 year	 12 (80.0%)	 08 (88.9%)	 04 (66.7%)	
Type of other medication†, (n=115)				  
• PPI	 70 (61.4%)	 21 (47.7%)	 49 (70.0%)	 0.029**

Notes: †Variable with multiple responses. *p-value was calculated with Fisher’s exact test. **Significant at p < 0.05. Abbreviations: 
PPI, Proton-Pump Inhibitor.
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7.70%, respectively. For detailed information, see 
the Supplementary Tables I-III.

Discussion

In recent years, identifying the pattern of re-
sponse to antiplatelet therapy in patients with 
CAD has become crucial. A proportion of patients 
experiences recurrent cardiac events despite an 
established antiplatelet treatment regimen. This 
study investigated the prevalence of antiplatelet 
treatment resistance among patients with first and 
recurrent IHD episodes and identified the reasons 
for that resistance.

Ageing affects the vasculature, leading to in-
creased arterial thickening and stiffness and to 
endothelial dysfunction. These changes subse-

quently lead to increased systolic pressure, which 
is a risk factor for the development of atheroscle-
rosis24. Our study showed a significant relation-
ship between age group and the type of episode, 
as most patients with first episodes were younger 
than those with recurrent episodes. Precisely 40% 
of the patients with first episodes were younger 
than 50 years old, and only 17.6% of the patients 
in this age group had a recurrent episode. A total 
of 45.9% of the patients who were older than 60 
years had recurrent episodes, whereas 28.9% had 
a first episode. A registry study25 performed in 
2014 in Sweden and the United Kingdom showed 
mean ages of 71.2 and 69.5 years for patients with 
acute myocardial infarction, respectively.

There is abundant evidence supporting 
sex-specific risks of CVD, but the biological bas-
es for these differences remain unknown26. Most 

Table IV. Comorbid diseases in patients with first and recurrent episodes of IHD.

		  Overall	 First episode	 Recurrent episode
		  N (%)	 N (%)	 N (%)
	 Study variables	 (n = 119)	 (n = 45)	 (n = 74)	 p-value*

Diabetes				  
• Yes	 74 (62.2%)	 17 (37.8%)	 57 (77.0%)	 < 0.001**
• No	 45 (37.8%)	 28 (62.2%)	 17 (23.0%)	
When was DM diagnosed? (n=74)				  
• < 1 year	 02 (02.7%)	 0	 02 (03.5%)	 0.403
• 1-5 years	 14 (18.9%)	 05 (29.4%)	 09 (15.8%)	
• > 5 years	 58 (78.4%)	 12 (70.6%)	 46 (80.7%)	
Hypertension				  
• Yes	 67 (56.3%)	 17 (37.8%)	 50 (67.6%)	 0.002**
• No	 52 (43.7%)	 28 (62.2%)	 24 (32.4%)	
When was HTN diagnosed? (n=67)				  
• < 1 year	 10 (14.9%)	 03 (17.6%)	 07 (14.0%)	 0.706
• 1-5 years	 57 (85.1%)	 14 (82.4%)	 43 (86.0%)	
If non-hypertensive, taking 
antihypertensive medications (n=52)	
• Yes	 37 (71.2%)	 21 (75.0%)	 16 (66.7%)	 0.553
• No	 15 (28.8%)	 07 (25.0%)	 08 (33.3%)	
Dyslipidemia				  
• Yes	 36 (30.3%)	 12 (26.7%)	 24 (32.4%)	 0.544
• No	 83 (69.7%)	 33 (73.3%)	 50 (67.6%)	
When was dyslipidemia diagnosed? (n=36)				  
• < 1 year	 02 (05.6%)	 02 (16.7%)	 0	 0.200
• 1-5 years	 17 (47.2%)	 05 (41.7%)	 12 (50.0%)	
• > 5 years	 17 (47.2%)	 05 (41.7%)	 12 (50.0%)	
If without dyslipidemia, taking 
anti-dyslipidemia medication (n=83)	
• Yes	 71 (85.5%)	 28 (84.8%)	 43 (86.0%)	 1.000
• No	 12 (14.5%)	 05 (15.2%)	 07 (14.0%)	
Peptic ulcer				  
• Yes	 15 (12.6%)	 05 (11.1%)	 10 (13.5%)	 0.783
• No	 104 (87.4%)	 40 (88.9%)	 64 (86.5%)	

