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expected result of a successful treatment would be im-
provements in quality of life and decreases in rates of anx-
iety and depression.1–5 However, over the past 2 decades,
case reports have suggested a controversial association
between isotretinoin and depression.6–10

Observational studies investigating this association
have produced contradictory results. Whereas in some
studies no association was found between isotretinoin and
depression,11,12 1 study found that it increases the use
of mental health services.13 Against this backdrop, the
U.S. Food and Drug Administration has received reports
of 394 cases of depression and 37 suicides in patients
exposed to isotretinoin between 1982 and 2000.14,15 In the
U.S. Adverse Event Reporting System (AERS), isotret-
inoin is the fifth most common medication linked to de-
pression and the tenth most common linked to suicide re-
ports.14 Using data mining techniques, Wysowski et al.14

estimated that 6 suicide reports would be expected to be
reported in the AERS by chance compared with the 37 ac-
tually reported. In Canada, of the 222 isotretinoin adverse
events archived in the Health Canada adverse drug reac-
tion database between 1983 and 2003, 56 (25%) were
psychiatric.16
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pression (ICD-9 codes: 296.2, 298.0, 300.4,
309.0, 309.1, and 311) during the study period
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to isotretinoin in a 5-month risk period immedi-
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with 95% CIs were estimated using conditional
logistic regression.

Results: Of the 30,496 subjects in the initial
cohort, 126 (0.4%) cases met inclusion criteria.
The crude relative risk for those exposed to
isotretinoin was 2.00 (95% CI = 1.03 to 3.89).
After adjusting for potential time-dependent
confounders, the relative risk for those exposed
to isotretinoin was 2.68 (95% CI = 1.10 to 6.48).

Conclusion: This is the first controlled study
to find a statistically significant association be-
tween isotretinoin and depression. Because de-
pression could have serious consequences, close
monitoring of isotretinoin users is indicated.
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sotretinoin is an effective medication in the treatment
of severe recalcitrant nodular acne. Therefore, the
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These reports have prompted several governments to
modify their isotretinoin package labeling to include de-
pression as a possible side effect of the drug. These modi-
fications were first introduced in France in March 1997,17

the United States in February 1998,15 and Canada in May
2000.18 In 2001, a Dear Health Care Professional Letter
was sent to Canadian physicians, advising them to closely
monitor patients presenting with depression or depressive
symptoms during the course of an isotretinoin treatment.19

Given the contradictory results in the current literature
and the repeated signals reported in adverse drug reaction
databases, the association between isotretinoin and de-
pression warrants further investigation. Therefore, the ob-
jective of the present study was to determine whether
there is an association between isotretinoin and depres-
sion in patients with acne vulgaris.

METHOD

Data Sources
Data were obtained from the Régie de l’Assurance

Maladie du Québec (RAMQ) and Quebec’s hospital dis-
charge (Med-Écho) administrative databases. All Quebec
residents are covered by the RAMQ for medical services.
Prior to January 1, 1997, the RAMQ drug plan covered
those who were aged 65 years and older as well as welfare
recipients and their children. After January 1, 1997, the
RAMQ drug plan was changed to also include workers
and their spouses/children who do not have access to a
private insurance program. The RAMQ drug plan covers
approximately 50% of Quebec residents.20

The medical and pharmaceutical databases of the
RAMQ were linked by a unique patient identification
number. The medical claims database includes infor-
mation on the date and type of services received, and
diagnoses are classified according to the International
Classification of Diseases, Ninth Revision (ICD-9).21 The
pharmaceutical claims database contains information on
the date medications were dispensed, formulations, doses,
duration of prescriptions, and quantities dispensed. Med-
ications prescribed during hospitalizations are not includ-
ed in the database. Both the medical and pharmaceutical
claims databases have been validated and shown to be ac-
curate for certain diagnoses.22,23

The unique patient identification number was also used
to link the RAMQ to the Med-Écho administrative data-
bases. Med-Écho contains hospitalization data on all Que-
bec residents. These data include patient demographic in-
formation, physician characteristics, admission diagnosis,
and length of stay as well as all services received during
the hospitalization. Medical diagnoses recorded in Med-
Écho have been shown to be valid and precise.24

The study protocol was approved by the CHU Sainte-
Justine Ethics Committee and the Commission d’accès à
l’information du Québec.

