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Abstract 

Background/Objectives: The inflammatory hypothesis in the aetiology of depression raised the 

opportunity for new therapeutic tools as first line, adjunctive or symptomatic treatment of 

Major Depressive Disorder (MDD). Studies assessing the efficacy of nonsteroidal anti-

inflammatory drugs (NSAIDs) have yielded inconsistent results. The present review provides an 

updated overview of such studies with the aim of clarifying the effectiveness of NSAIDs as 

therapeutic strategies in patients with MDD. 

Methods: A literature search was conducted to retrieve clinical trials using NSAIDs for the 

treatment of MDD. Besides the completed randomised and controlled clinical trials (RCTs), 

non-randomised and non-placebo-controlled trials were also included in the search (non-

RCTs). Studies with NSAIDs as monotherapy and/or as adjunct of antidepressant therapies, 

across all age groups were included to tentatively strengthen the qualitative assessment of 

NSAID effectiveness. Relevant articles, published prior to January 2020 were retrieved by 

querying eight databases, namely PubMed, Google Scholar, PubMed Central, Web of Science, 

JAMA Psychiatry, ClinicalTrials.gov, Cochrane Central Register of Controlled Trials and ICTRP. 

Additional articles were manually scrutinized from bibliography listings of the selected articles. 

Results: Fourteen records, comprising 15 clinical studies, were identified for inclusion in the 

qualitative synthesis. Seven RCTs investigated the efficacy of NSAIDs in a total of 2758 patients. 

Six of these demonstrated a significantly positive effect when used as adjunctive treatment, 

and one demonstrated no effect as monotherapy. Among the eight non-RCTs, five analysed 

the effect of adjunctive NSAIDs treatment on the depressive symptoms of 130 277 patients, 

from which two revealed a significantly negative effect and three showed no effect. The other 

three non-RCTs, conducted on a total of 20 865 non-depressed participants, failed to confirm 

the preventive effect of NSAIDs. Internal and external validity is compromised by the majority 

of the study designs. In particular, most RCTs had small sample sizes and short follow-up 

durations. Additionally, the studies were heterogeneous in terms of exposure and outcome 

assessments, therapeutic schemes as to drug combinations and dosage, as well as covariates 

applied for result adjustments. 

Conclusions: Overall, NSAIDs may exert a beneficial therapeutic effect in MDD as an adjunctive 

treatment to antidepressants, although methodological heterogeneity introduces some 

inconsistencies. NSAIDs appear to have no effect as a preventive measure in MDD, particularly 

amongst the elderly. Study designs need to address the highly heterogeneous pathophysiology 

and presentation of MDD by deep phenotyping, and by targeting specific inflammatory 
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mechanisms. Selective patient recruitment for uniformity, together with well-matched 

controls, can provide statistically powerful and clinically meaningful data. Genotypic profiling 

would ultimately contribute towards a better understanding of the role of inflammation, and 

anti-inflammatory drugs, in MDD. 

 

Keywords: Major depressive disorder, depression, nonsteroidal anti-inflammatory drugs, 

inflammation, clinical trials 
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1. Introduction 

According to the World Health Organization (WHO), depression is a leading cause of disability 

and a major contributor to the overall global burden of disease (https://www.who.int/news-

room/fact-sheets/; updated 30 January 2020). Its rising tendency has long concerned WHO 

authorities, culminating in a resolution that was passed in May 2013 by the World Health 

Assembly (WHA) – the Comprehensive Mental Health Action Plan 2013–2020 

(http://www.who.int/mental_health/action_plan_2013/en/). 

Major depressive disorder (MDD), with typical symptoms of depressive mood, anhedonia and 

lack of interest, is the leading contributor to disability by depression; it is said to affect 

approximately 6% of adults worldwide every year and it is expected to be the leading cause of 

disease burden by 2030 [1] [2] [3]. Besides its direct toll in the form of decreased quality of life, 

the disorder carries burdens related to mortality (suicide and cardio- and cerebrovascular 

risks), functional impairment (psychosocial interaction and productivity/labour capacity) as 

well as those that extend to family-related and economic issues [3].   

A wide variety of pharmacological antidepressants have been available for some time, but they 

are often ineffective. Evidence from large trials with various drugs show that around 30% of 

patients do not experience remission; even treatment-responsive patients have high relapse 

and recurrence rates, and overall cumulative remission rate is only around 67% after four 

acute treatment steps, with relapse rates increasing as more treatment steps are required [4]. 

The fact that depression remains largely refractory to these drugs has demanded the 

continued search for alternative treatment strategies. 

Historically the monoamine deficiency hypothesis has stood its ground in the pathophysiology 

underlying depression [5], but it is now also well established that there is a link between 

depression and inflammatory factors within the innate and the adaptive immune system [6] 

[7]. An overview of some of these interacting mechanisms is represented in Figure 1. 

The central nervous system (CNS) integrates the body’s inflammatory response in a process 

designated neuroinflammation [7]. Cytokines and other inflammatory mediators, which 

establish the communication between the CNS and the peripheral environment, either bind to 

receptors of nerve fibres, are actively transported or directly cross the leaky regions in the 

blood-brain barrier [8]. Cells lining the vasculature, as well as the endothelium itself, may also 

be inflammation intermediaries [8]. In the CNS, these inflammatory signals activate the 

microglia (their primary cellular recipient), which go from an immuno-surveillance to a reactive 

macrophage-like state [7] [8]. Evidence of such activation includes increased levels of 

about:blank
about:blank
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translocator protein (TSPO) found on the external mitochondrial membranes [9]. Interestingly, 

this increase has been observed during major depressive episodes secondary to MDD, and 

appears to correlate with the Hamilton Depression Rating Scale (HAM-D) score [9]. 

Abnormally activated microglial cells release pro-inflammatory cytokines, namely interleukin-6 

(IL-6), tumour necrosis factor-α (TNF-α), interleukin-1β (IL-1β) [10] [11] [12], and preferentially 

type-1 cytokines such as interleukin-12 (IL-12) [12]. MDD patients also present increased levels 

of other pro-inflammatory cytokines, particularly interleukin-2 (IL-2) and interferon-γ (IFN-γ) by 

activated T-cells [12] [13], macrophage migration inhibitory factor (MIF) [14], neopterin (a 

type-1 cellular response sensitive marker) and positive acute phase proteins [12]. Since 

interleukin-4 (IL-4) is a central type-2 cytokine, the elevated IFN-γ/IL-4 ratio found in depressed 

patients supports this type 1/type 2 immune response imbalance [12]. 

These central inflammatory molecules act on various fronts. One such instance is down the 

prostaglandin biosynthetic cascade, initiated by prostaglandin-endoperoxide synthase (PTGS), 

more commonly known as cyclooxygenase (COX) [8]. COX-1 is constitutively expressed 

whereas COX-2 is mostly expressed during inflammation, although some findings indicate that 

the latter may have a constitutive function in the brain [14]. Among other end-products, 

prostaglandin E2 (PGE2) is synthesised through this cascade and its increased levels have been 

registered in saliva, cerebrospinal fluid and serum of patients with MDD [15].  

In another pathway, these inflammatory mediators increase the number and activity of 

presynaptic monoamine reuptake pumps, via a mitogen-activated protein kinase (MAPK)-

mediated process, thereby decreasing the synaptic availability of norepinephrine, dopamine 

and serotonin [7]. 

The pro-inflammatory cytokines, together with PGE2, also stimulate the hypothalamic–

pituitary–adrenal (HPA) axis and decrease the expression and sensitivity of glucocorticoid 

receptors [8] [15] [16], leading to high levels of circulating stress hormone cortisol [8] [12] [16]. 

Cortisol, in turn, enhances microglia activation and proliferation [12] and is associated with 

reduced synaptic number and function [17] as well as reduced hippocampal volume [18]. 

In the tryptophan metabolic pathway, pro-inflammatory mediators and cortisol all stimulate 

the activity of specific enzymes along the kynurenine pathway [7] [8] [12] [19] [20], diverting 

its metabolism from the serotonin pathway. This may lead to serotonin deficiency, as 

tryptophan availability is the limiting step of this monoamine synthesis [12]. Also consequent 

to the cytokine-mediated enzyme activation, kynurenine is preferentially metabolized to 

quinolinic acid, rather than kynurenic acid, which is considered a N-methyl-D-aspartate 
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receptor (NMDA-R) antagonist and a neuroprotective metabolite [21]. Indeed, a higher 

kynurenine/kynurenic acid ratio is associated with more pronounced depressive symptoms 

[12]. 

Kynurenine metabolism occurs mainly in macrophages, microglial cells and astrocytes. 

However, as astrocytes do not express kynurenine monooxygenase (KMO), they become the 

prime source of kynurenic acid in the CNS. The astrocytic/microglial activation imbalance 

therefore contributes to the increased quinolinic acid production [12].  

In turn, quinolinic acid - a strong NMDA-R agonist [19] that acts as a neuro- and gliotoxin - 

promotes an increased glutamate release in the striatum and the cortex [12]. Simultaneously, 

astrocyte loss and/or lowered responsiveness, with consequent reduction in their glutamate 

reuptake [12], prolongs the synaptic activation of glutamate. The excessive levels of extra-

synaptic glutamate result in neuronal excitotoxicity [21] and decreased synthesis of brain-

derived neurotrophic factor (BDNF) – the neurotrophin that promotes neuronal survival, 

integrity and plasticity [7] [8] [22]. 

 

Figure 1: Schematic representation of the role of some inflammatory mechanisms in the 
pathophysiology of MDD.  

