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Abstract: The effects of acetylsalicylic acid (ASA) on mood disorders (MD) and on inflammatory
parameters in preclinical and clinical studies have not yet been comprehensively evaluated. The
aim of this study was to systematically summarize the available knowledge on this topic according
to PRISMA guidelines. Data from preclinical and clinical studies were analyzed, considering the
safety and efficacy of ASA in the treatment of MD and the correlation of inflammatory parameters
with the effect of ASA treatment. Twenty-one studies were included. Both preclinical and clinical
studies found evidence indicating the safety and efficacy of low-dose ASA in the treatment of all
types of affective episodes in MD. Observational studies have indicated a reduced risk of all types
of affective episodes in chronic low-dose ASA users (HR 0.92, 95% CI: 0.88, 0.95, p < 0.0001). An
association between ASA response and inflammatory parameters was found in preclinical studies,
but this was not confirmed in clinical trials. Further long-term clinical trials evaluating the safety and
efficacy of ASA in recurrent MD, as well as assessing the linkage of ASA treatment with inflammatory
phenotype and cytokines, are required. There is also a need for preclinical studies to understand the
exact mechanism of action of ASA in MD.

Keywords: acetylsalicylic acid; aspirin; ASA; mood disorders; bipolar disorder; major depression;
depressive episode; mania; animal model of mania; animal model of depression

1. Introduction

Mood disorders are severe mental illnesses characterized by periods of depression
in major depressive disorder (MDD) or depression and other mood episodes such as
hypomania/mania or mixed state in bipolar disorder (BD). A lifetime prevalence of MDD
is estimated at 2 to 20%, while BD affects round 2% of people worldwide, and their
burden has been increasing in recent years [1–3]. These disorders are associated with a
significant impairment in quality of life, increased suicide risk, and 8–14 years reduction
in life expectancy compared to the general population [4–8]. According to the current
medical knowledge, antidepressants, mood stabilizers, as well as biological treatments such
as electroconvulsive therapy, are used in the treatment of mood disorders. Nevertheless,
currently available treatment, even when correctly applied and with satisfactory patient
compliance, is insufficiently effective in up to one third of the cases. Treatment-resistant
depression is often recognized in this group of patients (about 30%). They experience
symptoms and impaired psychosocial functioning for about half of their lives. Hence, there
is a need for novel, more effective therapies.

The search for such therapies, both pharmacological and non-pharmacological, has
been ongoing for years. Nevertheless, no game-changing treatment for BD has been seen for
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over two decades. One possible explanation could be connected to mechanisms underlying
these conditions that are still undiscovered. This fact greatly impacts the introduction of
targeted treatment. It has been suggested that the pathogenesis may be related to distur-
bances in biological rhythms, inflammation in the central nervous system, or dysfunction
in the immune system. In recent years, with the advancement of immunopsychiatry, an
inflammatory background of mood disorders has been emphasized [9–12]. Mood disorders
are significantly more common in patients with autoimmune diseases [13,14]. A higher
prevalence of comorbid disorders, such as autoimmune disease, obesity, diabetes, dyslipi-
demia, or cardiovascular disease, is also observed in patients with mood disorders [15,16].
Inflammatory markers have been also found to be elevated in patients with mood disorders,
both peripherally and centrally. Depressed individuals have elevated levels of interleukin
6 (IL-6), tumor necrosis factor alpha (TNF-alpha), IL-10, IL-13, IL-18, IL-12, the soluble IL-2
receptor, and the soluble TNF receptor 2 as compared to healthy controls [17,18]. Further-
more, the response to antidepressant treatment in MDD may be related to inflammation
markers, such as baseline levels of IL-8, IL-6, and C-reactive protein (CRP) levels [19,20].
Despite some differences in the results obtained for bipolar disorder, the concentration
of substances, such as TNF-alpha, the soluble TNF receptor 1, the IL-1 beta receptor, the
soluble IL-2 receptor, and the soluble IL-6 receptor, seems to change during the course of
the illness [12]. The expression patterns of cytokines depend on the stage and phase of BD.
Probably, they are linked to low-grade inflammation maintenance and become elevated
in conditions of acute inflammation, such as mania or depression. According to recent
meta-analyses, CRP and TNF appeared to be potential state markers for BD, while IL-6
seemed to represent a trait marker [21]. However, it is unclear whether inflammation ceases
and immune markers normalize in the euthymic state or whether the inflammatory process
continues during this state [22]. Furthermore, several studies have pointed to signs of
inflammation in postmortem brain sections of patients with mood disorders, although,
again, the results are not homogeneous [23,24]. The brains of patients with mood disorder
are characterized by an excessive activation with an inflammatory phenotype [10,23,25,26].
Neuroimaging has also confirmed these findings [27,28]. In addition, inflammation may
also be influenced by the hypothalamic–pituitary–adrenal axis or by altered gut microbiota,
which require further investigation in patients with mood disorders [10,11,29]. As a result
of discovering the role of inflammation in mood disorders, several anti-inflammatory prepa-
rations have been explored. Although the results are inconclusive, many studies report that
certain drugs can positively affect the clinical condition of patients with mood disorders,
including acetylsalicylic acid (commonly known as aspirin), celecoxib, n-acetylcysteine,
infliximab, and minocycline [30,31]. The link between mood disorder and inflammation is
certain, but the exact mechanisms remain unclear. There is a growing need to answer the
question of the effects of anti-inflammatory drugs on the course of mood disorders.

One of the most commonly prescribed drugs in medical practice is aspirin (ASA),
which belongs to the category of non-steroidal anti-inflammatory drugs (NSAID). The
dosage of ASA can range from 300 mg to 1200 mg for acute analgesia or chronic inflamma-
tory disorders, and it can be administered at low dosages within the range of 30–162 mg
daily for cardiovascular and cerebrovascular disease prevention [32,33]. The drug is also
beneficial for cancer patients such as ovarian, hepatocellular, prostate, or breast cancer and
reduces the risk of colon cancer [34–36]. Population-based studies conducted in recent years
have suggested that ASA may also be beneficial in treating neuropsychiatric conditions,
including mood disorders [37–40]. ASA irreversibly inhibits cyclooxygenase-1 (COX-1)
and cyclooxygenase-2 (COX-2) enzymes involved in neuroinflammation [41,42]. Through
inhibition of the arachidonic acid pathway, the drug reduces prostaglandin E2 as well
as pro-inflammatory biomarkers such as IL-1beta and TNF-alpha, and oxidative stress
biomarkers. ASA has been reported to have neuroprotective properties in recent studies,
but the exact mechanism of action is still unknown. Peroxisome proliferator-activated
receptors (PPAR) alpha in astrocyte and microglia cells can be regulated by ASA, which
affects neurotrophic factors production, synaptic plasticity, and amyloid plaque removal.
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An anti-inflammatory molecule called IL-1Ra may play a role in this process [43]. Further-
more, ASA can also promote oligodendroglial differentiation and activate AMP kinase in
central nervous system (CNS) cells [44,45]. Aspirin’s neuroprotective, pro-cognitive, and
antidepressive effects may be supported by any of these mechanisms. Despite the lack of a
clear mechanism for the effects of ASA on neuroinflammation, preclinical, observational,
and a few intervention studies indicate its potential as a neuropsychiatric drug. Aside from
its potential efficacy, the repurposing of ASA is particularly attractive since it is an old and
well studied drug on the World Health Organization Model List of Essential Medicines [46].
Additionally, aspirin wholesale costs in developing countries are estimated at 0.002–0.025$,
as of 2014 [47]. The use of ASA as an adjunctive treatment for mood disorders could
therefore benefit patients worldwide if effective.

The aim of this review was to systematically summarize the available knowledge
on the use of ASA in mood disorders. We have analyzed the results of preclinical and
clinical (observational and interventional) studies, distinguishing between: (1) the effects
of ASA on affective symptoms in depression; (2) bipolar disorder; (3) the adverse effects of
ASA therapy as an add-on treatment to antidepressants or mood stabilizers; and, finally,
(4), the correlation of inflammatory parameters with the effect of ASA treatment. To our
knowledge, such a comprehensive review has not been conducted to date.

2. Materials and Methods

This systematic review was conducted according to the PRISMA statement (Preferred
reporting items for systematic review and meta-analyses [48]).

2.1. Eligibility Criteria

We used PICO framework-based research question for this review (Table 1). If articles
met predefined criteria, they were included and categorized as interventional, observational,
or preclinical studies.

Table 1. PICO questions.

Preclinical Studies Observational Studies Interventional Studies

Patients/Subjects

Studies on mania or depression
animal models. Animals may or
may not be treated with mood
stabilizers or antidepressants

Patients receiving chronic low-dose
of ASA, with or without a diagnosis
of major depression (MD) or bipolar
disorder (BD), under 65 years of age

and over 18 years of age

Patients diagnosed with BD or
MD; under 65 years of age and

over 18 years of age

Intervention Use of ASA alone or as an
add-on treatment

Patients receiving chronic low-dose
of ASA Treated in combination with ASA

Comparison No use of ASA Patients not chronically taking a
low dose of ASA No use of ASA; placebo

Outcome
Impact on behavioral tests;

histological and
biochemical analysis

Episodes of depression, mania:
hazard ratio (HR); incident density

(ID); odds ratio (OR)

Impact on affective episodes
(depressive/manic/mixed)–

clinical scales;
adverse effects

The inclusion criteria were as follows: (1) preclinical, observational, or interventional
studies of any design; (2) concerning mood disorders or animal model of mood disorders;
(3) study on the effect of acetylsalicylic acid (ASA) on mood disorders or for behavioral
testing in an animal model of mood disorders; (4) participants over 18 years of age and
under 65 years of age (applies to clinical studies); (5) published in English.