Study Design
We employed a case-crossover design, first introduced

by Maclure25 in 1991. In the case-crossover design, cases
serve as their own controls by assessing exposure at dif-
ferent time intervals. The time intervals in which expo-
sure is assessed are the risk and control periods. The risk
period is a time interval immediately prior to the event.
The control periods are time intervals that are prior and
equal in length to the risk period and provide an expected
baseline frequency of exposure for each study subject in
the absence of the outcome. Since cases serve as their
own controls, time-independent confounders (known and
unknown) are automatically adjusted by design. Con-
founders that change over time must be adjusted for in the
analyses.

Case Definition
Cases were selected from a cohort of subjects who re-

ceived at least 1 isotretinoin prescription between January
1, 1984, and December 31, 2003. Incident cases of de-
pression were defined according to the following algo-
rithm. We identified all subjects with a first diagnosis or
hospitalization for depression (ICD-9 codes: 296.2, major
depressive disorder, single episode; 298.0, depressive
type psychosis; 300.4, neurotic depression; 309.0, brief
depressive reaction; 309.1 prolonged depressive reac-
tion; 311, depressive disorder, not elsewhere classified)
during the study period (1984–2003). In addition to hav-
ing been diagnosed or hospitalized for depression, cases
were required to have filled an antidepressant prescription
(American Hospital Formulary System code: 28:16.04) in
the 30 days following their diagnosis or hospitalization.
The index date was defined as the calendar date of the
diagnosis or hospitalization for depression.

Furthermore, cases had to be covered by the RAMQ
drug plan for at least 12 months prior to the index date.
This was deemed necessary to ensure that drug exposure
information was available during the time periods of in-
terest. In addition, cases had to have at least 1 diagnosis
of acne vulgaris (ICD-9 code: 706.1) at any time in the
12 months prior to the index date. This criterion ensured
that cases had acne and thus had an exposure opportunity
to receiving isotretinoin. Finally, cases were excluded if
they had received an antidepressant prescription in the 12
months prior to the index date. Since the index date was
defined as the subjects’ first diagnosis or hospitalization
for depression in their entire recorded medical history,
none had any diagnoses or hospitalizations for depression
at any time prior to the index date. That time period
ranged from a minimum of 12 months up to 20 years.

Time Windows
The risk period was hypothesized to be a total of

5 months based on data found in the literature.6,26,27 A
5-month control window was separated from the risk
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window by a 2-month washout period (Figure 1). A
2-month washout period was chosen because product
guidelines suggest initiating a second course of isotret-
inoin in those who have not responded to the treatment
only 8 weeks after the completion of a first course.28 This
recommendation is based on the fact that improvements
in patients continue to occur during that time period de-
spite their having terminated the treatment.

Potential Confounders
By design, the case-crossover method adjusts for time-

independent confounders, such as gender. However, the
following potential time-dependent confounders were
recorded in each time window and adjusted for in the
models: dermatologic visits, nondermatologic visits, ≥ 1
hospitalization, ≥ 1 emergency department visit, and co-
morbidity. Dermatologic visits were defined as consulting
a dermatologist and/or being diagnosed with acne vul-
garis (ICD-9 code: 706.1). Comorbidity was assessed by
using the total number of different types of medications
prescribed other than isotretinoin. The number of differ-
ent types of medications taken by a person has been
shown to be a very good predictor of health care utiliza-
tion, similar in its reliability to ones used in other comor-
bidity measures.29

Statistical Analyses
Descriptive statistics were used to describe the charac-

teristics of the cases. Relative risks along with 95% CIs
were estimated by using conditional logistic regression
with the individual case as the stratifying variable. In a
first analysis, exposure to isotretinoin was entered as a
dichotomous variable in the models (exposed at least once
during each specific time window, yes or no). Isotretinoin
is typically prescribed for 30-day intervals. In a second
analysis, we determined whether there was a dose re-
sponse of isotretinoin on the incidence of depression.
The cumulative dose in milligrams of isotretinoin dis-
pensed was calculated in each time window and entered
as quartiles in the models. Crude and adjusted models
were calculated for all situations. Analyses were 2 sided
and p ≤ .05 was considered significant. SAS version 8.2
(SAS Institute, Inc.; Cary, N.C.) was used to conduct the
analyses.

RESULTS

Of the 30,496 subjects in the initial cohort, 126 (0.4%)
cases met the inclusion criteria. This corresponded to 126
risk periods matched to 126 control periods. The mean
age of cases was 28.1 (SD = 9.0) years, close to 40% were
males, and most were urban dwellers (Table 1).

