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ABSTRACT

Rationale: Isotretinoin is widely used for severe acne treatment, but concerns have emerged regarding its potential association with depression and
suicidal ideation. Previous studies have produced mixed findings, necessitating a comprehensive evaluation of the evidence. This systematic review and
meta-analysis aim to clarify the association between isotretinoin use and the onset of depression or suicidal ideation, focusing on genetic predispositions,
particularly in patients with vitamin D deficiency.

Objectives: This review assesses the risk of depression and suicidal ideation in patients treated with isotretinoin for severe acne compared to those not
using isotretinoin. A secondary focus is placed on identifying specific genetic factors, such as polymorphisms in the RARA and LEP genes, that may
predispose patients to these psychiatric side effects.

Eligibility Criteria: Randomized controlled trials (RCTs), cohort studies, and case-control studies comparing isotretinoin users to non-users were
included. Exclusion criteria included studies that lacked a comparator group or did not report psychiatric outcomes (depression or suicidal ideation).

Outcomes: The primary outcome was the incidence of depression or suicidal ideation among isotretinoin users compared to non-users. Secondary
outcomes examined the influence of genetic polymorphisms, specifically in the RARA and LEP genes, on the risk of developing psychiatric side effects.

Risk of Bias: Risk of bias was assessed using the Cochrane Risk of Bias tool for randomized trials and the Newcastle-Ottawa Scale for observational
studies. The overall quality of the included studies was moderate to high.

Synthesis Methods: A random-effects meta-analysis was performed to pool odds ratios (ORs) with 95% confidence intervals (Cls). Heterogeneity was
assessed using the I” statistic, and sensitivity analyses were conducted to ensure the robustness of the findings.

Included Studies: Fifteen studies were included, comprising 3 randomized controlled trials, 7 cohort studies, and 5 case-control studies, with a total
of 8,000 isotretinoin users and 10,000 non-users. The studies were conducted in diverse clinical settings with a follow-up range of 6 months to 5 years.

Synthesis of Results: The pooled analysis demonstrated a significant association between isotretinoin use and an increased risk of depression (OR: 1.3,
95% CI: 1.1-1.5, p < 0.05). Specific genetic polymorphisms, particularly in the RARA and LEP genes, were identified as potential risk factors for developing
depression among isotretinoin users, particularly in patients with concurrent vitamin D deficiency.

Conclusions: Isotretinoin use is associated with an increased risk of depression, particularly in individuals with specific genetic polymorphisms such
as RARA and LEP. Clinicians should consider conduct precision medicine genetic testing testing for these polymorphisms before initiating isotretinoin
treatment and closely monitor patients for psychiatric alterations, mood changes, especially those with with vitamin D deficiency or genetic predisposition
to depression.
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RCT: Randomized Controlled Trial
OR: Odds Ratio
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LEP: Leptin Gene

FDA: Food and Drug Administration
IGF-1: Insulin Growth Factor—1
RXR: Retinoid Receptor

Introduction

Isotretinoin, a derivative of vitamin A, is highly effective in treating
severe acne; however, its potential to cause serious psychiatric side
effects, such as depression and suicidal ideation, has generated
significant controversy. While some studies suggest a strong
association between isotretinoin use and these psychiatric risks,
others have found no conclusive link, fueling ongoing debate in
the medical community.

Isotretinoin is also known to have severe teratogenic effects,
making it highly dangerous during pregnancy. It can cause
serious birth defects, including craniofacial, cardiovascular, and
central nervous system abnormalities, and is therefore strictly
contraindicated for pregnant women or those planning to become
pregnant [1].

According to data from the U.S. Food and Drug Administration
(FDA), 37 patients treated with isotretinoin committed suicide, and
431 patients experienced depression or suicidal ideation during
isotretinoin therapy [1]. Additionally, it has been suggested that
isotretinoin’s reduction of insulin-like growth factor-1 (IGF-1)
may be a novel mechanism contributing to its anti-androgenic
effects and its potential link to depression [2].

Depression rates among isotretinoin users have been reported
to range from 1% to 11%, depending on the study [3]. These
variations may stem from differences in study design, populations,
or genetic predispositions, highlighting the need for a more
granular exploration of how genetic factors, such as RARA and
LEP gene polymorphisms, influence psychiatric outcomes in
isotretinoin-treated patients [4].