Articles were excluded if they were not original articles or had a different study design,
were not in English, the full text was not available, were not published, or did not conform
to PICO.
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2.2. Information Sources, Search Strategy and Selection Process

PubMed, PsycInfo, and Embase databases were searched (from earliest to current)
to identify suitable articles. In August 2022, three independent reviewers (AG, MS, MD)
performed a search of the target online databases for eligible studies. The search string used
in was (“bipolar disorder” or “bipolar depression” or “mania” or “hypomania” or “mixed
episode” or “major depression” or “mood disorders”) and (“aspirin” or “acetylsalicylic
acid” or “ASA”). Follow-up citations were also scanned for relevant articles. Addition-
ally, we performed search among the grey literature sources (ProQuest Dissertations and
Theses Online, The Grey Literature Report from the New York Academy of Medicine,
and OpenGrey) and in the clinical trials registry. Search results were downloaded into
EndNote version X9. No filters were applied during the search. Three reviewers (AG, MS,
MD) independently identified potentially relevant articles, removed duplicates, and then
reviewed titles and abstracts. To access eligibility criteria, the full text of all qualified or
uncertain studies was obtained. Any disagreements between reviewers were resolved via
discussion to achieve consensus.

2.3. Data Collection Process

The literature was retrieved, selected, and extracted independently by three researchers
(AG, MD, MS). Conflicting information was discussed to reach an agreement and, if
necessary, the third investigator was consulted.

The following data were extracted: authors, year of publication, country, study design,
sample and control sample size, duration, time of study, characteristic of the research
and control group (sex, mean age, diagnosis, treatment), dose of ASA, and outcomes
(in preclinical studies—behavioral test, histological and biochemical analysis, in clinical
studies—the incidence of affective episodes—hazard ratio, incident density, odds ratio, the
effect of the intervention on affective symptoms as measured by clinical scales, reports on
adverse effects).

2.4. Study Risk of Bias Assessment

The risk of bias for randomized trials was evaluated using the evaluation method
recommended by Cochrane System Reviewer Manual 5.1 (a revised tool to assess risk of
bias in randomized trials-RoB 2), including sequence generation, allocation concealment,
blinding, missing outcome data, selective reporting, and other bias [49,50]. To assess the
risk of bias in non-randomized studies with intervention we used ROBINS-I tool (Risk
Of Bias In Non-randomized Studies of Interventions) [51], and in observational studies
ROBINS-E tool (The Risk Of Bias In Non-randomized Studies of Exposure) [52]. At least
two independent reviewers assessed the risk of bias for each study. Conflicting information
was discussed to reach an agreement and, if necessary, the third investigator was consulted.
The Robvis tool was used to illustrate the results [53].

2.5. Data Synthesis and Analysis

Search results from Endnote X9 have been transferred to RevMan5. In this review,
studies were divided into categories based on study design: preclinical, observational,
or interventional studies. Heterogeneity was evaluated visually on the forest plot and
statistically using the chi square, I2 and tau2 methods. Whenever the I2 test was below 90%
(substantial heterogeneity), the results were pooled. Although a meta-analysis was origi-
nally planned, it was abandoned due to high heterogeneity of the data, especially regarding
interventional trials. Only observational trials have showed a substantial heterogeneity
and were further evaluated by using random effect model. The results of each category of
study design were described and summarized.
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3. Results
3.1. Study Characteristics

The search strategy identified 7497 abstracts. After a review of the titles and abstracts,
a total of 273 potentially relevant articles were chosen, of which 58 were qualified for
full-text reading and were evaluated using the inclusion and exclusion criteria. Overall,
21 studies met the inclusion criteria. A flowchart of the review process is plotted in Figure 1.
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Figure 1. Flow chart: an overview of the study selection process.

The included studies were published between the years 2006 and 2022. Among the
identified studies, eight were preclinical (animal research) and 13 were clinical trials (seven
observational and six interventional). All preclinical studies involved rodents and used
behavioral tests as models of anxiety, depression, or mania to assess the effects of ASA. Re-
garding clinical trials, a total of 13 studies were identified that described the efficacy of ASA
for mood disorders in the adult population (18–65 years). Among the seven observational
studies, one was prospective, with a mean follow-up duration of 5.2 years [54], and six
were retrospective with a mean duration of 8.8 years (range 5–10 years) [37–40,55,56]. In
addition, two of the studies consisted of a controlled study and a retrospective study [37,55].
The extracted data from observational studies represent a sample of 637,000 patients. As
for the identified interventional clinical trials evaluating the efficacy of ASA in mood disor-
ders, four were double-blind RCTs [57–60], one was open-label RCT [61], and one was a
non-randomized open-label pilot study [62]. The average study time was 24 weeks (range
4–52 weeks), and the total patient sample was 317.

The majority of studies were conducted in the USA (4), followed by China (3),
Australia (2), Belgium (2), Denmark (2), Iran (2), Israel (2), and Italy (2), with single repre-
sentations from Switzerland (1) and the Netherlands (1).

3.2. Quality Assessment

The observational studies were ranked according to the ROBINS-E tool. One of
the six included studies was rated as ‘low risk of bias’ [38], the other four as ‘some con-
cerns’ [37,39,40,55], of the remaining two, one as ‘high risk’ [56] and one as ‘very high
risk’ [54]. Interventional studies were assessed according to the RoB 2 tool (a revised
tool for assessing Risk of Bias in randomized trials) and ROBINS-I tool (Risk Of Bias In
Non-randomized Studies-of Interventions). Of the six interventional studies, three were
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ranked as ‘low risk of bias’ [57,58,60] and the other two as ‘some concerns’ [59,61]. One
non-randomized open-label pilot study was evaluated using the ROBINS-I tool and was
assessed as “moderate risk” [62]. Risk of bias for all studies is presented in Figures 2–4.
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3.3. Preclinical Studies

A total of eight in vivo studies were identified (Table 2).

Table 2. In Vivo Studies on ASA in Animal Models of Depression or Mania.

Author, Year, Country
Species

Sample size (n)
Sex (M/F)

Drugs Tested Procedure Results

Alboni et al., 2018,
Italy

Sprague-Dawley rats
n = 5–10/group, M

Fluoxetine 5 mg/kg+
ASA 11.25–45 mg/kg,
fluoxetine 5 mg/kg +
flurbiprofen 5 mg/kg,
fluoxetine 5 mg/kg +
celecoxib 5 mg/kg;
7 days of treatment

Chronic escape deficit

Co-administration of
ASA with fluoxetine
was able to revert the

stress induced
condition of escape
deficit. The effect of

ASA was
dose dependent

Brunello et al., 2006,
Italy

Sprague-Dawley rats
n = 7–8/group, M

ASA 45 mg/kg or
22.5 mg/kg, fluoxetine

5 mg/kg
Chronic escape deficit

Fluoxetine alone needs
to be administered for
three weeks to revert

the stress induced
escape deficit.

Combined treatment of
ASA and fluoxetine

reverted the condition
in seven days. ASA

alone was ineffective.

Guan et al., 2014,
China

Sprague-Dawley rats
n = 7/group, M

ASA 6, 12, 25 and
50 mg/kg

subacut treatment
Forced Swimming Test,

ASA dose dependently
decreased immobility

in FST and diminished
FST-induced increase in

IL-6 and TNF-α

Shvartsur et al., 2021,
Israel

Sprague-Dawley rats
n = 16/group, M

ASA IP for 42 days;
1 mg/kg alone or
together with Li

Elevated Plus-Maze
Test; assessment of

toxicity (water
consumption, urinary

output, plasma Li,
creatinine, urea,
cystatin c levels;

nephrin and podocin
levels, renal

tubulointerstitial
damage, gastric

mucosal damage
and bleeding

The combination of
ASA with LLD-Li
enhances hedonic

behavior. ASA alone
did not increase them.
Co-administration of
low-dose ASA with

low-dose Li mitigates
typical renal

side-effects of
standard-dose Li while
retaining the beneficial

behavioral effects of
this enigmatic cation
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Table 2. Cont.

Author, Year, Country
Species

Sample size (n)
Sex (M/F)

Drugs Tested Procedure Results

Shvartsur et al., 2022,
Israel

Sprague-Dawley rats
n = 16/group, M

ASA for 42 days;
1 mg/kg alone or
together with Li

Amphetamine-induced
Hyperactivity Test,

Forced Swimming Test,
Lipopolysaccharide
(LPS)-Treated Rats

Chronic co-treatment of
ASA with low-dose Li

had no effect on
amphetamine-induced

hyperactivity,
decreased immobility

time in FST, attenuated
LPS-induced

hypothermia and
plasma and brain

cytokine
level elevation.

Wang et al., 2011,
China

Sprague-Dawley rats
n = 7/group, M

ASA 20 mg/kg in
conjunction with

fluoxetine 10 mg/kg
for 3 weeks

Chronic Unpredictable
Mild Stress (CUMS)

rats resistant to
fluoxetine Forced
Swimming Test

20–30% CUMS-induced
depressive rats were

resistant to fluoxetine.
ASA adjunctive

treatment showed
improved sucrose

preference and
decreased immobility
time in FST, as well as

inhibition of COX-2 and
PGE2 concentration.