Most cases were diagnosed with neurotic depression
(65%), followed by brief depressive reaction (15%), de-
pressive disorder (9%), major depressive disorder (6%),
depressive type psychosis (3%), and prolonged depres-
sive reaction (2%). The most frequently prescribed an-
tidepressants were selective serotonin reuptake inhibi-
tors (48%), tricyclics (37%), new antidepressants (13%),
and monoamine oxidase inhibitors (2%). Depression was
diagnosed by psychiatrists (49%), general practitioners
(47%), and other physicians (4%) (data not shown).

Isotretinoin and Depression
The numbers of cases exposed to isotretinoin in the

5-month risk and control periods were 41 (32.5%) and
28 (22.2%), respectively. Twenty-six cases were exposed
in the risk and not the control period, versus 13 exposed
in the control and not the risk period (crude relative
risk = 26/13 = 2.0) (Table 2). The adjusted relative risk
of isotretinoin associated with depression was 2.68 (95%
CI = 1.10 to 6.48) (Table 3).

Table 1. Characteristics of Cases (N = 126)
Characteristic Value

At the index date
Age, mean (SD), y 28.1 (9.0)
Males, N (%) 47 (37.3)
Welfare recipients, N (%) 88 (70.0)
Urban dwellers, N (%) 106 (84.1)

In the 12 months prior to the index date
Dermatologic visits, mean (SD)a 1.1 (1.3)
Nondermatologic visits, mean (SD) 6.2 (7.1)
At least 1 visit to the emergency department, N (%) 42 (33.3)
At least 1 hospitalization, N (%) 24 (19.1)
Number of different medications other than 5.5 (4.0)

isotretinoin, mean (SD)
aDefined as consulting a dermatologist and/or being diagnosed with

acne during a visit to the medical doctor (International
Classification of Diseases, Ninth Revision code: 706.1).

Table 2. Two-by-Two Table of Cases Exposed in the Risk and
Control Periodsa

Control Period

Risk Period Exposed Not Exposed

Exposed 15 26
Not exposed 13 72
aCrude relative risk = 26/13 = 2.0.5-Month

Control Period
5-Month

Risk Period

–12 –7 –5 0
Months

Index Date

2-Month
Washout
Period

January 1, 1984 December 31, 2003

Figure 1. Case-Crossover Analysis Using 5-Month Risk and
Control Periods Separated by a 2-Month Washout Period
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To assess whether our results could be explained by
surveillance bias due to increased physician awareness
of isotretinoin’s possible psychiatric effects, we stratified
the cases according to the calendar date of Canadian la-
bel change addressing isotretinoin’s possible psychiatric
risks. There were no statistically significant differences in
the relative risks of cases diagnosed or hospitalized for
depression after the label change (after May 2000) than
cases diagnosed or hospitalized for depression before the
label change (before May 2000) (data not shown).

Cumulative Dose
Although the point estimates were large, none of the

cumulative doses of isotretinoin in the adjusted model
reached statistical significance (Table 4).

DISCUSSION

To our knowledge, the present controlled study is the
first to detect an association between isotretinoin and de-
pression in patients with acne vulgaris. The risk of depres-
sion in subjects with no previous history of the condition
increases close to threefold after being exposed to iso-
tretinoin. Because depression could have serious conse-
quences, our results advocate for close monitoring of pa-

tients undergoing isotretinoin therapy. This may be done
by administering psychiatric assessments prior to and
during therapy.

To date, Jick et al.11 have conducted the largest
population-based study investigating the association be-
tween isotretinoin and depression, psychotic symptoms,
and suicide. They used data collected between 1983 and
1997 in the Canadian Saskatchewan Health Database
and the United Kingdom General Practice Research Da-
tabase. In their primary analysis, the authors compared
a cohort of patients with acne treated with isotretinoin to
another cohort treated with systemic antibiotics. No asso-
ciation was found between isotretinoin and depression,
psychotic symptoms, or suicide. Unlike the study con-
ducted by Jick et al.,11 it was not possible for us to deter-
mine whether there is an association between isotretinoin
and suicide, given that we had access only to inpatient
and outpatient medical visits. However, with regard to
depression, there are several reasons why our results dif-
fer from that study. First, we used a strict case definition
in which cases were required to have both a diagnosis
or hospitalization for depression and an antidepressant.
This led to the inclusion of 126 cases. Despite this small
sample size, the associations obtained were large enough
to be statistically significant. In contrast, Jick et al.11