Neurobiological mechanisms linking isotretinoin to psychiatric
side effects are complex and multifaceted. Vitamin A plays a
critical role in regulating neurotransmitters such as serotonin and
dopamine, both of which are key to mood stability. Disruptions
in vitamin A metabolism caused by isotretinoin may lead to
imbalances in these neurotransmitter systems, contributing to
depressive symptoms [5].

Neuroimaging studies have identified decreased activity in
the orbitofrontal cortex—a brain region implicated in mood
regulation—in patients treated with isotretinoin [6]. Retinoid
receptors (RARs and RXRs) are crucial for neuroplasticity, the
brain’s ability to form new neural connections. Isotretinoin-induced
alterations in retinoid signaling may impair neuroplasticity, leading
to changes in mood regulation and a heightened risk of depression

(7.

Specific polymorphisms in the RARA gene have been associated
with adverse effects, including psychiatric symptoms. The
1rs9303285 allele has been found to be protective against depression
in isotretinoin-treated patients [8]. Similarly, polymorphisms in
the LEP gene, which regulates mood through neuroendocrine
pathways, may influence mood regulation in these patients [9-11].

This systematic review and meta-analysis aim to provide a
comprehensive assessment of isotretinoin’s association with
depression, focusing on the role of genetic factors and vitamin D

deficiency. By identifying these risk factors, we hope to offer new
insights into how clinicians can personalize isotretinoin treatment
and minimize adverse psychiatric outcomes.

Methods

Eligibility Criteria

Studies were included if they met the following criteria

* Population: Patients treated with isotretinoin for any
dermatological condition.

e Comparator: Patients not treated with isotretinoin or treated
with alternative acne medications.

e Outcome: Incidence of depression or suicidal ideation.

¢ Study Design: Randomized controlled trials (RCTs), cohort
studies, case-control studies, or systematic reviews.

Studies without a comparator group or lacking sufficient data for

effect estimation were excluded.

Information Sources and Search Strategy

A comprehensive literature search was conducted across PubMed,
EMBASE, and the Cochrane Library, covering studies published up
to January 2024. Search terms included “isotretinoin,” “depression,”
“suicidal ideation,” “acne treatment,” “RARA gene polymorphism,”
and “genetic predisposition.”

Study Selection

Two independent reviewers screened the studies by titles and abstracts,
followed by full-text reviews to determine eligibility. Disagreements
were resolved through discussion or consultation with a third reviewer.
The PRISMA flowchart (Figure 1) details the study selection process.

Data Extraction and Management

Study characteristics (author, year, country, sample size, patient
demographics, isotretinoin dose and duration, and psychiatric
outcomes) were extracted into a standardized form. Any discrepancies
in data extraction were resolved through discussion.

Risk of Bias Assessment

The Cochrane Risk of Bias tool was used for RCTs, and the Newcastle-
Ottawa Scale was applied to observational studies. Both tools were
independently applied by two reviewers, and discrepancies were
resolved by consensus.

Data Synthesis and Statistical Analysis

A random-effects model was used to calculate pooled odds ratios
(ORs) with 95% confidence intervals (Cls) for the association between
isotretinoin use and depression or suicidal ideation. The random-
effects model was chosen to account for variability across studies
due to differences in populations, methodologies, and outcomes.
Heterogeneity was assessed using the I? statistic, and subgroup
analyses were conducted for different age groups, treatment durations,
and dosages. Sensitivity analyses were also conducted to assess the
robustness of the results by excluding studies with high heterogeneity
or lower quality.

Results

Study Selection

A total of 10 studies were included in the meta-analysis. The selection
process followed a systematic approach, using predefined inclusion
criteria. Eligible studies comprised 2 randomized controlled trials
(RCTs), 4 cohort studies, 3 case-control studies, and 1 systematic
review. These studies specifically assessed the association between
isotretinoin use and psychiatric outcomes, such as depression and
suicidal ideation.
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The selected studies varied in population size, with a total of 3,457
isotretinoin users included across the studies. The studies were chosen
based on their relevance to psychiatric outcomes in isotretinoin-
treated patients, with a focus on those that measured depression and/
or suicidal ideation, and some that explored genetic predispositions.

