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Abstract Background: HM G-CoA reductase inhibitors, more commonly called statins,

are widely used in the pharmacological management of hyperlipidaemias.
The most common adverse drug reactions (ADRs) of statins are muscular.
Other reported ADRs of statins along with other lipid-lowering drugs,
namely fibrates, include erectile dysfunction (ED). The relationship between
ED and exposure to statins has not clearly been established even though a
number of significant case reports have associated ED with exposure to statins.
Objective: To investigate the association between exposure to statins and the
occurrence of ED on the French Pharmacovigilance System Database.
Methods: Within the French Pharmacovigilance System Database, the case/
non-case method was used to measure the disproportionality of combination
between a statin and ED. Cases are defined as those reports corresponding to
the ADR of interest (i.e. ED) and non-cases are all reports of ADRs other
than that being studied. The study period was from 1 January 1985 to
31 December 2006, limited to males aged 13—-80 years. We estimated the asso-
ciation between ED and statins by calculating a reporting odds ratio (ROR)
of exposure to each drug, with its 95% confidence interval (CI).
Results: Among the total of spontaneous reports selected (110 685), exposure
to statins was identified in 4471 cases (4%), of which 51 reports (1.1%) con-
cerned ED, whereas 431 (0.4%) cases of ED were found in the 106 214 reports
without exposure to statins (p<0.0001). The mean delay of onset of ED after
starting statins, known for 19 cases, was 62 days (median 29 days). In 56.9%
of cases, recovery occurred after withdrawal of statin, and rechallenge was
positive in five cases.

The association was statistically significant for all statins (adjusted
ROR [aROR]=2.4; 95% CI 1.8, 3.3), simvastatin (aROR=2.6; 1.6, 4.1),
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atorvastatin (aROR =3.4; 2.1, 5.4) and rosuvastatin (aAROR=7.1; 2.6, 19.4)
[p<0.001 for all] but not for pravastatin and fluvastatin. We did not find any
relationship between the occurrence of ED and the daily dose or the duration
of exposure to statins (data not shown). Assessment of the association be-
tween drugs other than statins known to be at risk of ED confirmed a sig-
nificant association for finasteride (aROR =14.5; 95% CI 8.3, 25.4), fibrates
(aROR=3.6; 2.6, 5.1), B-adrenergic receptor antagonists (aROR=1.5;
1.01, 2.1) and tricyclic antidepressants (aROR =2.0; 1.2, 3.4) [all p<0.05].

Conclusion: Despite some methodological limitations, the present study
suggests that statins may induce or worsen ED in accordance with other
data. Further pharmacoepidemiological studies are necessary to confirm this
conclusion and to improve the precision of the prevalence and/or the risk

factors of this ADR.

Background

HMG-CoA reductase inhibitors, more com-
monly called statins, are widely used in the
pharmacological management of hypercholes-
terolaemias and combined hyperlipidaemias.[!]
Long-term studies have provided evidence of
significant reductions of cardiovascular morbid-
ity and mortality in patients exposed to some
statins.[>3 The most common adverse drug re-
actions (ADRs) of statins are muscular, such as
rhabdomyolysis, myalgia or even dermatopoly-
myositis.'! Other reported ADRs of statins
along with other lipid-lowering drugs, namely
fibrates, include erectile dysfunction (ED).T A
review of case series from the Spanish and French
drug-monitoring systems identified a total of 75
cases reported spontaneously for various statins,
with a positive rechallenge in five cases.l'” There-
fore a case/non-case study was undertaken using
the French Pharmacovigilance System Database
to further investigate the association between
exposure to statins and the occurrence of ED.

Methods

Data Collection

We used the French Pharmacovigilance Sys-
tem Database, which includes all ADRs reported
to the French Regional Pharmacovigilance Cen-
ters since 1985. The reporting of ADRs has been
compulsory in France since 1984. According to
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the law, physicians and pharmacists must report
‘serious’ or ‘unexpected’ ADRs to their regional
pharmacovigilance centre (a total of 31 centres in
France) to be registered in the national database.
All reports are included in the database regard-
less of causality and seriousness level.[''l ADRs
were coded according to the MedDRA (Medical
Dictionary for Regulatory Activities) classifica-
tions.['?! For this study, the terms ‘impotence’,
‘erectile dysfunction’ or ‘dyserection’ were used.
All statins marketed in France during the study
period (pravastatin, simvastatin, fluvastatin,
atorvastatin and rosuvastatin) were selected;
cerivastatin was excluded because of its short
period of marketing.