Notes: *p-value was calculated using Fisher’s exact test. **Significant at p < 0.05. Abbreviations: IHD, ischemic heart disease; 
HTN, Hypertension. 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-II-III-11330.pdf
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patients in this study were men (85.7%), which 
could be attributed to the demographics in the 
study region. According to the 2018 census of 
the al-Qassim region, 1.9% of the men and 1.2% 
of the women had CVD27. In contrast, Cha et al28 
in 2016 reported more female than male patients 
among both those with first episodes and those 
with recurrent episodes.

The body mass index (BMI) of the study par-
ticipants was high overall and differed between 
the two groups. Most patients with a first epi-
sode were obese (42.2%), whereas most patients 
with recurrent episodes were severely overweight 
(51.4%). This difference could be attributed to the 
educational and medical efforts regarding body 
weight and diet made by the Ministry of Health 
after the first episode. However, a cohort study28 
in 2016 showed no difference in BMI between 
patients with and without recurrent episodes.

Most patients with recurrent episodes under-
went PCI as an intervention (74.3%). A 2012 
study29, in which 85.3% of patients with recurrent 
infarctions underwent emergency PCI, was sim-
ilar to ours.

Smoking is a risk factor for several cardiac 
diseases. The majority of patients with first and 
recurrent episodes were nonsmokers (60% and 
51.4%, respectively). Smokers reported smoking 
fewer than 20 cigarettes per day. Similar results 
were reported in 2013 by Kim et al30, who stud-

ied the effect of smoking on several diseases and 
found that current smokers had a higher rate of 
CVD than did those who had quit smoking.

The Verify Now ARU test is an initial way in 
emergencies to identify patients who are taking 
aspirin, which helps avoiding the risk of bleed-
ing during major surgery31. In this study, the 
measured ARUs did not differ between the two 
groups, and both groups had values within the 
normal range. According to the test manual, a 
value less than 550 ARUs represents no aspirin 
resistance. The group with first episodes had a 
mean value of 133.2 ARUs, and the group with 
recurrent episodes had a value of 168.5 ARUs; 
thus, the platelets in both groups still responded 
to aspirin. The lack of a significant difference 
could be attributed to the atypical distribution of 
the data. The Saudi Food and Drug Administra-
tion announced in January 2019 the withdrawal 
of the aspirin product Jusprin (Julphar, United 
Arab Emirates), a brand of aspirin produced in 
the United Arab Emirates, because of quality is-
sues – specifically those pertaining to its stability. 
Jusprin was the brand provided to the patients 
by the Ministry of Health. Use of this product 
could be a reason for the recurrent episodes, even 
among those who adhered to aspirin treatment. A 
study32 in 2016 measured the ARUs in aspirin-re-
sistant and nonresistant patients. The resistant 
group had a value of 610 ARUs, which was higher 
than the cut-off, but the nonresistant group had a 
lower value (442).

Despite the availability of other options, most 
of the patients in our study were receiving regi-
mens using aspirin and clopidogrel. In the PLA-
TO study, treatment with ticagrelor was associat-
ed with fewer total events, including first and re-
current cardiovascular events, than clopidogrel33.

The patients in our study were not completely 
adherent to their medication regimens. Approx-
imately, 73% adhered to aspirin treatment, 80% 
adhered to clopidogrel treatment, and 81.3% ad-
hered to ticagrelor treatment. Their main reason 
for nonadherence to aspirin and clopidogrel was 
that patients considered their antiplatelet medica-
tions unimportant (67.7% for aspirin and 58.8% 
for clopidogrel); 66% of the patients who were 
nonadherent to ticagrelor cited side effects as a 
reason. A 2019 study34 in Vietnam showed similar 
results among patients with MI: approximately 
70% reported adherence, and nonadherence was 
attributed primarily to financial reasons.

