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ABSTRACT 

Background: Clopidogrel is a prodrug metabolized by cytochrome P450-2C19. Drugs inhibiting this enzyme might re- 
duce its antiplatelet activity. In order to reduce gastrointestinal bleedings, proton-pump inhibitors are usually prescribed 
in association with clopidogrel. The study aims at assessing the clinical importance of interactions between clopidogrel 
and inhibitors of CYP2C19. It also aims to evaluate any possible factors that may reduce the therapeutic efficacy of the 
drug. Particular attention was devoted to possible gender differences in responsiveness to treatment with clopidogrel or 
clopidogrel plus proton-pump inhibitors. This analysis is a retrospective case-control observational study carried out by 
the University Hospital of Ferrara. Methods: Subjects were patients who had received clopidogrel from 01-01-2008 to 
31-12-2008. For them, we analysed hospital admissions and data of drug prescriptions relative to dispensing of drugs 
cytochrome P-450-2C19 inhibitors. Patients were subdivided into case and control groups based on the occurrence or 
not of cardiovascular or cerebrovascular secondary events during therapy with clopidogrel. Results: The study focused 
on 781 patients, 20.1% of which (n.157) experienced secondary effects. The mean age is 70 years old. Men (67% of the 
analyzed population) experienced secondary events more than women (OR 1.54; CI 95% 1.04 - 2.28; p < 0.03). 70% of 
patients took PPIs and we noticed that the risk of secondary events increased by 2.2% with respect to the remaining 
patients (20.77% vs 18.57%; OR 1.15; CI 0.78 - 1.70; p = NS). Among PPIs, lansoprazole is the most used. For this 
subgroup the risk is 5.2% higher (risk in those exposed of 23.75% vs 18.57% in those not exposed; or 1.37, 95% CI 
0.92 - 2.03; p = NS). The interaction with PPIs is particularly interesting only among women, with a risk 6.3% higher 
(17.46% exposed, 11.11% non exposed). The risk remains the same among men. Conclusions: Analyzed data show an 
increase in cardiovascular or cerebral secondary events for patients exposed to PPIs. It also demonstrated the existence 
of differrent gender in therapeutic response to clopidogrel. 
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1. Introduction 

The prodrug Clopidogrel is a thienopyridine class anti- 
platelet agent used to treat patients affected by acute 
coronary artery disease, myocardial infarct, and ischemic 
stroke. The efficacy of clopidogrel therapy has shown 
great variability among individuals [1], often correlated 
to alterations in the cytochrome P450-2C19 activity. In 
fact, it is the main enzyme which metabolises the drug, is 
polymorphic and the most common polymorphisms are 
often responsible for a reduced function of the enzyme.  

Since CYP2C19 poor metabolizers have significantly 
lower plasma levels of the active metabolite, as well as a 
reduced antiplatelet activity [1] when treatment is re- 
quired it would be advisable to carry out a genotype test 
in order to assess whether the patient would respond well 
to clopidogrel therapy or whether alternative treatment  

may be more efficacious [2]. The frequency of CYP2C19 
polymorphisms vary according to ethnic group, being 
present in 30% of Caucasians, in 40% of Blacks, and in 
55% of Asiatics [3]. One aspect which has been given 
little attention is that genetic polymorphism may vary 
between the sexes. This may be due to the fact that gen- 
der differences in responsiveness to drugs has only been 
studied since the early nineties, although it is a subject of 
research that is arousing increasing interest. 

Besides genetic polymorphism, alterations in the phar- 
macological effect of clopidogrel may also occur as a 
result of interactions between drugs. This problem has 
emerged over the past few years particularly in connec- 
tion with the possible interaction between clopidogrel 
and proton-pump inhibitors (PPIs) are often prescribed to 
reduce the occurrence of gastrointestinal bleeding and are 
enzyme inhibitors of the cytochrome P450-2C19 [4,5]. 
Many studies [6-8] have revealed a reduction in aggrega-  *The authors declare that they have no competing interests. 
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tion of platelets due to PPI interaction in patients taking 
clopidogrel, but there are conflicting opinions as to whether 
their concomitant use can reduce the benefits of the anti- 
aggregation therapy and increase the risk of future car- 
diovascular events [9-16]. The interaction between clopi- 
dogrel and proton-pump inhibitors may, however, derive 
from an effect linked to the single molecule rather than to 
the class itself [6,7,11,12,17,18]; should the enzymatic 
inhibition be responsible for the decreased therapeutic 
effects of clopidogrel, then caution would be advisable 
when administering other enzymatic inhibitors besides 
PPIs during antiaggregation therapy.  

