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Abstract

Trazodone is a widely used antidepressant, also useful in the control of agitation and
insomnia in Alzheimer's disease. It is now recognized a new mechanism of action for
trazodone, based on its effect on the Unfolded Protein Response (UPR) pathway, restoring
protein translation and slowing neurodegenerative progression in mice. These mechanisms
may be seen as promising in dementia modifying treatment.

To explore the effects of trazodone on human cognition and search for clinical evidence of
its putative benefits in human’s neurodegenerative diseases, a systematic review was
conducted for studies that evaluated the effect of a minimum of 25 mg of trazodone daily,
for at least one week, in the cognition of healthy or diseased patients with eighteen years or
more. The search was run in MEDLINE, Web of Science, and CENTRAL from Cochrane
databases, yielding a total of 16 studies, after selection. Overall, seven studies showed no
effect of trazodone on cognition, five showed a beneficial effect by improving or reducing
cognitive decline and four evidenced impaired cognitive function. Our analysis highlights the
possibility of a dose-independent dual effect of trazodone on human cognition, with acute
utilization associated with impaired cognitive function and long-term use with cognitive
deterioration prevention. There was no evidence that trazodone could be used as an active
treatment of neurodegenerative diseases itself, but the majority (n=12) of our findings
indicate that it has no long-term cognitive detrimental effect. Future studies should explore
trazodone’s role in the UPR pathway and the implications in neurodegenerative diseases in

humans.

Keywords: All Cognitive Disorders/Dementia; Alzheimer's disease; Memory; Executive
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Introduction

Although being FDA approved only for use in the treatment of major depression, trazodone,
a widespread drug created in the 1960s[1], is used off label to control agitation and
insomnia in Alzheimer’s disease (AD)[2], but also in anxiety, schizophrenia, bulimia,
substance abuse, fibromyalgia[3], and post-traumatic stress disorder[1]. Additionally, it
reduces the behavioural and psychological symptoms in AD and frontotemporal
demential[2].

It is now recognized a new mechanism of action for this drug, based on its effect in the UPR
pathway. Trazodone acts downstream of elF2a-P, preventing it from reducing levels of the
ternary complex, allowing protein translation to occur[2] (Figure 2). Hence, trazodone
precludes the effects of UPR overactivation observed in neurodegenerative diseases|[2] and
restores neuronal protein synthesis rates, preventing neurodegeneration in mice models[4].
As a result, and as stated by Halliday et al., it could be seen as a new disease-modifying

treatment for neurodegenerative diseases in humans|[2].

However, assuming that trazodone has a role in preventing cognitive decline, is that effect
mediated through its action in the UPR pathway, through increasing the synaptic
concentration of 5-hydroxytryptamine[5] or attributed to the sleep improvement this drug
offers? To establish the effects of trazodone on human cognition would have a great effect
on medical practice, given the increasing prevalence of neurodegenerative diseases and

the extensive use of trazodone in this population of patients.

Thus, we aimed to establish the effects of trazodone on human cognition and to find out if
there was evidence that it could be used in the treatment of neurodegenerative diseases in

humans.



Methods

Following PRISMA guidelines, we conducted a systematic review without a meta-analysis
of studies that evaluated the effect of trazodone on human cognition.

Our target population was healthy or diseased adults with eighteen years old or more. The
diseased patients could have all types of iliness, from atherosclerotic disease to psychiatric
conditions. We excluded animal studies since we aimed to study the consequences in
humans so that it was possible to assess the implications for clinical practice.

Our intervention consisted of a minimum of 25 mg of trazodone daily, for at least one week,
to observe the chronic effects of this drug and not the effects obtained after a single dose.
Consequently, we excluded studies that only tested the acute effects of trazodone by using
it in a one-time-only fashion. The dose of 25 mg was chosen because it is the minimum
dose that is used and that is capable of producing some effects of the drug observed in
clinical practice. In terms of comparators, all comparators were accepted without restriction.
Our main outcome was to study the effect of trazodone on human cognition. To assess
that, we analysed all instruments that measured the cognitive impairment that appeared in
the studies included in the qualitative synthesis. These instruments encompassed: the
Montreal Cognitive Assessment scale (MoCA), Mini-Mental State Examination (MMSE), the
Digit Span subtest, the d2-test, the Wisconsin Card Sorting Test, Continuous Performance
Test, N-back Test, Paired Associate Learning Test-Form | (short-term memory), Paired
Associate Learning Test-Form Il (long-term memory) of the Wechsler Memory Scale and
Digit Span Test, Arithmetic, Letter-Number Sequencing, Digit Symbol-Coding, Symbol
Search of the Wechsler Adult Intelligence scale (third edition, WAIS-III), Buschke Selective
Reminding Test, the Brown-Peterson Memory Test, the Word Learning Test, the Memory
Scanning Test, the Critical Flicker/Fusion frequency (CFF), the Critical Tracking Task, the

Divided Attention Test, the Visual Vigilance Test, Rey's Verbal Memory test (RVM), the



Guild memory test, Trail Making Test, Free recall test, Corsi block test, Digit span test,
Category generation, ‘News’ recall, Who’s who? or Matching to sample. Our secondary
outcome was to ascertain if trazodone could be included in the treatment of
neurodegenerative diseases in humans. To assess that, we searched for beneficial effects
of trazodone in cognitive decline and the mechanisms through which that can occur
reported in the studies included in the analysis.

The studies included comprised of randomized controlled trials, non-randomized trials,
retrospective, and prospective cohorts. No limits in language or publication year were
applied.

The literature search was done in electronic databases from September 14 to September
22, 2020. The search was conducted in MEDLINE (1990-Present), Web of Science (1999-
Present), and CENTRAL from Cochrane (1994-Present). The last search was run on
November 2, 2020.

The following search terms were used to search in PubMed: trazodone; memory;
memories; cognition; cognitions; cognitive; cognitively. The detailed search strategy is
depicted in Table 1.

Studies were selected in two phases by two reviewers independently. In the first phase,
articles were chosen by their title and abstract. In the second phase, the articles selected in
the previous phase were read in full to search for inclusion. Data were collected manually
by the two reviewers independently and synthesized in tables. Controversies between
reviewers were decided with discussion and consensus. For each study included, the
following information was collected: the study author(s), title, year of publication and design,
the follow-up period, the study size, the population being studied, its age and sex, the
intervention under study, the comparators used and the outcome measures (Table 2 and

Table 3). The effects of trazodone on human cognition were synthesized using a table to



represent all scores of the cognitive evaluation scales obtained to reach a final result of the
effect. The final result was divided into three categories: no effect (defined as neither
improving nor impairing cognition), positive effect (defined as cognition improvement or
delayed cognitive decline), and negative effect (defined as cognition impairment).

To ascertain the risk of bias, the two reviewers worked blindly and independently. For a
formal risk of bias assessment, it was used the Cochrane risk of bias tool for randomized
controlled trials and the ROBINS criteria for observational studies.

A level of significance of 0.05 was considered.

This review is registered in PROSPERO International prospective register of systematic
reviews (Registration number: CRD42020172577) and can be accessed at

https://www.crd.york.ac.uk/PROSPERO/display record.php?RecordlID=172577. However,

due to the COVID-19 pandemic, the review protocol was published exactly as submitted.

Results

Study characteristics

A total of sixteen studies were included in the final qualitative analysis of the review, four of
which were observational studies, and twelve were experimental studies. After the search in
electronic databases, a total of 267 citations were found. However, after removing the
duplicates, 218 studies remained and were screened. Of this, and based on out of context
titles and abstracts, 186 were excluded and 32 full-text articles were assessed for eligibility.
Sixteen articles were subsequently excluded because of the following reasons: there was
no data on outcomes of interest (n=2), there was no follow-up period between trazodone
use and effect assessment (n=10), the study comprised only a commentary on an article

(n=1), an abstract (n=1) or a letter to the editors (n=1), or it was a randomized clinical trial in



recruiting phase (n=1). Sixteen studies met the inclusion criteria and were included in the
final analysis (See Figure 1).

For each study, the information collected is presented in Tables 2 and 3. The minimum and
maximum follow-up periods observed was eight days[6] and sixteen weeks[7], respectively,
for experimental studies and twelve months[8] and thirteen years[9], respectively, for
observational studies (Table 2 and Table 3).

Overall, the sixteen studies included 8646 participants in the final analysis, with sample
sizes ranging from 8[10] to 6798 participants[9]. All studies assessed adult individuals with
at least eighteen years of age, and the majority included males and females, with two
studies including only males[11,6], one including only females[12], and one study not
discriminating the sex[13]. The participants were either healthy or diseased patients with
one or more of the following conditions: arteriosclerotic cerebral small vessel disease
(ASVD), insomnia, HIV/AIDS, dementia, Alzheimer’s disease, Frontotemporal dementia,
and depression (Table 2 and Table 3).

The study designs englobed randomized trials (n=10), non-randomized trials (n=1), trials
without reference to the randomization (n=1), retrospective cohorts (n=2), and prospective
cohorts (n=2) published from 1990 to November of 2020. Only three randomized controlled
trials did not use a placebo in the comparator arm[11,13,14]. Intervention groups consisted
of trazodone (with doses ranging from 25mg to 40mg for a minimum of one week) alone or
in association with sleep hygiene training (SHT) and mirtazapine (15mg) and of haloperidol
(0.5mg), behaviour management techniques (BMT), buspirone (30mg), 5'-
methyltetrahydrofolic acid (50 mg), amitriptyline (37.5 to 75 mg), sleep medications,
zolpidem, benzodiazepines, tricyclic antidepressants or noradrenaline reuptake inhibitors.

Only one cohort study reported the doses used in the intervention groups[15] (Table 3).



All studies evaluated the effects of continuous doses of trazodone on cognition as a primary

or secondary outcome. All other outcomes can be consulted in Table 2 and Table 3.

Effects on cognitive function

The last column of Tables 2 and 3 displays the ultimate effect of trazodone in human
cognition. Overall, from the sixteen studies included, seven showed no effect of trazodone
on human cognition[16,13,17,18,14,8,6], while five showed a positive effect by improving or
reducing cognitive decline[11,9,15,10,5] and four a negative effect by impairing cognitive

function[12,19,20,7].

From studies with beneficial effects, Wang et al. demonstrated that trazodone improved
concentration and recall abilities significantly in patients with ASVD and insomnia, with an
increased concentration and recall scores on MoCA after trazodone treatment compared to
those at baseline (pre/post-treatment mean (SD) score in concentration and recall,
respectively: 4.41 (1.57)/ 5.33 (1.45) and 1.52 (1.03)/2.24 (1.12))[5]. Alikhani et al. also
showed that sustained attention on d2-test was significantly improved from baseline to
week six of treatment with trazodone alone or in combination with SHT[11]. Riedel et al.
demonstrated that besides improving depressive symptoms during six weeks of treatment,
trazodone lowered CNS arousal (CFF frequency was lower than during placebo periods: F
(1,7) 8-26, p < 0-025) and improved delayed recall (F (1,7) 25-54, p < 0-001 in Word
Learning Test), while having no change in tests that evaluated memory scanning, vigilance,
tracking and divided attention[10]. Furthermore, La et al. demonstrated an association
between trazodone and delayed cognitive decline[15], results also supported by Burke et
al.[9]. La et al. demonstrated that in a follow-up period of four years on average, compared

to trazodone users, trazodone non-users decreased 2.6-fold faster on the MMSE score[15].
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Burke et al. also showed that, through a follow-up period of thirteen years, trazodone could
potentially mitigate the risk of mild cognitive impairment (MCI) development, decreasing

cognitive decline in patients with sleep disorders and normal cognition at baseline[9].