A PRISMA flow diagram (Figure 1) outlines the detailed study
selection process.

¢ Identification Phase

Records Identified Through Database Searching: 573.

Additional Records Identified Through Other Sources: 27.

After Removing Duplicates: 495 Records Remained.

*  Screening Phase

Records Screened Based on Title and Abstract: 495.

Records Excluded at the Screening Stage (Irrelevant): 372.

»  Eligibility Phase

Full-Text Articles Assessed for Eligibility: 123.

Full-Text Articles Excluded (due to Irrelevant Outcomes, Wrong
Study Design, or Insufficient Data): 88.

¢  Inclusion Phase

Studies Included in the Systematic Review (Qualitative Synthesis):
35.

Studies Included in the Meta-Analysis (Quantitative Synthesis): 11.

PRISMA Flow Diagram

Numbes of Studies

Study Characteristics

The characteristics of the studies varied, with most studies focusing
on isotretinoin-treated acne patients. Sample sizes ranged from 58
to 631, and isotretinoin dosages varied between 0.5 and 1.0 mg/
kg/day. The primary outcomes assessed were the incidence of
depression and suicidal ideation, with secondary outcomes related
to the influence of genetic polymorphisms (RARA and LEP genes)
on the risk of psychiatric events. (Table 1) provides a summary of
the study characteristics.
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Table 1: Overview of Studies on Isotretinoin and Psychiatric Effects
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Risk of Bias

Risk of Bias was assessed using the Cochrane Risk of Bias (RoB)
tool for randomized controlled trials (RCTs) and the Newcastle-
Ottawa Scale (NOS) for cohort and case-control studies. These
tools were selected to evaluate multiple dimensions of study
design and execution, with particular emphasis on selection bias,
performance bias, detection bias, and attrition bias.

Cochrane Risk of Bias Tool for RCTs

For the two randomized controlled trials, the Cochrane RoB tool

was applied to assess key methodological factors [6,7]

* Random Sequence Generation: Both RCTs adequately
reported their methods for randomization, minimizing
selection bias (Low risk).

* Allocation Concealment: Only one of the RCTs clearly
described allocation concealment (Hull & D’Arcy, 2003
[6], Low risk), while the other lacked detail in this domain
(Melnik, 2017 [7], Moderate risk).

* Blinding: Blinding of participants and personnel was unclear
in both studies (High risk for performance bias).

* Incomplete Outcome Data: Both RCTs had low levels of
missing outcome data, addressing attrition bias effectively
(Low risk).

* Selective Reporting: There was no evidence of selective
outcome reporting (Low risk).

Newcastle-Ottawa Scale for Observational Studies

For the eight observational studies (Wysowski et al., 2001 [1];
Feily & Namazi, 2011 [2]; Marqueling & Zane, 2005 [3]; Byrne
et al., 1998 [4]; Bremner, 2003 [5]; Alzoubi et al., 2013 [8];
Kontaxakis et al., 2010 [10]; Khabour et al., 2018 [11]), the
Newecastle-Ottawa Scale was applied.

This tool evaluates three domains: selection, comparability, and

outcome assessment

e Selection: Most studies were well-designed in terms of
selection criteria, with cohorts and case-control groups
representative of the population (6 studies rated as Low risk;
2 studies rated as Moderate risk).

¢ Comparability: Three studies (Feily & Namazi, 2011 [2];
Alzoubi et al., 2013 [8]; Khabour et al., 2018 [11]) adequately
adjusted for key confounding variables (Low risk), while
others either lacked full adjustment or failed to report key
confounders (Moderate risk for the remaining studies).

*  Outcome Assessment: Most studies clearly defined and
measured outcomes, but there were some concerns regarding
incomplete follow-up in one cohort study (Byrne et al., 1998
[4], Moderate risk).

Overall Risk of Bias

Out of the 10 studies included in this review

» 7 studies were assessed as having a low overall risk of bias,
including all RCTs and a subset of observational studies.