The aim of the study was to verify the clinical impor- 
tance of the interaction between clopidogrel and inhibit- 
tors of the cytochrome 2C19, by analysing the number of 
prescriptions dispensed within the University Hospital of 
Ferrara, which is a provincial hospital serving about 
160,000 people. A further aim was to evaluate any possi- 
ble factors that may reduce the therapeutic efficacy of the 
drug and expose the patient to a higher risk of secondary 
events of a cardiovascular or cerebrovascular nature. 
Particular attention was also devoted to possible gender 
differences in responsiveness to treatment with clopidogrel. 

2. Methods 

Data Collection 

The collection of data was obtained from: 
1) The Pharmacy Dispensary Unit of the University 

Hospital of Ferrara in relation to the dispensing of clopi- 
dogrel (75 mg), PPIs, fluoxetine and sertraline, in the 
period from 01/01/2008 to 31/12/2008; 

2) The computer management system of hospital ad- 
missions at the University Hospital of Ferrara. Case his- 
tory were not available, but we analysed extraction of 
data relative to admissions of patients affected by car- 
diovascular and cerebrovascular diseases from 01/01/2007 
to 31/12/2008 for the following pathologies correlated to 
use of clopidogrel [19]: 
 Ischemic events such as acute myocardial infarct 

(AMI) and other acute and subacute forms of ischemic 
cardiomyopathy, chronic ischemic cardiomyopathy, 
and angina pectoris; 

 Cerebrovascular diseases such as intracranial haem- 
orrhage, occlusion and stenosis of cerebral and pre- 
cerebral arteries, transient cerebral ischemia and other 
cerebrovascular diseases; 

 Insertion of drug or non-drug eluting coronary artery 
stent(s). 

Data of drug prescriptions in the territory of the Prov- 
ince of Ferrara relative to dispensing of PPIs (esomepra- 
zole, lansoprazole, omeprazole, pantoprazole, rabeprazole), 
sertraline and fluoxetine over the period 01/01/2008 to 
31/12/2008. 

3. Study Design and Patient Recruitment 

Analysis of the data was carried out by means of retro- 
spective-observational case-control study (Figure 1). 

Subjects were patients who had received clopidogrel 
from the Dispensing Pharmacy Service at the University 
Hospital of Ferrara, from 01-01 to 31-12 2008. Patients 
with less than 20% compliance or treatment less than or 
equal of one month were excluded because their expo- 
sure to the drug was too short to reveal any drug interac- 
tions. 

3.1. Subjects 

This study was approved by the Ethics Committee of 
Ferrara on 30/09/2010 and conducted by applying the 
legislative decree of June 24, 2003, No. 211 of Good 
Clinical Practice in clinical trials of medicines for clini- 
cal use. The study was conducted in accordance with the 
Declaration of Helsinki. 

3.2. Data Processing 

Data was organised into files containing patient card 
number, date of birth, age at the end of the year 2008, 
and sex. Patients prescribed clopidogrel were subdivided 
into two groups: those who experienced a recurrence of 
cardiovascular or cerebrovascular events (case group) and 
those who did not (control group). In fact these events 
could be correlated to a reduction in or loss of the drug’s 
antiaggregation effect of clopidogrel. The recurrence was 
defined by both hospital admission and drug prescription. 
The case group was made up of patients with: 
 Drug prescriptions for acute coronary syndromes (ACS) 

or stent surgery, both medicated and unmedicated, 
occurring during therapy with clopidogrel; 

 Hospitalisation during therapy with clopidogrel for 
the following pathologies: 
♦ Stent surgery; 
♦ Acute myocardial infarction; 
♦ Intermediate coronary syndrome; 
♦ Occlusion and stenosis of precerebral arteries, only  

 
781 Study partecipants: 

patients treated with clopidogrel 

157 CASES:  
patients with  

secondary event.  
116 Male; 41 Female  

624 CONTROLS: patients 

without secondary event.