Warner-Schmidt et
al., 2011,

USA

C57BL/6 mice
n = 8–16/group, M

ASA 210 mg/kg,
Ibuprofen 70 mg/kg,
Naproxen 140 mg/kg

Tail Suspension Test,
Forced Swimming Test,

Anti-inflammatory
drugs antagonized

biochemical and
behavioral responses

to SSRIs

Zhang et al., 2019,
China

Sprague-Dawley rats
n not given, M

ASA IG for 1 week;
50 mg/kg

Ouabaine- induced
hyperlocomotion

ASA decreased
ouabaine induced

hyperlocomotion and
stereotypic behavior.

3.3.1. Effects of ASA on Depressive Symptoms in Animal Models

The results of animal studies are ambiguous; some studies indicate that ASA may
enhance the antidepressant effect of fluoxetine [63–65] or lithium [66] or also has an inde-
pendent antidepressant effect [67], on the other hand, ASA inhibited the antidepressant
effect of citalopram [68].

The results of one study have also indicated that ASA might accelerate the onset of
action of SSRIs [64].

Interestingly, the study of Wang et al. has also pointed out that ASA had antidepres-
sant augmentation properties in fluoxetine treatment resistant depressive rats induced
by chronic unpredictable mild stress (CUMS) [65]. Adjunctive ASA treatment signifi-
cantly improved the depressive behaviors and downregulated the COX-2 level and PGE2
concentration in the hippocampus.

The antidepressant effect of ASA alone has been demonstrated in forced swimming test
in rats [67]. ASA dose-dependently decreased immobility, without altering the locomotor
activity. The effect of ASA was similar to fluoxetine and imipramine.

There are also results indicating that ASA and other anti-inflammatory drugs may
suppress antidepressant effect of SSRIs in mice [68]. Ibuprofen reversed citalopram-induced
increase in cytokines and p11 protein, and the last one seems to be necessary for SSRI
antidepressant activity. This discrepancy may be due to different animal species used (rats
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vs. mice), or it may be the result of the use of different doses of ASA. In the only study
that did not confirm the antidepressant efficacy of ASA, very high doses of ASA were
used—210 mg/kg [68].

It has to be noted that studies by Alboni et al. (2018) and Brunello et al. (2006)
were based on a chronic escape deficit model of depression [63,64]. This model was first
described by Gambarana et al. (2001) [69]. However, this chronic escape deficit test
has not been validated and is also not commonly used to study antidepressants. Other
studies discussed [65–68] were based on commonly used tests to study antidepressants,
i.e., forced swimming test and tail suspension tests [70]. It is worth emphasizing at this
point the difficulty of assessing the quality of preclinical studies and thus the possibility of
drawing firm conclusions. The range of ASA doses studied varied widely, ranging from 1
mg/kg–210 mg/kg. Most studies used low doses of ASA in the range of 1–50 mg/kg.

3.3.2. Effects of ASA on Manic Symptoms in Animal Model

The literature review identified only one study that evaluated the issue of manic
symptoms in a rat model of mania [71]. In this study, the mania-like state was induced
with ouabain. The effect of ouabain administration was assessed by increased locomotor
activity, which was reversed with ASA. The authors of this study conclude that ASA can be
used as a promising adjunctive therapy in the treatment of bipolar disorder.

3.3.3. Adverse Effects of ASA in Rodents

Only one study addressed the safety of ASA therapy in rodents [72]. Authors studied
the safety of combining lithium and ASA. They conclude that co-administration of low-
dose ASA (1 mg/kg) with low-dose lithium mitigates the typical renal side-effects of
standard-dose lithium.

3.3.4. Effects of ASA on Inflammatory Parameters in Rodents

The effects of ASA on peripheral and central inflammatory parameters were evaluated
in four studies [65–67,71]. These studies monitored plasma levels of inflammatory param-
eters, such as IL-6, TNF-alpha [66,67,71], CRP, IL-1β, IL-2, IL-10, INF- γ, PGE2, BDNF,
TLR3, TLR4 [71], and brain tissue levels of COX-2 and PGE2 [65]. All these studies (4/4)
confirmed that ASA enhanced anti-inflammatory effects [65–67,71].

3.4. Observational Studies

A total of seven observational studies evaluating the effectiveness of chronic ASA use
on the occurrence of mood disorders were identified (Table 3).

Most of these studies (n = 5) addressed the emergence of depression [37,39,54–56],
and the remaining two assessed the effect of ASA on symptoms of bipolar disorder [38,40].
All the studies assessed the potential effectiveness of ASA in reducing the risk of affective
episodes. None of the observational studies, however, addressed the question of safety
of therapy, as well as the association between pro- and anti-inflammatory factors and the
occurrence of mood disorders. The heterogeneity of all observational studies (addressing
both depressive and bipolar disorder symptoms) was substantial (I2 = 39%, chi2 = 9.82;
p = 0.13, Tau2 = 0.0). The pooled HR was 0.92 [0.88,0.95]. Test for overall effect: Z = 4.29
(p < 0.0001) (Figure 5).

All observational studies presented age-adjusted results. However, in four studies, age
differed significantly between study groups [37,54–56], and, in three studies, no information
was provided [38–40].

Of the included observational studies, five reported gender-adjusted results [38–40,54,56].
In addition, one study was conducted only in a female population [37], while one was
conducted only in a male population [55].

Five studies reported results adjusted for comorbidity [38–40,54,56]. However, in two
studies, the rate of cardiovascular events and diabetes was higher in the ASA group [54,56].
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Table 3. Observational studies on the effect of ASA on mood disorders.

Author, Year, Country Study Design Sample Size (n),
Control Sample Size, Duration Characteristics of the Study Group Conclusions

Kessing et al. 2019a,
Denmark Retrospective study

n = 1,605,365, including
n = 315,542-taking low-dose ASA

Control group-random sample, 30%
of the Danish population (1,710,000)

10 years (2005–2015)

Patients receiving studied drugs
(ASA—low (75–150 mg/d) and high

dose (>500 mg/d), statins,
allopurinol, and NSAIDs, drugs

acting through angiotensin
Age: median of 57 years

Chronic low-dose ASA (75–150 mg/d), statins, and
medications that act via angiotensin were associated with

a reduced risk of experiencing an episode of mania,
another affective episode in BD, or taking lithium (for
low-dose ASA: HR 0.92, 95% CI: 0.89 to 0.95; p < 0.001)

after adjusting for age, sex, employment status, year, and
somatic disorders.

High-dose ASA (500 mg/d) and NSAID administration
was associated with an increased risk of a depressive

episode or antidepressant discharge (for high-dose ASA:
HR 1.12, 95% CI: 1.03 to 1.22; p < 0.001) after adjusting for

age, gender, employment, year, and somatic diseases

Stolk et al. 2010,
Netherlands Retrospective study

n = 5145
10-year observation period

(1996–2005)

Patients with at least five lithium
prescriptions (presumed BD

patient population);
Mean age 48 years

Low-dose ASA (up to 80 mg/day) reduced the risk of
clinical deterioration in patients taking lithium, as well as

the adjusted incidence of deterioration—ID (incidence
density) (incident dose increase or drug change)—0.84,

95% CI: 0.75 to 0.94; p < 0.05)

Kessing et al. 2019b,
Denmark Retrospective study

n = 1,576,253, including
n = 315,542-taking low-dose ASA

Control group-random sample, 30%
of the Danish population

(1,710,000)
10 years (2005–2015)

Patients receiving studied drugs
(ASA—low (75–150 mg/d and high

dose (>500 mg/d) statins,
allopurinol, and NSAIDs, drugs

acting through angiotensin
Age: median of 65 years

Those receiving chronic low-dose ASA (75–150 mg/d),
statins, allopurinol, and drugs acting through angiotensin

were associated with a reduced risk of a depressive
episode or antidepressant discharge (for low-dose ASA:

HR 0.93, 95% CI: 0.93 to 0.94; p < 0. 001) after adjusting for
age, gender, employment status, year, and

somatic disorders.
High-dose ASA (500 mg/d) and NSAID intake was

associated with an increased risk of a depressive episode
or antidepressant discharge (for high-dose ASA: HR 1.03,

95% CI: 1.01 to 1.05; p < 0.001) after adjusting for age,
gender, employment status, year, and somatic disorders
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Table 3. Cont.

Author, Year, Country Study Design Sample Size (n),
Control Sample Size, Duration Characteristics of the Study Group Conclusions

Pasco et al. 2010,
Australia Study 1: Controlled trial

Study group: n = 104 (taking ASA
for an average of 7 years);

Control group n = 282
Time period-10 years

Female only, over 50 years old,
population derived from the
Geelong osteoporosis study

The use of ASA in women with both a positive and
negative history of major depression was associated with a
lower chance of a major depressive episode (OR 0.18, 95%

CI: 0.02 to 1.39) after adjustment for age.
ASA dose: no data available

Study 2: Retrospective
cohort

Study group: n = 161
Control group: n = 184;
Time period-10 years

Taking ASA and statins in women with a negative prior
history of depression was associated with a reduced risk

of a depressive episode (HR 0.20, 95% CI: 0.04 to 0.85,
p = 0.03).