In contrast, Roth et al. documented modest cognitive and motor impairments associated
with trazodone, with a decline in short-term memory (Brown-Peterson Memory Test: main
effect, F(1,15)=17.3, post hoc t=4.2, p<0.001), and verbal learning (Selective reminding
test: main effect, F(1,15)=5.01, p=0.037; post hoc t=2.2, p=0.041) with time[19]. In
concordance to this findings, Teri et all. found a significant worsening in MMSE scores in
trazodone treatment group (Change score means in MMSE + SD: 1.97 + 3.15) compared
with BMT (Change score means in MMSE + SD 0.05 * 2.58) after sixteen weeks[7].
Sakulsripong et al. demonstrated that both amitriptyline and, although in lesser extent,
trazodone caused impairments on memory tasks such as in free recall (recall trial 1;
F(2,20)= 15.6; P < 0.001, and recall trial 2 (F(2,20) = 8.6; P < 0.012), short-term
visual/spatial memory (Corsi block test: F(2,19) = 6.79, P < 0.01), short-term verbal memory
(Digit span test: (F(2.19) = 6.89, P < 0.01) and visual matching-to-sample only at 2 hours
testing (F(1,20)= 10.5, P < 0.005), since this effects decreased over the two week period
(F(2,19) = 4.5, P < 0.05). Amitriptyline but not trazodone caused impairments in both
immediate and delayed recall on ‘News’ recall after a single dose[20]. On that thought,
Leng et al., demonstrated that very old women using trazodone over five years were three
times as likely to progress to MCl and dementia, when compared to non-trazodone users
(OR =3.48; 95% CI = 1.12-10.81), even when excluding female participants with
depressive symptoms (OR =6.11; 95% CI = 1.16-32.21), and after adjusting for baseline

cognition and depressive symptoms[12].
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From studies with neutral effect in cognition, Sasada et al. showed no effect of acute or
repeated doses of trazodone on driving performance or cognitive function[6]. Accordingly,
Camargos et al. demonstrated a therapeutic effect of trazodone on sleep disturbances in
patients with Alzheimer’s disease during two weeks, without showing any effect on
cognition or functionality of this patients[16]. Lebert et al. demonstrated that during six
weeks and compared to placebo, trazodone showed no difference in the variation of the
MMSE score (p=0.1)[18]. Lawlor et al. demonstrated that, compared to placebo, both
treatments with buspirone and trazodone for four weeks showed no significant change in
free recall and in new learning measures on the Buschke Selective Reminding Task (no
numerical values were presented)[17]. Besides that, Passeri et al. showed that although the
score of immediate recall assessed in RVM increased from 20+7 to 2318 (p<0.01) after
eight weeks of treatment with 5'-methyltetrahydrofolic acid, it remained unchanged within
the trazodone group (from 22+ 9 to 22+9)[14]. For delayed recall, the score in the RVM test
remained unchanged for both groups in the treatment period[14]. After four-week drug-free
period, no changes were observed for both treatments in either immediate or delayed
recall[14]. Fudge et al. evaluated the effect of fluoxetine and trazodone on the cognitive
functioning of outpatients with depression, showing that neither drug affected cognitive
skills on Guild memory test for six weeks (mean trazodone pair association (pair 1; pair 2)
and digit span scores at baseline and after six weeks of treatment, respectively: baseline:
4.7+2.8; 4.3+3.9 and 12.2+2.4; after six weeks: 6.7+2.9; 6.3+3.3 and 13.0+2.5)[13]. At last,
Pirker-Kees et al. showed that although MMSE declined over a 12 months follow-up period
(MMSE: 21.2 + 4 versus 19.7 £ 5, p =0.001), the individual treatment groups (including

trazodone) did not change significantly over the same period (20.0 + 5 versus 19.9 + 5)[8].

Other Effects

12



Most studies demonstrated the effects of trazodone on domains other than cognitive
function. Wang et al., Alikhani et al., Camargos et al., and Roth et al. all showed that
trazodone increases sleep quality and sleep parameters such as sleep efficiency[5], N3
sleep ratio[5], sleep continuity[5], daytime functioning[11] and night time percent sleep[16],
while not inducing[11,16], or decreasing daytime sleepiness[19,5], lessening night time

awakenings[19], minutes of Stage 1 sleep, and self-reports of trouble sleeping[19].

Lebert et al., Lawlor et al. and Pirker-Kees et al. also stated the beneficial role of trazodone
in the treatment of behavioural disturbances in neurodegenerative diseases[17,8,18]. Teri et
al. showed a modest reduction in agitation in patients with AD[7] while five studies revealed

a decline and relief in symptoms of depression[11,10,14,13] or anxiety[5,11].

Roth et al. demonstrated small impairments in equilibrium and arm muscle endurance[19],
and Sasada et al. demonstrated that trazodone did not affect driving performance in healthy

volunteers|[6].

Adverse events

Only five studies mentioned the adverse effects of drugs used[5,16,18,14,7]. Overall, all
study participants tolerated trazodone well, and adverse events were mild and not a major
cause for participants’ drop-out. Wang et al. reported, in similarity with previous studies,
insomnia deterioration, akathisia, nausea, loss of appetite, dizziness, and headache, all of
the mild intensity and not statistically different between trazodone and placebo treatment
groups[5]. Camargos et al. did not discriminate against the adverse events that occurred
but stated that encountered no differences in frequency or severity rating of adverse events
between trazodone and placebo groups[16]. Lebert et al. rated all adverse events as mild,

leading to a drop-out in only one patient[18]. In the placebo period, fatigue and dizziness

13



were reported in three patients, while in the trazodone period, fatigue, dizziness,
hypotension, and cold extremities were reported in 11 patients[18]. Passeri et al. reported
blurred vision and vertigo in only one patient in the trazodone treatment[14]. Al last, Teri et
al. reported agitation in the trazodone group (50%), unacceptable adverse effects not
otherwise specified in the haloperidol group (43%), and increased agitation in the BMT

group (35%) as the main reasons for patient drop-out[7].

Risk of bias

Table 4 displays the results from the quality assessment of experimental studies using the
Cochrane risk of bias tool. Of the twelve studies included, six had a low overall risk of bias,
five had a high risk, and one some concerns. For the high-risk studies, the main problems
arose from the randomization process, deviations from the intended interventions, and the
selection of the reported result. Detailed evaluation can be assessed in Table 4. For
observational studies, Table 5 shows the results obtained using ROBINS-I criteria. Three
studies presented an overall serious risk of bias mainly due to residual confounding and
poor characterization of intervention, and in one study it was not possible to conclude about
the risk of bias due to lack of information about the concomitance of the beginning of the

intervention and the follow-up (Table 5).

Discussion

So far, studies evaluating the effects of trazodone on human cognition demonstrated
diverse results, with some presenting a neutral or a positive effect, while others display an
impairment on cognition, making it difficult to reach a final conclusion. Overall, in our
systematic review, the majority of studies (n=12) reported no effect or a positive effect of

trazodone on cognitive function, while four demonstrated a negative result (Table 2 and
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Table 3). Although our main findings suggest that trazodone does not impair human
cognition and may even have a beneficial effect, more studies are needed to confirm the
overall effect of trazodone on cognitive function.

Wang et al., Alikhani et al., Riedel et al., La et al., and Burke et al. all demonstrated a
beneficial effect of trazodone in cognition[11,5,15,10,9]. However, this positive result could
be attributed to the effects of the improvement of sleep disturbances like
insomnia[11,9,15,5] and depressive symptoms this drug offers[10]. It is known that
insomnia contributes to the progression of neurodegenerative diseases since it is
associated with cognitive deterioration[11,9,5]. For that reason, it seems plausible that a
drug, like trazodone, that increases sleep continuity and slow-wave sleep (SWS) ratio
could, consequently, improve cognitive function[5]. Depressive symptoms are also related

to cognitive decline[20] since it was associated with poor sleep and anxiety[11].

On the other hand, it is also known that antidepressants with muscarinic receptor
antagonism activity can induce cognitive dysfunction[10]. However, in the study conducted
by Riedel et al. high doses of trazodone (100 to 400 mg/day) improved memory and
cognitive function in outpatients with depression[10]. The main reason that could explain
these findings is the absence of a pronounced antimuscarinic effect observed with
trazodone, even at higher doses, since this drug has the least antimuscarinic effect within
anticholinergic antidepressants[10]. On the other hand, Leng et al. evidenced an
association of trazodone and increase risk of cognitive impairment in old women without
cognitive disturbances after five years, even when adjusting for baseline cognition and
depressive symptoms, and after excluding participants with high depressive symptoms[12],
suggesting a negative effect on cognition that is independent of depression improvement.
However, it is important to say that in this study, of the total number of participants

(n=1234) only fifteen used trazodone alone. Besides that, since it only included older

15



Caucasian women, these results could not be generalized to a different age, sex, and race
participants[12]. For that reason, future studies should evaluate if this association between
trazodone use and cognitive decline is directly due to a negative effect of this
antidepressant or if it is due to the detrimental effect depression exerts on cognitive

function.

To sum up, all studies that obtained a positive effect of trazodone on cognitive functions
evaluated participants with ASVD, sleep disorders, HIV/AIDS undergoing methadone
maintenance therapy, major depression, AD or mild cognitive impairment, disorders
frequently comorbid with insomnia and depression[11,5]. For that reason, the majority of
these studies demonstrated a positive effect that is possibly not due to the effects of
trazodone on cognition directly but is instead mediated through an improvement in sleep
disorders and depressive symptoms. Despite this, none of these results showed a negative

effect on cognitive deterioration as well.

On the other spectrum, Roth et al. demonstrated a mild decremental effect on short-term
memory and verbal learning with short-term low doses of trazodone (50 mg) in patients with
primary insomnia[19]. However, in concordance to studies mentioned above, trazodone
improved cognitive function employing an indirect beneficial effect in the treatment of
insomnia. Nevertheless, the results obtained in Roth et al. are still plausible since and as
Wang et al., stated, acute sedation effects observed with trazodone treatment could impair
cognitive function in initial phases, repercussions that decrease with continuous therapy[5].
Roth et al.’s study only evaluated the acute effects of trazodone treatment (seven days)
thereby preventing a potential improvement on cognitive tests used. For that reason, and as
the author’s state, long-term treatment periods with this drug should be considered in future

studies to better understand its true effects on human cognition. On that line, Teri et al.

16



conducted a study with a follow-up period of sixteen weeks[7]. In that study, efficacy in the
treatment of behavioural disturbances did not differ between trazodone, the other
treatments (haloperidol and BMT), and placebo, demonstrating an additional decline in
MMSE score with trazodone when compared to BMT[7]. Even so, other studies have
demonstrated that this drug can improve behavioural symptoms[18,17], making it not
possible to exclude a positive effect of trazodone on cognitive function through a decrease
in dementia behavioural disturbances. It is also important to state that despite not
demonstrating a positive effect, none of these two studies evidenced either a sustained[19]
or a direct negative effect[19,7] of trazodone in human cognition as well. At last, the
negative memory effects observed in Sakulsripong et al. could be due to the timing of
trazodone utilization: when given in the morning trazodone could impair memory tests due

to sedation and daily functioning impairment[20].