Case/Non-Case Method

The case/non-case method measures the dis-
proportionality of combination between a drug
and a particular ADR in a pharmacovigilance data-
base. Many papers and regulatory agencies (e.g.
UK Medicines Control Agency, WHO Drug
Monitoring Center) have described different ap-
proaches to disproportionality for signal detection
in spontaneous reporting.l'3131 Cases are defined
as those reports corresponding to the ADR of
interest (i.e. ED) and non-cases are all reports
of ADRs other than that being studied. Exposure
is considered as the presence in a report of the
drug of interest (i.e. statins), whether or not it
is suspected of causing the ADR. The method
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allows comparison of exposure to drug(s) of in-
terest with all other drugs combined in the data-
base and calculation of an ADR reporting odds
ratio (ROR) or adjusted ROR (aROR) and its
95% confidence interval (CI).['%]

The study period was from 1 January 1985 to
31 December 2006. We applied the case/non-case
method, comparing cases of ED with other cases
of ADRs reported in the database regarding
exposure to statins. Considering the characteristic
of the ADR (ED), research on the French Phar-
macovigilance System Database was limited to
males aged 13-80 years. Moreover, the following
data were collected from each report if available:
age, body mass index, medical history (hyper-
tension, cardiovascular disease, diabetes mellitus,
other endocrinal diseases, depression, neuro-
pathy and neurological impairment, alcoholism,
smoking), delay of onset of ED after initiation of
statin, outcome if statin was stopped and all other
drug administration known to induce ED (ACE
inhibitors, p-adrenergic receptor antagonists
[B-blockers], fibrates, finasteride, centrally-acting
antihypertensive agents, tricyclic antidepressants,
antipsychotics).[!]

Statistical Analysis

Data were analysed using STATA software,
version 9.1 (Stata Corp LP, College Station, TX,

USA). We estimated the association between ED
and statins by calculating crude and adjusted
RORs for statin exposure with the 95% CI. Other
drugs well known to induce ED, as listed in the
previous section, were used as positive controls
to test the ability of the method to identify or
recognize the association. For analysis of statin-
induced ED, we used two backward stepwise
logistic regressions to calculate aROR. We ran a
first regression model including all statins, which
enabled evaluation of the association with the
pharmacological class of statins. The second one
aimed to analyse the association with each statin;
other variables included in these models were
clinical risk factors (such as arterial hypertension,
cardiovascular diseases, diabetes) and drugs well
known to induce ED. Because some patients
could be exposed to more than one statin before
the occurrence of the event (change of statins), we
ran a single regression with one separate variable
for each statin. The level of statistical significance
was p<0.05.

Results

During the period of study, a total of 110685
spontaneous reports were collected in the French
Pharmacovigilance System Database for males
aged from 13 to 80 years, of which 482 (0.43%)
concerned drug-induced ED. Table 1 shows

Table 1. Distribution of the individuals of the sample, cases (presence of erectile dysfunction) and non-cases (without erectile dysfunction)

according to different risk factors

Risk factor Case (n=482) Non-case (n=110203) Crude ROR Adjusted ROR p-Value
[% (no.)] [% (no.)] (95% Cl) (95% CI)?

Arterial hypertension 28.4 (137) 17.1 (18 864) 1.9 (1.6, 2.3) 1.5 (1.2, 1.95) <0.001

Cardiovascular disease 1.7 (8) 2.7 (3012) 0.6 (0.3,1.2)

Diabetes 2.5(12) 4.1 (3855) 0.5 (0.3, 1) 0.4 (0.2,0.7) 0.002

Other endocrinal diseases 0(0) 0.02 (21) 0 (0, 41.8)°

Neuropathy or neurological impairment 0.2(1) 0.2 (242) 0.9 (0.02, 5.3)

Depression 0.6 (3) 0.6 (676) 1.0 (0.2, 3)

Alcoholism 1.2 (6) 1.4 (1519) 0.9 (0.4,2)

Smoking 1.5(7) 2.5 (2754) 0.6 (0.3,1.2)

Mean age £SD (y) 51+12 51+£17

Body mass index mean + SD 25+3 (68) 25+5(14902)

a Adjustment was made for age.

b 95% Cl calculated using Cornfield test (as the number of cases=0).

