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ABSTRACT

Elderly patients commonly receive statin drugs
for the primary or secondary prevention of
cardiovascular and cerebrovascular events.
Elderly patients also commonly receive
antidepressant drugs, usually selective serotonin
reuptake inhibitors (SSRIs), for the treatment of
depression, anxiety, or other conditions. SSRIs
are associated with many pharmacokinetic drug
interactions related to the inhibition of the
cytochrome P450 (CYP) metabolic pathways.
There is concern that drugs that inhibit statin
metabolism can trigger statin adverse effects,
especially myopathy (which can be potentially
serious, if rhabdomyolysis occurs). However, a
detailed literature review of statin metabolism
and of SSRI effects on CYP enzymes suggests
that escitalopram, citalopram, and paroxetine
are almost certain to be safe with all statins,
and rosuvastatin, pitavastatin, and pravastatin
are almost certain to be safe with all SSRIs.
Even though other SSRI-statin combinations
may theoretically be associated with risks, the
magnitude of the pharmacokinetic interaction
is likely to be below the threshold for clinical
significance. Risk, if at all, lies in combining
fluvoxamine with atorvastatin, simvastatin, or
lovastatin, and even this risk can be minimized
by using lower statin doses and monitoring the
patient.
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and general medical settings.

Clinical Problem

A 51-year-old man with type 2 diabetes mellitus has been receiving
atorvastatin 10 mg/d for the past year for the treatment of elevated low-
density lipoprotein (LDL) cholesterol levels. He has been newly diagnosed
with major depressive illness. Are there statin drug interactions that may
limit the choice of antidepressant drugs that he can safely receive?

Statins and Primary Prevention

Statin therapy is associated with primary prevention benefits in
cardiovascular and cerebrovascular disease; the 5-year numbers needed
to treat range from 49 to 155, depending on the outcomes examined.!
Recent guidelines from the American College of Cardiology and the
American Heart Association encourage primary prevention with
moderate- to high-intensity statin therapy in diabetic patients aged
40-75 years in whom LDL cholesterol levels are 70 mg/dL and above.?

Diabetes and Depression: Mortality Risks

When depression complicates diabetes, the course of diabetes
worsens, and there is an increased risk of cardiovascular mortality® as
well as all-cause mortality.’~> A probable explanation is that patients with
depression are less likely to diet, exercise, and take necessary medicines
regularly, and certain antidepressant drugs may increase appetite and
weight. Other mechanisms, such as endocrine dysregulation,® may also
operate. The practical implication is that, when depression and diabetes
coexist, depression should be vigorously treated, and patients should be
motivated and carefully monitored for adherence to health guidance.

Diabetes and Depression: Choosing an Antidepressant

Ideally, diabetic patients should not receive antidepressants that
may increase appetite and weight, because such effects could adversely
impact the course of diabetes. Diabetic patients often have cardiovascular
comorbidity and are at increased risk of ischemic heart disease events;
ideally, therefore, they should also not receive antidepressants that raise
their cardiovascular risks.

Weight gain is a well-documented adverse effect of the tricyclic
antidepressants (TCAs)”~ and mirtazapine.®!? The TCAs are also
associated with cardiovascular adverse effects such as orthostatic
hypotension, slowed cardiac conduction, and increased heart rate,"! which
may worsen cardiovascular outcomes.'> Adrenergic antidepressants
such as venlafaxine,'® desvenlafaxine,'* reboxetine,'” and milnacipran'®
can raise heart rate and/or blood pressure, but duloxetine!”!® and
bupropion!®?° may be exceptions.

Selective serotonin reuptake inhibitors (SSRIs) may be ideally suited
to diabetic patients. With the possible exception of paroxetine,? these
drugs are not usually associated with increase in appetite and weight;
additionally, these drugs may decrease cardiovascular risks and improve
clinical cardiovascular endpoints through several mechanisms.?!

SSRIs, however, are commonly associated with pharmacokinetic drug
interactions: many SSRIs inhibit many metabolic pathways, thereby
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m Selective serotonin reuptake inhibitors (SSRIs) inhibit
metabolic pathways and can thereby increase the blood
levels and hence the adverse effects of many coadministered
drugs. If statin levels are increased, myopathy may result.

® Escitalopram, citalopram, and paroxetine are almost certain
to be safe in cotherapy with all statins, and rosuvastatin,
pitavastatin, and pravastatin are almost certain to be safe in
cotherapy with all SSRIs.

= (ther combinations may theoretically be associated with
risks, but the magnitude of interaction is likely to be below
clinical thresholds. However, cautious clinicians will use
lower doses of atorvastatin, simvastatin, or lovastatin when
coprescribing fluvoxamine.