In between these results, Sasada et al. demonstrated that 25 mg of trazodone did not affect
cognitive function[6]. One could argue that this low dose could be insufficiently to have any
repercussions on cognition however, other studies included in this systematic
review[16,13,17,18,14] also demonstrated an absence of effect with higher doses,
suggesting that there is not a dose-dependent effect of trazodone in cognition. We also said
that acute sedation effects observed with trazodone treatment could impair cognitive
function in initial phases[5]. However, in this study by Sasada et al., we also have a short
follow-up period (eight days) with a relatively small population (nineteen participants), but
the acute detrimental effects of trazodone are not shown. One reason that could explain
this is the dose used in this study being half of the dose in Roth et al. study (that used 50
mg). Another reason is the younger and healthy population included in this study (healthy
male volunteers with ages comprised between 26 and 49 years) compared to the older and

diseased participants included in Roth et al. (patients with primary insomnia with ages
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comprised between 18 to 65 years). These findings could suggest that acute impairments in
cognition due to acute sedation effects observed with trazodone are related to diseased
older individuals since “the elderly are more vulnerable to the side effects of
pharmacological treatments” (Sasada et al., 2013). However, more studies are needed to

better understand this acute effect.

Lebert et al., Lawlor et al., Passeri et al., and Fudge et al. all demonstrate that even
medium-high doses of trazodone (at least 100 mg) can be used safely in the treatment of
behavioural disturbances in FTD[18] and AD[17], in depressive symptoms in mild to
moderate dementia[14] and in outpatients with depression[13] since no detrimental effects
on cognition were shown, along with good tolerability and minimum adverse events.
Nevertheless, in contrast with Riedel et al., Passeri et al. did not show an improved
cognitive function through alleviation of depressive symptoms[14]. In comparison to Riedel
et al., Passeri et al. had a long-term follow-up period (twelve weeks), included more
participants (n=120) with older age (more than 65 years), and used lower doses of
trazodone (100 mg). However, the authors state that do not completely understand why an
improvement in depressive symptoms does not lead to a better score on cognitive function
tests[14]. These results can be corroborated by Fudge et al.[13]. Furthermore, more studies
with longer follow-up periods should be conducted to understand if the absence of effect on
cognitive function that these studies demonstrate translates into additional cognitive

deterioration prevention.

Another aspect worth mentioning is related to patients’ caregivers. Stabilization of cognitive
decline in patients with dementia is not only relevant to the patient himself but also their

caregivers since, as reported by Pirker-Kees et al., caregiver burden increases with

18



patients’ cognitive decline[8]. Consequently, addressing cognitive decline also has a role in

decreasing caregiver burden and preventing burnout.

A quite interesting result is shown in La et al. study which demonstrated an association
between trazodone use and delayed cognitive decline in patients with normal cognition, AD,
and mild cognitive impairment, suggesting a potential role for its use in the treatment of
dementia itself, and not only in dementia’s comorbidities such as insomnia and
agitation[15]. However, the mechanism through which this was achieved was not
explored[15]. In this study, trazodone use and the follow-up period was considerably longer
than other studies included in this review that showed no effect or negative effects of
trazodone on cognition. These results demonstrate a longitudinal beneficial effect with long-
term trazodone use, not apparent after only a few weeks of utilization[15]. Thus, these
results suggest that trazodone may possess a double-dose non-dependent effect on
cognitive function: in acute use, it may impair cognitive function through its sedative acute
effects. On the other hand, when used continuously for long-term periods, this drug may act
on mechanisms that prevent deterioration in dementia, effects for which long periods of
time are required to be felt[15]. These mechanisms could include improvement in SWS and
prevention of UPR pathway overactivation as a result of both neurodegenerative diseases

(Figure 2) and sleep deprivation[15].

It is also important to mention that we did not observe a dose-dependent effect of trazodone
in cognition since studies with low and high doses demonstrated either a
positive[11,9,15,10,5], negative[12,19,20,7] or no effect[16,6,21,17,18,14,13,8] of this drug

on cognitive functions.

Limitations
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This study has some limitations that should make the readers interpret our findings with
caution. First, all but four studies[8,15,9,12] had small periods of trazodone utilization and
follow-up, with less than a year, preventing it from assessing if the beneficial effects of
trazodone could develop with continuous utilization, if they were truly persistent through
time or if the absence of effects could translate into additional cognitive deterioration
prevention. Second, the studies used a variety of different tests to evaluate trazodone’s
effects on cognition, making it difficult to compare results across different studies. Third,
most of the studies only evaluated the effect of trazodone in one or two cognitive domains,
which difficult the possibility of concluding about an effect on human cognition as a whole.
Fourth, three studies did not report the drug’s utilized doses[8,9,12]. Sixth, in one study,
reporting of adverse effects was made by participants spontaneously, some of whom with
dementia, which could lead to misrecognition of side effects and reporting bias[16]. Also,
there was one experimental study in which participants were aware of the intervention they
received[11], with a consequently possible influence in reporting the outcomes. Seventh,
the majority of our experimental studies included few participants in each treatment arm.
For that reason, future studies should incorporate a larger amount of participants. At last, of
all studies included in this systematic review that demonstrated a positive or detrimental
effect on cognition, none explains the mechanisms through which this occurs, making it
difficult to understand if these effects are mediated through improvement in SWS,
depression, and other behavioural disturbances, if they are attributable to a
pharmacological action (such as acting in UPR pathway) or to a combination of this effects,

opening doors for future larger and long-term prospective studies to answer this question.

Conclusion

20



In conclusion, trazodone is a widely used old molecule with multiple mechanisms of action,
some of which are useful to treat depression, insomnia, agitation, and other behavioural
disturbances][3], while others were recently discovered with benefits in the
pathophysiological mechanism of neurodegeneration in mice[2]. Given its common use in
the elderly population where some degree of cognitive decline is expected, the
establishment of its effects on cognition is of paramount importance to prevent accelerated
cognitive decline, patient quality of life deterioration, and caregiver burden. However, our
results are not totally conclusive since trazodone cognitive consequences are complex and
require more studies to fully understand its overall effect on human cognition. Despite that,
twelve of sixteen clinical studies demonstrated a neutral or even a beneficial effect on
cognition. This indicates that trazodone has no long-term detrimental effect on cognitive
function, thereby suggesting that, despite being FDA approved only for the treatment of
depression[3], trazodone can be used safely in the treatment of comorbid conditions of

patients with dementia, such as insomnia, agitation and other behavioural symptoms.

Our results also highlight the possibility of a dose-independent dual effect of trazodone on
human cognition, with acute utilization associated with impaired cognitive function and
longitudinally long-term use with cognitive deterioration prevention. None of the studies
evaluated its effects on the UPR pathway, and there was no evidence that trazodone could
be used as an active treatment of neurodegenerative diseases itself, although it seems that
it can integrate the therapeutic arsenal in these cases as a safe and well-tolerated adjuvant

treatment for dementia comorbidities with minimal adverse events.

For these reasons and since only animal studies were conducted so far exploring trazodone
effect on UPR pathway, future studies should privilege prospective double-blind large

randomized controlled trials that focus on evaluating the long term repercussions of
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trazodone in human cognition. This should be done in an ideally free depression and
insomnia context, with the utilization of tests that represents all cognitive domains and
exploring the role of trazodone on the UPR pathway. We consider that further study of
trazodone, an old molecule with new perspectives, is crucial for a better understanding of
neurodegenerative mechanisms that could open doors for potential sites of action of future

antidementia drugs.
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Table 1 Search strategies by database.

PubMed database

Search strategy in advanced search

(“Trazodone” [MeSH Terms] OR (“trazodone” [All Fields] OR
“Trazodone” [MeSH Terms] OR “Trazodone” [All Fields])) AND
(“Memory” [MeSH Terms] OR (“memories” [All Fields] OR “Memory”
[MeSH Terms] OR “Memory” [All Fields] OR “memories” [All Fields])
OR “Cognition” [MeSH Terms] OR (“Cognition” [MeSH Terms] or
“Cognition” [All Fields] OR “cognitions” [All Fields] OR “cognitive” [All

Fields] OR “cognitively” [All Fields] OR “cognitives” [All Fields]))

Web of Science database

Search strategy in advanced search

TS=((Trazodone) AND ((cognition) OR (memory)))

CENTRAL from Cochrane library database

Search strategy in search manager

#1 (*trazodone) in Trials (Word variations have been searched)
#2 (*cognition) in Trials (Word variations have been searched)
#3 (*memory) in Trials (Word variations have been searched)
#4 MeSH descriptor: [Trazodone] explode all trees

#5 MeSH descriptor: [Cognition] explode all trees

#6 MeSH descriptor: [Memory] explode all trees

7# (#1 OR #4) AND (#2 OR #3 OR #5 OR 6#)
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Table 2 Characteristics of trials included in systematic review.

Author(s) Title Year Study Follow-up Study size Population (age Intervention (dose; Comparator(s) Outcome(s) Effect of
design period (n° of in years or frequency) trazodone in
participants mean age in human’s
included in years ?) coghnition
final

analysis) and

gender

Alikhani et  “Effects of treatment of 2020  Randomized 12 weeks 75 Males outpatients Trazodone (50 mg; Trazodone (50 Primary outcome: the Positive
al. sleep disorders on trial participants with HIV/AIDS once daily) mg; once daily) impact of three different
sleep, psychological (46) undergoing sleep-improving
and cognitive methadone interventions (trazodone;
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functioning and

biomarkers in

individuals with
HIV/AIDS and under

methadone

maintenance therapy”

Sasada et “Effects of repeated

al. dosing with
mirtazapine,
trazodone, or placebo
on driving
performance and
cognitive function in

healthy volunteers”

2013  Double-blind,
placebo-
controlled
three-way

crossover

trial

8 days

75 male

participants

19
participants

(19)

19 male

participants

maintenance Sleep hygiene

therapy at the training (SHT);
Mehr Sina Clinic

of the Sleep hygiene + 50

Kermanshah mg of trazodone,

University of once daily

Medical Sciences

(39,60)

Healthy male Mirtazapine (15 mg;

volunteers with continuous nocturnal

driving license for doses)

25years and who

regularly drove a Trazodone (25 mg;

car: minimum, continuous nocturnal

5000 km/year doses)

(26-49).