Table 3. Risk of Depression Associated With Exposure to Isotretinoin Using 5-Month Risk and
Control Periods

Crude Relative Risk Adjusted Relative Riska

Risk Factor (95% CI) (95% CI)

Exposure to isotretinoin 2.00 (1.03 to 3.89) 2.68 (1.10 to 6.48)
Nondermatologic visits 1.21 (1.10 to 1.34) 1.13 (1.01 to 1.25)
Dermatologic visitsb 1.09 (0.90 to 1.30) 0.81 (0.62 to 1.05)
At least 1 hospitalization 2.44 (1.13 to 5.31) 1.73 (0.65 to 4.58)
At least 1 emergency department visit 1.81 (0.98 to 3.34) 0.94 (0.43 to 2.04)
Number of different medications other than isotretinoin 1.40 (1.20 to 1.63) 1.34 (1.11 to 1.61)
aAdjusted for the covariates in the table.
bDefined as consulting a dermatologist and/or being diagnosed with acne during a visit to the medical doctor

(International Classification of Diseases, Ninth Revision code: 706.1).

Table 4. Risk of Depression Associated With Isotretinoin Cumulative Dose Using 5-Month Risk and
Control Periods

Crude Relative Risk Adjusted Relative Riska

Risk Factor (95% CI) (95% CI)

Cumulative dose of isotretinoin
0 mg Reference (1.00) Reference (1.00)
300–1199 mg 0.52 (0.05 to 5.42) 0.79 (0.05 to 13.86)
1200–2399 mg 3.09 (1.04 to 9.15) 3.24 (0.89 to 11.79)
2400–4799 mg 2.55 (0.81 to 8.01) 3.13 (0.84 to 11.64)
≥ 4800 mg 1.46 (0.53 to 4.00) 2.14 (0.62 to 7.43)

Nondermatologic visits 1.21 (1.10 to 1.34) 1.13 (1.01 to 1.26)
Dermatologic visitsb 1.09 (0.90 to 1.30) 0.82 (0.62 to 1.07)
At least 1 hospitalization 2.44 (1.13 to 5.31) 1.69 (0.63 to 4.53)
At least 1 emergency department visit 1.81 (0.98 to 3.34) 0.92 (0.42 to 2.02)
Number of different medications other than isotretinoin 1.40 (1.20 to 1.63) 1.33 (1.10 to 1.60)
aAdjusted for the covariates in the table.
bDefined as consulting a dermatologist and/or being diagnosed with acne during a visit to the medical doctor

(International Classification of Diseases, Ninth Revision code: 706.1).
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identified cases of depression using diagnostic codes
alone, and thus it is possible that some cases were mis-
classified as noncases, which could have biased the rela-
tive risks toward the null. Second, we identified incident
cases of depression. The cases identified in the present
study had no diagnoses or hospitalizations for depression
for a minimum of 12 months up to 20 years prior to the
index date. In contrast, Jick et al.11 adjusted for previous
psychiatric history using data recorded 6 months up to 5
years before the first isotretinoin prescription. Therefore,
it is likely that some residual confounding occurred,
which would have once again biased the relative risks
toward the null. Finally, 1 of the strengths of the case-
crossover design is that cases serve as their own controls.
As such, known and unknown time-independent con-
founders are automatically adjusted by design.

In claims data, the length of the risk and control peri-
ods necessitates knowledge of the duration of exposure
required to alter the risk for an outcome, to become no-
ticed by the physician, and then to be recorded in the
administrative database.30 Depression has been reported
as early as 1 day and up to 4 months after initiating an
isotretinoin treatment.6,26,27,31 Therefore, the maximum
induction time was hypothesized to be 4 months. Fur-
thermore, patients undergoing isotretinoin treatment are
typically seen by their treating physicians at 1-month
intervals. Therefore, if depressive symptoms do appear,
physicians would be expected to diagnose them at one of
the follow-up visits. For these reasons, the risk period was
set to be 5 months in length. This time window also con-
cords with the recommended duration of an isotretinoin
treatment.32,33

Dose-Response Relationship
Although the point estimates relating cumulative dose

of isotretinoin to depression were large, none reached sta-
tistical significance. This is likely due to the small number
of cases in each cumulative dose stratum. Studies with
greater sample sizes would be needed to determine the
exact dose-response relationship between isotretinoin and
depression.