In terms of duration, most patients have been 
treated with antiplatelets for longer than 1 year. 

Abbreviations: PCI, Percutaneous coronary intervention; 
CABG , Coronary artery bypass grafting; PT , Prothrompine 
time; APTT, activated partial thromboplastin time ; FBG , 
Fasting blood glucose; HbA1c , hemoglobin A1c.

Table V. Characteristics of patients with recurrent IHD 
episodes (n=74).

	 Characteristic	 N (%)

Type of intervention 	
• None	 11 (14.9%)
• PCI	 55 (74.3%)
• CABG	 03 (04.1%)
• Fibrinolytic	 05 (06.8%)
Interval since previous episode (n=41)	
• ≤ 1 month	 08 (14.9%)
• 1-3 months	 0
• > 3 months-6 months	 01 (0.80%)
• > 6 months	 32 (78.0%)
Metabolic parameters	 Mean ± SD
• Cholesterol (mmol/L)(n=24)	 03.9 ± 1.51
• PT (sec) (n=28)	 12.5 ± 1.73
• APTT (sec) (n=49)	 31.4 ± 4.62
• FBG (mmol/L) (n=9)	 11.2 ± 6.48
• HbA1c (%) (n=11)	 7.70 ± 1.93
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However, a systematic review and meta-analysis35 
in 2015 showed that an extended duration of dual 
antiplatelet therapy (>6 months) did not yield 
any benefits with regard to the risk of all-cause, 
cardiovascular, or noncardiovascular mortality 
compared with aspirin alone or a short duration 
of dual antiplatelet therapy. In addition, the 2016 
ACC/AHA guidelines6 did not report any benefit 
of or make recommendations for more than 1 
year of dual antiplatelet therapy.

The specific brand name products used by pa-
tients in this study varied substantially between 
the groups with first and recurrent episodes. 
Most patients with first episodes were receiving 
clopidogrel as Clogrel (Aja Pharma, Hail city, 
Hail region, Saudi Arabia), whereas the patients 
in the recurrent-episode group were receiving the 
same drug as Plavix (Sanofi Winthrop, France). 
This difference could have occurred because the 
Ministry of Health used to provide Plavix but 
now provides Clogrel.

Most patients were receiving treatments other 
than antiplatelet medications: more than 90% 
of patients reported taking other medications. 
Statins were the most common, followed by PPIs, 
and then, nonsteroidal anti-inflammatory drugs 
(which were reported by only a few patients). 
Statins have many benefits: they improve endo-
thelial function, modulate inflammatory respons-
es, maintain plaque stability, and prevent throm-
bus formation36. High-intensity statins are recom-
mended as part of the treatment plan for CVD37. 
PPIs should be used in patients with a history of 
prior gastrointestinal bleeding who require dual 
antiplatelet therapy, as per the 2011 PCI guide-
lines6. According to a 2011 study, 37.3% of pa-
tients with CHD in the Middle East were treated 
with statins38.

The World Heart Federation has listed several 
risk factors for CVD. Modifiable risk factors in-
clude physical inactivity, hypertension, diabetes 
mellitus, smoking, diet, and obesity; nonmodifi-
able risk factors include family history, age, and 
sex39. In our study, most patients in both groups 
reported a family history of IHD. In the United 
States, according to the 2011 heart disease and 
Stroke Statistics, 13.3% of adults aged 20 years 
or older reported having a parent or sibling with 
a heart attack or angina before age 50 years40. 
Moreover, a relevant parental history increases 
the odds of MI up to six times compared with a 
control group41.

Blood pressure has strong associations with 
MI and several cardiac diseases42. Diabetes and 

hypertension were more prevalent among patients 
with recurrent episodes than among those with 
first episodes, although most participants did not 
have diabetes or hypertension. In a 2017 study43, 
82.5% of patients with MI also had hypertension, 
whereas only 46.6% of them had diabetes. An-
other study25 based on registries of patients with 
acute MI in Sweden and the United Kingdom re-
corded that 47.3% of patients in the United King-
dom had a history of hypertension and 17.6% had 
a history of diabetes, whereas 45.2% of patients 
in Sweden had a history of hypertension and 
22.7% had a history of diabetes.