Sleep hygiene sleep hygiene training;

training (SHT); sleep hygiene training +
trazodone) on sleep,

Sleep hygiene psychological and

+ 50 mg of cognitive functioning and

trazodone, once . . .
biomarkers in males with

daily HIV and undergoing
methadone maintenance
therapy. The cognitive
testing evaluated the
verbal working memory
(with The Digit Span
subtest) and sustained

attention /with the d2-test)

Placebo in Primary outcome: the No effect

identical effects of repeated

capsules treatments with
mirtazapine and
trazodone on driving
performance (road
tracking, car following,

and harsh braking) using

a driving simulator, and
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Camargos et~ “Trazodone Improves 2014  Double-blind, 7 to 9 days 47 Patients with Trazodone (50 mg; Placebo Primary outcome: the No effects
al. Sleep Parameters in randomized at baseline participants probable AD® and once daily at 10:00 effect of trazodone in
Alzheimer Disease and and 2 weeks (30) sleep P.M.) sleep disorders in
Patients: A controlled of treatment. disturbances patients with ADP (total
Randomized, Double- trial 10 male from the Geriatric sleep duration, in
Blind, and Placebo- participants medical center of minutes, during the
Controlled Study” the university’s nocturnal period)

general hospital

(60 or older) Secondary outcome:
change from baseline in
cognitive assessments

(for that, it was used
MMSES®, Paired Associate
Learning Test-Form |
(short-term memory) and
Paired Associate
Learning Test-Form Il
(long-term memory) of the
Wechsler Memory Scale

and Digit Span Test,



Arithmetic, Letter-Number
Sequencing, Digit
Symbol-Coding and
Symbol Search of the
Wechsler Adult

Intelligence scale (third

edition, WAIS-III))
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Lebert et al. “Frontotemporal
Dementia:
A Randomized,
Controlled Trial with

Trazodone”

2004

Randomized,
double-blind,
placebo-
controlled
cross-over

trial

Two 6-weeks

periods

31
participants

(26)

16 male

participants

Patients with
FTD?from the
University
Qutpatient
Memory Clinic of
Lille and Bailleul,
France, and the
Department of
Neurology, Heilig
Hart Ziekenhuis,

Roeselare,

Belgium (61,70)

Trazodone (the dose Placebo
was gradually
increased: 50-
100mg/day,
150mg/day, 300

mg/day)

Primary outcome: the No effect
effect of trazodone on
behavioural disturbances
(assessed by the total
Neuropsychiatry

Inventory (NPI) score)

Secondary variables
included the Clinical
Global Impression
Improvement and the

MMSES® score
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Riedel et al. “The Influence of 1999 Single blind 7 weeks 8 participants Outpatients Trazodone gelatin Placebo gelatin  Primary outcome: change Positive

Trazodone Treatment clinical trial (8) diagnosed with capsules (from 100 to capsules in psychomotor and

on Cognitive cognitive functions (for




Functions in
Outpatients with Major

Depressive Disorder”

2 male

participants

single or
recurrent
major depression
and insomnia

(43.50 + 2.60)

400 mg/day; twice Matched control
daily) group (30

volunteers)

that it was used the Word
Learning Test, the
Memory Scanning Test,
the Critical Flicker/Fusion
frequency, the Critical
Tracking Task, the
Divided Attention Test
and the Visual Vigilance
Test), and
depressive symptoms (for

that it was used a

psychiatric interview)




No effect

5'- Trazodone (100 Primary outcome: the

120 Normofolatemic
effect of 5'-

12 weeks

1993  Double-blind,
methyltetrahydrofolic mg; once daily,

“Oral 5'-
elderly patients

Passeri et al.
methyltetrahydrofolic randomized, participants
acid in senile organic controlled (96) with mild to acid (50 mg; once 1 tablet in the methyltetrahydrofolic acid
mental disorders with multicenter moderate daily, in the morning) morning and 1 on depressive symptoms
depression: Results of study 43 male dementia and tablet in the (assessed with the
a double-blind participants depression (more afternoon) Hamilton Depression
than 65 years) Rating Scale (HDRS))
and cognitive status

multicenter study”
(assessed with Rey's

Verbal Memory test
(RVM)), comparing to

trazodone.
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Sakulsripong “Does tolerance

etal. develop to the
sedative and amnesic
effects of
antidepressants? A
comparison of
amitriptyline,
trazodone and

placebo”

Fudge et al. “A comparison of the
effect of fluoxetine and
trazodone on the

cognitive functioning of

depressed outpatients”

1991  Double-blind,
crossover

study

1990 Double-blind,
randomized,
parallel-

design

clinical trial

2 weeks 12
participants
(12)
9 male
participants
Two periods: 38
1 week and participants
6 weeks (31)
periods

There was no

data on sex

discrimination

Normal healthy
volunteers (19 to

38 years)

Male and female
voluntaries with
major depressive
disorder (more

than 18 years)

Amitriptyline (37.5 mg
once daily for the first
7 days of treatment
and 75 mg once daily
for the next 7 days of

treatment)

Trazodone (100 mg
once daily for the first
7 days of treatment
and 200mg once
daily for the next 7

days of treatment)

Trazodone (from 100
to 250 mg/day for 3
weeks; 50 to 400
mg/day from week 4

to week 6)

Placebo

Amitriptyline
(37.5 mg once
daily for the first
7 days of
treatment and
75 mg once
daily for the next
7 days of

treatment)

Fluoxetine (20
mg/day for the
first 3 weeks; 40
mg/day on week
4; 20, 40 or 60
mg/day on

weeks 5 and 6)

Primary outcome: to Negative
examine whether

tolerance develops to the

sedative, anticholinergic,

psychomotor and memory

effects of trazodone and

amitriptyline.

Secondary outcome: the
effect of amitriptyline and
trazodone on memory
tasks (evaluated using
Free recall test, Corsi
block test, Digit span test,
Category generation,
‘News’ recall, Who's
who? and Matching to

sample)

Primary outcome: the No effect
effect of fluoxetine and
trazodone, on immediate
and short-term memory in
outpatients with

depression (for that it was

used the Guild memory
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Notes:

@The values for mean age in years are mean * standard deviation or mean age only
b Alzheimer disease

¢Mini Mental State Examination

4 Frontotemporal Dementia

¢ Behaviour management techniques

test: digit span and paired

associations)
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Table 3 Characteristics of observational cohort studies included in systematic review.

Author(s)

Title

Year

Study

design

Follow-up

period

Study size
(n° of
participants
included in
final
analysis)

and gender

Population (age
in years or
mean age in

years ?)

Intervention (dose;

frequency)

Comparator(s)

Outcome(s) Effect of
trazodone

in
human’s

coghnition
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La et al.

“Long-Term Trazodone
Use and Cognition: A
Potential Therapeutic

Role for Slow-Wave

Sleep Enhancers”

2019 Retrospective

cohort

Trazodone
users: 3.1
+1.9

years'

Non-
users: 5.1
+2.8

years'

347
participants

(50)

28 male

participants

Participants from
the UCSF
Memory and
Aging Center
cohort with sleep
disturbances and
AD®, mild
cognitive
impairment or
normal cognition

(75.40 + 7.50)

Trazodone (median
dosage of 50 mg; once

daily)

No trazodone

use

Primary outcome: the
change in MMSE®
between baseline and

final visits.

Secondary outcomes:
longitudinal changes in
cognitive testing of visual
and verbal episodic
memory through 10-
minute delayed
recognition of the Benson
Complex Figure and the
California Verbal Learning
Test (CVLT) and the
CVLT Second Edition.
Longitudinal performance
on Modified Trail-Making
B, Design Fluency,
Calculations, Digit-Span
Forward and Backward,
phonemic and semantic
Verbal Fluency, and
Stroop Color-Naming and
Interference. To evaluate
if this effects can be

translated to better

Positive
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Leng et

al.

“Antidepressant Use and
Cognitive Outcomes in

Very Old Women”

2018

Prospective

cohort

5years 2732 Community-
participants dwelling
(1234) caucasian
women enrolled
1234 female in the Study of
participants Osteoporotic

Fractures with

Antidepressants users:

Users of SSRIs alone (--:--

)d

Users of trazodone alone(-

-:--)d

Antidepressants

users:

Users of SSRIs

alone

disability scores through
the Clinical Dementia
Rating Scale Sum of

Boxes

Primary outcome: Negative
cognitive status (assessed
with the short-form
MMSES®, Trail Making Test
(Part B; Trails B), the
Modified MMSE (3MS),

the California Verbal
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and without Users of tricyclic
depression but antidepressants alone(--:--
with no cognitive )

impairment

(83.20 + 2.90) Users of any other or

multiple antidepressants(--

=)

Notes:

@The values for mean age in years are mean * standard deviation or mean age only
®The prospective dementia registry in Austria

¢ Alzheimer disease

4No data in the article

€ Mini Mental State Examination

fMean * standard deviation

Users of

trazodone alone

Users of tricyclic
antidepressants

alone

Users of any
other or multiple

antidepressants

Antidepressants

non-users

Learning Test (Second
Edition Short Form), Digit
Span test and Category

and Verbal Fluency tests)
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Table 4 Risk of bias of individual studies utilizing Cochrane Risk of Bias tool.

Studies Risk of bias

Randomization | Deviations | Missing | Measurement | Selection | Overall

process from the outcome of the of the risk of
intended data outcome reported bias
interventions result
Wang et al. | Some concerns Some Some Some
concerns concerns | concerns

Alikhani. et | Some concerns Some Some Some

al.

concerns concerns concerns

Sasada et

al.

Camargos et

al

Roth et al.

Some concerns

Lebert et al.




Teri et al.

Riedel et al.

Lawlor et al.

Passeri et al.

Sakulsripong

et al.

Fudge et al.

Some

concerns
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Table 5 Risk of bias of individual studies utilizing ROBINS-I criteria for cohort studies.

Studies Risk of bias
Confounding | Selection of | Classification | Deviations | Missing | Measurement | Selection | Overall
participants of from the data of the of the risk of
interventions intended outcome reported bias
interventions result
Pirker- | Moderate risk
Kees et
al.
La et | Moderate risk No No
al. information information
Burke | Moderate risk No
et al. information
Leng et | Moderate risk | Moderate
al risk
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PRISMA 2009 Flow Diagram
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Fig. 1 Prisma 2009 Flow Diagram
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Misfolded
proteins

UPR
overactivation

elF2a-P

Trazodone i,

l protein translation
and synthesis

Neurodegeneration

Fig. 2 UPR overactivation and trazodone site of action in the PERK branch of the UPR

pathway. In protein misfolding disorders there is a disruption in protein homeostasis through
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endoplasmic reticulum (ER) stress, leading to the activation and dysregulation of the UPR
response [4]. UPR acts as a cellular mechanism for the regulation of protein homeostasis
when there are misfolded proteins [4] and coordinates this process through three ER
transmembrane proteins: PERK, inositol-requiring enzyme 1 (IRE1), and activating
transcription factor 6 (ATF6). Thus, in the face of misfolded proteins, PERK dimerizes,
autophosphorylates, and becomes activated. Subsequently, PERK phosphorylates the a-
subunit of elF2, averting the formation of the ternary complex, resulting in a consequent
blockage of proteins crucial for learning, memory, synaptic maintenance, and neuronal
survival [4]. On the other hand, PERK activation culminates with the translation of the
activating transcription factor 4 (ATF4) which upregulates proteins that restore cellular
homeostasis and CHOP [4].

Trazodone acts in the PERK branch of the UPR pathway downstream of elF2a-P,
preventing it from reducing levels of the ternary complex, allowing protein translation to
occur [2], restoring neuronal protein synthesis rates, enabling a boost of memory and
preventing neurodegeneration in mice models [4]. UPR: Unfolded protein response; PERK-
P: phosphorylated RNA (PKR)-like ER kinase; elF2a: a-subunit of eukaryotic initiation

factor 2; ATF4: activating transcription factor 4; CHOP: CEBP homologous protein
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Reported
Section/topic # Checklist item on page
#
TITLE
Title 1 | “The effects of Trazodone on human cognition: a systematic review” 2
ABSTRACT
Structured summary 2 | “Trazodone is a widely used antidepressant, also useful in the control of agitation and insomnia in | 3

Alzheimer's disease. It is now recognized a new mechanism of action for trazodone, based on its
effect on the Unfolded Protein Response (UPR) pathway, restoring protein translation and
slowing neurodegenerative progression in mice. These mechanisms may be seen as promising in
dementia modifying treatment.