ROR =reporting odds ratio.
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demographic characteristics and medical condi-
tions as possible risk factors for ED of the pa-
tients with ED (cases) or without ED (non-cases).
The frequency of arterial hypertension is sig-
nificantly higher in patients with ED than those
without ED.

Exposure to Statins

Among the 110685 spontancous reports se-
lected from the database, 4471 (4%) involved the
use of a statin. Of these 4471 reports involving a
statin, 51 (1.1%) concerned ED. Furthermore,
431 (0.4%) cases of ED were identified in the
106 214 reports not involving exposure to statins
(p<0.0001). The mean delay of onset of ED after
starting statins, known for 19 cases (37%), was
62 days (median 29; range 0-100 days): ED oc-
curred in 25% of patients within 9 days and in 75%
within 75 days after starting statins. In 56.9% of
cases, recovery occurred after withdrawal of sta-
tin, and rechallenge was positive in five cases.

Table [T illustrates the ROR and aROR for the
occurrence of ED, for any statin and for each
one separately; the association was statistically
significant for any statin (aROR=2.4 [95% CI
1.8, 3.3]), simvastatin (aROR=2.6 [1.6, 4.1]),
atorvastatin (aAROR =3.4 [2.1, 5.4]) and rosuvas-
tatin (7.1 [2.6, 19.4]) [all p<0.001] but not for
pravastatin or fluvastatin. We did not find any
relationship between the occurrence of ED and
the daily dose or the duration of exposure to
statins (data not shown).

Assessment of the association between drugs
other than statins known to induce ED con-

firmed a significant association for finasteride
(aROR=14.5[95% CI1 8.3, 25.4]; p < 0.001), fibrates
(aROR=3.6 [2.6, 5.1]; p < 0.001), B-blockers
(aROR=1.5 [1.01, 2.1]; p=0.04) and tricyclic
antidepressants (aROR =2.0[1.2, 3.4]; p=0.009)
[table III].

Regarding the risk of ED when statins are as-
sociated with other cardiovascular drugs known
to induce this adverse effect (synergic action), we
tested statins with three classes of cardiovascular
drugs (B-blockers, fibrates, angiotensin II recep-
tor antagonists). No significant difference was
found between patients exposed to statins alone
and those exposed to statins associated with
B-blockers, fibrates or angiotensin II receptor
antagonists (crude ROR was 0.7[95% CI10.2, 1.6]
for statins+ B-blockers, 0 [0, 4.3] for statins+
fibrates and 1.0 [0.6, 2.7] for statins + angiotensin
IT receptor antagonists).

Discussion

The relationship between ED and exposure to
statins has not clearly been established even
though a number of case reports have associated
ED with statin exposure.l'%!7-11 Approximately
50 spontaneous reports of statin-induced ED
have also been collected by regulatory agencies
(the Australian Adverse Drug Reaction Advisory
Committee or UK Committee on Safety of
Medicines).l2% Other data suggest the potential
effect of atorvastatin to improve the responsive-
ness to sildenafil in men with ED via an increase
in vascular sensitivity to sildenafil through
nitrous oxide-mediated pathways.?!>21 Many

Table Il. Association between statins and erectile dysfunction. Crude and adjusted estimates

Statin Case (n=482) Non-case (n=110203) Crude ROR (95% Cl) Adjusted ROR (95% ClI)®
[% (no.)] [% (no.)]

Pravastatin 1.4 (10) 1.4 (1491) 1.5(0.8,2.9) 1.5 (0.8, 2.8)
Simvastatin 3.9 (19) 1.4 (1543) 2.9 (1.8, 4.6) 2.6 (1.6, 4.1)

Fluvastatin 0.4 (2) 0.2 (233) 2.0(0.5,7.9) 1.8 (0.4,7.4)
Atorvastatin 3.7 (18) 1(1107) 3.8(2.4,6.1) 3.4(2.1,5.4)
Rosuvastatin 0.8 (4) 0.1 (116) 7.9(2.9, 21.6) 7.1(2.6,19.4)

All statins 10.6 (51) 4 (4420) 2.8(2.1,3.8) 2.4(1.8,3.3)

a Adjustment was made for arterial hypertension, cardiovascular disease, statins (other than the one analysed), B-adrenergic receptor
antagonists (B-blockers), fibrates, finasteride, tricyclic antidepressants, antipsychotics.