Table 1. Cytochrome P450 (CYP) Metabolism of Commonly
Used Statin Drugs

Drug CYP Enzyme
Atorvastatin CYP3A4, 3A5
Rosuvastatin CYP2C9 (minor)
CYP2C19 (minor)
CYP3A4 (minor)
Simvastatin CYP3A4, 3A5
CYP2C8 (minor)
Pitavastatin CYP2C9, 2C8 (minor)
Pravastatin CYP3A4, 3A5 (minor)
Lovastatin CYP3A4, 3A5
Fluvastatin CYP2C9
CYP3A4 (minor)

CYP2C8 (minor)

raising the blood levels and hence the risk of adverse effects
of many coadministered drugs. In the case of statins, raised
blood levels can result in an increased risk of hepatic enzyme
elevation and of dose-dependent myopathies that can range
from troublesome myalgia, cramps, and weakness (all of
which are common) to life-threatening rhabdomyolysis
(which is rare).2? It is therefore important to know how
statins are metabolized and whether SSRIs inhibit the
enzymes that metabolize statins. At least 1 review?? on statin
drug interactions lists antidepressants as agents of potential
concern without addressing the subject in depth. The present
article therefore examines the specific risk of metabolic drug
interactions between SSRIs and statins.

Cytochrome P450 Enzyme Metabolism of Statins

Atorvastatin and rosuvastatin are the most commonly
used statins. Others that have been or are being used
include fluvastatin, lovastatin, pitavastatin, pravastatin, and
simvastatin.?

The CYP enzymes that metabolize these statins are
listed in Table 1. Atorvastatin, simvastatin, and lovastatin
are metabolized by CYP3A4/3A5,°%%% and simvastatin is
additionally metabolized by CYP2C8.% Fluvastatin is mostly
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(50%-80%) metabolized by CYP2C9,%* but exposure to this
drug is increased less than 2-fold by CYP2C9 inhibitors.**
Fluvastatin additionally undergoes minor metabolism
through CYP3A4 and 2C8.2** Pravastatin undergoes
minor metabolism through CYP3A4/3A5, and metabolic
interactions through this pathway are believed to be below
clinical threshold for significance.?>?” Likewise, rosuvastatin
undergoes only minor metabolism through CYP3A4, and
inhibition of this pathway does not increase exposure to
rosuvastatin to a clinically significant extent.?® Rosuvastatin
also undergoes minor metabolism through CYP2C9% and
2C19.%% Rosuvastatin and pravastatin are mostly excreted
unchanged; their plasma levels are not significantly elevated
by CYP3A4 inhibitors.?3*+%7

Pitavastatin is minimally metabolized by the CYP
enzymes>*?!; its metabolism by CYP2C9/2C8 is small and
clinically insignificant.?>* Pitavastatin is therefore minimally
susceptible to metabolic drug interactions.?’

CYP Enzyme Inhibition by SSRIs

A quick glance at Table 1 shows that drugs that
significantly inhibit CYP3A4/5 would increase the exposure
to atorvastatin, simvastatin, and lovastatin, and those that
inhibit CYP2C9/8 might increase exposure to fluvastatin.
Inhibition of the other CYP enzymes involved in statin
metabolism is unlikely to be of clinical significance because
the metabolic pathways are minor.

SSRIs and CYP3A4/5. S-fluoxetine and R-norfluoxetine
inhibit CYP3A4 in vitro, and the combined fluoxetine and
norfluoxetine enantiomer moiety is predicted to reduce in
vivo CYP3A4 activity by about 60%.%* However, in clinical
doses administered to healthy volunteers, 11 days of treatment
with fluoxetine elicited no significant inhibition of CYP3A4
activity as studied using erythromycin and alprazolam as
substrates.** Fluoxetine (20-60 mg/d) did not influence the
pharmacokinetics of the CYP3A4 substrate midazolam,
either.% Sertraline also inhibits CYP3A4 in vitro,*® but 8
days of treatment of healthy volunteers with clinical doses
of sertraline did not significantly alter levels of the CYP3A4
substrates erythromycin and alprazolam.

Fluvoxamine inhibited the CYP3A4 substrate tandospirone
in an animal model®” but showed little in vitro effect on this
enzyme.® Twelve days of treatment with fluvoxamine (200
mg/d) increased the area under the curve of midazolam (a
CYP3A4 substrate) by 66%; however, this increase was less
than one-tenth of the increase produced by ketoconazole,
a strong CYP3A4 inhibitor, and less than one-sixth of the
increase produced by nefazodone, another strong inhibitor
of this enzyme.* In another study,®® 5 days of treatment of
healthy volunteers with fluvoxamine (100 mg/d) more than
doubled exposure to buspirone, another CYP3A4 substrate.