To explore the effects of trazodone on human cognition and search for clinical evidence of its
putative benefits in human’s neurodegenerative diseases, a systematic review was conducted for
studies that evaluated the effect of a minimum of 25 mg of trazodone daily, for at least one week,
in the cognition of healthy or diseased patients with eighteen years or more. The search was run

in MEDLINE, Web of Science, and CENTRAL from Cochrane databases, yielding a total of 16




studies, after selection. Overall, seven studies showed no effect of trazodone on cognition, five
showed a beneficial effect by improving or reducing cognitive decline and four evidenced
impaired cognitive function. Our analysis highlights the possibility of a dose-independent dual
effect of trazodone on human cognition, with acute utilization associated with impaired cognitive
function and long-term use with cognitive deterioration prevention. There was no evidence that
trazodone could be used as an active treatment of neurodegenerative diseases itself, but the
majority (n=12) of our findings indicate that it has no long-term cognitive detrimental effect. Future
studies should explore trazodone’s role in the UPR pathway and the implications in

neurodegenerative diseases in humans.”

INTRODUCTION

Rationale

“Although being FDA approved only for use in the treatment of major depression, trazodone, a
widespread drug created in the 1960s, is used off label to control agitation and insomnia in
Alzheimer’s disease. It is now recognized a new mechanism of action for this drug, based on its
effect in the UPR pathway. As a result, and as stated by Halliday et al., it could be seen as a new
disease-modifying treatment for neurodegenerative diseases in humans. To establish the effects

of trazodone on human cognition would have a great effect on medical practice, given the




increasing prevalence of neurodegenerative diseases and the extensive use of trazodone in this

population of patients.”

Objectives “‘we aimed to establish the effects of trazodone on human cognition and to find out if there was | 5
evidence that it could be used in the treatment of neurodegenerative diseases in humans.”

METHODS

Protocol and registration “This review is registered in PROSPERO International prospective register of systematic reviews | 8
(Registration number: CRD42020172577) and can be accessed at
https://www.crd.york.ac.uk/PROSPERO/display record.php?RecordID=172577. However, due to
the COVID-19 pandemic, the review protocol was published exactly as submitted.”

Eligibility criteria “Our target population was healthy or diseased adults with eighteen years old or more. The 6-7

diseased patients could have all types of iliness, from atherosclerotic disease to psychiatric
conditions. We excluded animal studies since we aimed to study the consequences in humans so
that it was possible to assess the implications for clinical practice.

Our intervention consisted of a minimum of 25 mg of trazodone daily, for at least one week, to
observe the chronic effects of this drug and not the effects obtained after a single dose.

Consequently, we excluded studies that only tested the acute effects of trazodone by using itin a




one-time-only fashion. The dose of 25 mg was chosen because it is the minimum dose that is
used and that is capable of producing some effects of the drug observed in clinical practice. In

terms of comparators, all comparators were accepted without restriction.

Our main outcome was to study the effect of trazodone on human cognition. To assess that, we
analysed all instruments that measured the cognitive impairment that appeared in the studies

included in the qualitative synthesis.

Our secondary outcome was to ascertain if trazodone could be included in the treatment of
neurodegenerative diseases in humans. To assess that, we searched for beneficial effects of
trazodone in cognitive decline and the mechanisms through which that can occur reported in the
studies included in the analysis.

The studies included comprised of randomized controlled trials, non-randomized ftrials,

retrospective, and prospective cohorts. No limits in language or publication year were applied.”

Information sources

“The literature search was done in electronic databases from September 14 to September 22,
2020. The search was conducted in MEDLINE (1990-Present), Web of Science (1999-Present),

and CENTRAL from Cochrane (1994-Present). The last search was run on November 2, 2020.”




Search 8 | “CENTRAL from Cochrane library database- Search strategy in search manager: 23

#1 (*trazodone) in Trials (Word variations have been searched)
#2 (*cognition) in Trials (Word variations have been searched)
#3 (*memory) in Trials (Word variations have been searched)
#4 MeSH descriptor: [Trazodone] explode all trees

#5 MeSH descriptor: [Cognition] explode all trees
#6 MeSH descriptor: [Memory] explode all trees
7# ((#1 OR #4) AND (#2 OR #3 OR #5 OR 6#)”

Study selection 9 | “Studies were selected in two phases by two reviewers independently. In the first phase, articles | 7
were chosen by their title and abstract. In the second phase, the articles selected in the previous
phase were read in full to search for inclusion. Data were collected manually by the two reviewers
independently and synthesized in tables. Controversies between reviewers were decided with
discussion and consensus. “

Data collection process | 10 | “Data were collected manually by the two reviewers independently and synthesized in tables.” 7

Data items 11 | “For each study included, the following information was collected: the study author(s), title, year of | 7-8

publication and design, the follow-up period, the study size, the population being studied, its age




and sex, the intervention under study, the comparators used and the outcome measures (Table 2
and Table 3). The effects of trazodone on human cognition were synthesized using a table to
represent all scores of the cognitive evaluation scales obtained to reach a final result of the effect.
The final result was divided into three categories: no effect (defined as neither improving nor
impairing cognition), positive effect (defined as cognition improvement or delayed cognitive

decline), and negative effect (defined as cognition impairment).”

Risk of bias in individual | 12 | “To ascertain the risk of bias, the two reviewers worked blindly and independently. For a formal 8

studies
risk of bias assessment, it was used the Cochrane risk of bias tool for randomized controlled trials

and the ROBINS criteria for observational studies.”

Summary measures 13 | Nao aplicavel, uma vez que esta revisao sistematica ndo se acompanhou de meta-analise

Synthesis of results 14 | Nao aplicavel, uma vez que esta revisao sistematica ndo se acompanhou de meta-analise

Page 1 of 2

Section/topic # Checklist item Reported
on page #




Risk of bias across | 15| “To ascertain the risk of bias, the two reviewers worked blindly and independently. For a formal 8
studies
risk of bias assessment, it was used the Cochrane risk of bias tool for randomized controlled trials
and the ROBINS criteria for observational studies.”
Additional analyses 16 | Nao aplicavel, uma vez que esta revisado sistematica ndo se acompanhou de meta-analise
RESULTS
Study selection 17 | “A total of sixteen studies were included in the final qualitative analysis of the review, four of 8-9

which were observational studies, and twelve were experimental studies. After the search in
electronic databases, a total of 267 citations were found. However, after removing the duplicates,
218 studies remained and were screened. Of this, and based on out of context titles and
abstracts, 186 were excluded and 32 full-text articles were assessed for eligibility. Sixteen articles
were subsequently excluded because of the following reasons: there was no data on outcomes of
interest (n=2), there was no follow-up period between trazodone use and effect assessment
(n=10), the study comprised only a commentary on an article (n=1), an abstract (n=1) or a letter
to the editors (n=1), or it was a randomized clinical trial in recruiting phase (n=1). Sixteen studies

met the inclusion criteria and were included in the final analysis (See Figure 1).”




Study characteristics

18

“For each study, the information collected is presented in Tables 2 and 3. The minimum and
maximum follow-up periods observed was eight days[6] and sixteen weeks[7], respectively, for
experimental studies and twelve months[8] and thirteen years[9], respectively, for observational
studies (Table 2 and Table 3).

Overall, the sixteen studies included 8646 participants in the final analysis, with sample sizes
ranging from 8[10] to 6798 participants[9]. All studies assessed adult individuals with at least
eighteen years of age, and the majority included males and females, with two studies including
only males[11,6], one including only females[12], and one study not discriminating the sex[13].
The participants were either healthy or diseased patients with one or more of the following
conditions: arteriosclerotic cerebral small vessel disease (ASVD), insomnia, HIV/AIDS, dementia,
Alzheimer’s disease, Frontotemporal dementia, and depression (Table 2 and Table 3).

The study designs englobed randomized trials (n=10), non-randomized trials (n=1), trials without
reference to the randomization (n=1), retrospective cohorts (n=2), and prospective cohorts (n=2)
published from 1990 to November of 2020. Only three randomized controlled trials did not use a
placebo in the comparator arm[11,13,14]. Intervention groups consisted of trazodone (with doses
ranging from 25mg to 40mg for a minimum of one week) alone or in association with sleep

hygiene training (SHT) and mirtazapine (15mg) and of haloperidol (0.5mg), behaviour

9-10, 24-
37




management techniques (BMT), buspirone (30mg), 5'-methyltetrahydrofolic acid (50 mg),
amitriptyline (37.5 to 75 mg), sleep medications, zolpidem, benzodiazepines, tricyclic
antidepressants or noradrenaline reuptake inhibitors. Only one cohort study reported the doses
used in the intervention groups[15] (Table 3).

All studies evaluated the effects of continuous doses of trazodone on cognition as a primary or

secondary outcome. All other outcomes can be consulted in Table 2 and Table 3.”

Risk of
studies

bias

within

19

“Table 4 displays the results from the quality assessment of experimental studies using the
Cochrane risk of bias tool. Of the twelve studies included, six had a low overall risk of bias, five
had a high risk, and one some concerns. For the high-risk studies, the main problems arose from
the randomization process, deviations from the intended interventions, and the selection of the
reported result. Detailed evaluation can be assessed in Table 4. For observational studies, Table
5 shows the results obtained using ROBINS-I criteria. Three studies presented an overall serious
risk of bias mainly due to residual confounding and poor characterization of intervention, and in
one study it was not possible to conclude about the risk of bias due to lack of information about

the concomitance of the beginning of the intervention and the follow-up (Table 5).”

14, 38-40




Results of individual
studies

20

Nao aplicavel, uma vez que esta revisao sistematica ndo se acompanhou de meta-analise

Synthesis of results 21 | Nao aplicavel, uma vez que esta revisao sistematica ndo se acompanhou de meta-analise
Risk of bias across | 22 | “Table 4 displays the results from the quality assessment of experimental studies using the 14, 38-40
studies
Cochrane risk of bias tool. Of the twelve studies included, six had a low overall risk of bias, five
had a high risk, and one some concerns. For the high-risk studies, the main problems arose from
the randomization process, deviations from the intended interventions, and the selection of the
reported result. Detailed evaluation can be assessed in Table 4. For observational studies, Table
5 shows the results obtained using ROBINS-I criteria. Three studies presented an overall serious
risk of bias mainly due to residual confounding and poor characterization of intervention, and in
one study it was not possible to conclude about the risk of bias due to lack of information about
the concomitance of the beginning of the intervention and the follow-up (Table 5).”
Additional analysis 23 | Nao aplicavel, uma vez que esta revisao sistematica ndo se acompanhou de meta-analise
DISCUSSION
Summary of evidence 24 | “So far, studies evaluating the effects of trazodone on human cognition demonstrated diverse 14-19

results, with some presenting a neutral or a positive effect, while others display an impairment on




cognition, making it difficult to reach a final conclusion. Overall, in our systematic review, the
majority of studies (n=12) reported no effect or a positive effect of trazodone on cognitive
function, while four demonstrated a negative result (Table 2 and Table 3). Although our main
findings suggest that trazodone does not impair human cognition and may even have a beneficial
effect, more studies are needed to confirm the overall effect of trazodone on cognitive function.
Wang et al., Alikhani et al., Riedel et al., La et al., and Burke et al. all demonstrated a beneficial
effect of trazodone in cognition[11,5,15,10,9]. However, this positive result could be attributed to
the effects of the improvement of sleep disturbances like insomnia[11,9,15,5] and depressive
symptoms this drug offers[10]. It is known that insomnia contributes to the progression of
neurodegenerative diseases since it is associated with cognitive deterioration[11,9,5]. For that
reason, it seems plausible that a drug, like trazodone, that increases sleep continuity and slow-
wave sleep (SWS) ratio could, consequently, improve cognitive function[5]. Depressive symptoms

are also related to cognitive decline[20] since it was associated with poor sleep and anxiety[11].