Focus on central inflammatory mediators, showing their direct or indirect influence on glial cells, HPA 
axis, tryptophan metabolism, and the combined effect on glutamatergic neurotransmission. As an end 
result, normal neuronal function is compromised. 
HPA: hypothalamic pituitary adrenal; IL: interleukin; IFN-γ: interferon-γ; TNF-α: tumor necrosis factor α; 
MIF: macrophage migration inhibitory factor; PGE2: prostaglandin E2; BDNF: brain-derived neurotrophic 
factor; IDO: indoleamine 2,3-dioxygenase; TDO: tryptophan 2,3-dioxygenase; KAT: kynurenine 
aminotransferase; KMO: kynurenine monooxygenase; KynOHase: kynurenine hydroxylase; TOHase: 
tryptophan hydroxylase; AADC: aromatic L-amino acid decarboxylase. Arrows with +/– indicate 
positive/negative effect; dashed arrow illustrates diminished negative effect of astrocytes (consequent 
to the influence of pro-inflammatory mediators); filled arrowheads describe metabolic pathways. 
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The neurological consequences of neuroinflammation in MDD patients, particularly the 

hippocampal atrophy, have been well demonstrated by post mortem studies as well as in vivo 

imaging techniques [8] [12] [18]. 

Numerous clinical trials have been carried out that aim to evaluate the efficacy of anti-

inflammatory treatment strategies in MDD, or in depression as a whole. Systematic reviews 

and meta-analyses of these studies have yielded contradictory results concerning their 

efficacy, and have also highlighted the limitations regarding study designs.    

Here, we provide an updated review of published clinical studies investigating the efficacy of 

NSAIDs in particular, when used as monotherapy or as an adjunct to antidepressant drug 

therapy in the treatment of MDD. 
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2. Methods 

2.1 Search methods 

The present comprehensive review was carried out in accordance with the PRISMA (preferred 

reporting items of systematic reviews and meta-analyses) guidelines. Searches were conducted 

in the English language, from inception to January 2020. 

The following eight databases were queried with the respective strings or keywords, as well as 

the respective filters where indicated:  

 PubMed and Google Scholar: (NSAID[Title/Abstract] OR NSAI[Title/Abstract] OR Anti-

Inflammatory Agents, Non-Steroidal[MeSH Terms]) AND (MDD[Title/Abstract] OR Depressive 

Disorder, Major[MeSH Terms]) 

 PubMed Central, Web of Science and JAMA Psychiatry: (NSAID OR NSAI OR Anti-

Inflammatory Agents, Non-Steroidal) AND (MDD OR Depressive Disorder, Major) 

 ClinicalTrials.gov: Keywords: "Major depressive disorder" OR "MDD" AND "NSAID" – limited 

to Titles and Abstracts. Filters applied: Completed + Interventional (clinical trial) + with 

results 

 Cochrane Central Register of Controlled Trials: Keywords: NSAIDs; Major Depressive Disorder; 

MDD; major depression – limited to Titles and Abstracts. 

 ICTRP: Keywords: Major depressive disorder OR MDD OR major depression AND NSAID OR 

non-steroid anti-inflammatory agent. Filters applied: Major depressive disorder OR MDD OR 

major depression AND random AND controlled (title) + Major depressive disorder with 

synonyms (condition) + Phase 4 (recruiting status) + with results only (description) + with 

results. 

Article selection was according to the criteria described below, and additional literature was 

retrieved by manual scrutiny of bibliography listings of selected articles, whenever this was 

considered relevant for inclusion or necessary for data evaluation.  

2.2 Eligibility 

Studies eligible for this review were those that met the following criteria: 

 Individuals diagnosed with major depressive disorder (MDD), as ascertained by rating scales 

such as HDRS/HAM-D (Hamilton Depression Rating Scale), MADRS (Montgomery-Åsberg 

Depression Rating Scale), ICD-9 (International Classification of Disease, 9th Edition) or others, 

as well as SCID (Structured Clinical Interview for Depression) with or without previous self-

about:blank
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rating in self-report questionnaires. No restrictions were placed regarding episodic or long-

standing MDD, neither were there limitations as to participant age ranges.  

 The use of NSAIDs, prescribed as monotherapy or as an adjunct to antidepressant drug 

therapy. History of NSAID usage (medical records or self-reported) was included. No 

restrictions were placed on the antidepressants used. 

 Retrospective or prospective studies examining the influence of NSAIDs on depression 

onset/incidence.   

 In order to obtain a comprehensive overview, both randomised, placebo-controlled clinical 

trials (RCTs) and non-randomised, non-placebo-controlled trials were included. 

2.3 Exclusion criteria 

Studies were excluded based on at least one of the following criteria: 

 Non-human studies. 

 Studies involving depressive disorders other than MDD, or where MDD had not been 

analysed as a separate group (for example in general “depression” in cohorts). 

 Not using NSAIDs, or joint analysis of NSAIDs plus other anti-inflammatory agents (for 

example NSAIDs plus statins, simultaneously). 

 Participants with inflammation that could be attributable to other, major co-morbid 

conditions (risk of influencing trial outcomes). 

 Inadequate study design (analysis of side effects, other reasons). 

 Studies published only as abstracts from conference proceedings, with incomplete data as 

required for the present review. 

2.4 Data extraction 

The records deemed eligible for this review were advanced to full-text reading with detailed 

data inspection.  

A data extraction template was designed to aid annotation of all relevant information from 

each article. Besides the bibliographic identification of the study, extracted data included the 

study design (type of clinical trial, sample size, duration), the population characteristics 

(gender, age groups, co-morbidities), the treatment(s), the assessment of depression 

(diagnostic criteria, outcome measures, response criteria), the assessment of inflammation 

(baseline, post-treatment) and the observed results.  
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3. Results 

3.1 Search results 

Search results are outlined in Figure1. A total of 702 records were retrieved from the different 

databases, with the following breakdown: PubMed – 45; PMC – 89; Web of Science – 12; JAMA 

– 6; ClinicalTrials.gov – 490; Cochrane Central Register of Controlled Trials – 27; ICTRP – 33. 

After removing 33 duplicates, the abstracts of the remaining 669 retrievals were screened for 

eligibility according to the predetermined inclusion criteria, resulting in 49 papers selected for 

full-text screening.  A total of 38 records were excluded. Reasons for exclusion are summarized 

in Figure 1. The studies excluded on the basis of major co-morbidities (considered to influence 

trial outcomes), involved participants with conditions such as Rett syndrome, pulmonary 

fibrosis, cancer, active osteoarthritis or stroke. The most frequent exclusion criterion was 

inadequacy of study design. Amongst these were: a study protocol in itself, single case reports 

including one on drug use disorder, a non-interventional assessment of post-partum   

depression, assessment of how expectancy influences outcome in a randomized controlled 

trial, and several studies assessing side-effects only.  

During the full-text screen of the 49 records, one was found to be an Abstract of work 

presented at a scientific meeting; however, this was included because it contained the 

information considered adequate for analysis. Also, from these full-text screens, a further 3 

relevant papers were identified by manual inspection of the bibliographical listings. A total of 

14 records were thus considered to meet the criteria.  As one of these records comprised two 

eligible trials, a total of 15 studies were elected for the present qualitative review.  

 

Figure 2: Flow diagram of PRISMA record retrieval and selection for the present review.  

about:blank
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3.2 Study characteristics 

The extracted data from elected studies were annotated in a single predesigned template. 

Given the heterogeneity of the studies, and in order to enable a critical analysis, these were 

divided into two study-types: RCTs and non-RCTs (including a partially randomised trial), the 

latter further subdivided according to depressed versus non-depressed study cohorts. Relevant 

data from each study-type are shown in Table 1 (RCTs) and Table 2 (non-RCTs). 

3.2.1 RCTs 

There were a total of seven RCTs exploring the efficacy of NSAIDs on depressive symptoms 

(n=2 758), six of which with NSAIDs as an adjunct to antidepressant drug therapy and one 

where these had been prescribed as monotherapy.  

A significant positive effect of NSAIDs, compared to placebo, was found by all six RCTs with 

NSAIDs as adjunctive treatment (n=230), whereas the remaining RCT found no significant 

effect of NSAID monotherapy, compared to placebo (n=2 528). 

Inflammatory biological markers were assessed in three RCTs with adjunctive NSAID therapy 

(n=120), although each study analysed different molecules. Musil et al. (2011) documented 

significantly higher levels of MIF and lower levels of TGF-β at baseline in depressed patients, 

but neither appeared to be associated with HAM-D-17 scores. No difference in sCD14 serum 

levels was noticed between patients and controls [14]. Abbasi et al. (2012), however, 

demonstrated that celecoxib was capable of reducing IL-6 serum levels, and that this 

correlated with HAM-D-17 scores [23]. Finally, Zdanowicz et al. (2017) showed that in patients 

treated with ASA and duloxetine, those who showed a quicker symptomatic improvement and 

a higher remission rate presented higher BDNF levels compared to patients taking placebo and 

escitalopram [24]. 

Heterogeneity was evident in terms of therapeutic scheme, outcome definition and, to a minor 

extent, age range. The most studied drug combination consisted of celecoxib and a selective 

serotoninergic reuptake inhibitor (SSRI). The most used tool for MDD diagnosis was DSM-IV 

and the most frequent outcome measure was defined by the HAM-D-17 score, although 

response criteria cut-off values varied substantially. There was minor variability concerning 

participants’ age, with studies electing people preferably under 50 years of age.  
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TABLE 1: Study characteristics of identified RCTs. 