Hyperlipidemia is an important risk factor for 
CVD and can be characterized by high choles-
terol, high triglycerides, or both44. Dyslipidemia 
was not common in either group in our study. 
However, in patients with recurrent episodes, 
most reported taking antidyslipidemia medica-
tions despite no diagnosis of dyslipidemia. This 
treatment could have resulted from recommen-
dations in the guidelines for the use of high-dose 
statins after STEMI37. In contrast, 68% of the 
patients in a study by Hess et al43 who had a first 
cardiovascular event, also experienced hyper-
lipidemia. The study by Stone et al44 evaluated 
the baseline characteristics of the patients who 
had reinfarction after STEMI and those who did 
not. They reported that 48.4% of the reinfarction 
group had hyperlipidemia and 42.1% of STEMI 
group without reinfarction had hyperlipidemia. 
They found a median time to first reinfarction of 
244 days; similarly, most patients in our study 
had recurrent episodes more than 6 months after 
the previous infarction.

Some metabolic parameters were abnormal in 
the group with recurrent episodes of IHD. The 
mean cholesterol level was lower than normal, 
which could be attributed to the use of statins 
after the first episode. A study by Cha et al28, 
which reported a slightly higher mean cholesterol 
value of 4.73 mmol/L, supports this premise. The 
blood glucose measurements (FBG and HbA1c) 
were abnormally high in patients in the recur-
rent-episode group; these increases could reflect 
the diabetic status of the majority of this group. 
Our results corroborate those in the 2016 study 
by Cha et al28.

APTT is a coagulation screening test that 
assesses the status of patients with coagulation 
abnormalities. The PT measures the time re-
quired for clotting to occur after the addition of a 
source of tissue factor to recalcified, citrated plas-
ma. Several medications (heparin, low-molec-
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ular-weight heparin, and warfarin) will prolong 
the APTT and PT45. In our study, the coagulation 
parameters of PT and APTT in patients with re-
current episodes were normal. The range for the 
PT is 10-13 sec, and the range for the APTT is 
22-37 sec46.

One major limitation faced by this study was 
the low rate of enrollment by patients in the 
al-Qassim region. In addition, enrolled patients 
were not always forthright with the data collector 
during the first interview after their admission. 
Furthermore, these findings were predominantly 
from a male population and from patients with 
diabetes but without hyperlipidemia, so they can-
not be more widely attributed to other patient 
populations.

Conclusions

No clear evidence of aspirin resistance was 
found in our participants, and other factors may 
have contributed to the recurrence of IHD ep-
isodes. The study showed a high level of com-
pliance with antiplatelet medications. The pres-
ence of cardiovascular risk factors increased the 
likelihood of episode recurrence. Diabetes and 
hypertension tended to be associated with recur-
rent episodes. Other risk factors, such as family 
history, BMI, and smoking, were not associated 
with recurrent episodes. 

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
The researchers would like to thank the Deanship of Scien-
tific Research, Qassim University for funding the publica-
tion of this project.

References

  1)	 Clark H. NCDs: a challenge to sustainable human 
development. Lancet 2013; 381: 510-511. 

  2)	 Roth GA, Johnson C, Abajobir A, Abd-Allah F, Ab-
era SF, Abyu G, Ahmed M, Aksut B, Alam T, Alam 
K, Alla F, Alvis-Guzman N, Amrock S, Ansari H, 
Ärnlöv J, Asayesh H, Atey TM, Avila-Burgos L, 
Awasthi A, Banerjee A, Barac A, Bärnighausen T, 
Barregard L, Bedi N, Belay Ketema E, Bennett D, 
Berhe G, Bhutta Z, Bitew S, Carapetis J, Carrero 
JJ, Malta DC, Castañeda-Orjuela CA, Castillo-Ri-
vas J, Catalá-López F, Choi JY, Christensen H, 