404 Male; 220 Female 

549 Patients treated with 

clopidogrel and exposed to PPI

232 Patients treated with 
clopidogrel alone (unexposed to 

PPI) 
 

Figure 1. Characteristics of study patients. 

Copyright © 2012 SciRes.                                                                                 IJCM 



Clinical Analysis of the Pharmacological Interactions of Clopidogrel and Gender Differences: A Case-Control Study 

Copyright © 2012 SciRes.                                                                                 IJCM 

520 

with mention of cerebral infarction; 
♦ Occlusion of cerebral arteries, only with mention of 
cerebral infarction; 
♦ Transient cerbral ischemia; 
♦ Lower extremity emboli and deep vein thrombosis. 
Both groups were further divided into subgroups of 

patients exposed or not exposed to CYP 2C19 inhibitors. 
The exposure of interest was prolonged therapy (more 
than one packet of drugs) with PPIs (omeprazole, lanso-
prazole, esomeprazole, rabeprazole and pantoprazole), 
fluoxetine and sertraline. In fact, it was assumed that 
prolonged therapy could be taken at the same time as 
treatment with clopidogrel and, therefore, could cause 
interactions between drugs. Exposure to these drugs was 
evaluated in both case and control groups. Firstly, all the 
P450-2C19 cytochrome inhibitors were assessed since 
they have the same mechanism of interaction. Secondly, 
a further analysis was carried out considering both the 
number of concomitant therapies and the single drugs 
administered in order to verify whether the percentage of 
exposures to CYP2C19 inhibitors varied between the 
case and control groups in relation to drug type. The 
purpose of this analysis was to reveal any possible dif-
ferences in interaction with the cytochrome on the part of 

the inhibitors and possible clinical complications of dif-
fering importance. 

Define abbreviations and acronyms the first time they 
are used in the text, even after they have been defined in 
the abstract. Abbreviations such as IEEE, SI, MKS, CGS, 
sc, dc, and rms do not have to be defined. Do not use 
abbreviations in the title or heads unless they are un-
avoidable. 

3.3. Statistical Method 

Data analysis was carried out using the Odds Ratio and 
the Chi-Square test. 

4. Result 

The study population was composed of 781 patients who 
had taken clopidogrel from 01-01-2008 to 31-12-2008 
(Table 1). 

The mean treatment period was calculated as 291 days 
in relation to the length of prescribed treatment proposed, 
the mean compliance was 87% (dev.st. ±25%). Of the 
781 patients included in the study, 157 made up the 
group of cases and 624 the controls, therefore 20.1% of 
patients treated with clopidogrel had recurrence of car- 

 
Table 1. Characteristic of patients. 

 Studi population Cases Controls OR (95% CI) p-value 

 n˚ % n˚ % n˚ %   

Patients 781 100.00% 157 20.10% 624 79.90%  NS 

Male sex 520 66.58% 116 73.89% 404 64.74% 1.54 (1.04 - 2.28) <0.03 

Female sex 261 33.42% 41 26.11% 220 35.26%   

Age groups (years)         

30 - 39 3 0.38% 0 0.00% 3 0.48%   

40 - 49 33 4.23% 8 5.10% 25 4.01%   

50 - 59 97 12.42% 17 10.83% 80 12.82%   

60 - 69 211 27.02% 40 25.48% 171 27.40%   

70 - 79 271 34.70% 62 39.49% 209 33.49%   

80 - 89 155 19.85% 29 18.47% 126 20.19%   

90 - 99 11 1.41% 1 0.64% 10 1.60%   

Average age ± SD 70 ± 11 70 ± 10 70 ± 11   

Age > over 70 y 437 55.95% 92 58.60% 345 55.29% 1.14 (0.80 - 1.63) NS 

Exposure to proton pump inibhitor (PPI)       1.15 (0.78 - 1.69) NS 

PPI nonusers 237 30.35% 44 28.03% 193 30.93%   

PPI users 544 69.65% 113 71.97% 431 69.07%   

Esomeprezole 38 6.99%* 5 4.42% 33 7.66%   

Lansoprazole 421 77.39%* 100 88.50% 321 74.48% 1.37 (0.92 - 2.03) NS 

Omeprazole 40 7.35%* 4 3.54% 36 8.35%   

Pantoprazole 39 7.17%* 3 2.65% 36 8.35%   

Rabeprazole 6 1.10%* 1 0.88% 55 12.76%   

*% is calculated out of 544 patients treated with clopidogrel plus proton pump inibhitors. 
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diovascular or cerebrovascular events during antiaggre-
gation therapy. 