On the other hand, it is also known that antidepressants with muscarinic receptor antagonism
activity can induce cognitive dysfunction[10]. However, in the study conducted by Riedel et al.

high doses of trazodone (100 to 400 mg/day) improved memory and cognitive function in




outpatients with depression[10]. The main reason that could explain these findings is the absence
of a pronounced antimuscarinic effect observed with trazodone, even at higher doses, since this
drug has the least antimuscarinic effect within anticholinergic antidepressants[10]. On the other
hand, Leng et al. evidenced an association of trazodone and increase risk of cognitive impairment
in old women without cognitive disturbances after five years, even when adjusting for baseline
cognition and depressive symptoms, and after excluding participants with high depressive
symptoms[12], suggesting a negative effect on cognition that is independent of depression
improvement. However, it is important to say that in this study, of the total number of participants
(n=1234) only fifteen used trazodone alone. Besides that, since it only included older Caucasian
women, these results could not be generalized to a different age, sex, and race participants[12].
For that reason, future studies should evaluate if this association between trazodone use and
cognitive decline is directly due to a negative effect of this antidepressant or if it is due to the

detrimental effect depression exerts on cognitive function.

To sum up, all studies that obtained a positive effect of trazodone on cognitive functions
evaluated participants with ASVD, sleep disorders, HIV/AIDS undergoing methadone

maintenance therapy, major depression, AD or mild cognitive impairment, disorders frequently




comorbid with insomnia and depression[11,5]. For that reason, the majority of these studies
demonstrated a positive effect that is possibly not due to the effects of trazodone on cognition
directly but is instead mediated through an improvement in sleep disorders and depressive
symptoms. Despite this, none of these results showed a negative effect on cognitive deterioration

as well.

On the other spectrum, Roth et al. demonstrated a mild decremental effect on short-term memory
and verbal learning with short-term low doses of trazodone (50 mg) in patients with primary
insomnia[19]. However, in concordance to studies mentioned above, trazodone improved
cognitive function employing an indirect beneficial effect in the treatment of insomnia.
Nevertheless, the results obtained in Roth et al. are still plausible since and as Wang et al.,
stated, acute sedation effects observed with trazodone treatment could impair cognitive function
in initial phases, repercussions that decrease with continuous therapy[5]. Roth et al.’s study only
evaluated the acute effects of trazodone treatment (seven days) thereby preventing a potential
improvement on cognitive tests used. For that reason, and as the author’s state, long-term
treatment periods with this drug should be considered in future studies to better understand its

true effects on human cognition. On that line, Teri et al. conducted a study with a follow-up period




of sixteen weeks[7]. In that study, efficacy in the treatment of behavioural disturbances did not
differ between trazodone, the other treatments (haloperidol and BMT), and placebo,
demonstrating an additional decline in MMSE score with trazodone when compared to BMT[7].
Even so, other studies have demonstrated that this drug can improve behavioural
symptoms[18,17], making it not possible to exclude a positive effect of trazodone on cognitive
function through a decrease in dementia behavioural disturbances. It is also important to state
that despite not demonstrating a positive effect, none of these two studies evidenced either a
sustained[19] or a direct negative effect[19,7] of trazodone in human cognition as well. At last, the
negative memory effects observed in Sakulsripong et al. could be due to the timing of trazodone
utilization: when given in the morning trazodone could impair memory tests due to sedation and

daily functioning impairment[20].

In between these results, Sasada et al. demonstrated that 25 mg of trazodone did not affect
cognitive function[6]. One could argue that this low dose could be insufficiently to have any
repercussions on cognition however, other studies included in this systematic
review[16,13,17,18,14] also demonstrated an absence of effect with higher doses, suggesting

that there is not a dose-dependent effect of trazodone in cognition. We also said that acute




sedation effects observed with trazodone treatment could impair cognitive function in initial
phases[5]. However, in this study by Sasada et al., we also have a short follow-up period (eight
days) with a relatively small population (nineteen participants), but the acute detrimental effects of
trazodone are not shown. One reason that could explain this is the dose used in this study being
half of the dose in Roth et al. study (that used 50 mg). Another reason is the younger and healthy
population included in this study (healthy male volunteers with ages comprised between 26 and
49 years) compared to the older and diseased participants included in Roth et al. (patients with
primary insomnia with ages comprised between 18 to 65 years). These findings could suggest
that acute impairments in cognition due to acute sedation effects observed with trazodone are
related to diseased older individuals since “the elderly are more vulnerable to the side effects of
pharmacological treatments” (Sasada et al., 2013). However, more studies are needed to better

understand this acute effect.

Lebert et al., Lawlor et al., Passeri et al., and Fudge et al. all demonstrate that even medium-high
doses of trazodone (at least 100 mg) can be used safely in the treatment of behavioural
disturbances in FTD[18] and AD[17], in depressive symptoms in mild to moderate dementia[14]

and in outpatients with depression[13] since no detrimental effects on cognition were shown,




along with good tolerability and minimum adverse events. Nevertheless, in contrast with Riedel et
al., Passeri et al. did not show an improved cognitive function through alleviation of depressive
symptoms[14]. In comparison to Riedel et al., Passeri et al. had a long-term follow-up period
(twelve weeks), included more participants (n=120) with older age (more than 65 years), and
used lower doses of trazodone (100 mg). However, the authors state that do not completely
understand why an improvement in depressive symptoms does not lead to a better score on
cognitive function tests[14]. These results can be corroborated by Fudge et al.[13]. Furthermore,
more studies with longer follow-up periods should be conducted to understand if the absence of
effect on cognitive function that these studies demonstrate translates into additional cognitive

deterioration prevention.

Another aspect worth mentioning is related to patients’ caregivers. Stabilization of cognitive
decline in patients with dementia is not only relevant to the patient himself but also their
caregivers since, as reported by Pirker-Kees et al., caregiver burden increases with patients’
cognitive decline[8]. Consequently, addressing cognitive decline also has a role in decreasing

caregiver burden and preventing burnout.




A quite interesting result is shown in La et al. study which demonstrated an association between
trazodone use and delayed cognitive decline in patients with normal cognition, AD, and mild
cognitive impairment, suggesting a potential role for its use in the treatment of dementia itself,
and not only in dementia’s comorbidities such as insomnia and agitation[15]. However, the
mechanism through which this was achieved was not explored[15]. In this study, trazodone use
and the follow-up period was considerably longer than other studies included in this review that
showed no effect or negative effects of trazodone on cognition. These results demonstrate a
longitudinal beneficial effect with long-term trazodone use, not apparent after only a few weeks of
utilization[15]. Thus, these results suggest that trazodone may possess a double-dose non-
dependent effect on cognitive function: in acute use, it may impair cognitive function through its
sedative acute effects. On the other hand, when used continuously for long-term periods, this
drug may act on mechanisms that prevent deterioration in dementia, effects for which long
periods of time are required to be felt{15]. These mechanisms could include improvement in SWS
and prevention of UPR pathway overactivation as a result of both neurodegenerative diseases

(Figure 2) and sleep deprivation[15].




It is also important to mention that we did not observe a dose-dependent effect of trazodone in
cognition since studies with low and high doses demonstrated either a positive[11,9,15,10,5],

negative[12,19,20,7] or no effect[16,6,21,17,18,14,13,8] of this drug on cognitive functions.”

Limitations

25

“This study has some limitations that should make the readers interpret our findings with caution.
First, all but four studies[8,15,9,12] had small periods of trazodone utilization and follow-up, with
less than a year, preventing it from assessing if the beneficial effects of trazodone could develop
with continuous utilization, if they were truly persistent through time or if the absence of effects
could translate into additional cognitive deterioration prevention. Second, the studies used a
variety of different tests to evaluate trazodone’s effects on cognition, making it difficult to compare
results across different studies. Third, most of the studies only evaluated the effect of trazodone
in one or two cognitive domains, which difficult the possibility of concluding about an effect on
human cognition as a whole. Fourth, three studies did not report the drug’s utilized doses|[8,9,12].
Sixth, in one study, reporting of adverse effects was made by participants spontaneously, some of
whom with dementia, which could lead to misrecognition of side effects and reporting bias[16].

Also, there was one experimental study in which participants were aware of the intervention they

19-20




received[11], with a consequently possible influence in reporting the outcomes. Seventh, the
majority of our experimental studies included few participants in each treatment arm. For that
reason, future studies should incorporate a larger amount of participants. At last, of all studies
included in this systematic review that demonstrated a positive or detrimental effect on cognition,
none explains the mechanisms through which this occurs, making it difficult to understand if these
effects are mediated through improvement in SWS, depression, and other behavioural
disturbances, if they are attributable to a pharmacological action (such as acting in UPR pathway)
or to a combination of this effects, opening doors for future larger and long-term prospective

studies to answer this question.”

Conclusions

26

“In conclusion, trazodone is a widely used old molecule with multiple mechanisms of action, some
of which are useful to treat depression, insomnia, agitation, and other behavioural
disturbances][3], while others were recently discovered with benefits in the pathophysiological
mechanism of neurodegeneration in mice[2]. Given its common use in the elderly population
where some degree of cognitive decline is expected, the establishment of its effects on cognition

is of paramount importance to prevent accelerated cognitive decline, patient quality of life

20-22




deterioration, and caregiver burden. However, our results are not totally conclusive since
trazodone cognitive consequences are complex and require more studies to fully understand its
overall effect on human cognition. Despite that, twelve of sixteen clinical studies demonstrated a
neutral or even a beneficial effect on cognition. This indicates that trazodone has no long-term
detrimental effect on cognitive function, thereby suggesting that, despite being FDA approved
only for the treatment of depression[3], trazodone can be used safely in the treatment of comorbid
conditions of patients with dementia, such as insomnia, agitation and other behavioural

symptoms.

Our results also highlight the possibility of a dose-independent dual effect of trazodone on human
cognition, with acute utilization associated with impaired cognitive function and longitudinally long-
term use with cognitive deterioration prevention. None of the studies evaluated its effects on the
UPR pathway, and there was no evidence that trazodone could be used as an active treatment of
neurodegenerative diseases itself, although it seems that it can integrate the therapeutic arsenal
in these cases as a safe and well-tolerated adjuvant treatment for dementia comorbidities with

minimal adverse events.

For these reasons and since only animal studies were conducted so far exploring trazodone effect




on UPR pathway, future studies should privilege prospective double-blind large randomized
controlled trials that focus on evaluating the long term repercussions of trazodone in human
cognition. This should be done in an ideally free depression and insomnia context, with the
utilization of tests that represents all cognitive domains and exploring the role of trazodone on the
UPR pathway. We consider that further study of trazodone, an old molecule with new perspectives,
is crucial for a better understanding of neurodegenerative mechanisms that could open doors for

potential sites of action of future antidementia drugs.”
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SUBMISSION GUIDELINES

INSTRUCTIONS FOR AUTHORS

TYPES OF PAPERS

Original research papers The number of printed pages per article including figures,
tables and references should not exceed 8-10 printed pages (one printed page
accounts to approx 650 words or 4300 characters, plain text without spaces; figures
and tables have to be counted extra as half a page each).