Cirillo M, Cooper L Jr, Criqui M, Cundiff D, Dam-
asceno A, Dandona L, Dandona R, Davletov K, 
Dharmaratne S, Dorairaj P, Dubey M, Ehrenkranz 
R, El Sayed Zaki M, Faraon EJA, Esteghamati A, 
Farid T, Farvid M, Feigin V, Ding EL, Fowkes G, 
Gebrehiwot T, Gillum R, Gold A, Gona P, Gupta 
R, Habtewold TD, Hafezi-Nejad N, Hailu T, Hai-
lu GB, Hankey G, Hassen HY, Abate KH, Havmo-
eller R, Hay SI, Horino M, Hotez PJ, Jacobsen K, 
James S, Javanbakht M, Jeemon P, John D, Jonas 
J, Kalkonde Y, Karimkhani C, Kasaeian A, Khad-
er Y, Khan A, Khang YH, Khera S, Khoja AT, Khu-
bchandani J, Kim D, Kolte D, Kosen S, Krohn KJ, 
Kumar GA, Kwan GF, Lal DK, Larsson A, Linn S, 
Lopez A, Lotufo PA, El Razek HMA, Malekzadeh 
R, Mazidi M, Meier T, Meles KG, Mensah G, Mere-
toja A, Mezgebe H, Miller T, Mirrakhimov E, Mo-
hammed S, Moran AE, Musa KI, Narula J, Neal B, 
Ngalesoni F, Nguyen G, Obermeyer CM, Owola-
bi M, Patton G, Pedro J, Qato D, Qorbani M, Ra-
himi K, Rai RK, Rawaf S, Ribeiro A, Safiri S, Sa-
lomon JA, Santos I, Santric Milicevic M, Sartorius 
B, Schutte A, Sepanlou S, Shaikh MA, Shin MJ, 
Shishehbor M, Shore H, Silva DAS, Sobngwi E, 
Stranges S, Swaminathan S, Tabarés-Seisdedos 
R, Tadele Atnafu N, Tesfay F, Thakur JS, Thrift A, 
Topor-Madry R, Truelsen T, Tyrovolas S, Ukwa-
ja KN, Uthman O, Vasankari T, Vlassov V, Vollset 
SE, Wakayo T, Watkins D, Weintraub R, Werdeck-
er A, Westerman R, Wiysonge CS, Wolfe C, Wor-
kicho A, Xu G, Yano Y, Yip P, Yonemoto N, Younis 
M, Yu C, Vos T, Naghavi M, Murray C. Global, re-
gional, and national burden of cardiovascular dis-
eases for 10 causes, 1990 to 2015. J Am Coll Car-
diol 2017; 70: 1-25. 

  3)	 Al-Nozha MM, Arafah MR, Al-Mazrou YY, 
Al-Maatouq MA, Khan NB, Khalil MZ, Al-Khadra 
AH, Al-Marzouki K, Abdullah MA, Al-Harthi SS, 
Al-Shahid MS. Coronary artery disease in Saudi 
Arabia. Saudi Med J 2004; 25: 1165-1171.

  4)	 Mannu GS, Macartney A, Lambert JR, Betten-
court‐Silva JH, Lawn M, Lyall H, Metcalf AK, Pot-
ter JF, Wood J, Clark A, Baglin T. The clinical util-
ity of multiplate analyser measurement in plate-
let function testing following stroke and transient 
ischemic attack. Eur J Haematol 2015; 94: 138-
144. 

  5)	 Blair TA, Moore SF, Hers I. Circulating primers 
enhance platelet function and induce resistance 
to antiplatelet therapy. J Thromb Haemost 2015; 
13: 1479-1493. 

  6)	 Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn 
SD, Fleisher LA, Granger CB, Lange RA, Mack 
MJ, Mauri L, Mehran R. 2016 ACC/AHA guideline 
focused update on duration of dual antiplatelet 
therapy in patients with coronary artery disease: 
a report of the American College of Cardiology/
American Heart Association Task Force on Clin-
ical Practice Guidelines. J AM Coll Cardiol 2016; 
68: 1082-1115. 