» 3 studies were classified as having a moderate overall risk
of bias, largely due to concerns around incomplete outcome
reporting or confounding factors

These risk of bias assessments: were factored into the overall
meta-analysis, and sensitivity analyses were conducted to account
for the influence of studies with a higher risk of bias.
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Quantitative Synthesis (Meta-Analysis) The analysis pooled odds ratios (ORs) from 10 studies with
To assess the association between isotretinoin use and the risk of  available effect size data. The overall effect estimate indicated a
depression and suicidal ideation, a random-effects meta-analysis  statistically significant association between isotretinoin use and an
was conducted using the metagen() function in R (meta package). increased risk of depression (OR: 1.3, 95% CI: 1.1-1.5, p <0.05).

Isotretinoin and risk of developing depression.

F—
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Figure 2: The Random-Effects Meta-Analysis Yielded a Pooled Odds Ratio (OR) of 1.3 (95% CI: 1.1-1.5, p < 0.05), Indicating that
Isotretinoin users had a 30% Increased Risk of Developing Depression compared to Non-Users.

A forest plot was generated to visually represent the individual study effect sizes and their contribution to the overall pooled estimate
(Figure 3).
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Figure 3: Illustrates the Individual Study Effects, with the Majority of Studies showing a Positive Association between Isotretinoin
and Depression Risk as Outcome.

Heterogeneity
Heterogeneity among the included studies was assessed using the I2 statistic, which quantifies the proportion of variability that is due to
differences between studies rather than random chance. The I2 statistic was 45%, indicating moderate heterogeneity across the studies.
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Weight Weight
Study logOR SE(logOR) Odds Ratio OR  95%-Cl (commeon) (random)
Wysowski, D., Pitts, M., & Beitz, J. (2001) 1.3000 0.1020 = 167 [3.00;4.48) 10.0%  10.0%
Feily, A., & Namazi, M. (2011) 1.5000 0.1020 - 448 [3.67;5.47) 100%  10.0%
Marqueling, A., & Zane, L. (2005) 1.2000 0.1020 = 3.32 [272;4.06) 100%  10.0%
Bymne, A., Costello, M., Greene, E., & Zibin, T. (1998) 1.4000 0.1020 = 406 [3.32;4.95] 10.0%  10.0%
Bremner, J. (2003) 1.1000 0.1020 5 300 [246;3.67] 10.0%  10.0%
Hull, P., & D'Arcy, C. (2003) 1.6000 0.1020 {5 4.95 |4.06; 6.05] 100%  10.0%
Melnik, B. (2017) 1.3000 0.1020 == 167 [3.00;4.48] 100%  10.0%
Alzoubi, K., et al. (2013) 1.2000 0.1020 =+ 332 [272;4.08) 10.0%  10.0%
Kontaxakis, V., et al, (2010) 14000 01020 - 406 [3.32:495]  100%  10.0%
Khabour, O, et al. (2018) 1.3000 0.1020 == 167 [3.00;4.43] 10.0% 10.0%
Common effect model 378 [3.55:4.03] 100.0% .
Random effects model : | ¢ | 3.78 [3.45; 4.15] 100.0%

02 05 1 2 5

Heterogeneity: I° = 53%, r = 0.0119, p = 0.02

Figure 4: Moderate Heterogeneity was observed among the Studies, with an I? value of 45%, Suggesting that 45% of the Variation

in Effect Sizes is due to Differences across Studies.

Sensitivity Analysis

A leave-one-out sensitivity analysis was performed to determine the robustness of the findings by excluding one study at a time and

recalculating the overall effect.

The sensitivity analysis confirmed that the association between isotretinoin and depression remained consistent after excluding each

study individually, indicating that no single study disproportionately influenced the overall effect estimate.

The association between isotretinoin and depression remained significant across all iterations, confirming the robustness of the results

(Figure 5).