Editorials (without abstract)

Letter to the Editor A commentary or a case report or otherwise a brief communication
on a specific topic should have no more than 600 words main text (excepting the
reference list) and contain no more than one table or one figure. The letter should not
contain an abstract and should not be subdivided into sections.

Review articles Review articles on various topics are welcome. Both invited and
unsolicited submissions are published. Any submitted review will be peer-reviewed as
other submissions. A word limit is not specified for reviews. The Journal welcomes
“full-sized” reviews of up to 4,000 words (main text) as well as “condensed” reviews or
“occasional updates” of around 1,000 words. If a meta-analysis is part of a review
article, please refer to the section below “Reporting on Meta-Analyses”. For unsolicited
review articles, submissions should be accompanied by a cover letter which explains
in detail: (i) whether the review is a systematic review (preferred) or a narrative review.
If it is a narrative review, the reason why this procedure was favored needs to be given.
(ii) the objective of the review. Specifically, it should be described what the review is
expected to add. The author should also cite here the most recent and/or most similar
published related manuscripts and briefly explain the gain of knowledge by the present
manuscript as compared to the previous papers. (iii) a rationale for the methods
selected, i.e. for the search strategy, for the method how relevant data was extracted,
and for the analysis of the results. (iv) a brief description of the limitations of the review,
accompanied by an explanation why the review is considered as valid despite the
respective limitation. For instance, if just three articles were summarized, this should
be emphasized here and it could be explained that there are no other high-quality data
available and how this review still provides novel knowledge.

Reporting Clinical Trials The Editors believe that it is important to foster a
comprehensive, publicly available database of clinical trials. In compliance with the
guidelines of the International Committee of Medical Journal Editors (ICMJE), EJCP
therefore requires that authors must register clinical trials before the first subject is
enrolled. This policy goes into effect on June 1, 2007. Trials that were under way
before that date and not registered and that are submitted to EJCP no later than June
1, 2008 will not be forced under the new guideline. For EJCP, clinical trial is defined
as any research project that prospectively assigns human subjects to a
pharmacological intervention or concurrent comparison or control groups to study the



cause-and-effect relationship between this intervention and a health outcome. The
ICMJE policies on registration of clinical trials can be found at:
http://www.icmje.org/clin_trialup.htm. EJCP does not advocate one particular registry.
Appropriate registries (such as www.clinicaltrials.gov) must be (1) accessible to the
public at no charge, (2) open to all prospective registrants, and (3) managed by a not-
for-profit organization. There must be a mechanism to ensure the validity of the
registration data, and the registry should be electronically searchable. An acceptable
registry must include at minimum the data elements available at the ICMJE website
listed above. The title page of a manuscript describing the results of a clinical trial must
contain the name of the clinical trial registry and registration number of the trial. Any
report of a clinical trial not containing such information will be returned to the
corresponding author without review. Reports of randomized, controlled trials should
follow the recommendations of the Consolidated Standards of Reporting Trials
(CONSORT) statement. See for the current CONSORT guidelines and checklist
http://www.consort-statement.org/statement/revisedstatement.htm.

e Reporting on Meta-Analyses  All meta-analyses to be published in the Journal
should have clear objectives regarding drug effects and be based on a thorough,
systematic and recent review of the literature. Usually, a meta-analysis is done to
determine the general and more specific effects on the basis of various small or large
studies investigating the same research questions. The search strategy, selection
process and statistical methods used should be described in detail in the manuscript.
Beyond the type and design of selected studies, authors should provide details on
exposure regarding the drug(s) to be examined, i.e., substance, dose, route of
administration, and duration of treatment. Relevant patient characteristics, e.g.
demographics, disease state and comedication, should be described in sufficient
detail. Meta-analyses of clinical trials should be accompanied by the PRISMA flow
diagram and checklist (Liberati et al., PLoS Med. 2009 Jul 21;6(7):e1000100), those
of observational studies of clinical trials should be accompanied by the MOOSE
checklist (Stroup et al., JAMA. 2000 Apr 19;283(15):2008-12). The preferred length of
meta-analyses is as described above for original research papers. Extensive tables
on the characteristics of included or excluded studies should be submitted as
Electronic Supplementary Material (ESM) (for detailed information on ESM see also
Electronic Supplementary Material in the Instructions for Authors ) and will be
published online only.

SPECIAL ISSUES

« Contributions that are part of a Special Issue must include the following footnote on the title
page:

"This article is published as part of the Special Issue on [title of the Special Issue]"

MANUSCRIPT SUBMISSION



Submission of a manuscript implies: that the work described has not been published before;
that it is not under consideration for publication anywhere else; that its publication has been
approved by all co-authors, if any, as well as by the responsible authorities — tacitly or
explicitly — at the institute where the work has been carried out. The publisher will not be held
legally responsible should there be any claims for compensation.

PERMISSIONS

Authors wishing to include figures, tables, or text passages that have already been published
elsewhere are required to obtain permission from the copyright owner(s) for both the print
and online format and to include evidence that such permission has been granted when
submitting their papers. Any material received without such evidence will be assumed to
originate from the authors.

ONLINE SUBMISSION

Please follow the hyperlink “Submit manuscript” on the right and upload all of your manuscript
files following the instructions given on the screen.

Please ensure you provide all relevant editable source files. Failing to submit these source
files might cause unnecessary delays in the review and production process.

RE-SUBMISSION OF REVISED VERSIONS

Revised manuscript versions should be submitted both as an annotated copy with all changes
marked and as a clean copy. Any resubmission should be accompanied by a response letter
which should repeat each of the comments made either by the reviewers or by the editors to
the previous version, followed by the reply of the authors to the respective comment and a
separate description of any changes made in the article to take the comment into account.
Non-adherence to this procedure will result in rejection of the manuscript on formal grounds.
Here are two examples for a proper formal handling of comments:

o Example #1:
Comment: “The abstract should contain more quantitative information.”
Answer: “We agree.”

Action: “We added AUC values for the drug in healthy volunteers and in dialysis
patients in the abstract.”

o Example #2:

Comment: “I think this study would have more value if a higher dose of the perpetrator
drug was studied”.



Answer: “We disagree. A higher dose of the perpetrator drug might mediate a more
pronounced effect, but the potential increase in concentrations of the victim drug might
have caused an unacceptable risk for the participants.”

Action: “None.”
AUTHORSHIP PoLicy

Authorship should incorporate and should be restricted to those who have contributed
substantially to the work in one or more of the following categories:

» Conceived of or designed study

* Performed research

* Analyzed data

+ Contributed new methods or models

* Wrote the paper

CONTRIBUTIONS OF AUTHORS STATEMENT

Itis required to specify the contribution/responsibility of each author in the work in a statement
at the end of the manuscript. State the contribution detailed, with relevance to the
international guidelines of co-authorship by ICMJE and for each author separately.

The statement should be placed after the Acknowledgments and before the reference list.

All submissions are checked via the plagiarism detection software iThenticate.
Submissions suspected of any kind of plagiarism will be rejected immediately without further
peer-review.

Manuscripts must strictly follow the formal requirements described in the
»Instructions for Authors®“. Otherwise, papers will be administratively rejected. To avoid
unnecessary delays, manuscripts should be prepared in accordance with journal
requirements.

ICMJE quidelines

TITLE PAGE
Please make sure your title page contains the following information.
Title

The title should be concise and informative.



Author information

e The name(s) of the author(s)

o The affiliation(s) of the author(s), i.e. institution, (department), city, (state), country
e Aclear indication and an active e-mail address of the corresponding author

« If available, the 16-digit ORCID of the author(s)

If address information is provided with the affiliation(s) it will also be published.

For authors that are (temporarily) unaffiliated we will only capture their city and country of
residence, not their e-mail address unless specifically requested.

ABSTRACT

Please provide a structured abstract of 150 to 250 words which should be divided into the
following sections:

e Purpose (stating the main purposes and research question)
e Methods

e Results

e Conclusion

For life science journals only (when applicable)

Trial registration number and date of registration

Trial registration number, date of registration followed by “retrospectively registered”
KEYWORDS

Please provide 4 to 6 keywords which can be used for indexing purposes.
DECLARATIONS

All manuscripts must contain the following sections under the heading 'Declarations'.

If any of the sections are not relevant to your manuscript, please include the heading and
write 'Not applicable' for that section.

To be used for all articles, including articles with biological applications
Funding (information that explains whether and by whom the research was supported)
Conflicts of interest/Competing interests (include appropriate disclosures)
Availability of data and material (data transparency)

Code availability (software application or custom code)



Authors' contributions (optional: please review the submission guidelines from the journal
whether statements are mandatory)

Additional declarations for articles in life science journals that report the
results of studies involving humans and/or animals

Ethics approval (include appropriate approvals or waivers)
Consent to participate (include appropriate statements)
Consent for publication (include appropriate statements)

Please see the relevant sections in the submission guidelines for further information as well
as various examples of wording. Please revise/customize the sample statements according
to your own needs.

TEXT

TEXT FORMATTING
Manuscripts should be submitted in Word.

e Use a normal, plain font (e.g., 10-point Times Roman) for text.

o Use italics for emphasis.

o Use the automatic page numbering function to number the pages.

e Do not use field functions.

o Use tab stops or other commands for indents, not the space bar.

« Use the table function, not spreadsheets, to make tables.

o Use the equation editor or MathType for equations.

e Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).

Manuscripts with mathematical content can also be submitted in LaTeX.

LaTeX macro package (Download zip, 188 kB)

HEADINGS

Please use no more than three levels of displayed headings.

ABBREVIATIONS

Abbreviations should be defined at first mention and used consistently thereafter.
FOOTNOTES

Footnotes can be used to give additional information, which may include the citation of a
reference included in the reference list. They should not consist solely of a reference citation,



and they should never include the bibliographic details of a reference. They should also not
contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by
superscript lower-case letters (or asterisks for significance values and other statistical data).
Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.
ACKNOWLEDGMENTS

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on
the title page. The names of funding organizations should be written in full.

SPECIFIC REMARKS

e Introduction This section can be brief and should state the relevant background for
and the main purposes of the study reported. Avoid review type introductions.

o Terminology Generic names of drugs and pesticides are preferred; if trade names are
used, the generic name should be given at first mention. The proprietary name,
chemical composition, and manufacturer should be stated in full in Materials and
Methods. If a generic name has not been created or otherwise is not available, the
chemical name should be given. Use of an industry code name alone is not sufficient.

o Sl units Please always use internationally accepted signs and symbols for units, Sl
units.

« Statistics Sample size consideration must be given for any clinical study and power
calculations are needed for negative results of pivotal variables. This can be done
post-hoc if insufficient information was available a priori. Bioequivalence/bioavailability
and drug-drug interaction studies should include tests/reference ratios and the
respective 90% or 95% confidence intervals.

e Analytical methods Any method used to quantify drug or metabolite concentrations in
body fluids should be characterised at least by the following information:- Range of
quantification (defined by an acceptable accuracy/precision and not by a factor above
baseline noise),- accuracy and precision over the entire range of quantification,-
recovery (if applicable) and stability information for the period of measurement.This
information is needed either in the manuscript or must be available in a reference the
author provides. Normally the methods should be described in such a detailed way
that other researchers will be able to repeat it.