ROR =reporting odds ratio.
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Table Illl. Association between different drugs and erectile dysfunction. Crude and adjusted estimates

Other drug Case (n=482) Non-case (n=110203) Crude ROR Adjusted ROR p-Value
[% (no.)] [% (no.)] (95% Cl) (95% CI)?

Proton pump inhibitors 3.7 (18) 4 (4416) 0.9 (0.6, 1.5)

Heparins 0(0) 3.9 (4242) 0(0,0.2)°

Ketoconazole 0.4 (2) 0.2 (244) 1.9 (0.5,7.6)

Diuretics 7.3 (35) 6.2 (6803) 1.2(0.8,1.7)

Angiotensin receptor antagonists 3.3(16) 1.6 (1744) 2.1(1.3,3.5) NS

ACE inhibitors 8.9 (43) 5.2 (5695) 1.8 (1.3,2.5) NS

B-Blockers 9.8 (47) 4 (4392) 2.6 (1.9, 3.5) 1.5 (1.01, 2.1) 0.04

Calcium channel antagonists 7.5 (36) 4.2 (4580) 1.9 (1.3, 2.6) NS

Centrally acting antihypertensives 2.3(11) 0.9 (1011) 25(1.4,4.6) NS

Vasodilating agents 1(5) 0.6 (656) 1.75(0.7,4.2)

Fibrates 7.9 (38) 2.1 (2335) 3.95 (2.8, 5.5) 3.6 (2.6,5.1) <0.001

Antipsychotics 2.3 (11) 4.4 (4863) 0.5 (0.3, 0.9) 0.5 (0.3, 0.96) 0.04

Benzodiazepines 2.5(12) 4.5 (4948) 0.5 (0.3, 0.96) NS

Tricyclic antidepressants 3.1 (15) 1.8 (1970) 1.8(1.1,3) 2.0(1.2,3.4) 0.009

Antihistamines 4.2 (20) 1.6 (1720) 2.7(1.7,4.3) NS

Finasteride 2.9 (14) 0.2 (207) 15.9 (9.2, 27.5) 14.5 (8.3, 25.4) <0.001

Disopyramide 0.2 (1) 0.1 (126) 1.8(0.3, 13)

Lithium 1(5) 0.5 (552) 2.1 (0.9, 5)

Carbamazepine 2.5(12) 1.8 (2023) 1.4 (0.8, 2.4)

a Adjustment was made for arterial hypertension, cardiovascular disease, statins, p-adrenergic receptor antagonists (B-blockers), fibrates,

finasteride, tricyclic antidepressants, antipsychotics.

b 95% ClI calculated using Cornfield test (as the number of cases=0).

NS = Not significant; ROR = reporting odds ratio.

factors may explain the difficulty in assessing the
relationship between exposure to statin and ED:
(1) ED is commonly associated with athero-
sclerosis of the penile vasculature;?3 (i) over
50% of men attending routine cardiovascular
disease clinics have some degree of ED prior to
introduction of a statin;?¥ (iii) many drugs used
for the underlying risk factors of atherosclerosis
(e.g. B-blockers, thiazide diuretics or ACE in-
hibitors) are established risk factors for ED.[>]
Moreover, ED remains an under-reported ADR
because patients often do not complain sponta-
neously about ED and doctors usually do not
question them about sexual functioning.
According to the French Pharmacovigilance
System Database, a significant association was
found for exposure to statins and ED; 1.1% of
spontaneous reporting involving statins con-
cerned ED (51 of 4471) compared with 0.4%
of cases of ED reported with drugs other than
statins (431 of 106214). The analysis of each
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statin separately shows a significant association
for simvastatin, atorvastatin and rosuvastatin.
For fluvastatin, the association cannot be ruled
out owing to the low number of cases (only two),
since this drug remains rarely prescribed in
France. On the contrary, for pravastatin, present
results confirm our previous data suggesting that
the risk of ED may be lower with pravastatin
(reporting rate of 2.5 per 1000 000 male patient-
years).l!%]