The mean age of patients in the study was 70 years, for 
both the study population as a whole and for the separate 
analysis by case and control groups. The distribution of 
patients into the various age groups showed how treat-
ment with clopidogrel was greater in elderly patients, 
with over half of the population falling within an age 
range of between 60 and 79 years. The study group was 
composed of 67% males and 33% females. 

Exposure to PPI during clopidogrel terapy concerned 
70% of the patients recruited in the study. This patient 
group was noticeably older (mean age 71 years) com-
pared to the patients not taking PPIs during treatment 
with clopidogrel (mean age 68 years). Population distri-
bution in relation to drug type (Figure 2) revealed greater 
use of lansoprazole compared to other PPIs. 

In accordance with the aim of the study, the data 
analysis firstly concerned the comparison between the 
incidence of recurrences in patients undergoing treatment 
with clopidogrel alone and those on therapy with clopi-
dogrel + PPIs. Exposure to proton-pump inhibitors was 
revealed in 72% of patients (n.113) in the case group, 
and in 69% (n.431) of controls, or rather among patients 
in whom no recurrences had been revealed while on 
therapy with clopidogrel. Statistical analysis of these data 
showed an increased risk of recurrences of 2.207% (risk 
in those exposed of 20.77% vs 18.57% in those not ex-
posed; OR 1.15; 95% CI 0.78 - 1.69; p = NS). 

Later, analysis of the subgroups in relation to type of 
concomitant therapy was performed. In the study popula-
tion, lansoprazole was taken by 77% of patients under-
going a concomitant therapy to clopidogrel and it was the 
only subgroup in which it was possible to make an in 
depth analysis: exposure to lansoprazole concerned 89% 
of patients in the case group and 74% in the control 
group. The statistical analysis was carried comparing 
patients undergoing therapy with clopidogrel and lanso-
prazole with those taking clopidogrel alone. Patients be-
ing treated with other proton-pump inhibitors were ex-
cluded in order to reduce the possibility of bias. The 
analysis revealed a difference in the risk, following ex-
posure to lansoprazole, of 5.188% (risk in those exposed 
of 23.75% vs 18.57% in those not exposed; OR 1.37, 
95% CI 0.92 - 2.03; p = NS). 

The data were further analysed in order to verify the 
possibility of other variables which might be correlated 
to a loss of the therapeutic effect of clopidogrel. Age was 
not shown to affect the drug’s efficacy, whereas interest-
ing data emerged regarding gender differences in respon-
siveness to clopidogrel therapy. The case group was com-
posed of 74% males and 26% females, such percentages 
differ from those of the control group (Figure 3). 

Statistical analysis of the frequency of recurrences in 

 

Figure 2. Drugs taken by the study population. 
 

0%

5%

10%

15%

20%

25%

Male Female Study 
population

22.54%

17.46%

20.10%
21.82%

11.11%

Clopidogrel + PPI users Clopidogrel users  

Figure 3. Percentage of risk of secondary cardiovascular 
events or celebrovascular disease in patients treated with 
clopidogrel plus PPIs versus clopidogrel alone. 

 
the females as compared to the males revealed that the 
former had a lower incidence of cardiovascular or cere-
brovascular secondary events while undergoing therapy 
with clopidogrel (OR 1.54; 95% CI 1.04 - 2.28; p < 0.03; 
Table 2). 

The final analysis concerned the possible clinical rele-
vance of the interaction between clopidogrel and PPIs in 
the male and female groups, separately. Differences were 
also observed here: in females, exposure to the proton- 
pump inhibitors was linked to an increased risk of recur-
rences (17.46% in women exposed vs 11.11% in those 
not exposed; p = NS), whereas the percentage of risk was 
more or less unchanged in males (22.54% vs 21.82%; p = 
NS). 