Acne has been associated with depression, suicidal
ideation, and suicide in patients.34,35 Acne is thus an im-
portant confounder of the isotretinoin-depression associa-
tion. The presence of acne was intrinsically controlled by
requiring cases to have at least 1 acne diagnosis in the 12
months prior to the index date. Due to the retrospective
nature of the study and lack of clinical data, it was not
possible to directly adjust for acne severity. However, the
possibility of confounding by acne severity is unlikely for
the following 4 reasons. First, all cases had at least 1 acne
diagnosis in the 12 months prior to their index date. This
indicates that cases received medical attention for their
acne and were thus likely to have received an antiacne
medication. Receiving an antiacne treatment should, at

the very least, stabilize the severity of one’s acne, and it is
therefore unlikely that it may have worsened during the
study period. Second, although there is a correlation be-
tween acne and depression, previous studies found no
correlation between acne severity and depression,36,37 thus
putting into question whether severity is a true con-
founder. Third, isotretinoin is a highly effective medi-
cation whose utilization is associated with drastic re-
ductions in acne lesions. In theory, the clearing of acne
lesions should be associated with improvements in de-
pressive symptoms and quality of life. Fourth, there is
evidence that isotretinoin is being prescribed to patients
with mild or moderate acne38 or as a first-line treat-
ment.28,39 Thus, not all patients receiving isotretinoin have
severe nodular acne. We nonetheless attempted to control
for acne severity by adjusting our models for derma-
tologic visits in the risk and control periods, although
such analyses would have been subject to some residual
confounding.

The present study has limitations inherent in the use of
administrative databases. Variables such as smoking, al-
cohol consumption, and illicit drug use are not available
in administrative databases. Although these variables are
likely to be associated with depression, it is unclear how
they would be related to the use of isotretinoin. Further-
more, these variables are unlikely to have changed over
a 12-month period. Given their time-independent nature,
they would be automatically adjusted by design in a
case-crossover study. Administrative databases report
only on medications dispensed, and therefore it is un-
known whether medications are actually taken by pa-
tients. However, given that isotretinoin is typically pre-
scribed for 30-day intervals, renewals between successive
prescriptions are indicative of patient adherence.39 One
major advantage of administrative databases is that they
are not prone to recall bias. As such, they provide accurate
information on the number, types, and dosages of medica-
tions dispensed over a specific time period. Coding errors
may be present in administrative databases. If that were
the case, nondifferential misclassification of the outcome
would result, biasing the relative risks toward the null. If
coding errors did occur in our data, then the point esti-
mates obtained would actually be underestimates of the
true relative risk.

The population investigated in the present study com-
prised subjects of low to moderate socioeconomic status.
It is known that individuals of lower socioeconomic status
are at a greater risk of depression than individuals of
higher socioeconomic status.40 Since we did not have
access to medications used by subjects insured by pri-
vate drug insurance programs, it was not possible to de-
termine whether socioeconomic status was an effect mea-
sure modifier of the isotretinoin-depression association.
However, several studies have pointed to a possible bio-
logical association between isotretinoin and depression.
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Isotretinoin and vitamin A share similar chemical struc-
tures, and thus many side effects of isotretinoin are simi-
lar to vitamin A when taken in large doses.41 Hypervi-
taminosis A has been shown to induce irritability and
depressive symptoms.42–44 One study found that exposure
to retinoic acid results in hippocampal cell loss in mice.45

In humans, hippocampal volume has been shown to be
inversely related to depression,46 a finding that indi-
rectly supports the hypothesis that isotretinoin may cause
cell loss in this region of the brain. Another study found
that daily intake of 1 mg/kg of isotretinoin for 6 weeks
in young male mice (similar doses used in humans)
was associated with depression-like behavior.47 Recently,
Bremner et al.48 assessed brain function in patients with
acne treated with isotretinoin and antibiotics. They found
that isotretinoin decreased metabolism in the orbitofrontal
cortex, a region of the brain known to be involved in de-
pression. This effect was not observed in patients treated
with antibiotics. More research is needed to elucidate the
exact mechanisms through which isotretinoin may induce
depression.

Depression is likely to be a rare side effect of isotret-
inoin therapy. The present study supports close monitor-
ing of patients during the treatment for possible signs of
such symptoms. Current guidelines should possibly be
modified to include psychiatric assessments of patients
prior to and during isotretinoin therapy.

Drug name: isotretinoin (Claravis, Amnesteem, and others).
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