Fifteen days of treatment with paroxetine (20 mg/d) did
not alter the pharmacokinetics of terfenadine, a CYP3A4
substrate.*® Citalopram (20-40 mg/d) negligibly influenced
the pharmacokinetics of carbamazepine and triazolam,
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both of which are CYP3A4 substrates.*"*? In vitro data
indicate that escitalopram has negligible inhibitor effects on
CYP3A4.

No published studies were located that described the
effects of the SSRIs on CYP3AS5.

SSRIs and CYP2C9/8. In vitro studies found that
fluvoxamine was associated with more inhibition of CYP2C9
than fluoxetine, sertraline, paroxetine, and citalopram;
metabolic inhibition with the latter 4 SSRIs was small and of
little significance.*** In a study of healthy volunteers, 5 days
of treatment with fluvoxamine (75-150 mg/d) resulted in a
very small (19%) reduction in the clearance of tolbutamide, a
CYP2C9 substrate.* Sertraline (200 mg/d) is also associated
with a very small (16%) but statistically significant reduction
in tolbutamide clearance.?” The clinical effects of citalopram
and escitalopram on CYP2C9 metabolism are negligible.*?

Fluoxetine does not inhibit CYP2C8.*® Fluvoxamine may
be a weak inhibitor of this enzyme.*’ No published studies
were located that described the effects of the remaining
SSRIs on CYP2C8.

SSRI-Statin Drug Interactions

The plasma concentrations of atorvastatin, simvastatin,
and lovastatin are significantly increased by strong CYP3A4
inhibitors, elevating the risk of myopathies.** However, from
the previous section, it is apparent that, among the SSRIs,
only fluvoxamine inhibits CYP3 A4 to any appreciable extent,
and even this inhibition is small to modest. Therefore, in
the vast majority of patients, it is likely that all SSRIs, even
those that inhibit CYP3A4, can be safely administered
with atorvastatin, simvastatin, and lovastatin. This view
is supported by Neuvonen et al,* who opine that weak or
moderately potent CYP3A4 inhibitors can be used cautiously
with small doses of CYP3A4-dependent statins.

Clopidogrel, a CYP2C9 inhibitor, has negligible effect
on the pharmacokinetics of fluvastatin®; perhaps this is
because elimination by other pathways is unaffected (Table
1). Although fluvoxamine and possibly sertraline inhibit
CYP2C9, the degree of inhibition is far too small to be clinically
significant. Therefore, it is very unlikely that any SSRI, even
those that inhibit CYP2C9, will affect the pharmacokinetics
of fluvastatin or any other statin (Table 1). Neuvonen et al**
also opine that even potent CYP2C9 inhibitors do not cause
clinically significant drug interactions with statins, even
those statins that undergo CYP2C9 metabolism.

With regard to the statins that undergo little to no CYP
metabolism and those that are metabolized through many
pathways (Table 1), it is again obvious that the concurrent
use of SSRIs is likely to be safe.

Might patients with inefficient CYP gene polymorphisms
(that is, poor metabolizers) be more vulnerable to SSRI drug
interactions? For example, median daily doses of atorvastatin,
simvastatin, and lovastatin were nearly double in extensive
relative to poor CYP3A4 metabolizers.”’ However, the
pharmacokinetic effects of an enzyme inhibitor are more
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apparent in intermediate to extensive metabolizers than in
poor metabolizers.”* Therefore, given that the wild type of
CYP genes code for intermediate to extensive metabolism
status, and given that (as already discussed) SSRIs have little
effect on the CYP enzymes that metabolize the statins, it is
unlikely that CYP gene polymorphisms will influence the
risk of SSRI-related drug interactions in patients receiving
statins.

What about patients with chronic liver disease, chronic
debilitating disease, and other states in which CYP enzyme
status may be compromised? All of these individuals would
be phenotypically poor metabolizers, and the preceding
discussion would most likely apply. In any case, such patients
would already be receiving only low doses of statins, if at all.
Nevertheless, these special populations are easily discerned,
and precautions in SSRI coprescribing are desirable.

Itis worth noting that there is a several-fold interindividual
variation in statin drug levels?); this is likely to drown out
small effects that result from SSRI-mediated CYP enzyme
inhibition. Generalizations in this section notwithstanding,
some patients may be idiosyncratically predisposed to SSRI-
statin pharmacokinetic interactions; however, considering
the lack of published reports on the subject, it seems that the
risk is theoretical rather than practical.