 

                    (continued)  

Treatment
Inflammation 

Assessment
Results

Source Design Duration

(RCT) Randomized 

(Treatment)

Analyzed 

(Treatment)

Muller

(2006)

Double-blind, 

placebo; parallel-

group pilot study; 

double-centered

6 weeks 40 (20) 40 (20) 50 (60 / 40) Range 23-65, mean 

44.4 (mean 44.6 ± 

11.6 / mean 44.3 ± 

13.5)

celecoxib (400 mg id) + 

reboxetine (4-10 mg id)

       or 

placebo + reboxetine (4-10 mg 

id)

Comedication: Lorazepam 

allowed for acute 

agitation/anxiety

DSM-IV (Single episode 

296.2 or Recurrent 

296.3)

HAM-D-17 

weekly

≥ 30% HAM-D-17 score 

reduction defined 

response, HAM-D-17 ≤ 

7 at week 6 in the 

intent-to-treat groups 

defined remission

Not assessed HAM-D-17 scores decreased in both treatment groups 

(p<0.0001; S), but celecoxib group showed greater scores 

reduction vs. placebo group (p=0.035; S).

Response rate was higher in the celecoxib group vs. placebo 

group (57% and 45%, respectively, p≤0.053); NS

Remission rate was higher in the celecoxib group vs. placebo 

group (45% and 20%, respectively, p≤0.088); NS

No statistical significant difference could be observed between 

both groups regarding the plasma levels of reboxetine or the 

use of benzodiazepines.

Akhondzadeh  

(2009)

Double-blind, 

placebo; 

prospective 

parallel-group 

trial; 

multicentered

6 weeks 40 (20) 37 (19) 37.5 (35 / 40) Range: 24-46 (mean 

34.7 ± 6.8 / mean 34.2 

± 5.0)

celecoxib (200 mg bid) + 

fluoxetine (40 mg id)

       or

placebo + fluoxetine (40 mg id)

DSM-IV-TR, HAM-D-17  

≥ 18 and item 1 of HAM-

D ≥ 2

HAM-D-17  ≥ 50% HAM-D-17 

score reduction 

defined response. 

Endpoint HAM-D-17 ≤ 

7 defined remission

Not assessed From baseline to endpoint, HAM-D-17 scores changed in both 

groups, p=0.02; S

Effect of fluoxetine plus celecoxib on endpoint HAM-D-17 vs. 

fluoxetine plus placebo, p=0.001; S

Response rate 90%; S

Remission rate 35%; S

Musil

(2011)

Double-blind, 

placebo; 

prospective 

parallel-group 

trial

6 weeks Depressed 

patients: 40

Healthy 

controls: 20

Depressed 

patients: 32 

(18)

Healthy 

controls: 20

Depressed 

patients: 50.0 

(celecoxib group 

61.1 / placebo 

group 35.7).

Healthy controls: 

75

Depressed patients: 

range 23-65, mean 

44.6 ± 11.6 (celecoxib 

group mean 44.8 ± 

12.2 / placebo group 

mean 44.3 ± 11.1).

Healthy controls: 

range 24–60, mean 

40.0 ± 10.4

celecoxib (400 mg id) + 

reboxetine (4-10 mg id)

       or

placebo + reboxetine (4-10 mg 

id)

       or

healthy control group without 

medication.

Comedication: Lorazepam 

allowed for acute 

agitation/anxiety

DSM-IV (Single Episode 

296.2x or Recurrent 

296.3x)

HAM-D-17 

weekly

 ≥ 30% HAM-D-17 

score reduction over 

the observation period 

of 5 weeks defined 

response. HAM-D-17 ≤ 

7 after 5 weeks in the 

intent-to-treat group 

defined remission

MIF, sCD14 and TGF-

β serum levels 

measured at 

baseline, week 3 

and week 5 (ELISA) 

Effect of celecoxib on HAM-D-17 vs. placebo, p=0.028; S

Elevated MIF levels at baseline vs. healthy controls, p<0.001; S

Higher MIF levels in male controls vs. female controls, p=0.021; 

S

Decreased TGF-β levels at baseline vs. healthy controls, 

p=0.006; S

No difference of sCD14 levels at any time.

No associations between HAM-D-17 scores and the immune 

parameters.

Fields 

(2012)

Double-blind, 

placebo; from 

ADAPT cohort; 

multicentered 

0-60 

months; 

median >2 

years

2 528 (ND) 2 312 (ND) 54.1 (celecoxib 

group: 52.9; 

naproxen sodium 

group: 54.1 / 

placebo group: 

54.9)

Range 70-90, median 

74.5 (celecoxib group: 

range 70-91, median 

74.5; naproxen group: 

range 70-89, median 

74.5 / range 70-91, 

median 74.4)

celecoxib (200 mg bid)

       or

naproxen sodium (220 mg bid)

       or

placebo

0 CAB included GDS-30 

and 3MS-E. GDS-30 

score > 5 defined 

depression 

(corresponding to 

approximately one-

fifth of cohort (± 506)).

CAB yearly Same as outcome 

measure

Not assessed Over time, mean GDS-30 scores increased slightly in all  3 

treatment groups; NS

In multivariable modeling, there was no effect of either 

treatment on follow-up GDS-30 scores vs. placebo group 

(celecoxib group: p=0,34; naproxen group: p=0,42); NS

Higher baseline GDS-30 scores, a prior psychiatric history, 

older age, time in the study, and lower cognition interacting 

with time were all  associated with higher follow-up GDS-30 

scores (p<0.01); S

Abbasi 

(2012)

Double-blind, 

placebo; parallel-

group trial; 

double-centered

6 weeks 40 (20) 37 (19) 67.5 (65 / 70) Range 18-50 (mean 

35.1 ± 8.0 / mean 34.2 

± 6.9)

celecoxib (200 mg bid) + 

sertraline (200 mg id)

       or

placebo + sertraline (200 mg id)

DSM-IV-TR, HAM-D-17  

≥ 18 and item 1 of HAM-

D ≥ 2

HAM-D-17  ≥ 50% HAM-D-17 

score reduction 

defined response, 

HAM-D-17 ≤ 7 defined 

remission

IL-6 serum levels 

measured at 

baseline and week 6 

(Sandwish Enzyme 

Immunoassay)

ES 0,68 to 0,95; S

Response rate 95%; S

Remission rate 35%; S

Serum IL-6 levels (baseline, week 6) correlation to HAM-D-17 

(r=0.378, r=0.673); S

Study Population Characteristics Depression Assessment

Sample Size % Male (Treatment 

/ Control)

Age (years) (Treatment 

/ Control)

Diagnostic Criteria Outcome 

measure

Response Criteria
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TABLE 1: Study characteristics of identified RCTs (continued). 

 

 

  

Majd 

(2015)

Double-blind, 

placebo; parallel-

group trial; 

double-centered

8 weeks 30 (15) 23 (14) 0 Eligibil ity range 18-50 

(mean 34.8 ± 7.3 / 

mean 36.2 ± 12.7)

celecoxib (100 mg bid) + 

sertraline (50-100 mg id)

       or 

placebo bid + sertraline 50-100 

mg id (25 mg during first 3 

days)

SCID; HAM-D-17 score 

between 18-36

HAM-D-17 

(primary 

outcome); HAM-

A (secondary 

outcome) at 

week 4 and 8

≥ 50% HAM-D-17 score 

reduction at week 4 or 

8 defined response, 

HAM-D-17 ≤ 7 at week 

8 defined remission

Not assessed In both treatment groups, HAM-D-17 and HAM-A scores 

decreased from baseline to week 4, but celecoxib group showed 

greater scores reduction vs. placebo group (p=0.021 and 

p=0.05, respectively); S

In both treatment groups, HAM-D-17 and HAM-A scores 

decreased from baseline to week 8, but celecoxib group showed 

greater scores reduction vs. placebo group; NS

Response rate at week 4 was higher in the celecoxib group vs. 

placebo group (57% and 11%, respectively, p<0.05; S) but at 

week 8 it did not reach statistical significance; NS

Remission rate at week 8 was higher in the celecoxib group vs. 

placebo group (57% and 11%, respectivel, p<0.05); S 

Zdanowicz

(2017)

Placebo 2 years 40 (ND) ND ND ND ASA (100 mg) + citalopram

       or

ASA (100 mg) + duloxetine

       or

placebo + citalopram

       or

placebo + duloxetine

ND "Regular" 

assessments 

with HAM-D and 

CGI scales

ND BDNF serum levels 

measured 4 times 

yearly

ASA + duloxetine showed a quicker improvement in HAM-D and 

CGI scores vs. placebo + escitalopram (t=-3.114 p=0.01 and t=-

2.119 p=0.05, respectively); S and NS, respectively

ASA + duloxetine showed a higher remission rate vs. placebo + 

escitalopram (χ2=6.296 p=0.012); S

ASA + duloxetine had higher BDNF levels before treatment vs. 

placebo + escitalopram (t=3.713 p=0.002); S

Legend: DSM-IV: Diagnostic and Statistical Manual for Mental Disorders, 4th edition; HAM-D: Hamilton depression scale (versions with different number of items); S: statistically significant; NS: not statistically significant; DSM-IV-TR: DSM-IV Text Revision; MIF: macrophage migration inhibitory factor;  sCD14: soluble 

CD14; TGF-β: transforming growth factor-β; ELISA: enzyme-linked immunosorbent assay; ADAPT: Alzheimer's Disease Anti-inflammatory Prevention Trial; ND: not described; CAB: cognitive assessment battery; GDS-30: 30-item geriatric depression scale; 3MS-E: modified mini-mental state examination;  IL-6: interleukin 6; 

ES: effect size; SCID: structured clinical interview for DSM-IV; HAM-A: Hamilton anxiety rating sca le; ASA: acetylsalicylic acid; CGI: clinical global impression; BDNF: brain-derived neurotrophic factor.
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Treatment Results

Source Design Duration

(non-RCT) Enrolled 

(Treatment)

Analyzed 

(Treatment)

Almeida

(2010)

Retrospective 5 years 5 556 (ND) 5 273 (2 747) 100 Range 69-87 (ND) Antidepressant treatment not reported.