ASA dose: no data available

Veronese et al. 2018,
USA

Cohort of the
larger study

Study group: n = 137 (taking ASA);
Control group: n = 4003;

8 years

Population from a multi-center,
Osteoarthritis Initiative (OAI) study;

Average age: 65 years old

Observation of the occurrence of depression in subjects
without a prior diagnosis of depression. ASA use did not

reduce the risk of depressive symptoms (HR 1.12; 95%
CI: 0.78 to 1.62, p = 0.54). ASA dose: no data available

Glaus et al. 2015,
Switzerland Prospective study

Study group: n = 132
(receiving ASA);

Control group: n = 1499;
Mean follow-up 5.2 years

Female and male patients,
Average age 51 years old

ASA administration did not reduce the risk of MDD (HR
1.19; 95% CI: 0.68 to 2.08, p > 0.05). The study and control
groups differed significantly in age (mean age was higher
in the study group) (p < 0.0001) and in the prevalence of

being overweight, diabetes, hypertension, and heart
disease, all of which were significantly more common in

the study group (all p < 0.0001).
ASA dose: no data available

Williams et al. 2016,
Australia Study 1: Controlled trial

Study group: n = 8 (receiving ASA
for an average of 8.4 years);

Control group: n = 140
5 years (2006–2011)

Male patients, mean age of 50 years,
observed for 5 years; population

derived from the Geelong
osteoporosis study

Observation of major depression in individuals without a
prior diagnosis of depression. After adjusting for age and
antidepressant use, ASA exposure was associated with a

lower chance of depression
(OR 0.4, 95% CI: 0.2 to 0.9, p = 0.03)

Study 2: Retrospective
cohort

Study group: n = 210 (receiving
ASA or statins);

Control group: n = 626

Reduced risk of major depression in patients with a
history of ASA and statin use (HR 0.55, 95%

CI: 0.23 to 1.32, p = 0.18).
ASA dose: no data available

Note: ASA—acetylsalicylic acid; BD—bipolar affective disorder; MDD—major depressive disorder; NSAID—non-steroidal anti-inflammatory drugs.
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hazard ratio.

3.4.1. Observational Studies–Effects of ASA on Depressive Episodes

As for the study on the effect of ASA on the incidence of depression, it included both
populations—those with no prior history of depression and those with a positive history
of depression. The control groups were the country’s healthy population. Three out of
five (60%) of these studies indicate a reduced risk of a depressive episode in chronic ASA
users compared to the control group over a long-term time horizon of 7–10 years [37,39,55].
In all studies, patients took ASA for cardiac/neurological indications at a low dose as
thromboprophylaxis, but only one study specified a dose range-75–150 mg [39]. In contrast
to previous studies, the authors of two other studies found no reduced risk of depres-
sion [54,56]. As in the three studies above, here similarly, patients received low-dose ASA
for thromboprophylaxis indications for a similarly long time. It is worth noting that one of
these two studies was prospective (mean follow-up of 5.2 years) and included 132 patients.
However, the authors of the study emphasize that the study and control groups differed
significantly in terms of age (mean age was higher in the study group) and the prevalence
of overweight, diabetes, hypertension, and heart disease—all of which were significantly
more common in the study group. The results of this study should therefore be considered
with this limitation in mind. It is also worth mentioning that this study was evaluated as a
‘very high risk’ [54]. The heterogeneity of studies evaluating effect of ASA on depressive
episodes was substantial (I2 = 40%, chi2 = 6.66; p = 0.16, Tau2 = 0.03), test for overall effect:
Z = 0.5 (p = 0.61) (Figure 6).
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3.4.2. Observational Studies-Effects of ASA on Bipolar Disorder

Two good quality studies have provided data on the efficacy of chronic ASA use on
symptoms of bipolar disorder. Both studies (2/2) indicate the potential effectiveness of
ASA in reducing the risk of affective episodes over a 10-year follow-up period. A study
by Stolk et al. (2010) showed that chronic use of low doses of ASA (up to 80 mg/day)
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improves the course of illness in patients with BD [38]. Equally interesting results are
provided by a study in patients without a prior diagnosis of BD [40]. Chronic treatment
with low-dose ASA (75–150 mg/d) was associated with a reduced risk of experiencing
an episode of mania, another affective episode in BD, or taking lithium compared to the
control group. The heterogeneity of studies evaluating effect of ASA on bipolar disorder
symptoms was substantial (I2 = 56%, chi2 = 2.28; p = 0.13, Tau2 = 0.0). The pooled HR was
0.89 [0.82,0.97]. Test for overall effect: Z = 2.65 (p = 0.008) (Figure 7).

Pharmaceuticals 2023, 16, 67  14 of 27 
 

 

 

Figure 6. Observational studies on the effect of ASA on the incidence of depression – the pooled 

Hazard Ratio. 

3.4.2. Observational Studies‐Effects of ASA on Bipolar Disorder 

Two good quality studies have provided data on the efficacy of chronic ASA use on 

symptoms of bipolar disorder. Both studies  (2/2)  indicate  the potential effectiveness of 

ASA in reducing the risk of affective episodes over a 10‐year follow‐up period. A study 

by Stolk et al.  (2010) showed  that chronic use of  low doses of ASA  (up  to 80 mg/day) 

improves  the  course of  illness  in patients with BD  [38]. Equally  interesting  results are 

provided by a study in patients without a prior diagnosis of BD [40]. Chronic treatment 

with low‐dose ASA (75–150mg/d) was associated with a reduced risk of experiencing an 

episode of mania, another affective  episode  in BD, or  taking  lithium  compared  to  the 

control group. The heterogeneity of studies evaluating effect of ASA on bipolar disorder 

symptoms was substantial (I2 = 56%, chi2 = 2.28; p = 0.13, Tau2 = 0.0). The pooled HR was 

0.89 [0.82,0.97]. Test for overall effect: Z = 2.65 (p = 0.008) (Figure 7). 

 

Figure 7. Observational  studies on  the effect of ASA on bipolar disorder  symptoms–the pooled 

hazard ratio. 

3.5. Interventional Studies 

We identified six interventional studies that evaluated the effect of ASA on affective 

symptoms  (Table  4).  All  the  studies  were  of  good  quality  (‘low  risk  of  bias’/’some 

concerns’). Four studies focused on the patient population with bipolar disorder (three 

RCTs and one non‐randomized open pilot study) [57,59,60,62], and three studies focused 

on depression (one double‐blind RCT, one open RCT, and one non‐randomized open pilot 

study)  [58,61,62]. The  latter  study  included a depressive episode  in  the course of both 

bipolar disorder and recurrent depressive disorder. Due to the high heterogeneity of the 

study measures, a pooled average for the intervention studies was not calculated. 

The mean age of patients treated with ASA ranged from 35.9 ± 9.0 to 49 ± 15.2 [57,59]. 

In four of the five studies, the placebo groups did not differ significantly in this aspect at 

the start of the study [57–60] and ranged from 34.25 to 47.8 ± 7.3 [58,61]. The ASA group 

in one  study were  significantly older  than  the placebo group. However,  there was no 

correlation between age and HAMD scale, except for one month of the study [61]. 

Figure 7. Observational studies on the effect of ASA on bipolar disorder symptoms–the pooled
hazard ratio.

3.5. Interventional Studies

We identified six interventional studies that evaluated the effect of ASA on affective
symptoms (Table 4). All the studies were of good quality (‘low risk of bias’/‘some con-
cerns’). Four studies focused on the patient population with bipolar disorder (three RCTs
and one non-randomized open pilot study) [57,59,60,62], and three studies focused on
depression (one double-blind RCT, one open RCT, and one non-randomized open pilot
study) [58,61,62]. The latter study included a depressive episode in the course of both
bipolar disorder and recurrent depressive disorder. Due to the high heterogeneity of the
study measures, a pooled average for the intervention studies was not calculated.

The mean age of patients treated with ASA ranged from 35.9 ± 9.0 to 49 ± 15.2 [57,59].
In four of the five studies, the placebo groups did not differ significantly in this aspect at the
start of the study [57–60] and ranged from 34.25 to 47.8 ± 7.3 [58,61]. The ASA group in one
study were significantly older than the placebo group. However, there was no correlation
between age and HAMD scale, except for one month of the study [61].

There was no significant difference in the sex ratio between the ASA group and other
groups in any of the studies. The distribution of the ASA and placebo group is not reported
in one study [61]. In one case, only men were involved [57].

Most studies did not report differences between study groups in the frequency of
comorbidities. The group taking ASA had significantly less CNS disease than the other
groups in the Savitz et al. study [60].

SSRIs were used as the main therapy in two studies [58,62], and SSRIs with SNRIs
were used in another study [61]. Patients used different therapies in two studies, but the
differences were not statistically significant between research groups [59,60]. In one study,
patients were treated with lithium [57].

3.5.1. Interventional Studies-Effects of ASA on Depressive Episodes

Of the three studies identified, two were placebo-controlled and used ASA as an add-
on treatment to an antidepressant [58,61]. One study—a non-randomized open pilot study—
assessed treatment response and remission in patients with bipolar disorder and recurrent
depressive disorder previously treated with SSRIs who did not respond to treatment [62].
Study durations and study sample ranged from four weeks (n = 21) [62], to eight weeks
(n = 100) [58] to two years (n = 40) [61]. All these studies used low doses of ASA, ranging
from 100–160 mg/day.
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Table 4. Interventional studies with ASA in bipolar disorder and depression.

Author, Year, Country Study Design Sample Size (n),
Duration

Characteristics of the Research Group (Mean Age, Female
Proportion);
Medication;

Comorbidities
Conclusions

Saroukhani et al. 2013, Iran

Double-blind,
randomized

placebo-controlled
two-arm trial

n = 32
6 weeks

Male patients with stable BD (euthymia) aged 20–45 treated
with lithium;

ASA group: (35.9 ± 9.0; 0%)
Placebo group:

(39.6 ± 9.7; 0%);
Medications (lithium);

Comorbidities–data not given

The purpose of the study—to evaluate the
effect of ASA on sexual dysfunction in patients

with BD treated with lithium
(1500–1800 mg/day).