  7)	 Floyd CN, Ferro A. Mechanisms of aspirin resis-
tance. Pharmacol Ther 2014; 141: 69-78. 



Aspirin resistance among patients with new and recurrent IHD episodes in Qassim region, Saudi Arabia

2115

  8)	 Gurbel PA, Tantry US. Clopidogrel resistance? 
Thromb Res 2007; 120: 311-321. 

  9)	 Cai G, Zhou W, Lu Y, Chen P, Lu Z, Fu Y. Aspi-
rin resistance and other aspirin-related concerns. 
Neurol Sci 2016; 37: 181-189. 

10)	 Kuliczkowski W, Witkowski A, Polonski L, Wata-
la C, Filipiak K, Budaj A, Golanski J, Sitkiewicz 
D, Pregowski J, Gorski J, Zembala M. Interindi-
vidual variability in the response to oral antiplate-
let drugs: a position paper of the working group 
on antiplatelet drugs resistance appointed by the 
section of cardiovascular interventions of the Pol-
ish Cardiac Society, endorsed by the Working 
Group on Thrombosis of the European Society of 
Cardiology. Eur Heart J 2009; 30: 426-435. 

11)	 Grundmann K, Jaschonek K, Kleine B, Dichgans 
J, Topka H. Aspirin non-responder status in pa-
tients with recurrent cerebral ischemic attacks. J 
Neurol 2003; 250: 63-66. 

12)	 Dalen JE. Aspirin resistance: is it real? Is it clini-
cally significant? Am J Med 2007; 120: 1-4. 

13)	 Schwartz KA, Schwartz DE, Barber K, Reeves M, 
De Franco AC. Non-compliance is the predominant 
cause of aspirin resistance in chronic coronary ar-
terial disease patients. J Transl Med 2008; 6: 1-7. 

14)	 Han YL. Aspirin resistance in coronary heart dis-
ease: current understandings and strategies. J 
Transl Intern Med 2016; 4: 7-10. 

15)	 Herlitz J, Tóth PP, Næsdal J. Low-dose aspirin 
therapy for cardiovascular prevention. Am J Car-
diovasc Drugs 2010; 10: 125-141. 

16)	 Matetzky S, Shenkman B, Guetta V, Shechter M, 
Beinart R, Goldenberg I, Novikov I, Pres H, Sav-
ion N, Varon D, Hod H. Clopidogrel resistance is 
associated with increased risk of recurrent athero-
thrombotic events in patients with acute myocardi-
al infarction. Circulation 2004; 109: 3171-3175. 

17)	 Abacı O, Kılıçkesmez KO. Aspirin resistance: 
where are we now? Anadolu Kardiyol Der 2013; 
13: 370-373. 

18)	 Silva FB, Almeida Junior GL, Neno A, Kezen J, 
Spelta M, Godomiczer A, Villela R, Hellmuth B, 
Xavier SS, Lins RH. Resistance to clopidogrel: 
prevalence and associate variables. Arq Bras 
Cardiol 2012; 99: 1135-1141. 

19)	 Mangiacapra F, Patti G, Peace A, Gatto L, Vizzi 
V, Ricottini E, D’Ambrosio A, Muller O, Barbato 
E, Di Sciascio G. Comparison of platelet reactiv-
ity and periprocedural outcomes in patients with 
versus without diabetes mellitus and treated with 
clopidogrel and percutaneous coronary interven-
tion. Am J Cardiol 2010; 106: 619-623. 

20)	 Cuisset T, Frere C, Quilici J, Poyet R, Gaborit B, 
Bali L, Brissy O, Morange PE, Alessi MC, Bon-
net JL. Comparison of omeprazole and pantopra-
zole influence on a high 150-mg clopidogrel main-
tenance dose: the PACA (proton pump inhibitors 
and clopidogrel association) prospective random-
ized study. J Am Coll Cardiol 2009; 54: 1149-1153. 