ASA self-reported use (610 past users of 

which 55 were depressed; 827 first time 

users of which 46 were depressed; 1 310 

past and current users of which 78 were 

depressed)

GDS-15; presential MMSE GDS-15 and presential 

MMSE, each assessed 2x 

Same as outcome 

measure 

Men with past and not current use of ASA had greater odds of 

displaying symptoms of depression vs. never users (AOR 51.41 

95%CI 1.00-1.99 p=0.047); S

Between the first and the second assessment, men with past 

and not current use of ASA had more contacts with health 

services vs. never users (p<0.001) and vs. first time users 

(p=0.01); S

Warner-

Schmidt

(2011)

STAR*D level-1 

retrospective 

dataset 

reanalysis

12 weeks ND 1546 (409) ND ND NSAID + citalopram

       or

NSAID + other analgesics + citalopram

       or 

other analgesics + citalopram

       or

citalopram

NSAIDs exposure defined by ≥ 1 

consumption during study

ND Remission at endpoint Same as outcome 

measure

NSAIDs users were less l ikely to reach remission vs. NSAIDs non-

users (p=0.0002); S

Other analgesics users were less l ikely to reach remission vs. 

other analgesics non-users (p=0.0002); S

NSAIDs plus other analgesics users were less l ikely to reach 

remission vs. NSAIDs or other analgesics non-users (p=0.0138); 

S

NSAIDs or other analgesics users were less l ikely to reach 

remission vs. NSAIDs or other analgesics non-users (p<0.0001); 

S

A.                                   

i2b2 TRD Cohort – 

retrospective 

analysis of 

electronic 

medical record-

based dataset

Variable 

[antidepressa

nt treatment 

period, i.e. 

interval 

considered by 

a longitudinal 

classifier]

ND 1 528 (1 245) 29 (27 / 38) Mean 51.9 (mean 

53.0 ± 15.3 / mean 

46.9 ± 17.6)

Maintained antidepressant treatment 

scheme (one or more).

NSAIDs exposure defined by ≥ 1 documented 

prescription during the study (from medical 

record system); chronic treatment defined 

by ≥ 3 prescriptions (excluding as-needed 

basis only)

ICD-9 (Single Episode 296.2 

or Recurrent 296.3)

"Validated longitudinal 

classifier"

Remission with 

SSRI monotherapy 

defined response; 

depression despite 

two or more 

antidepressant 

treatments defined 

resistance

NSAIDs associated with greater l ikelihood of treatment-

resistant MDD (AOR 1.17 95%CI 0.83-1.64); NS

NSAIDs other than COX-2 inhibitors and salicylates associated 

with greater l ikelihood of treatment-resistant MDD (AOR 1.31 

95%CI 1.03-1.76 p=0.04); S

Chronic NSAIDs users had higher risk of treatment-resistant 

MDD vs. NSAIDs non-users (AOR 1.47 95%CI 1.03-1.76 p=0.02); S

B.                               

STAR*D level-1 

dataset 

reanalysis

12 weeks ND 3 041 (960) 37.7 (40 / 37) ND (mean 46.49 ± 

13.29 / mean 39.23 

± 12.79)

NSAID + citalopram

       or 

citalopram

NSAIDs exposure defined by ≥ 1 

consumption during study; chronic / 

subacute treatment defined by NSAIDs use 

initiation ≥ 14 days before entering STAR*D

ND QIDS at every visit 

(primary analysis); HAM-D 

at level entry and exit

Same as outcome 

measure

Applying CIRS-14 terms, adjusted logistic regression models 

markedly diminished the effect size; NS

Chronic/subacute treatment group had higher odds of non-

remission vs. NSAIDs non-users (AOR 1.44 95%CI 1.10-1.90 

p<0.01); S

Uher

(2012)

Partially 

randomized, 

clinical and 

pharmacogenetic 

study

12 weeks 811 (78 NSAIDs 

users, 43 of 

which took 

NSAIDs in a 

significant 

dose)

811 (78 NSAIDs 

users, 43 of 

which took 

NSAIDs in a 

significant 

dose)

36.6 (escitalopram 

group: 33 / 39; 

nortriptyline 

group: 50 / 33)

Mean 44.2 

(escitalopram 

group: mean 47.1 ± 

11.5 / 42.1 ± 11.7) 

(nortriptyline 

group: mean 45.7 ± 

11.6 / 42.0 ± 11.9)

NSAIDs + citalopram (10-30 mg id)

       or   

citalopram (10-30 mg id)

       or 

NSAIDs + nortriptyline (50-200 mg id)

       or 

nortriptyline (50-200 mg id)

NSAIDs use was ascertained weekly using a 

purpose-tailored medication form

DSM-IV / ICD-10 (semi-

structured SCAN interview) – 

current depressive episode 

of at least moderate severity

MADRS, HAM-D-17 and BDI MADRS ≤ 10, HAM-

D-17 ≤ 7, BDI ≤ 10 

at the last 

treatment visit 

defined remission

No effect on escitalopram (beta 0.035 95%CI -0.145-0.215) or 

nortriptyline (beta 0.075 95%CI -0.131-0.281) efficacy; NS

Remission OR 1.04 95%CI 0.61-1.77; NS

Older subjects were more likely to take NSAIDs; S

Glaus

(2015)

CoLaus/PsyCoLau

s Cohort – 

prospective study

Mean 5.2 

years ( ± 1.2 

years)

5 535 (ND). 

Exclusion 

criterion: 

l ifetime history 

of MDD

1631 (87 

regular ASA 

users; 92 

regular statin 

users; 45 

regular ASA and 

statin users)

56.4 (regular ASA 

users: 53.8 / 56.6; 

regular statin 

users: 64.2 / 55.7)

Range 35-66, mean 

51.7 ± 8.8  (ND)

regular ASA users (132 subjects – 50% 

maintained during study)

       or 

regular statin users (137 subjects – 85% 

maintained during study)

       or

ASA and statin non-users.

Self-reported regular ASA and/or statin 

consumption concerned the 6 months prior 

to baseline

DSM-IV; semi-structured 

DIGS – diagnostic 

information on MDD, 

comorbid anxiety and drug 

use disorders; CES-D was 

applied to the 162 

individuals not will ing to 

complete DIGS

Incidence of first episode 

of MDD during follow-up  

– corresponding to 2,9% (± 

211) of total individuals

Same as outcome 

measure

Regular ASA or statin use at baseline did not reduce the 

incidence of MDD during follow-up, regardless of sex or age 

(ASA: HR 1.19 95%CI 0.68-2.08; statin: HR 1.25 95%CI 0.73-2.14); 

NS

Kohler

(2015) 

Prospective 

population-based 

study - 25% 

representative 

random sample 

of Danish 

population 

(Danish Civil  

Registration 

System)

Total follow-

up time: 53 

697.8 person-

years. SSRI 

incident 

initiators 

identified 

over a period 

of 10 years

1.375 mill ion 

(ND). Exclusion 

criterion: 

antidepressant 

medication use 

in the preceding 

year

123 351 SSRI 

incident 

initiators 

(NSAID users: 

17.5% (± 21 

666), 

paracetamol 

users: 8.3% (± 

10 232))

38.7 (NSAID + SSRI: 

39.9: paracetamol 

+ SSRI: 34.5; SSRI: 

39.0)

Mean 50.9 IQR 

35.4-70.6 (NSAID + 

SSRI 62.0 (45.3-

76.8); paracetamol 

+ SSRI 76.0 (62.9-

83.8) / SSRI 46.5 

(32.9-64.2)). 

± 50% of 

combination 

therapy users had 

≥ 70 years

NSAID + SSRI

       or

paracetamol + SSRI

       or

SSRI.

NSAIDs prescriptions concerned the year 

prior to index date (Danish National 

Prescription Registry).

NSAIDs: 4.9% used low-dose ASA, 2.6% used 

ASA, 5.1% used ibuprofen, 2.4% used 

diclofenac, 0.5% used celecoxib. 

SSRIs: 58.2% used citalopram, 16.2% used 

sertraline

ICD-10 Classification of 

Mental and Behavioural 

Disorders (DCR-10)

Hospital contact due to 

any psychiatric disorder 

or depression; completed 

suicide; suicide attempts

Same as outcome 

measure

NSAID + SSRI increased risks of any psychiatric contact (AHRR 

1.22 95%CI 1.07-1.38) and contact with depression (AHRR 1.31 

95%CI 1.11-1.55) vs. SSRI; S

Low-dose ASA + SSRI and Ibuprofen + SSRI combinations 

decreased risk of psychiatric contact (AHRR 0.74 95%CI 0.56-

0.98 and AHRR 0.76 95%CI 0.60-0.98, respectively) vs. SSRI; S

Diclofenac + SSRI increased risks of any psychiatric contact 

(AHRR 2.60 95%CI 2.07-3.27), contact with depression (AHRR 

4.47 95%CI 3.58-5.59) and suicide attempts (AHRR 3.20 95%CI 

1.18-8.72) vs. SSRI; S

Celecoxib + SSRI increased risks of contact with depression 

(AHRR 3.84 95%CI 2.40-6.13) and of suicide attempts (AHRR 

5.09 95%CI 1.65-15.72) vs. SSRI; S 

Paracetamol + SSRI decreased risks of any psychiatric contact 

(AHRR 0.56 95%CI 0.44-0.71), contact with depression (AHRR 

0.52 95%CI 0.37-0.74) and suicide attempts (AHRR 0.43 95%CI 

0.20-0.92) vs. SSRI; S

Molero

(2019)

SUN Cohort – 

prospective 

dynamic study

Mean 8.7 

years

22 564 (ND). 