Safety—patients who received ASA
(240 mg/day) reported improvements in

overall sexual function scores. Good tolerability
of treatment, no differences between groups, no

effect of ASA on lithium blood levels.

Bauer et al. 2018, USA

Double-blind,
randomized
placebo and

N-acetylcysteine
(NAC)-controlled

four-arms trial

n = 25
16 weeks

Patients with bipolar depression aged 16–65 years;
ASA group: (49 ± 15.21; 75%)

ASA+NAC group:
(40 ± 17.64; 25%)

NAC group:
(36.38 ± 7.05; 62.5%)

Placebo group:
(39.13 ± 9.99; 75%);

Medications (lithium, anticonvulsants, antidepressants,
antipsychotics, benzodiazepines), with no signifiant

differences between groups;
Comorbidities (agoraphobia, GAD, panic disorder, PTSD,

OCD, alcohol abuse, substance use, bulimia, BED), with no
signifiant differences between groups

Four groups: ASA (1 g/day), NAC (1 g/d),
ASA+NAC (1 g/d + 1 g/d), placebo. The
probability of response at week 16 was:

0.67 (95% CI, 0.54 to 0.81) for ASA + NAC,
0.57 (95% CI, 0.45 to 0.7) for NAC + placebo,

0.55 (95% CI, 0.44 to 0.67) for placebo and
0.33 (95% CI, 0.2 to 0.45) for ASA + placebo.

The ASA group (1 g/d) was not significantly
different from the placebo group.

Safety—no severe adverse effects were noted

Savitz et al. 2018, USA

Multi-center
randomized
placebo and

minocycline-controlled
four-arms trial

n = 99
6 weeks

Patients with moderate bipolar depression,
18–65 years;

ASA group: (40.6 ± 10.2; 68%)
ASA+minocycline: (40.8 ± 9.7; 84%)

Minocycline group:
(44.8 ± 8.7; 68%)
Placebo group:

(40.8 ± 10.4; 73%);
Medications (mood stabilizers, antidepressants,

antipsychotics, anxiolytics), with no signifiant differences
between groups;

Comorbidities–data not given

Four groups: ASA (162 mg/day), minocycline
(200 mg/d), ASA+placebo (162 mg/d),

minocycline+placebo (200 mg/d).
There was a significant main effect of ASA on

clinical response rates (χ2 = 5.52, p = 0.019).
The NNT for response rate was 4.2 NNT for
achieving remission. 6.5. Safety–no severe

adverse effects were noted
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Table 4. Cont.

Author, Year, Country Study Design Sample Size (n),
Duration

Characteristics of the Research Group (Mean Age, Female
Proportion);
Medication;

Comorbidities
Conclusions

Sepehrmanesh et al. 2017,
Iran

Double-blind,
randomized

placebo-controlled
two-arm trial

n = 100
8 weeks

Patients with major depression;
ASA group:

(48.9 ± 7.5; 58%)
Placebo group:

(47.8 ± 7.3; 64%);
Medications (sertraline);

Comorbidities (anxiety), with no signifiant differences
between groups;

Two groups: patients treated with sertraline
(50–200 mg/day)+ASA (dose 160 mg/d) and

patients treated with sertraline+placebo.
Patients in the group taking additional ASA

(160 mg/d) had a greater reduction in
depressive symptoms after eight weeks

compared to the placebo group (p < 0.008).
Safety—side effects among patients who

received ASA were as similar as patients who
received placebo

Zdanowicz et al. 2017,
Belgium

Open label,
randomized

placebo-controlled
four-arms trial

n = 40
2 years

Patients with major depression,
aged 18–63;
ASA group:

(46.4; 82.5% in all patients)
Placebo group:

(34.25; 82.5% in all patients);
Medications (duloxetine, escitalopram);

Comorbidities–data not given

Four groups: ASA (100 mg/day), +duloxetine,
duloxetine+placebo, escitalopram + ASA

(100 mg/day), escitalopram + placebo.
No difference was observed between groups

taking ASA and placebo. A difference was found
in additional subgroup analyses—between the

duloxetine+ASA and escitalopram+placebo
groups—faster reduction of depressive symptoms
on the HAMD scale in the duloxetine+ASA group
(t = −3.114, p = 0.01) and higher remission rates

(chi2 = 6.296, p = 0.012).
Safety—no report about adverse effects

Mendlewicz et al. 2006,
Belgium

Clinical trial: Pilot
open-label study

n = 21
4 weeks

24 patients with bipolar (n = 4) or unipolar depression (n =17),
treated for four weeks with SSRIs without response to

treatment,
aged 29–62;
ASA group:

(46.1±9.7; 61.9%);
Medications—various SSRI drugs were used as the main
treatment (citalopram, fluoxetine, paroxetine, sertraline,
fluvoxamine, escitalopram), as well as mood stabilizers

Comorbidities–data not given

ASA (dose 160 mg/d) was added to the SSRI
treatment. Response to treatment was achieved

in 47% of patients with unipolar and 75% of
patients with bipolar depression, and remission
was achieved in 41% of patients with unipolar
and 50% of patients with bipolar depression
(measured using the HAMD-21 scale). The
observed improvement occurred after one

week of treatment with added ASA (HAMD
baseline=29.3 ± 4.5, at day 7 = 14.0 ± 4.1;

p < 0.0001);
Safety–no report about adverse effects

Note: HAMD—Hamilton Depression Rating Scale, ASA—acetylsalicylic acid; NNT—number needed to treat; SSRI—selective serotonin reuptake inhibitor; NAC—N-acetylcysteine,
BED–binge eating disorder; GAD–generalized anxiety disorder; OCD–obsessive-compulsive disorder; PTSD–posttraumatic stress disorder.
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Of the three studies evaluating the effect of ASA on a depressive episode, two (66%)
reported the potential efficacy of ASA in the treatment of depression [58,62]. A study by
Zdanowicz et al. (2017) found no difference between the ASA and placebo groups in terms
of depressive episodes. However, it is worth noting the good tolerability of ASA used at
a dose of 100 mg for two years was found in this study. Additionally, the SNRI + ASA
group achieved a better response than the SSRI + ASA. However, as the authors suggest,
this was not necessarily related to a better response, but a different baseline condition of
the patients, related to various factors, for example BDNF levels [61].

There was no evidence that age, sex ratio, mental comorbidities, or medication used
affected treatment efficacy.

3.5.2. Interventional Studies—Effects of ASA on Bipolar Depression

Of the four studies analyzing the effect of ASA on the BD patient population, three
investigated the effectiveness of this intervention in reducing depression [59,60,62]. In
contrast, one study did not evaluate the effect of ASA on affective episodes in bipolar
disorder, but only on sexual function in lithium-treated patients [57]. The latter study
involved only male participants.

Study durations ranged from four weeks [62] to 6 weeks [57,60] to 16 weeks [59].
The study populations were as follows: N = 21, N = 25, N = 32 and N = 99 (57, 59, 60, 62,
respectively). The dose of ASA was in the range of 160–1000 mg/day. In all studies
investigating the efficacy of ASA in bipolar depression, 100% (3/3) confirmed the efficacy
of ASA, noting that in one [59], this was only the case for ASA in combination with
N-acetylcysteine.

There was no evidence that age, sex ratio, mental comorbidities, or medication used
affected treatment efficacy.

3.5.3. Interventional Studies—Adverse Effects of ASA

Four interventional studies addressed, in addition to efficacy, the safety of ASA therapy
as an add-on treatment. One study provided data on the safety of the combined treatment
of ASA with lithium [57]. It was observed that such therapy was well tolerated and did not
affect lithium levels. Similarly, the study by Sepehrmanesh et al. (2017) has found that the
combination of ASA with sertraline is safe and effective treatment [58]. The safety of ASA
therapy was also addressed in a study by Bauer et al. (2018), which used ASA at a very
high dose of 1000 mg/d for 16 weeks [59]. One of the longest interventional studies, lasting
two years, also confirmed the safety of ASA as an add-on treatment to antidepressants at a
dose of 100 mg per day [61].

There was no evidence of adverse interactions of the drugs used in these studies
(SSRI drugs, duloxetine, lithium, anticonvulsants, antidepressants, antipsychotics, benzodi-
azepines) with ASA. However, data on somatic comorbidities and drugs used in somatic
diseases are lacking in these studies.

3.5.4. Interventional Studies-Effects of ASA on Inflammatory Parameters

Two of the six studies investigated the association of inflammatory markers with affec-
tive symptoms [59,60]. In contrast to preclinical studies, these studies failed to demonstrate
an association between ASA response and IL-6 and C-reactive protein levels [59,60], as
well as with urinary thromboxane B2 (11-D-TXB2) levels, serving as an indirect marker of
cyclooxygenase (COX) activity [60].

4. Discussion

In light of recent reports of pro-inflammatory markers found in patients with mood
disorders linking immunology and psychiatry, one of the most commonly prescribed
drugs in medical practice, ASA, has begun to be tested in clinical trials as a potentially
effective substance in mood disorders [12]. In this review, we evaluated the available
studies on the use of ASA for mood disorders in the adult human population and in animal
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models. One of the first interesting findings was the observation that the typical pathway
of preclinical and then clinical studies was not followed in this case. Seven of the eight
preclinical studies were a consequence of earlier clinical studies. We found that, with
isolated exceptions, observational studies were conducted first, launching preclinical and
clinical interventional studies.