21)	 Siller-Matula JM, Lang I, Christ G, Jilma B. Cal-
cium-channel blockers reduce the antiplatelet ef-

fect of clopidogrel. J Am Coll Cardiol 2008; 52: 
1557-1563. 

22)	 Momary KM, Dorsch MP, Bates ER. Genetic 
causes of clopidogrel nonresponsiveness: which 
ones really count? Pharmacotherapy 2010; 30: 
265-274. 

23)	 Schwartz KA, Schwartz DE, Ghosheh K, Reeves 
MJ, Barber K, DeFranco A. Compliance as a crit-
ical consideration in patients who appear to be 
resistant to aspirin after healing of myocardial in-
farction. Am J Cardiol 2005; 95: 973-975. 

24)	 North BJ, Sinclair DA. The intersection between 
aging and cardiovascular disease. Circ Res 2012; 
110: 1097-1108. 

25)	 Chung SC, Gedeborg R, Nicholas O, James S, 
Jeppsson A, Wolfe C, Heuschmann P, Wallen-
tin L, Deanfield J, Timmis A, Jernberg T. Acute 
myocardial infarction: a comparison of short-term 
survival in national outcome registries in Sweden 
and the UK. Lancet 2014; 383: 1305-1312. 

26)	 Feldman RD. Sex-specific determinants of coro-
nary artery disease and atherosclerotic risk fac-
tors: estrogen and beyond. Can J Cardiol 2020; 
36: 706-711. 

27)	 GASTAT Releases Results of Household Health 
Survey, 2018 [Internet]. General Authority for Sta-
tistics. 2021 [cited 27 June 2020]. Available from: 
https://www.stats.gov.sa/en/news/326.

28)	 Cha SA, Yun JS, Lim TS, Min K, Song KH, Yoo 
KD, Park YM, Ahn YB, Ko SH. Diabetic cardio-
vascular autonomic neuropathy predicts recur-
rent cardiovascular diseases in patients with type 
2 diabetes. PLoS One 2016; 11: e0164807. 

29)	 Nakatani D, Sakata Y, Suna S, Usami M, Matsu-
moto S, Shimizu M, Sumitsuji S, Kawano S, Ue-
da Y, Hamasaki T, Sato H. Incidence, predictors, 
and subsequent mortality risk of recurrent myo-
cardial infarction in patients following discharge 
for acute myocardial infarction. Circ J 2013; 77: 
439-446.

30)	 Kim HE, Song YM, Kim BK, Park YS, Kim MH. 
Factors associated with persistent smoking after 
the diagnosis of cardiovascular disease. Korean 
J Fam Med 2013; 34: 160-168. 

31)	 Welsh KJ, Dasgupta A, Nguyen AN, Wahed A. 
Utility of VerifyNow for point-of-care identifica-
tion of an aspirin effect prior to emergency cardi-
ac surgery. Ann Clin Lab Sci 2015; 45: 377-381. 

32)	 Pasala T, Hoo JS, Lockhart MK, Waheed R, Sen-
godan P, Alexander J, Gandhi S. Aspirin resis-
tance predicts adverse cardiovascular events in 
patients with symptomatic peripheral artery dis-
ease. Texas Heart Inst J 2016; 43: 482-487. 

33)	 Kohli P, Wallentin L, Reyes E, Horrow J, Husted 
S, Angiolillo DJ, Ardissino D, Maurer G, Morais J, 
Nicolau JC, Oto A. Reduction in first and recur-
rent cardiovascular events with ticagrelor com-
pared with clopidogrel in the PLATO Study. Cir-
culation 2013; 127: 673-680. 

34)	 Luu N, Dinh A, Nguyen T, Nguyen V. Adherence 
to antiplatelet therapy after coronary intervention 



A.S. Alsharidah, D.S. Alsuhaibani, H.A. Alsuhaibani, M.S. Alsharidah, A.-M. Hafez Abdel-Moneim

2116

among patients with myocardial infarction attend-
ing Vietnam National Heart Institute. BioMed Res 
Intl 2019; 2019: 1-7. 