Exclusion 

criteria: l ifetime 

history of MDD 

and 

antidepressant 

medication use

13 961 (453 

regular ASA 

users, 216 

regular other 

NSAIDs users)

ND. Participants' 

baseline 

characteristicswer

e adjusted for sex 

with inverse 

probability 

weighting method

ND. Participants' 

baseline 

characteristics 

were adjusted for 

age with inverse 

probability 

weighting method

ASA and other NSAIDs intake was assessed 

at 2-, 6-, 8- and 14-year follow-up 

questionnaire.

Daily use or more (≥ 1 time per day) defined 

regular use of the drug, comparatively to the 

reference category of no consumption at all

Reported medical diagnosis 

of MDD or reported use of 

antidepressant treatment 

defined incident cases of 

MDD (mailed questionnaire 

every 2 year)

Incidence of first episode 

of MDD during follow-up – 

corresponding to  5,5% (± 

772) of total individuals. 

Validated medical 

diagnosis of MDD was 

studied in a sub-sample of 

the cohort

Same as outcome 

measure

Regular use of ASA and other NSAIDs was not associated with 

depression risk vs. NSAIDs non-users (MHR (ASA) 0.84 95%CI 

0.41-1.722 and MHR (other NSAIDs) 1.33 95%CI 0.59-2.99); NS

Any frequency of use of NSAIDs (other than ASA) showed higher 

risk of developing depression among participants vs. NSAIDs 

non-users (MHR 1.90 95%CI 1.15-3.17); NS after adjustment for 

multiple testing

Validated medical diagnosis of depression altered the 

association for ASA use and depression (MHR 0.20 95%CI 0.04-

0.87); NS after adjustment for multiple testing

Gallagher

(2012)

Legend: ND: not described; ASA: acetylsalicylic acid; GDS-15: 15-item geriatric depression scale; MMSE = mini-mental state examination; AOR: adjusted odds ratio; S: statistically significant; STAR*D: Sequenced Treatment Alternatives to Relieve Depressio n; NSAID(s): nonsteroidal anti-inflammatory drug(s); TRD: treatment-

resistant depression; ICD: International Classification of Diseases (various revisions); SSRI: selective serotonin reuptake inhibitor; MDD: Major depressive disorder; NS: not sta tistically significant; COX-2: cyclooxygenase-2; QIDS: quick inventory of depressive symptomatology; HAM-D: Hamilton depression scale 

(versions with different number of items); CIRS-14: 14-item cumulative i l lness rating scale; DSM-IV: Diagnostic and Statistical Manual for Mental Disorders, 4th edition; SCAN: schedule for clinical assessment in neuropsychiatry; MADRS: Montgomery–Asberg depression rating scale; BDI = Beck depression inventory; OR: 

odds ratio; DIGS = diagnostic interview for genetic studies; CES-D: Center for Epidemiologic Studies depression scale; HR: hazard ratio; IQR: inter quartile range; DCR-10: diagnostic criteria for research related to  ICD-10; AHRR: adjusted hazard rate ratio; SUN: Seguimiento Universidad de Navarra; MHR: multivariable-

adjusted hazard ratio.

Study Population Characteristics Depression Assessment

Sample Size % Male (Treatment 

/ Control)

Age (years) 

(Treatment / 

Control)

Diagnostic Criteria Outcome measure Response Criteria

TABLE 2: Study characteristics of identified non-RCTs. 

 

 

 

 

 

                    (continued) 
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TABLE 2: Study characteristics of identified non-RCTs (continued). 

 

  

Glaus

(2015)

CoLaus/PsyCoLau

s Cohort – 

prospective study

Mean 5.2 

years ( ± 1.2 

years)

5 535 (ND). 

Exclusion 

criterion: 

l ifetime history 

of MDD

1631 (87 

regular ASA 

users; 92 

regular statin 

users; 45 

regular ASA and 

statin users)

56.4 (regular ASA 

users: 53.8 / 56.6; 

regular statin 

users: 64.2 / 55.7)

Range 35-66, mean 

51.7 ± 8.8  (ND)

regular ASA users (132 subjects – 50% 

maintained during study)

       or 

regular statin users (137 subjects – 85% 

maintained during study)

       or

ASA and statin non-users.

Self-reported regular ASA and/or statin 

consumption concerned the 6 months prior 

to baseline

DSM-IV; semi-structured 

DIGS – diagnostic 

information on MDD, 

comorbid anxiety and drug 

use disorders; CES-D was 

applied to the 162 

individuals not will ing to 

complete DIGS

Incidence of first episode 

of MDD during follow-up  

– corresponding to 2,9% (± 

211) of total individuals

Same as outcome 

measure

Regular ASA or statin use at baseline did not reduce the 

incidence of MDD during follow-up, regardless of sex or age 

(ASA: HR 1.19 95%CI 0.68-2.08; statin: HR 1.25 95%CI 0.73-2.14); 

NS

Kohler

(2015) 

Prospective 

population-based 

study - 25% 

representative 

random sample 

of Danish 

population 

(Danish Civil  

Registration 

System)

Total follow-

up time: 53 

697.8 person-

years. SSRI 

incident 

initiators 

identified 

over a period 

of 10 years

1.375 mill ion 

(ND). Exclusion 

criterion: 

antidepressant 

medication use 

in the preceding 

year

123 351 SSRI 

incident 

initiators 

(NSAID users: 

17.5% (± 21 

666), 

paracetamol 

users: 8.3% (± 

10 232))

38.7 (NSAID + SSRI: 

39.9: paracetamol 

+ SSRI: 34.5; SSRI: 

39.0)

Mean 50.9 IQR 

35.4-70.6 (NSAID + 

SSRI 62.0 (45.3-

76.8); paracetamol 

+ SSRI 76.0 (62.9-

83.8) / SSRI 46.5 

(32.9-64.2)). 

± 50% of 

combination 

therapy users had 

≥ 70 years

NSAID + SSRI

       or

paracetamol + SSRI

       or

SSRI.

NSAIDs prescriptions concerned the year 

prior to index date (Danish National 

Prescription Registry).

NSAIDs: 4.9% used low-dose ASA, 2.6% used 

ASA, 5.1% used ibuprofen, 2.4% used 

diclofenac, 0.5% used celecoxib. 

SSRIs: 58.2% used citalopram, 16.2% used 

sertraline

ICD-10 Classification of 

Mental and Behavioural 

Disorders (DCR-10)

Hospital contact due to 

any psychiatric disorder 

or depression; completed 

suicide; suicide attempts

Same as outcome 

measure

NSAID + SSRI increased risks of any psychiatric contact (AHRR 

1.22 95%CI 1.07-1.38) and contact with depression (AHRR 1.31 

95%CI 1.11-1.55) vs. SSRI; S

Low-dose ASA + SSRI and Ibuprofen + SSRI combinations 

decreased risk of psychiatric contact (AHRR 0.74 95%CI 0.56-

0.98 and AHRR 0.76 95%CI 0.60-0.98, respectively) vs. SSRI; S

Diclofenac + SSRI increased risks of any psychiatric contact 

(AHRR 2.60 95%CI 2.07-3.27), contact with depression (AHRR 

4.47 95%CI 3.58-5.59) and suicide attempts (AHRR 3.20 95%CI 

1.18-8.72) vs. SSRI; S

Celecoxib + SSRI increased risks of contact with depression 

(AHRR 3.84 95%CI 2.40-6.13) and of suicide attempts (AHRR 

5.09 95%CI 1.65-15.72) vs. SSRI; S 

Paracetamol + SSRI decreased risks of any psychiatric contact 

(AHRR 0.56 95%CI 0.44-0.71), contact with depression (AHRR 

0.52 95%CI 0.37-0.74) and suicide attempts (AHRR 0.43 95%CI 

0.20-0.92) vs. SSRI; S

Molero

(2019)

SUN Cohort – 

prospective 

dynamic study

Mean 8.7 

years

22 564 (ND). 

Exclusion 

criteria: l ifetime 

history of MDD 

and 

antidepressant 

medication use

13 961 (453 

regular ASA 

users, 216 

regular other 

NSAIDs users)

ND. Participants' 

baseline 

characteristicswer

e adjusted for sex 

with inverse 

probability 

weighting method

ND. Participants' 

baseline 

characteristics 

were adjusted for 

age with inverse 

probability 

weighting method

ASA and other NSAIDs intake was assessed 

at 2-, 6-, 8- and 14-year follow-up 

questionnaire.

Daily use or more (≥ 1 time per day) defined 

regular use of the drug, comparatively to the 

reference category of no consumption at all

Reported medical diagnosis 

of MDD or reported use of 

antidepressant treatment 

defined incident cases of 

MDD (mailed questionnaire 

every 2 year)

Incidence of first episode 

of MDD during follow-up – 

corresponding to  5,5% (± 

772) of total individuals. 