The main finding of this systematic review is the evidence supporting the positive
effect of ASA on both depressive and other affective episodes in the course of bipolar
disorder. In the 2019 systematic review, the pooled hazard ratio from the three cohort studies
identified at the time was 0.624 (95% CI: 0.05, 1.198, p = 0.033), indicating a reduced risk of
depressive episode in ASA-exposed individuals [73]. We identified seven observational
studies finding a pooled HR of 0.92 (95% CI:0.88, 0.95, p < 0.0001). This result is therefore
consistent with the previous review. In addition, it also adds information about the potential
efficacy of ASA in reducing the risk not only of depressive episodes, but also of other
affective episodes, i.e., manic and mixed episodes in the course of BD.

Regarding depression, we have found evidence in both preclinical and clinical studies
indicating the efficacy of ASA. However, this topic seems to have been sparked largely by
observational epidemiological studies, and the few preclinical and interventional studies
to date have only begun to follow this direction. In clinical studies, ASA was reported to
reduce the risk of depression in three of the five observational studies (60%) [37,39,55] and
in two of the three (66%) interventional trials [58,62].

The outcomes of the studies for bipolar disorder were far more consistent than for
depressive episodes. One hundred per cent of both preclinical and clinical studies have
confirmed the beneficial effects of ASA on BD. A preclinical study in an animal model
confirmed the efficacy of ASA in reducing manic symptoms [71]. Similarly, in observational
studies, ASA was effective in reducing the risk of all episodes in BD and was associated
with a lower risk of illness worsening [38,40]. In contrast, interventional studies have
investigated the efficacy of ASA only in bipolar depression and confirmed its effectiveness
in this indication [59,60,62]. It should be noted, however, that of all the interventional
studies evaluating the efficacy of ASA in mood disorders, only two were RCTs with large
sample size and had sufficient power to confirm the beneficial effects of ASA [58,60]. Both
studies investigated the effect of ASA on the reduction of depressive symptoms–the study
of Sepehrmanesh et al. (2017) in major depression [58] and the study of Savitz et al. (2018)
in bipolar depression [60]. They lasted eight and six weeks, respectively. These studies,
therefore, only assessed the potential efficacy of ASA in treating a depressive episode in
the short term and did not address the potential long-term efficacy of ASA in preventing
relapse, as suggested by observational studies. Only one intervention study has attempted
to evaluate the long-term efficacy of ASA [61]. The study lasted two years and did not
confirm the beneficial effect of ASA on major depression. However, it should be noted
that this was an open label study with a small group (n = 40). Therefore, more long-term
double-blind RCTs are needed to assess whether ASA has a beneficial long-term effect
on the course of recurrent mood disorders, such as bipolar disorder or recurrent major
depressive disorder.

A key aspect of any therapy, especially long-term therapy, is also safety. In none of
the studies included in this review did the addition of ASA to therapy result in serious
adverse effects or an increase in bleeding events. One of the longest interventional studies,
lasting two years, also confirmed its safety [61]. One of the main adverse effects of lithium
is nephrotoxicity. Studies report that it may contribute to the development of chronic
kidney disease, as well as diabetes [74–76]. ASA improved renal parameters in rats treated
with lithium and ASA combination therapy, suggesting a protective effect of ASA on
kidneys [72]. Sexual dysfunction is another adverse effect of lithium. In euthymic patients,
ASA improved sexual function, confirming its benefits also among stable BD patients [57].
This is due to the regulation of prostaglandin production and the NO pathway [77], which
is inhibited by lithium intake [78]. Despite some evidence that ASA improves erectile
function in patients with vascular erectile dysfunction, the relationship between erectile
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dysfunction and ASA remains unclear [79–82]. This requires additional research, long-term
evaluation, and association of ASA with other mood stabilizers. There is one more potential
benefit of ASA—patients with BD are at increased risk of secondary vascular disease, thus
the anticoagulant effect of ASA therapy may reduce their mortality [83–85].

It is important to mention that ASA has the potential to cause drug—drug inter-
actions, as with any other substance [86]. Therefore, each patient should be evaluated
for somatic conditions and other medications, especially antiplatelet, anticoagulant, or
anti-inflammatory drugs. Multiple anticoagulants drug combined can lead to impaired
coagulation and gastrointestinal problems [87]. NSAIDs used chronically and at full doses
might interfere with a steady 24-h platelet COX-1 inhibition of aspirin. This is particularly
important because mood disorders are associated with increased risk of cardiovascular
events. A synergic effect of SSRIs and ASA has also been discussed, but no serious hemor-
rhagic effects were observed in the included studies [88]. As herbal medicine is gaining
popularity, it is importance to note herbs can have antiplatelet effects [89]. ASA is un-
affected by commonly used adult drugs, such as PPIs, ACEI, ARBs [88]. As a result,
although ASA is considered safe, it should be evaluated individually and carefully by a
physician before being added to a treatment plan. Nevertheless, we found no evidence
in the identified studies to suspect adverse interactions between ASA and medications
taken by patients for mood disorders (SSRI drugs, duloxetine, lithium, anticonvulsants,
antidepressants, antipsychotics, benzodiazepines). Regarding the potential risk in various
somatic conditions and the associated treatment of these conditions, we did not find such
data in the identified studies. Thus, this would require further research.

The question of both the efficacy and safety of ASA is closely related to the dose used.
We analyzed this starting from preclinical studies, followed by cohort and interventional
studies. According to the preclinical trials, when a low dose of ASA (1–50 mg/kg) was
used, five out of six studies showed a positive result [63–67]. No improvement in efficacy
was found in a study that used a high dose of ASA [68]. Similarly, in large observational
studies, the risk of mood disorders decreased with low dose and increased with high
dose [39,40]. In the intervention studies, ASA doses ranged from 100 mg/d to 1000 mg/d.
However, ASA doses of 162 mg/d and 160 mg/d were found to be effective. It appears
that both excessively high (1000 mg/d) and excessively low (100 mg/d) doses of ASA are
ineffective. However, it should be noted that ASA is well tolerated at a dose of 100 mg for
two years [61], as well as at a very high dose of 1000 mg/d for 16 weeks [59].

Another issue addressed in this review is the potential mechanism of action of ASA
in mood disorders. The potential therapeutic effect of acetylsalicylic acid is likely to be
due to its ability to act via COX-1 and COX-2 and its effect on the arachidonic pathway.
Several clinical trials have shown that COX-2 inhibition with a selective inhibitor such as
celecoxib also improves depressive symptoms in both unipolar and bipolar depression,
according to a recent meta-analysis [90]. Despite growing evidence for the efficacy of COX-2
inhibition, COX-1 is also involved in neuroinflammation [41]. Adult microglia express
COX-1, and microglia activation contributes to mood disorders [91–93]. In addition to
influencing the production of inflammatory metabolites, arachidonic acid is also a second
messenger released during neurotransmission by various neurotransmitter systems [94].
Therefore, this raises the possibility that inhibition of COX by ASA may modulate impaired
neurotransmission in depression. Inflammatory responses are probably mediated by
these enzymes (COX-1 and COX-2) together, although further research is needed [95].
Another possible mechanism of action of ASA was investigated in a preclinical study in an
animal model [96]. The authors found that ASA may affect the regulation of brain-derived
neurotrophic factor (BDNF) in hippocampal neurons. We have visualized these concepts
in Figure 8.

During the literature review, we found some evidence in preclinical trials that inflam-
matory parameters may serve as useful markers in mood disorders. However, although
preclinical studies have confirmed that ASA increased anti-inflammatory effects (nor-
malizes levels of IL-6, TNF-alpha, CRP, IL-1β, IL-2, IL-10, INF- γ, PGE2, BDNF, TLR3,



Pharmaceuticals 2023, 16, 67 19 of 24

TLR4 [66,67,71]), this has not been confirmed in the few clinical studies conducted to
date [59,60]. It seems that anti-inflammatory treatment in mood disorders may depend
on identifying patients with an inflammatory phenotype, i.e., those whose inflammation
contributes to the development of the disorder. This interesting issue would certainly
require further clinical studies.
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The combination of more than one anti-inflammatory agent is also a promising
prospect that needs to be explored further. We identified two studies in which N-acetylcysteine
or minocycline were combined with ASA [59,60]. Moreover, in one of them, N-acetylcysteine
and ASA were combined to produce a positive effect [59]. The results of some trials examin-
ing these anti-inflammatory agents separately were also positive, but they are inconclusive
and further research is necessary to determine the benefits of their combination [97,98].

Lastly, it is worth pointing out that this review focused on the adult population
(>18 years of age), excluding studies on the elderly population. However, during the
literature review, we also identified studies and reviews on the efficacy of ASA in two other
patient populations—older adults and adolescents [99,100]. It is worth noting that these are
very different populations, responding differently to treatment for mood disorders, mainly
due to different disease course, drug pharmacodynamics, and comorbidities. In particular,
depression in the elderly population is particularly resistant to treatment. We believe that
this is why none of the studies on these populations have produced positive results. Hence,
the effect of ASA on mood disorders in these specific populations deserves a separate
systematic review. In this review, we analyzed intervention studies in which the range of
mean patient age was between 37–48 years, with a mean of 42.5 years. Regarding gender,
in all studies, (with the exception of one in which only men participated), the proportion of
women was higher—women on average accounted for 68% of the study group. Importantly,
however, none of the studies found evidence that age or gender affected the results of
efficacy or safety of ASA therapy.