5. Discussion 

The first relevant data in the study is the percentage of 
recurrence in patients treated with clopidogrel, which is 
of 20.1%, as confirmed by other studies [10,20]. This 
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Table 2. Characteristics of study patients. 

 Famale Male  

 n˚ % n˚ % OR (95% CI) p-value

Patients 261 100% 520 100% 1.54 (1.04 - 2.28) <0.03

Cases 41 16% 116 22%   

Controls 220 84% 404 78%   

Mean age ± SD 73 ± 10 68 ± 10   

PPI nonusers 72  165    

PPI users 189  355    

Esomeprazole 16 (8%)* 22 (6)*   

Lansoprazole 142 (75%)* 279 (79)*   

Omeprazole 15 (8%)* 25 (7)*   

Pantoprazole 14 (7%)* 25 (7)*   

Rabeprazole 2 (1%)* 4 (1)*   

*% is calculated out of treated with clopidogrel plus proton pump inibhitors 
among male and female group. 

 
may mean a failed therapeutic effectiveness of the drug 
and it is therefore important, in the clinical practice, to 
discover the possible generating factors. 

Exposure to PPI drugs concerned a remarkable per-
centage of patients recruited in the study (70%) because 
in the existing conditions (age and antiaggregation ther-
apy) gastroprotective treatment was needed.  

This work has highlighted the increased risk of car-
diovascular and cerebrovascular recurrences in patients 
undergoing therapy with clopidogrel who are exposed to 
proton pump inhibitors as compared to those who are not 
exposed to PPIs  

It is still discussed whether or not the interaction be-
tween clopidogrel and PPIs is a class effect, for this rea-
son a subgroups analysis has been carried following the 
type of concomitant therapy. The purpose was to verify 
whether there were any differences in the level of inter-
action between clopidogrel and the various PPIs because 
the various proton-pump inhibitors present a different 
affinity towards hepatic cytochromes [17]. 

The prevailing use of lansoprazolo (70% study popu-
lation) compared to the other inhibitors was due to the 
fact that the drug is included in the Provincial Pharma-
ceutical Reference, and is, therefore, dispensed to pa-
tients on discharge from hospital and later repeated by 
their G.Ps. Analysis of this hypothesis produced inter-
esting data concerning the prescription of PPIs in patients 
being treated with clopidogrel in the territory of Ferrara: 
of all the patients included in the study, 457 (59%) re-
ceived a prescription of lansoprazole for a longer period 
of time than that covered by a single packet of the drug, 
314 (69%) of whom had received a hospital prescription 
for the drug in 2008, and 270 continued therapy with PPI 
at home. In particular, 257 (95%) patients continued to 
be prescribed lansoprazole, whereas in 5% of cases the 

drug was substituted with other PPI. Finally, 143 patients 
undergoing treatment with lansoprazole were prescribed 
the drug exclusively within the territory. Analysis of pa- 
tients on clopidogrel and lansoprazole therapy confirmed 
the results of the overall analysis. 

The gender differences revealed by the study were 
found to be significant: the possibility that therapy with 
clopidogrel may be more efficacious, or rather may de- 
termine a lower incidence of cardiovascular or cere- 
brovascular recurrences in females as compared to males 
(p < 0.03) would warrant further study. This finding may 
be due to the link between the genetic polymorphism of 
the P450-2C19 cytochrome with a higher frequency of 
poor metabolizers in male population compared to the 
female population. The lack of available data regarding 
the genetic make-up of the study population did not al- 
low us to confirm this hypothesis. 

Females, moreover, showed marked differences in 
treatment with clopidogrel whether they were on con-
comitant therapy with PPIs or not. This may depend on 
the different metabolic capacity between females and 
males. 

6. Conclusions 

In spite of the intrinsic limitation posed by an observa- 
tional type of study design, this work highlights the 
prescriptive and clinical condition at the University 
Hospital of Ferrara.The small population in relation with 
the large number of variables which may interfere with 
the therapeutic effectiveness of the drug can explain the 
failed statistical significance of the results. However, a 
careful analysis of the patient before choosing both the 
antiaggregation therapy and a possible related gastropro- 
tective treatment becomes important.  

The gender difference in the antiaggregation response 
to clopidrogrel is the most relevant and meaningful data 
in the study and should be further investigated. 
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