35)	 Elmariah S, Mauri L, Doros G, Galper BZ, O’Neill 
KE, Steg PG, Kereiakes DJ, Yeh RW. Extended 
duration dual antiplatelet therapy and mortality: 
a systematic review and meta-analysis. Lancet 
2015; 385: 792-798. 

36)	 Pichandi S, Pasupathi P, Rao YY, Farook J, Am-
bika A, Ponnusha BS. The role of statin drugs in 
combating cardiovascular diseases: a review. Int 
J Cur Sci Res 2011; 1: 47-56. 

37)	 Amsterdam EA, Wenger NK, Brindis RG, Ca-
sey DE, Ganiats TG, Holmes DR, Jaffe AS, 
Jneid H, Kelly RF, Kontos MC, Levine GN. 2014 
AHA/ACC guideline for the management of pa-
tients with non–ST-elevation acute coronary syn-
dromes: a report of the American College of Car-
diology/American Heart Association Task Force 
on Practice Guidelines. J Am Coll Cardiol 2014; 
64: e139-e228. 

38)	 Yusuf S, Islam S, Chow CK, Rangarajan S, Da-
genais G, Diaz R, Gupta R, Kelishadi R, Iqbal 
R, Avezum A, Kruger A. Use of secondary pre-
vention drugs for cardiovascular disease in the 
community in high-income, middle-income, and 
low-income countries (the PURE Study): a pro-
spective epidemiological survey. Lancet 2011; 
378: 1231-1243. 

39)	 What is CVD? World Heart Federation [Internet]. 
World Heart Federation. 2017 [cited 22 June 2020]. 
Available from: https://www.world-heart-federa-
tion.org/resources/risk-factors/.

40)	 Roger VL, Go AS, Lloyd-Jones DM, Adams RJ, 
Berry JD, Brown TM, Carnethon MR, Dai S, De 
Simone G, Ford ES, Fox CS. Heart disease and 
stroke statistics: 2011 update—a report from the 

American Heart Association. Circulation 2011; 
123: e18-e209. 

41)	 Chow CK, Islam S, Bautista L, Rumboldt Z, Yus-
ufali A, Xie C, Anand SS, Engert JC, Rangarajan 
S, Yusuf S. Parental history and myocardial in-
farction risk across the world: the INTERHEART 
study. J Am Coll Cardiol 2011; 57: 619-627. 

42)	 Rapsomaniki E, Timmis A, George J, Pujades-Ro-
driguez M, Shah AD, Denaxas S, White IR, Caul-
field MJ, Deanfield JE, Smeeth L, Williams B. 
Blood pressure and incidence of twelve car-
diovascular diseases: lifetime risks, healthy life-
years lost, and age-specific associations in 1.25 
million people. Lancet 2014; 383: 1899-1911. 

43)	 Hess CN, Clare RM, Neely ML, Tricoci P, Mahaf-
fey KW, James SK, Alexander JH, Held C, Lopes 
RD, Fox KA, White HD. Differential occurrence, 
profile, and impact of first recurrent cardiovascu-
lar events after an acute coronary syndrome. Am 
Heart J 2017; 187: 194-203.

44)	 Stone SG, Serrao GW, Mehran R, Tomey MI, Wit-
zenbichler B, Guagliumi G, Peruga JZ, Brodie 
BR, Dudek D, Möckel M, Brener SJ. Incidence, 
predictors, and implications of reinfarction af-
ter primary percutaneous coronary intervention 
in ST-segment–elevation myocardial infarction: 
the Harmonizing Outcomes with Revasculariza-
tion and Stents in Acute Myocardial Infarction tri-
al. Circ Cardiovasc Interv 2014; 7: 543-551. 

45)	 Levy JH, Szlam F, Wolberg AS, Winkler A. Clin-
ical use of the activated partial thromboplastin 
time and prothrombin time for screening: a review 
of the literature and current guidelines for testing. 
Clin Lab Med 2014; 34: 453-477.

46)	 Zeind C, Carvalho M. Applied therapeutics: the 
clinical use of drugs. 11th ed. New York: Wolters 
Kluwer, 2018.