Limitations

In this review, conclusions are based on a relatively small number of intervention
studies and are, therefore, subject to change with the addition of further studies. In addition,
most of the studies included small sample sizes and were of short duration, which limits the
conclusions regarding the long-term efficacy of ASA in mood disorders. We also included
only studies written in English. Due to differences in outcome measures, as well as different
study populations (especially in intervention studies), the results could not be pooled and
meta-analyzed.
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5. Conclusions

This systematic review supports the safety and efficacy of low-dose adjunctive treat-
ment with ASA for mood disorders. There is still a need for preclinical and clinical studies
to assess the long-term use of ASA and the effectiveness in preventing relapses of affective
episodes. In particular, high-quality double-blind RCTs are lacking. The largest research
gaps we have identified relate to the assessment of long-term effects on the course of
BD, effects on mania in BD, and the investigation of the relationship with inflammatory
cytokines and the inflammatory phenotype.

Author Contributions: Conceptualization, M.D. and P.M.; Data Curation, M.S., A.G. and M.D.;
Writing—Original Draft Preparation, M.D., A.Z.A.-W., M.S. and A.G.; Writing—Review and Editing,
M.D., M.S. and A.G.; Formal analysis, M.D.; Visualization, M.D., A.G.; Supervision, P.M., A.Z.A.-W.
and M.W.; Project Administration, M.D. and M.W.; Funding Acquisition, M.D. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy or ethical concerns.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Clemente, A.S.; Diniz, B.S.; Nicolato, R.; Kapczinski, F.P.; Soares, J.C.; Firmo, J.O.; Castro-Costa, É. Bipolar Disorder Prevalence: A

Systematic Review and Meta-Analysis of the Literature. Rev. Bras. Psiquiatr. 2015, 37, 155–161. [CrossRef] [PubMed]
2. Ferrari, A.J.; Stockings, E.; Khoo, J.-P.; Erskine, H.E.; Degenhardt, L.; Vos, T.; Whiteford, H.A. The Prevalence and Burden of

Bipolar Disorder: Findings from the Global Burden of Disease Study 2013. Bipolar Disord. 2016, 18, 440–450. [CrossRef] [PubMed]
3. Gutiérrez-Rojas, L.; Porras-Segovia, A.; Dunne, H.; Andrade-González, N.; Cervilla, J.A. Prevalence and Correlates of Major

Depressive Disorder: A Systematic Review. Rev. Bras. Psiquiatr. 2020, 42, 657–672. [CrossRef] [PubMed]
4. Blanco, C.; Compton, W.M.; Saha, T.D.; Goldstein, B.I.; Ruan, W.J.; Huang, B.; Grant, B.F. Epidemiology of DSM-5 Bipolar I

Disorder: Results from the National Epidemiologic Survey on Alcohol and Related Conditions—III. J. Psychiatr. Res. 2017,
84, 310–317. [CrossRef] [PubMed]

5. Ferrari, A.J.; Norman, R.E.; Freedman, G.; Baxter, A.J.; Pirkis, J.E.; Harris, M.G.; Page, A.; Carnahan, E.; Degenhardt, L.; Vos, T.;
et al. The Burden Attributable to Mental and Substance Use Disorders as Risk Factors for Suicide: Findings from the Global
Burden of Disease Study 2010. PLoS ONE 2014, 9, e91936. [CrossRef]

6. Kessing, L.V.; Vradi, E.; McIntyre, R.S.; Andersen, P.K. Causes of Decreased Life Expectancy over the Life Span in Bipolar Disorder.
J. Affect. Disord. 2015, 180, 142–147. [CrossRef]

7. Laursen, T.M.; Musliner, K.L.; Benros, M.E.; Vestergaard, M.; Munk-Olsen, T. Mortality and Life Expectancy in Persons with
Severe Unipolar Depression. J. Affect. Disord. 2016, 193, 203–207. [CrossRef]

8. Sivertsen, H.; Bjørkløf, G.H.; Engedal, K.; Selbæk, G.; Helvik, A.-S. Depression and Quality of Life in Older Persons: A Review.
Dement. Geriatr. Cogn. Disord. 2015, 40, 311–339. [CrossRef]

9. Beurel, E.; Toups, M.; Nemeroff, C.B. The Bidirectional Relationship of Depression and Inflammation: Double Trouble. Neuron
2020, 107, 234–256. [CrossRef]

10. Fries, G.R.; Walss-Bass, C.; Bauer, M.E.; Teixeira, A.L. Revisiting Inflammation in Bipolar Disorder. Pharmacol. Biochem. Behav.
2019, 177, 12–19. [CrossRef]

11. Gałecki, P.; Talarowska, M. Inflammatory Theory of Depression. Psychiatr. Pol. 2018, 52, 437–447. [CrossRef]
12. Jones, G.H.; Vecera, C.M.; Pinjari, O.F.; Machado-Vieira, R. Inflammatory Signaling Mechanisms in Bipolar Disorder. J. Biomed.

Sci. 2021, 28, 45. [CrossRef]
13. Chen, M.; Jiang, Q.; Zhang, L. The Prevalence of Bipolar Disorder in Autoimmune Disease: A Systematic Review and Meta-

Analysis. Ann. Palliat. Med. 2021, 10, 350–361. [CrossRef]
14. Pryce, C.R.; Fontana, A. Depression in Autoimmune Diseases. Curr. Top. Behav. Neurosci. 2017, 31, 139–154. [CrossRef]
15. SayuriYamagata, A.; Brietzke, E.; Rosenblat, J.D.; Kakar, R.; McIntyre, R.S. Medical Comorbidity in Bipolar Disorder: The Link

with Metabolic-Inflammatory Systems. J. Affect. Disord. 2017, 211, 99–106. [CrossRef]
16. Wiltink, J.; Beutel, M.E.; Till, Y.; Ojeda, F.M.; Wild, P.S.; Münzel, T.; Blankenberg, S.; Michal, M. Prevalence of Distress, Comorbid

Conditions and Well Being in the General Population. J. Affect. Disord. 2011, 130, 429–437. [CrossRef]

http://doi.org/10.1590/1516-4446-2012-1693
http://www.ncbi.nlm.nih.gov/pubmed/25946396
http://doi.org/10.1111/bdi.12423
http://www.ncbi.nlm.nih.gov/pubmed/27566286
http://doi.org/10.1590/1516-4446-2020-0650
http://www.ncbi.nlm.nih.gov/pubmed/32756809
http://doi.org/10.1016/j.jpsychires.2016.10.003
http://www.ncbi.nlm.nih.gov/pubmed/27814503
http://doi.org/10.1371/journal.pone.0091936
http://doi.org/10.1016/j.jad.2015.03.027
http://doi.org/10.1016/j.jad.2015.12.067
http://doi.org/10.1159/000437299
http://doi.org/10.1016/j.neuron.2020.06.002
http://doi.org/10.1016/j.pbb.2018.12.006
http://doi.org/10.12740/PP/76863
http://doi.org/10.1186/s12929-021-00742-6
http://doi.org/10.21037/apm-20-2293
http://doi.org/10.1007/7854_2016_7
http://doi.org/10.1016/j.jad.2016.12.059
http://doi.org/10.1016/j.jad.2010.10.041


Pharmaceuticals 2023, 16, 67 21 of 24

17. Dowlati, Y.; Herrmann, N.; Swardfager, W.; Liu, H.; Sham, L.; Reim, E.K.; Lanctôt, K.L. A Meta-Analysis of Cytokines in Major
Depression. Biol. Psychiatry 2010, 67, 446–457. [CrossRef]

18. Köhler, C.A.; Freitas, T.H.; Maes, M.; de Andrade, N.Q.; Liu, C.S.; Fernandes, B.S.; Stubbs, B.; Solmi, M.; Veronese, N.; Herrmann,
N.; et al. Peripheral Cytokine and Chemokine Alterations in Depression: A Meta-Analysis of 82 Studies. Acta Psychiatr. Scand.
2017, 135, 373–387. [CrossRef]

19. Liu, J.J.; Wei, Y.B.; Strawbridge, R.; Bao, Y.; Chang, S.; Shi, L.; Que, J.; Gadad, B.S.; Trivedi, M.H.; Kelsoe, J.R.; et al. Peripheral
Cytokine Levels and Response to Antidepressant Treatment in Depression: A Systematic Review and Meta-Analysis. Mol.
Psychiatry 2020, 25, 339–350. [CrossRef]

20. Yang, C.; Wardenaar, K.J.; Bosker, F.J.; Li, J.; Schoevers, R.A. Inflammatory Markers and Treatment Outcome in Treatment Resistant
Depression: A Systematic Review. J. Affect. Disord. 2019, 257, 640–649. [CrossRef]

21. Solmi, M.; Suresh Sharma, M.; Osimo, E.F.; Fornaro, M.; Bortolato, B.; Croatto, G.; Miola, A.; Vieta, E.; Pariante, C.M.; Smith,
L.; et al. Peripheral Levels of C-Reactive Protein, Tumor Necrosis Factor-α, Interleukin-6, and Interleukin-1β across the Mood
Spectrum in Bipolar Disorder: A Meta-Analysis of Mean Differences and Variability. Brain. Behav. Immun. 2021, 97, 193–203.
[CrossRef] [PubMed]

22. Sayana, P.; Colpo, G.D.; Simões, L.R.; Giridharan, V.V.; Teixeira, A.L.; Quevedo, J.; Barichello, T. A Systematic Review of Evidence
for the Role of Inflammatory Biomarkers in Bipolar Patients. J. Psychiatr. Res. 2017, 92, 160–182. [CrossRef] [PubMed]

23. Enache, D.; Pariante, C.M.; Mondelli, V. Markers of Central Inflammation in Major Depressive Disorder: A Systematic Review
and Meta-Analysis of Studies Examining Cerebrospinal Fluid, Positron Emission Tomography and Post-Mortem Brain Tissue.
Brain. Behav. Immun. 2019, 81, 24–40. [CrossRef] [PubMed]