Validated medical 

diagnosis of MDD was 

studied in a sub-sample of 

the cohort

Same as outcome 

measure

Regular use of ASA and other NSAIDs was not associated with 

depression risk vs. NSAIDs non-users (MHR (ASA) 0.84 95%CI 

0.41-1.722 and MHR (other NSAIDs) 1.33 95%CI 0.59-2.99); NS

Any frequency of use of NSAIDs (other than ASA) showed higher 

risk of developing depression among participants vs. NSAIDs 

non-users (MHR 1.90 95%CI 1.15-3.17); NS after adjustment for 

multiple testing

Validated medical diagnosis of depression altered the 

association for ASA use and depression (MHR 0.20 95%CI 0.04-

0.87); NS after adjustment for multiple testing

Legend: ND: not described; ASA: acetylsalicylic acid; GDS-15: 15-item geriatric depression scale; MMSE = mini-mental state examination; AOR: adjusted odds ratio; S: statistically significant; STAR*D: Sequenced Treatment Alternatives to Relieve Depressio n; NSAID(s): nonsteroidal anti-inflammatory drug(s); TRD: treatment-

resistant depression; ICD: International Classification of Diseases (various revisions); SSRI: selective serotonin reuptake inhibitor; MDD: Major depressive disorder; NS: not sta tistically significant; COX-2: cyclooxygenase-2; QIDS: quick inventory of depressive symptomatology; HAM-D: Hamilton depression scale 

(versions with different number of items); CIRS-14: 14-item cumulative i l lness rating scale; DSM-IV: Diagnostic and Statistical Manual for Mental Disorders, 4th edition; SCAN: schedule for clinical assessment in neuropsychiatry; MADRS: Montgomery–Asberg depression rating scale; BDI = Beck depression inventory; OR: 

odds ratio; DIGS = diagnostic interview for genetic studies; CES-D: Center for Epidemiologic Studies depression scale; HR: hazard ratio; IQR: inter quartile range; DCR-10: diagnostic criteria for research related to  ICD-10; AHRR: adjusted hazard rate ratio; SUN: Seguimiento Universidad de Navarra; MHR: multivariable-

adjusted hazard ratio.
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3.2.2 Non-RCTs 

A dichotomized analysis was required for the eight non-RCT studies, owing to distinct 

differences in the mental health state of the cohorts: those studying a depressed population 

and those studying non-depressed participants. 

3.2.2.1 Non-RCTs in depressed subjects 

Five studies targeted a depressed population to explore the effect of NSAIDs on depressive 

symptoms (n=130 277). Two of these - one retrospective and the other prospective - revealed 

an overall significant negative effect of NSAIDs on depressive symptoms (n=124 897). The 

remaining three studies demonstrated no significant effect (n = 5380).  

In the study by Gallagher et al. (2012), with the overall conclusion of a significant negative 

effect, the authors ran a secondary analysis distinguishing between the different NSAIDs, and 

concluded that only NSAIDs other than COX-2 inhibitors and salicylates significantly associated 

with a greater likelihood of treatment-resistant MDD [25]. Kohler et al. (2015) also analysed 

different NSAID categories and found that ibuprofen and salicylates (in particular low-dose 

ASA) yielded a lower risk of any hospital contact due to psychiatric disorders, whereas 

diclofenac and selective COX-2 inhibitors (in particular celecoxib) increased this risk – the 

former also increased hospital contacts due to depression while and the latter was associated 

with a higher risk of suicide attempt [26]. 

Inflammation was not assessed in any of these five studies. Heterogeneity was noted regarding 

exposure and outcome assessment; NSAIDs exposure contemplated either prescription 

records, dispensed prescription drug records or reported use only. Treatment chronicity 

definition also varied, being measured either by number of prescriptions or by duration of 

treatment. For outcome evaluation, all authors applied different measuring tools. The study by 

Kohler et al. (2015) investigated a population of SSRI incidental users, without considering 

indication [26]. The most frequently studied antidepressant agent was citalopram, while NSAID 

subgroups were considered separately in only two studies.  

There was minor variability amongst the four studies that described participants’ age ranges, 

and means were mostly under 65 years of age. Three studies adjusted for age and 

comorbidities, one of which also adjusted for baseline severity and pain. The partially 

randomized clinical trial adjusted for age and baseline severity. One study did not describe 

participants’ age range or present adjusted results. 
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3.2.2.2 Non-RCTs in non-depressed subjects 

The three remaining non-RCTs, one retrospective and two prospective studies, were 

conducted on non-depressed participants, exploring the effect of NSAIDs as a protective 

measure (n=20 865). All three concluded that there was no significant effect of NSAIDs on 

MDD incidence. 

Inflammatory status was only assessed in the study by Glaus et al. (2015), where homocysteine 

serum concentration above 15 μmol/L was defined as a biological risk factor [27]. However, 

the small size of the at-risk subgroup did not allow for any conclusions to be drawn. 

The three studies resorted to self-reported treatment with ASA, two of which evaluated no 

other NSAIDs use. All had a considerably long follow-up (at least 5 years). 

Heterogeneity was noted in terms of outcome measures, with all studies applying different 

assessment tools. Two studies evaluated “regular” NSAIDs use, although applying different 

definitions thereof. Again, one of the studies did not describe participants’ ages, but in the 

remainder there was minor variability (mostly over 65 years of age). 

Results presented in these three studies were adjusted for age and smoking status. 

Additionally, one study adjusted for various biological risk factors such as homocysteine [27], 

another for multiple hypothesis testing [28] and a third adjusted for cardiovascular diseases, 

arthritis and other comorbidities [29]. 
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4. Discussion and Conclusion 

This comprehensive review aimed to provide an updated overview of studies that investigate 

NSAIDs as a therapeutic tool for MDD. Inclusion criteria were set to evaluate its use as 

monotherapy or as adjunct to treatment with antidepressant drugs, irrespective of cohort 

demographics. Following the systematic retrieval procedure, a total of 14 records were 

selected, pertaining to 15 clinical trials.  

A general analysis of the 15 studies suggested that NSAIDs may have a positive effect in the 

treatment of MDD, in particular when administered as adjunct to antidepressants. However, 

given the methodological heterogeneity amongst the studies, a breakdown into subgroups was 

required for critical assessment with adequately weighted conclusions. From the outset, they 

were divided into RCTs and non-RCTs. 

A total of seven RCTs were analysed, six of which demonstrated a significant positive effect of 

NSAIDs as adjunctive treatment (n=230). The seventh RCT investigated NSAIDs as 

monotherapy (n=2 528), concluding that there was no significant effect. This RCT comprised 

the oldest age group (70-91yr), was not uniform in terms of depression classification and 

biological markers for inflammation were not measured. The three RCTs that considered 

immune parameters (at baseline and at least at trial-end) all assessed different markers. In one 

of these studies, that measured MIF, sCD14 and TGF-β,  no significant differences were found, 

whereas in the other two RCTs, that individually assessed IL-6 and BDNF serum levels, these 

markers were seen to exhibit a significant correlation with HAM-D scores. As a whole, between 

the seven RCTs heterogeneity was most evident with respect to the therapeutic scheme and 

the outcome definition. 

Our findings are largely in agreement with those recently documented by Bai et al. (2020) in a 

meta-analysis that aimed to assess efficacy as well as safety of several anti-inflammatory 

agents [30]. In a subgroup meta-analysis they examined four RCTs (n=152) in common with our 

selection (namely those of Müller 2006, Akhondzadeh 2009, Abbasi 2012 and Majd 2015) and 

concluded that celecoxib combined with antidepressants were better than antidepressants 

alone, leading to a significantly larger reduction in HAM-D-17 scores. Other anti-inflammatory 

agents such as omega-3, fatty acids, statins and minocycline also showed a significant 

antidepressant effect when used as adjunctive treatment to SSRI or SNRI (Selective 

Noradrenergic Reuptake Inhibitors), and the same agents were also found to be effective as 

monotherapy, although with a smaller effect size. Their analysis did not include RCTs with 

NSAID monotherapy.  
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Earlier reviews have also included different subsets of our selected RCT studies. Kӧhler et al. 

(2014) analysed ten clinical trials (n=4258) studying NSAIDs in the treatment of MDD as well as 

a wide range of depressive symptoms [31]. Overall, NSAID treatment was found to be 

associated with a positive antidepressant effect. A subgroup analysis of celecoxib (n=2750) 

revealed a more relevant beneficial effect, particularly as adjunctive treatment. This celecoxib 

subgroup included four RCTs in common with our analysis; three evaluating NSAIDs as 

adjunctive treatment (Müller 2006, Akhondzadeh 2009 and Abbasi 2012) and one as 

monotherapy (Fields 2012). The same three RCTs with NSAID adjunct therapy were also 

assessed in two other meta-analyses [32] [33], both reporting a medium to large effect size for 

regimens that combine celecoxib with antidepressants. Firstly, the subgroup analysis by 

Faridhosseini et al. (2014), which included four RCTs (n=160), revealed a significant decrease in 

the means of HAM-D-17 scores and significant treatment and remission responses [32]. 

Similarly, the subgroup analysis by Na et al. (2014), comprising four RCTs (n=150), concluded 

that patients receiving adjunctive celecoxib had significantly higher mean changes in the HAM-

D-17 scores between baseline and endpoint measurements compared with those receiving 

placebo, as well as improvement in terms of remission and response rates [33].  

In a systematic review, Allison et al. (2019) sought to analyse the efficacy of several anti-

inflammatory treatment strategies as determined by changes in concentrations of 

inflammatory mediators, focussing on MDD patients that demonstrated elevated baseline 

inflammation [34]. This narrative analysis identified a single RCT (n=40) that showed a 

significant decrease of the elevated baseline inflammation marker C-reactive protein (CRP), 

following a non-drug intervention (meditative walking). Even so, the endpoint CRP 

concentrations did not reach the normative values and this RCT presented a high risk of bias. 

Amongst the five RCTs that tested pharmaceuticals, only one (Abbasi 2012), with a celecoxib 

regimen (n=37), demonstrated a significant decrease of the baseline inflammatory marker IL-6.  

Notwithstanding, baseline IL-6 concentrations fell within the normative value range for this 

parameter, and the placebo group also had a significant, albeit lower, IL-6 concentration 

decrease [34]. Besides this RCT, our review identified a study with a longer duration period, 

where BDNF measurements had been made at baseline and four times yearly (Zdanowicz 

2017). This RCT tested ASA versus placebo, combined with either citalopram or duloxetine 

(n=40). The best response, as per Ham-D/CGI scores as well as per remission rates, was 

observed in the scheme using ASA plus duloxetine. As compared to the rest, this subgroup of 

patients revealed a statistically significant difference in terms of higher BDNF levels before 

treatment, leading the authors to conclude that either a noradrenergic agent combined with 
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ASA is more effective than a serotonergic agent alone, or the level of baseline BDNF is a 

precursor marker of the response to antidepressants. Further evidence favouring a differential 

response according to baseline inflammation had been provided in an earlier study by Raison 

et al. (2013); here the sample size (n=22) posed a limitation to statistical significance, but 

results pointed towards a clinically meaningful effect of anti-inflammatory agents in patients 

with higher baseline CRP levels [35]. 