Competitive Inhibition

So far, this article has examined CYP enzyme inhibition
as a mechanism of drug interaction between SSRIs and
statins. What about competitive inhibition, in which one
substrate inhibits the metabolism of another substrate
because both compete for the same enzyme? The possibility
was considered in a recent, detailed review on statin drug
interactions.?> However, SSRIs are metabolized through
multiple CYP pathways, especially CYP2D6, and neither
CYP3A4 nor CYP2C9 (the major enzymes that metabolize
the statins) plays a dominant role in their metabolism.>*>*
Therefore, competitive inhibition is unlikely to be clinically
significant. This conclusion is reinforced by the lack of
published reports on SSRI-statin interactions.

Non-CYP Pharmacokinetic Pathways

Pharmacokinetic drug interactions may occur at other
levels, such as at the levels of absorption and transport. For
example, organic anion-transporting polypeptides (OATPs)
facilitate the absorption of drugs from the intestine, and
P-glycoprotein is an efflux transporter.>>*° All statins are
OATP substrates, and some are P-glycoprotein substrates, as
well.2 However, there is little information about the effects
of SSRIs on OATPs, and, although, for example, in one study
in healthy volunteers, fluvoxamine and paroxetine (but not
sertraline) were associated with significant P-glycoprotein
inhibition,*” there is insufficient information to evaluate
the risk of a P-glycoprotein-mediated SSRI-statin drug
interaction. Given the lack of published literature on SSRI-
statin adverse pharmacokinetic interactions, it is likely that
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non-CYP pharmacokinetic pathways are also of little clinical
significance.

Synthesis and Recommendations

In the light of the preceding sections, with regard to
pharmacokinetic drug interactions and the risk of statin-
related myopathy, escitalopram, citalopram, and paroxetine
are almost certain to be safe in cotherapy with all statins,
and rosuvastatin, pitavastatin, and pravastatin are almost
certain to be safe in cotherapy with all SSRIs. Fluoxetine and
sertraline are also likely to be safe, even when combined with
atorvastatin, simvastatin, and lovastatin.

Whereas there seems to be a theoretical risk that
fluvoxamine may increase the levels of atorvastatin,
simvastatin, lovastatin, and perhaps fluvastatin as well,
the magnitude of the interaction is likely to be below the
threshold for clinical significance. Nevertheless, when
fluvoxamine is coprescribed with these statins, the patient
should be instructed to immediately report any unexplained
muscle pain, tenderness, or weakness, especially if such
symptoms are accompanied by fever, malaise, and/or dark-
colored urine.?? Liver enzyme and creatine kinase levels
should be obtained in such patients, and medications should
be withdrawn if these levels are of clinical concern in the
absence of strenuous exercise (or other predisposing causes)
or if the presence of myopathy is suspected. Such precautions
may be particularly warranted when patients are receiving
intensive-dose statin therapy.

Non-SSRI Antidepressant Interactions With Statins

Unlike the SSRIs, nefazodone is a potent CYP3A4
inhibitor,**3° and the combination of nefazodone with
simvastatin has been associated with rhabdomyolysis in at
least 4 published case reports.’®! A possible interaction
between nefazodone and pravastatin has also been
reported.®

SSRI-Statin Pharmacodynamic Interactions

This article has focused on the pharmacokinetic
effects of SSRIs on statin drugs. Might SSRIs and statins
pharmacodynamically interact? In a data-mining study of the
US Food and Drug Administration’s Adverse Event Reporting
System, Tatonetti et al®* found that the coadministration
of paroxetine and pravastatin was associated with a mean
blood glucose increase of 19 mg/dL in nondiabetic patients
(n=135) and 48 mg/dL in diabetic patients (n=104). Neither
drug raised blood glucose in monotherapy. The interaction
was limited to paroxetine and pravastatin and was not a
class action between all SSRI and all statin drugs. The risk of
this paroxetine-pravastatin interaction requires prospective
study.

Need for Future Research

Pharmacokinetic studies are necessary to identify dose-
dependent effects, if any, of different SSRIs on different
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statins. Prospective studies, or insurance database studies,
may throw light on the relative risk of myopathies in statin-
treated patients who do and do not receive SSRIs.

Afternote: Related SSRI Interactions

Two previous articles in this series also addressed SSRI
drug interactions in patients receiving medications related
to ischemic heart disease: aspirin and clopidogrel®* and
B-blockers.®
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