24. Giridharan, V.V.; Sayana, P.; Pinjari, O.F.; Ahmad, N.; da Rosa, M.I.; Quevedo, J.; Barichello, T. Postmortem Evidence of Brain
Inflammatory Markers in Bipolar Disorder: A Systematic Review. Mol. Psychiatry 2020, 25, 94–113. [CrossRef]

25. Ascoli, B.M.; Géa, L.P.; Colombo, R.; Barbé-Tuana, F.M.; Kapczinski, F.; Rosa, A.R. The Role of Macrophage Polarization on
Bipolar Disorder: Identifying New Therapeutic Targets. Aust. N. Z. J. Psychiatry 2016, 50, 618–630. [CrossRef] [PubMed]

26. Gritti, D.; Delvecchio, G.; Ferro, A.; Bressi, C.; Brambilla, P. Neuroinflammation in Major Depressive Disorder: A Review of PET
Imaging Studies Examining the 18-KDa Translocator Protein. J. Affect. Disord. 2021, 292, 642–651. [CrossRef]

27. Haarman, B.C.M.B.; Riemersma-Van der Lek, R.F.; de Groot, J.C.; Ruhé, H.G.E.; Klein, H.C.; Zandstra, T.E.; Burger, H.; Schoevers,
R.A.; de Vries, E.F.J.; Drexhage, H.A.; et al. Neuroinflammation in Bipolar Disorder—A [(11)C]-(R)-PK11195 Positron Emission
Tomography Study. Brain. Behav. Immun. 2014, 40, 219–225. [CrossRef]

28. Han, K.M.; Ham, B.J. How Inflammation Affects the Brain in Depression: A Review of Functional and Structural MRI Studies. J.
Clin. Neurol. 2021, 17, 503–515. [CrossRef]

29. Doney, E.; Cadoret, A.; Dion-Albert, L.; Lebel, M.; Menard, C. Inflammation-Driven Brain and Gut Barrier Dysfunction in Stress
and Mood Disorders. Eur. J. Neurosci. 2022, 55, 2851–2894. [CrossRef]

30. Bai, S.; Guo, W.; Feng, Y.; Deng, H.; Li, G.; Nie, H.; Guo, G.; Yu, H.; Ma, Y.; Wang, J.; et al. Efficacy and Safety of Anti-Inflammatory
Agents for the Treatment of Major Depressive Disorder: A Systematic Review and Meta-Analysis of Randomised Controlled
Trials. J. Neurol. Neurosurg. Psychiatry 2020, 91, 21–32. [CrossRef]

31. Pereira, A.C.; Oliveira, J.; Silva, S.; Madeira, N.; Pereira, C.M.F.; Cruz, M.T. Inflammation in Bipolar Disorder (BD): Identification
of New Therapeutic Targets. Pharmacol. Res. 2021, 163, 105325. [CrossRef]

32. Dai, Y.; Ge, J. Clinical Use of Aspirin in Treatment and Prevention of Cardiovascular Disease. Thrombosis 2012, 2012, 245037.
[CrossRef]

33. Desborough, M.J.R.; Keeling, D.M. The Aspirin Story—From Willow to Wonder Drug. Br. J. Haematol. 2017, 177, 674–683.
[CrossRef]

34. Elwood, P.C.; Morgan, G.; Delon, C.; Protty, M.; Galante, J.; Pickering, J.; Watkins, J.; Weightman, A.; Morris, D. Aspirin and Cancer
Survival: A Systematic Review and Meta-Analyses of 118 Observational Studies of Aspirin and 18 Cancers. Ecancermedicalscience
2021, 15, 1258. [CrossRef]

35. Rothwell, P.M.; Wilson, M.; Price, J.F.; Belch, J.F.F.; Meade, T.W.; Mehta, Z. Effect of Daily Aspirin on Risk of Cancer Metastasis: A
Study of Incident Cancers during Randomised Controlled Trials. Lancet 2012, 379, 1591–1601. [CrossRef]

36. Wang, L.; Zhang, R.; Yu, L.; Xiao, J.; Zhou, X.; Li, X.; Song, P.; Li, X. Aspirin Use and Common Cancer Risk: A Meta-Analysis of
Cohort Studies and Randomized Controlled Trials. Front. Oncology 2021, 11, 690219. [CrossRef]

37. Pasco, J.A.; Jacka, F.N.; Williams, L.J.; Henry, M.J.; Nicholson, G.C.; Kotowicz, M.A.; Berk, M. Clinical Implications of the Cytokine
Hypothesis of Depression: The Association between Use of Statins and Aspirin and the Risk of Major Depression. Psychother.
Psychosom. 2010, 79, 323–325. [CrossRef]

38. Stolk, P.; Souverein, P.C.; Wilting, I.; Leufkens, H.G.M.; Klein, D.F.; Rapoport, S.I.; Heerdink, E.R. Is Aspirin Useful in Patients on
Lithium? A Pharmacoepidemiological Study Related to Bipolar Disorder. Prostaglandins. Leukot. Essent. Fatty Acids 2010, 82, 9–14.
[CrossRef]

39. Kessing, L.V.; Rytgaard, H.C.; Gerds, T.A.; Berk, M.; Ekstrøm, C.T.; Andersen, P.K. New Drug Candidates for Depression—A
Nationwide Population-Based Study. Acta Psychiatr. Scand. 2019, 139, 68–77. [CrossRef]

40. Kessing, L.V.; Rytgaard, H.C.; Gerds, T.A.; Berk, M.; Ekstrøm, C.T.; Andersen, P.K. New Drug Candidates for Bipolar Disorder-A
Nation-Wide Population-Based Study. Bipolar Disord. 2019, 21, 410–418. [CrossRef]

http://doi.org/10.1016/j.biopsych.2009.09.033
http://doi.org/10.1111/acps.12698
http://doi.org/10.1038/s41380-019-0474-5
http://doi.org/10.1016/j.jad.2019.07.045
http://doi.org/10.1016/j.bbi.2021.07.014
http://www.ncbi.nlm.nih.gov/pubmed/34332041
http://doi.org/10.1016/j.jpsychires.2017.03.018
http://www.ncbi.nlm.nih.gov/pubmed/28458141
http://doi.org/10.1016/j.bbi.2019.06.015
http://www.ncbi.nlm.nih.gov/pubmed/31195092
http://doi.org/10.1038/s41380-019-0448-7
http://doi.org/10.1177/0004867416642846
http://www.ncbi.nlm.nih.gov/pubmed/27091850
http://doi.org/10.1016/j.jad.2021.06.001
http://doi.org/10.1016/j.bbi.2014.03.016
http://doi.org/10.3988/jcn.2021.17.4.503
http://doi.org/10.1111/ejn.15239
http://doi.org/10.1136/jnnp-2019-320912
http://doi.org/10.1016/j.phrs.2020.105325
http://doi.org/10.1155/2012/245037
http://doi.org/10.1111/bjh.14520
http://doi.org/10.3332/ecancer.2021.1258
http://doi.org/10.1016/S0140-6736(12)60209-8
http://doi.org/10.3389/fonc.2021.690219
http://doi.org/10.1159/000319530
http://doi.org/10.1016/j.plefa.2009.10.007
http://doi.org/10.1111/acps.12957
http://doi.org/10.1111/bdi.12772


Pharmaceuticals 2023, 16, 67 22 of 24

41. Ghazanfari, N.; van Waarde, A.; Dierckx, R.A.J.O.; Doorduin, J.; de Vries, E.F.J. Is Cyclooxygenase-1 Involved in Neuroinflamma-
tion? J. Neurosci. Res. 2021, 99, 2976–2998. [CrossRef] [PubMed]

42. Prabhakaran, J.; Molotkov, A.; Mintz, A.; Mann, J.J. Progress in PET Imaging of Neuroinflammation Targeting COX-2 Enzyme.
Molecules 2021, 26, 3208. [CrossRef] [PubMed]

43. Chakrabarti, S.; Prorok, T.; Roy, A.; Patel, D.; Dasarathi, S.; Pahan, K. Upregulation of IL-1 Receptor Antagonist by Aspirin in
Glial Cells via Peroxisome Proliferator-Activated Receptor-Alpha. J. Alzheimer’s Dis. Rep. 2021, 5, 647–661. [CrossRef] [PubMed]

44. Huang, N.; Chen, D.; Wu, X.; Chen, X.; Zhang, X.; Niu, J.; Shen, H.-Y.; Xiao, L. Aspirin promotes oligodendroglial differentiation
through inhibition of Wnt signaling pathway. Mol. Neurobiol. 2016, 53, 3258–3266. [CrossRef] [PubMed]

45. Neumann, N.R.; Thompson, D.C.; Vasiliou, V. AMPK Activators for the Prevention and Treatment of Neurodegenerative Diseases.
Expert Opin. Drug Metab. Toxicol. 2021, 17, 1199–1210. [CrossRef]

46. World Health Organization. Model List of Essential Medicines—22nd List, 2021; World Health Organization: Geneva, Switzerland, 2021.
47. Management Sciences for Health. International Drug Price Indicator Guide, 2014th ed.; Management Sciences for Health: Medford,

MA, USA, 2015.
48. Page, M.J.; Moher, D.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan,

S.E.; et al. PRISMA 2020 Explanation and Elaboration: Updated Guidance and Exemplars for Reporting Systematic Reviews. BMJ
2021, 372, n160. [CrossRef]

49. Higgins, J.; Green, S. Cochrane Handbook for Systematic Reviews of Interventions: Online Version 5.1.0; Cochrane: London, UK, 2011.
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