Of the eight non-RCTs included in our analysis, five targeted a depressed population (n=130 

277), with evident heterogeneity regarding exposure and outcome measures, and with no 

inflammation assessment. Three of these studies (Gallagher 2012 studies A and B, and Uher 

2012) found no significant effect of NSAIDs on depressive symptoms (n=5 380), with results 

being adjusted for age, Charlson Comorbidity Index and/or baseline severity. The remaining 

two studies (Warner-Schmidt 2011 and Kohler 2015) concluded that NSAIDs had an overall 

significantly negative effect on depressive symptoms (n=124 897).  

Subgroup analyses of adverse effects demonstrated that different NSAID categories presented 

different risk profiles. In particular, selective COX-2 inhibitors and salicylates were positively 

highlighted by Gallagher et al. (2012), while Kohler et al. (2015) identified favourable results 

for ibuprofen and low-dose ASA [25] [26]. The latter study, however, investigated a population 

of SSRI incidental users, without considering indication. In this case, caution should be taken 

when extrapolating the results to MDD patients, as SSRI may be used to treat other disorders, 

such as anxiety [26]. 

The remaining three non-RCTs (n=20 865) chose to study non-depressed subjects in order to 

evaluate the effect of NSAIDs as a protective measure, all concluding that there was no 

significant effect of NSAIDs on MDD incidence, with results adjusted for age and smoking 

status. Here again, this group presented heterogeneity in terms of outcome measures and no 

conclusive results as to subjects’ inflammatory profiles. 

Considering the complex and chronical evolution of MDD, the study designs of the analysed 

RCTs and non-RCTs as a whole, are far from ideal. With such small sample sizes and short 

follow-up durations, particularly in the RCTs, quality of life measurements would hardly show 

any significant improvement. Additionally, these limitations impair the evaluation of long-term 

efficacy and the assessment of late-onset adverse events [30]. 

The lack of systematic inflammation assessment, measuring the levels of specific and impactful 

pro-inflammatory mediators, hinders an extensive analysis of the data. Standardized reference 

values are also yet to be established for most of these markers [34]. Moreover, although it is 
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accepted that pro-inflammatory factors play a role in the pathophysiological mechanisms 

underlying MDD (as schematized in part in Figure 1), the baseline and profile of their levels 

over time need to be taken into consideration, as there is growing evidence of their beneficial 

or even critical roles when present in “healthy” concentrations, namely in neurogenesis, neural 

plasticity and synaptic strengthening [34]. 

In recent years, more specific inflammatory mechanisms have also been targeted. Several 

monoclonal antibody therapies have been studied, aiming to reduce depressive symptoms 

through TNF-α antagonism. Significant antidepressant effects were demonstrated for 

etanercept (a TNF-α receptor and IgG1 Fc fusion protein), adalimumab (a human monoclonal 

anti-TNF-α antibody) and ustekinumab (a human monoclonal anti-IL-12 and IL-23 antibody) [7]. 

However, the samples in these three studies all comprised patients with moderate to severe 

psoriasis, and the authors had to admit that the observed parallel amelioration in psoriatic 

symptoms was a possible source of confounding to the antidepressant effect [7]. Infliximab (a 

chimeric monoclonal anti-TNF-α antibody) has also been extensively studied, but its effect as 

antidepressant was not demonstrated to be significant in cohorts either with treatment 

resistant MDD or with high baseline pro-inflammatory levels [7]. IL-6 has progressively become 

a target too. Recently, siltuximab (a chimeric monoclonal anti-IL-6 antibody) was shown to 

significantly reduce the prevalence of depressed mood and anhedonia, compared to placebo, 

in a population of Multicentric Castleman’s Disease patients, even after disease severity 

adjustments [7]. 

In fact, in order to address MDD as a pro-inflammatory entity on its own, our study avoided 

such sources of confounding by excluding all studies using patients with major co-morbid 

inflammatory conditions. For instance, pain is frequently a confounding factor, since MDD-

related improvements can be indirectly attained by pain relief itself.   

Besides avoiding co-morbidities, future studies need to address the heterogeneity that 

characterizes MDD’s pathophysiology and presentation; one such example is that only a subset 

of patients seem to have a pathologically augmented inflammatory state underlying their 

psychiatric disease. Yehia et al. (2019) question the power of large numbers whenever 

searching for meaningful clinical data, suggesting the more “elegant” and “pragmatic” 

approach of deep phenotyping [36]. Selective patient recruitment based on specific disease 

manifestations creates a level of uniformity that simplifies the identification of disease 

modifiers and enables new insights into the underlying pathophysiological pathways [36]. 

Indeed, by integrating phenotypical with multi-omics data, Kluiver et al. (2019) concluded that 
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MDD patients with hyperphagia – defined as increased appetite and/or weight – had 

significantly higher inflammatory pathway-related expression profiles [37]. Relevant pathways 

identified were those of several transcription factors and of caspases. Their findings led them 

to propose, for instance, that the augmented caspase-1-related pathways may be associated 

with MDD through their contribution to the glucocorticoid resistance process and, thereby, to 

the HPA axis hyper-activation [37]. 

In this era of the “omics”, it should be feasible to carry out RNA and/or protein expression 

studies in other phenotypically well-defined subgroups of MDD patients, or even incorporate 

genotypic data generated from genome-wide association studies. In the quest for personalized 

medicine, pharmacogenomics may assume a first-tier test to identify the ideal treatment 

strategies at least for certain subgroups of MDD patients. 
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your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.
To find out more, please visit the Preparation section below.

INTRODUCTION
Progress in Neuro-Psychopharmacology & Biological Psychiatry is an international and
multidisciplinary research, review and news journal. One of its main aims is to assure rapid publication
of authoritative reviews and research papers dealing with experimental and clinical aspects of
neuro-psychopharmacology and biological psychiatry. Another important aim of the journal is to
supply pertinent information, provided by national and international bodies, that contributes to
progress in the scientific and professional fields. Finally, the journal intends to foster and encourage
communications between members of the communities of neuro-psychopharmacology and biological
psychiatry.

Studies on natural products The journal does not publish work on the actions of biological extracts
unless the pharmacological active molecular substrate and/or specific receptor binding properties of
the extract compounds are elucidated.

Types of paper
1. Original research articles

2. Review articles: Mini-reviews or comprehensive reviews of cutting edge work, or syntheses of
cutting edge work that has been done in the past two years.

Submission checklist
You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
• E-mail address
• Full postal address

All necessary files have been uploaded:
Manuscript:
• Include keywords
• All figures (include relevant captions)
• All tables (including titles, description, footnotes)
• Ensure all figure and table citations in the text match the files provided
• Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations
• Manuscript has been 'spell checked' and 'grammar checked'
• All references mentioned in the Reference List are cited in the text, and vice versa
• Permission has been obtained for use of copyrighted material from other sources (including the
Internet)
• A competing interests statement is provided, even if the authors have no competing interests to
declare
• Journal policies detailed in this guide have been reviewed
• Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

http://service.elsevier.com/app/home/supporthub/publishing/
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BEFORE YOU BEGIN
Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Studies in humans and animals
If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence (or association) of sex on the results of the study.

Declaration of interest
All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted.
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Submission declaration and verification
Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints
Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Use of inclusive language
Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman' and 'flight attendant' instead of 'stewardess').

Addition, deletion, or rearrangement of author names in the authorship of accepted
manuscripts
Before the accepted manuscript is published in an online issue
Requests to add or remove an author, or to rearrange the author names, must be sent to the Journal
Manager from the corresponding author of the accepted manuscript and must include:

https://www.elsevier.com/about/policies/publishing-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://www.icmje.org/recommendations/
http://www.icmje.org/recommendations/
http://www.who.int/gender-equity-rights/understanding/gender-definition/en/
https://www.nc3rs.org.uk/arrive-guidelines
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/about/policies/sharing/preprint
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
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The reason the name should be added or removed or the author names rearranged. Written
confirmation (email, fax, letter) from all authors that they agree with the addition, removal or
rearrangement. In the case of addition or removal of authors, this includes confirmation from the
author being added or removed.

Requests that are not sent by the corresponding author will be forwarded by the Journal Manager to
the corresponding author, who must follow the procedure as described above. Note that:

Journal Managers will inform the Journal Editors of any such requests. Publication of the accepted
manuscript in an online issue is suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

Author contributions
For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

Changes to authorship
Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Copyright
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

https://www.elsevier.com/authors/journal-authors/policies-and-ethics/credit-author-statement
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright/permissions
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article
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Role of the funding source
You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Open access
Please visit our Open Access page for more information.