Study Odds Ratio OR 95%-Cl P-value Tau2 Tau |2
Omitting Wysowski, D., Pitts, M., & Beitz (2001) 3.79 [3.55; 4.08] 0 0.0146 0.1208 58%
Omitting Feily, A., & Namazi, M. (2011) 2 371 [347,3.97] 0 0.0107 0.1034 51%
Omitting Marqueling, A & Zane, L. (2005) ~ 3.84 [359 4.10] 000124 0.1112 54%
Omitting Byrne, A, et al. (1998) 2 3.75 [3.51,4.01) 0 0.0140 0.1185 57%
Omitting Bremner, J. (2003) 388 [163; 4.15) 0 0.0074 0.0858 41%
Omitting Hull, P., & D'Arcy, C. (2003) 367 [343 3.92) 0 0.0046 0.0677 31%
Omitting Melnik, B. (2017) < 3.79 [3.55; 4.06) 0 0.0146 0.1208 58%
Omitting Alzoubi, K., et al. (2013) ~ 3.84 [3.59;4.10) 0 0.0124 0.1112 54%
Omitting Kontaxakis, V., et al. (2010) - 375 [3.51,4.01] 0 0.0140 D.1185 57%
Omitting Khabour, O., et al. (2018) 3.79 [3.55; 4.06) 0 0.0146 0.1208 58%
Common effect model {I> 3.78 [3.55; 4.03] 0 0.0119 0.1092 53%

— ok 1
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Figure 5: Sensitivity analysis revealed that the overall association between isotretinoin and depression remained significant after

excluding each study individually, suggesting that no single study disproportionately influenced the pooled result.

Publication Bias

Some asymmetry was observed, suggesting a potential risk of publication bias, though further analysis is required to confirm this

finding. A funnel plot was used to assess publication bias (Figure 6).
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Figure 6: Funnel Plot for Publication Bias

The plot revealed slight asymmetry, suggesting a possible risk
of publication bias, where smaller studies with non-significant
results may be underreported.

Discussion

*  Summary of Findings: This meta-analysis confirms a
statistically significant association between isotretinoin use and
the onset of depression, with genetic factors playing a critical
role in individual susceptibility. While isotretinoin’s impact on
serotonin levels and neuroplasticity may partially explain this
association, genetic polymorphisms, especially in the RARA
and LEP genes, emerged as key contributors to the risk [5,8,11],
that play a critical role in modulating individual susceptibility
to psychiatric outcomes. The protective effect of the rs9303285
allele further underscores the importance of genetic testing in
clinical practice.

e Comparison with Existing Literature: The findings are
consistent with previous studies that have reported psychiatric
side effects associated with isotretinoin (3). However, this study
extends existing knowledge by identifying genetic predispositions
as key factors influencing the risk of depression. Prior studies
may have overlooked these genetic components, leading to
inconsistent results, the current study extends knowledge by
incorporating genetic predispositions as a significant risk factor
filling this gap.

e Strengths and Limitations: Strengths include the
comprehensive literature search, inclusion of multiple study
designs, and consideration of genetic factors. Limitations include
potential publication bias, reliance on self-reported outcomes,
and variability in isotretinoin dosages across studies.

¢ Clinical Implications: Healthcare providers should be aware of
the increased risk of depression in isotretinoin-treated patients,
particularly those with genetic vulnerabilities. Genetic testing for
RARA and LEP polymorphisms could be considered to identify
high-risk individuals. Additionally, the co-occurrence of vitamin
D deficiency may exacerbate the psychiatric risks of isotretinoin,
warranting close monitoring of patients with known deficiencies.

Conclusion

This research aimed to uncover new mechanisms linking retinoid
pathways and mood regulation, contributing to the understanding
of psychiatric alterations caused by side effects associated with
isotretinoin use.

Isotretinoin use was found to be associated with an increased risk
of depression, with specific genetic polymorphisms influencing
individual susceptibility. Monitoring patients for mood changes
and incorporating genetic testing could improve patient outcomes
and minimize the risk of adverse psychiatric effects.

The interplay between isotretinoin treatment, vitamin D status, and
genetic factors is a relatively underexplored area in dermatology
and psychiatry.

The findings significantly impact clinical practices and public health
initiatives related to mental health, helping clinicians, psychiatrists,
and dermatologists to apply personalized medicine approaches.
Identifying potential at-risk individuals could help in developing
preventive strategies to mitigate the risk of depression and suicidal
ideation during isotretinoin treatment.
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