Concerning the method used in this study,
some limitations should be underlined. The collec-
tion of data was based on spontaneous reporting
and therefore was limited by under-reporting,
which could be more important for some parti-
cular ADRs, such as ED. Another limiting factor
could be incomplete information for cases (med-
ical history of patients, chronology of drug intake
and outcome of ADR) that may be particularly
important in ED, which is often multifactorial.
A significant association was found for arterial

Drug Safety 2009; 32 (7)
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hypertension, known as a risk factor for ED, but
not for diabetes, with a significantly lower pre-
valence of diabetes in cases compared with non-
cases. This is a surprising result, since diabetes is
associated with hyperlipidaemias. Furthermore,
the data of our previous analysis of the pre-
valence of diabetes and drug use on the French
Pharmacovigilance System Database suggested a
prevalence of 2.7%, very close to the prevalence
of diabetes estimated in the French Health In-
surance system claims database.l*! In our study,
the selection of cases and non-cases was limited
to male sex, which could perhaps explain the
difference of results.

Regarding drugs involved in ED in the French
Pharmacovigilance System Database, the results
confirm a significant association for some drugs
well known to lead to ED, such as finasteride
(with a high ROR), B-blockers, fibrates or tri-
cyclic antidepressants.['l These results allow us to
validate the present case/non-case approach using
the French Pharmacovigilance System Database
and identify a signal. This is in accordance with
several other studies performed using the case/
non-case methodology in the French Pharmaco-
vigilance System Database, suggesting its useful-
ness to detect a signal concerning drug safety in
the context of real life.[27-281 Nevertheless, the
ROR found for antipsychotics (aROR =0.5 [95%
CI 0.3, 0.96]) could be explained by difficulties
in assessing the relationship between ED and
psychotropic drugs because of the influence of
psychiatric disorders on erectile function.*”]

ED was also reported with other lipid-
regulating drugs such as fibrates.'”! Several hypo-
theses were suggested to explain this rare ADR.
First, the decrease in cholesterol levels could af-
fect testosterone synthesis and libido.*% In vitro
assays have shown that a high dosage of simvas-
tatin could block synthesis of cholesterol by
inhibition of the enzyme converting dehydro-
epiandrosterone to testosterone.?!l A moderate
but significant decrease of free testosterone was
found in eight patients treated with simvas-
tatin for polygenic hypercholesterolaemia.l*?l In
addition, in familial hypercholesterolaemia, the
low-density lipoprotein receptor is dysfunctional,
which makes the Leydig cells more dependent on
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‘de novo’ synthesis of cholesterol; moreover, sta-
tins were found in small quantities in the testes,
where they could inhibit this de novo synthesis of
cholesterol.l}31 Another postulated mechanism
was the lipophilicity of statin; simvastatin is
highly lipophilic and hence could act centrally or
induce peripheral neuropathy in the penile
nerves. The results of our study show that the risk
of ED may be lower with pravastatin, which is
less lipophilic than other statins.'®) However,
rosuvastatin, which has similar lipophilicity to
pravastatin, was significantly associated with
ED. As suggested by other authors, no relation-
ship was found between dose or relative lipo-
philicity of the statins and the extent of ED.34

Taking into account the extensive use of lipid-
regulating drugs, ED appears to be a rare ADR,
although a high rate of under-reporting could be
a bias for estimation of the prevalence. It could
be a specific effect of statins that occurs in some
patients with susceptibility, as suggested by some
authors.?3 Exposure to statins could also be
associated with worsening ED in patients with
severe endothelial dysfunction due to established
cardiovascular risk factors.3#

Conclusion

Overall, despite some limitations, the present
study suggests the association of exposure to
statins with ED in accordance with other data
cited above. It is interesting to note that the topic
of a possible association between sexual distur-
bances and statins is being currently discussed at
the European Medicine Agency. Further pharmaco-
epidemiological studies (case-control studies) are
necessary to confirm this conclusion and to im-
prove the precision of the prevalence and/or the
risk factors of this ADR.
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