Elsevier Researcher Academy
Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/pnp/

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

Genetic Association Studies
Progress in Neuro-Psychopharmacology & Biological Psychiatry is interested in Genetics/Association
studies that are replicable and generalizable. The following guidelines are offered in pursuit of this
goal. (1) Studies need to be sufficiently large. (2) Information about subject ethnicity, and how
it was determined, should be provided. The use of an analytic strategy that controls for potential
stratification, such as family-controlled association, or structured association, is encouraged. (3)
There must be a clear description of how the phenotype was ascertained. (4) Negative studies should
always include estimates of power.
Confirmation of the functional consequences of a common disease-associated variant is useful
information, but does not substitute for a rigorous demonstration of a statistically significant
association. Analysis of pathways or candidate regional analysis is encouraged over single gene
studies. Candidate gene studies must have strong positional or biological rationale or precedents in
the literature that motivate gene choice.
For studies of non-functional variants, there should generally be sufficiently dense marker coverage
to allow a relatively comprehensive analysis of common variants within a gene or genes. Analysis
of the extent of marker coverage using standard methods to assess linkage disequilibrium should
be presented. If rare variants are being tested, the same method of assessment (sequencing, copy
number assessment, etc.) should be used in both case and control groups.
We will consider both negative and positive association studies, as well as large replication studies.
Negative studies should be based on an attempt to replicate previous studies. Power calculations
considering reasonable effect sizes must be provided to show that the study had sufficient power to
be informative.

PREPARATION

https://www.elsevier.com/journals/progress-in-neuro-psychopharmacology-and-biological-psychiatry/0278-5846/open-access-options
https://researcheracademy.elsevier.com/
http://webshop.elsevier.com/languageediting/
http://webshop.elsevier.com/languageediting/
http://service.elsevier.com/app/answers/detail/a_id/8238/kw/8238/p/10523/supporthub/publishing
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NEW SUBMISSIONS
Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.
As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References
There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements
There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.
If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.
Divide the article into clearly defined sections.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

Peer review
This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

REVISED SUBMISSIONS
Use of word processing software
Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

LaTeX
You are recommended to use the Elsevier article class elsarticle.cls to prepare your manuscript and
BibTeX to generate your bibliography.
Our LaTeX site has detailed submission instructions, templates and other information.

Article structure
Title
The title of the paper should be brief; no longer than 100 characters in length, and should capture
and communicate the key message of your research to a broader audience. To aid this, abbreviations,
unless familiar to a broad audience, should be avoided.

https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/authors/journal-authors/submit-your-paper
https://www.elsevier.com/authors/journal-authors/submit-your-paper
http://www.ctan.org/tex-archive/macros/latex/contrib/elsarticle
http://www.bibtex.org
https://www.elsevier.com/latex
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Subdivision - numbered sections
Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Original research articles should be organized as follows:

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Methods
This section should contain explicit, concise descriptions of all procedures, materials and methods
used in the investigation to enable the reader to judge their accuracy, reproducibility, etc. To increase
clarity, headings should be used throughout. For example, the following subheadings, which should
be numbered, could be used:
Experimental articles: Animals, Drugs, Apparatus, Experimental procedure, and Statistical analysis.
Clinical articles: Patient population, Drug administration, Study design, Assessment instruments, and
Data analysis. Depending on the type of article they are preparing, authors could introduce any other
subheadings they find useful.

Results and statistical analyses
This section usually contains the experimental data, but no extended discussion of their significance.
The main statistical results should be reported under this section. The description of the statistical
results should include the proper statistical term (such as the F statistic) as well as the degrees of
freedom and the P value. The description of statistical results in the figure legends should be limited
to important post hoc comparisons. The results should be illustrated (figures and tables); data are
usually easier for readers to grasp if they are represented in graphic or tabular form, rather than
discursively. Graphic presentation of data is preferred. Data should not be needlessly repeated in text.
Sufficient data may allow interested but non-expert readers to judge the variability and reliability of
the results. The section should be well structured using appropriate subheadings.

The main statistical results should be reported in the Results section. The description of the statistical
results should include the proper statistical term (such as the F statistic) as well as the degrees of
freedom and the P value. The description of statistical results in the figure legends should be limited
to important post hoc comparisons. For example, you should report F value and degree of freedom
Anova F(x,y)= 5.67, p<0.05. For t-test t= -0.722, df =x, p =0.05. For Chi square Χ2=9.882, df=3
p=0.01, Χ2=9.882, df=3 p=0.017 etc).

Fisher's least significant differences (LSD) tests are not acceptable as they are too permissive. ANOVA
followed by an appropriate post-hoc test (ie Tukey-Kramer, etc) should be performed.

Discussion
This should be pertinent to the results. Speculative discussion is not discouraged provided it is based
on the data presented. The discussion should be as concise as possible and well structured, using
appropriate subheadings.

Conclusion
A short paragraph of conclusions (5 to 10 lines) should be included.

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
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• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights
Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Abstract
A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract
Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 × 1328 pixels (h × w) or proportionally more. The image should be readable at a size of 5 ×
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.
Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations
Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

https://www.elsevier.com/authors/journal-authors/highlights
https://www.elsevier.com/authors/journal-authors/graphical-abstract
https://webshop.elsevier.com/illustration-services/
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If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Drug nomenclature
Generic names should be used in text, tables and figures. Trade names and the name and city of their
manufacturer may be mentioned in parentheses in the first text reference to the drug, but should not
appear in titles, figures or tables. Chemical names could also be used. Code numbers could be given
in brackets. When a trade name is used, it should be capitalized; general or chemical names are not
capitalized. The chemical nature of new drugs must be given when known. The form of drug used in
calculations of doses (e.g., base or salt) should be indicated.

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Artwork
Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Indicate per figure if it is a single, 1.5 or 2-column fitting image.
• For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.
• Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.
TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
• Supply files that are too low in resolution.
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
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Figure captions
Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/progress-in-neuropsychopharmacology-and-biological-psychiatry
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting
There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

http://citationstyles.org
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Reference style
Text: All citations in the text should refer to:
1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;
2. Two authors: both authors' names and the year of publication;
3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)…. Or, as
demonstrated (Jones, 1999; Allan, 2000)… Kramer et al. (2010) have recently shown …'
List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a', 'b', 'c', etc., placed after the year of publication.
Examples:
Reference to a journal publication:
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51–59. https://doi.org/10.1016/j.Sc.2010.00372.
Reference to a journal publication with an article number:
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.
Reference to a book:
Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:
Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281–304.
Reference to a website:
Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).
Reference to a dataset:
[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Data visualization
Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to

https://www.issn.org/services/online-services/access-to-the-ltwa/
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supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

Research data
This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief
You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 600 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

Data statement
To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.
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Online proof correction
To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.
We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints
The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES
Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will
be published.
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Highlights 

 Several pro-inflammatory pathways seem to underlie Major Depression Disorder. 

 Nonsteroidal anti-inflammatory drugs may be beneficial as add-on therapy. 

 Heterogeneity between studies still hinders solid evidence-based conclusions. 

 Deep phenotyping in future studies may uncover the role of anti-inflammatory drugs. 
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TopicsMood disorders
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Background/Objectives: The inflammatory hypothesis in the aetiology of depression raised the opportunity for new
therapeutic tools as first line, adjunctive or symptomatic treatment of Major Depressive Disorder
(MDD) [1,2]. However, studies assessing the efficacy of nonsteroidal anti-inflammatory drugs (NSAIDs) and
systematic reviews and meta-analyses of these studies carried out over the last few years have yielded contradictory
results [3,4]. The present review provides an updated overview of such studies with the aim of clarifying the
effectiveness of NSAIDs as therapeutic strategies in patients with MDD.

Methods: A literature search was conducted in accordance with the PRISMA guidelines. Searches were conducted in
the English language, from inception to the 14th January 2020, to retrieve clinical trials using nonsteroidal anti-
inflammatory drugs (NSAIDs) for the treatment of MDD.
Besides the completed randomised and controlled clinical trials (RCTs), non-randomised and non-placebo-controlled
trials were also included in the search. Studies with NSAIDs as monotherapy and/or as adjunct of antidepressant
therapies across all age groups were included to tentatively strengthen the qualitative assessment of NSAID
effectiveness. Relevant articles, published prior to January 2020 were retrieved by querying eight databases, namely
PubMed, Google Scholar, PubMed Central, Web of Science, JAMA Psychiatry, ClinicalTrials.gov, Cochrane Central
Register of Controlled Trials and ICTRP. Additional articles were manually scrutinized from bibliography listings of the
selected articles.

Results: Fourteen records, comprising 15 clinical studies, were identified for inclusion in the qualitative synthesis.
Seven RCTs investigated the efficacy of NSAIDs in a total of 2 758 patients. Six of these demonstrated a significantly
positive effect when used as adjunctive treatment, and one demonstrated no effect as monotherapy.
Among the remaining 8 studies, non-RCTs, five analysed the effect of adjunctive NSAIDs treatment on the depressive
symptoms of 130 277 patients from which four revealed a significantly negative effect and one showed no effect. The
other three non-RCTs, conducted on a total of
20 865 non-depressed participants, failed to confirm the preventive effect of NSAIDs. Internal and external validity is
compromised by study designs. In particular, most RCTs had small sample sizes and short follow-up durations.
Additionally, heterogeneity was noted in terms of outcome and exposure assessments, therapeutic schemes as to
drug combinations and dosage, as well as covariates applied for result adjustments.

Conclusions: Overall, NSAIDs may exert a beneficial therapeutic effect in MDD as an adjunctive treatment to
antidepressants, although methodological heterogeneity introduces some inconsistencies. NSAIDs appear to have no
effect as a preventive measure in MDD, particularly amongst the elderly. Study designs need to address the highly
heterogeneous pathophysiology and presentation of MDD by deep phenotyping, and by targeting specific
inflammatory mechanisms. Patient selection, uniformity, together with well-matched controls, can provide statistically
powerful and clinically meaningful data. Genotypic profiling would ultimately contribute towards a better
understanding of the role inflammation, and anti-inflammatory drugs, in MDD.References

�1� Miller, H.A., Raison, C.L. (2016). The role of inflammation in
depression: from evolutionary imperative to modern treatment target.
Nat. Rev. Immunol. 16, 22–34.
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what we know so far. Brain Behav Immun. 83, 7–21.
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