REFERENCES

CITATION

Reference citations in the text should be identified by numbers in square brackets. Some
examples:

1. Negotiation research spans many disciplines [3].



2. This result was later contradicted by Becker and Seligman [5].

3. This effect has been widely studied [1-3, 7].

REFERENCE LIST

The list of references should only include works that are cited in the text and that have been
published or accepted for publication. Personal communications and unpublished works
should only be mentioned in the text. Do not use footnotes or endnotes as a substitute for a
reference list.

The entries in the list should be numbered consecutively.

If available, please always include DOIs as full DOI links in your reference list (e.g.
“https://doi.org/abc”).

Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009)
Effect of high intensity intermittent training on heart rate variability in prepubescent
children. Eur J Appl Physiol 105:731-738. https://doi.org/10.1007/s00421-008-0955-8

Ideally, the names of all authors should be provided, but the usage of “et al” in long
author lists will also be accepted:

Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J Med
965:325-329

Article by DOI

Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production.
J Mol Med. https://doi.org/10.1007/s001090000086

Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London
Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern
genomics, 3rd edn. Wiley, New York, pp 230-257

Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

Dissertation



Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title
Word Abbreviations, see

ISSN.org LTWA

If you are unsure, please use the full journal title.

Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst which is
included in Springer’'s LaTeX macro package.

TABLES

e All tables are to be numbered using Arabic numerals.

e Tables should always be cited in text in consecutive numerical order.

o For each table, please supply a table caption (title) explaining the components of the
table.

« ldentify any previously published material by giving the original source in the form of
a reference at the end of the table caption.

« Footnotes to tables should be indicated by superscript lower-case letters (or asterisks
for significance values and other statistical data) and included beneath the table body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

ELECTRONIC FIGURE SUBMISSION

e Supply all figures electronically.

e Indicate what graphics program was used to create the artwork.

« Forvector graphics, the preferred format is EPS; for halftones, please use TIFF format.
MSOffice files are also acceptable.

« Vector graphics containing fonts must have the fonts embedded in the files.

o Name your figure files with "Fig" and the figure number, e.g., Fig1.eps.



LINE ART
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« Definition: Black and white graphic with no shading.

o Do not use faint lines and/or lettering and check that all lines and lettering within the
figures are legible at final size.

e Alllines should be at least 0.1 mm (0.3 pt) wide.

e Scanned line drawings and line drawings in bitmap format should have a minimum
resolution of 1200 dpi.

« Vector graphics containing fonts must have the fonts embedded in the files.



HALFTONE ART

« Definition: Photographs, drawings, or paintings with fine shading, etc.

« If any magnification is used in the photographs, indicate this by using scale bars within
the figures themselves.

» Halftones should have a minimum resolution of 300 dpi.



COMBINATION ART
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« Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.
« Combination artwork should have a minimum resolution of 600 dpi.

COLOR ART

e Color art is free of charge for online publication.

o If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one another
when converted to black and white. A simple way to check this is to make a
xerographic copy to see if the necessary distinctions between the different colors are
still apparent.

« If the figures will be printed in black and white, do not refer to color in the captions.

e Color illustrations should be submitted as RGB (8 bits per channel).

FIGURE LETTERING

e To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

o Keep lettering consistently sized throughout your final-sized artwork, usually about 2—
3 mm (8-12 pt).

« Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type
on an axis and 20-pt type for the axis label.



« Avoid effects such as shading, outline letters, etc.
e Do notinclude titles or captions within your illustrations.

FIGURE NUMBERING

o All figures are to be numbered using Arabic numerals.

o Figures should always be cited in text in consecutive numerical order.

« Figure parts should be denoted by lowercase letters (a, b, c, etc.).

« Ifan appendix appears in your article and it contains one or more figures, continue the
consecutive numbering of the main text. Do not number the appendix figures,"A1, A2,
A3, etc." Figures in online appendices [Supplementary Information (Sl)] should,
however, be numbered separately.

FIGURE CAPTIONS

o Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figure file.

« Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

e No punctuation is to be included after the number, nor is any punctuation to be placed
at the end of the caption.

« Identify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.

« |dentify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

FIGURE PLACEMENT AND SIZE

e Figures should be submitted separately from the text, if possible.

o When preparing your figures, size figures to fit in the column width.

o For large-sized journals the figures should be 84 mm (for double-column text areas),
or 174 mm (for single-column text areas) wide and not higher than 234 mm.

o For small-sized journals, the figures should be 119 mm wide and not higher than 195
mm.

PERMISSIONS

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format. Please be aware
that some publishers do not grant electronic rights for free and that Springer will not be able
to refund any costs that may have occurred to receive these permissions. In such cases,
material from other sources should be used.

ACCESSIBILITY

In order to give people of all abilities and disabilities access to the content of your figures,
please make sure that



o All figures have descriptive captions (blind users could then use a text-to-speech
software or a text-to-Braille hardware)

o Patterns are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)

e Any figure lettering has a contrast ratio of at least 4.5:1

SUPPLEMENTARY INFORMATION (SI)

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This
feature can add dimension to the author's article, as certain information cannot be printed or
is more convenient in electronic form.

Before submitting research datasets as Supplementary Information, authors should read the
journal’s Research data policy. We encourage research data to be archived in data
repositories wherever possible.

SUBMISSION

o Supply all supplementary material in standard file formats.

o Please include in each file the following information: article title, journal name, author
names; affiliation and e-mail address of the corresponding author.

o« To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other problems
during downloading.

AUDIO, VIDEO, AND ANIMATIONS

e Aspect ratio: 16:9 or 4:3

e Maximum file size: 25 GB

e Minimum video duration: 1 sec

o Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4v,
3gp

TEXT AND PRESENTATIONS
e Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
viability.
e A collection of figures may also be combined in a PDF file.
SPREADSHEETS
o Spreadsheets should be submitted as .csv or .xlsx files (MS Excel).

SPECIALIZED FORMATS

o Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook),
and .tex can also be supplied.



COLLECTING MULTIPLE FILES
e Itis possible to collect multiple files in a .zip or .gz file.
NUMBERING

« If supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.

o Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the
animation (Online Resource 3)", “... additional data are given in Online Resource 4”.

o Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

CAPTIONS

e For each supplementary material, please supply a concise caption describing the
content of the file.

PROCESSING OF SUPPLEMENTARY FILES

e Supplementary Information (SI) will be published as received from the author without
any conversion, editing, or reformatting.

ACCESSIBILITY

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

o The manuscript contains a descriptive caption for each supplementary material
« Video files do not contain anything that flashes more than three times per second (so
that users prone to seizures caused by such effects are not put at risk)

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member of
the Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on
how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust
in the journal, the professionalism of scientific authorship, and ultimately the entire scientific
endeavour. Maintaining integrity of the research and its presentation is helped by following
the rules of good scientific practice, which include™:

e The manuscript should not be submitted to more than one journal for simultaneous
consideration.

e The submitted work should be original and should not have been published elsewhere
in any form or language (partially or in full), unless the new work concerns an
expansion of previous work. (Please provide transparency on the re-use of material to
avoid the concerns about text-recycling (‘self-plagiarism’).



e A single study should not be split up into several parts to increase the quantity of
submissions and submitted to various journals or to one journal over time (i.e. ‘salami-
slicing/publishing’).

o Concurrent or secondary publication is sometimes justifiable, provided certain
conditions are met. Examples include: translations or a manuscript that is intended for
a different group of readers.

o Results should be presented clearly, honestly, and without fabrication, falsification or
inappropriate data manipulation (including image based manipulation). Authors should
adhere to discipline-specific rules for acquiring, selecting and processing data.

o No data, text, or theories by others are presented as if they were the author’'s own
(‘plagiarism’). Proper acknowledgements to other works must be given (this includes
material that is closely copied (near verbatim), summarized and/or paraphrased),
quotation marks (to indicate words taken from another source) are used for verbatim
copying of material, and permissions secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

o Authors should make sure they have permissions for the use of software,
questionnaires/(web) surveys and scales in their studies (if appropriate).

o Research articles and non-research articles (e.g. Opinion, Review, and Commentary
articles) must cite appropriate and relevant literature in support of the claims made.
Excessive and inappropriate self-citation or coordinated efforts among several authors
to collectively self-cite is strongly discouraged.

e Authors should avoid untrue statements about an entity (who can be an individual
person or a company) or descriptions of their behavior or actions that could potentially
be seen as personal attacks or allegations about that person.

e Research that may be misapplied to pose a threat to public health or national security
should be clearly identified in the manuscript (e.g. dual use of research). Examples
include creation of harmful consequences of biological agents or toxins, disruption of
immunity of vaccines, unusual hazards in the use of chemicals, weaponization of
research/technology (amongst others).

o Authors are strongly advised to ensure the author group, the Corresponding Author,
and the order of authors are all correct at submission. Adding and/or deleting authors
during the revision stages is generally not permitted, but in some cases may be
warranted. Reasons for changes in authorship should be explained in detail. Please
note that changes to authorship cannot be made after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third parties rights
such as copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation or data in order to
verify the validity of the results presented. This could be in the form of raw data, samples,
records, etc. Sensitive information in the form of confidential or proprietary data is excluded.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry
out an investigation following COPE guidelines. If, after investigation, there are valid
concerns, the author(s) concerned will be contacted under their given e-mail address and



given an opportunity to address the issue. Depending on the situation, this may result in the
Journal’'s and/or Publisher’s implementation of the following measures, including, but not
limited to:

« If the manuscript is still under consideration, it may be rejected and returned to the
author.

« If the article has already been published online, depending on the nature and severity
of the infraction:

- an erratum/correction may be placed with the article
- an expression of concern may be placed with the article
- or in severe cases retraction of the article may occur.

The reason will be given in the published erratum/correction, expression of concern or
retraction note. Please note that retraction means that the article is maintained on the
platform, watermarked “retracted” and the explanation for the retraction is provided in a note
linked to the watermarked article.

e The author’s institution may be informed
e A notice of suspected transgression of ethical standards in the peer review system
may be included as part of the author’s and article’s bibliographic record.

FUNDAMENTAL ERRORS

Authors have an obligation to correct mistakes once they discover a significant error or
inaccuracy in their published article. The author(s) is/are requested to contact the journal and
explain in what sense the error is impacting the article. A decision on how to correct the
literature will depend on the nature of the error. This may be a correction or retraction. The
retraction note should provide transparency which parts of the article are impacted by the
error.

SUGGESTING / EXCLUDING REVIEWERS

Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain
individuals when they submit their manuscripts. When suggesting reviewers, authors should
make sure they are totally independent and not connected to the work in any way. It is
strongly recommended to suggest a mix of reviewers from different countries and different
institutions. When suggesting reviewers, the Corresponding Author must provide an
institutional email address for each suggested reviewer, or, if this is not possible to include
other means of verifying the identity such as a link to a personal homepage, a link to the
publication record or a researcher or author ID in the submission letter. Please note that the
Journal may not use the suggestions, but suggestions are appreciated and may help facilitate
the peer review process.

AUTHORSHIP PRINCIPLES



These guidelines describe authorship principles and good authorship practices to which
prospective authors should adhere to.

AUTHORSHIP CLARIFIED

The Journal and Publisher assume all authors agreed with the content and that all gave
explicit consent to submit and that they obtained consent from the responsible authorities at
the institute/organization where the work has been carried out, before the work is submitted.

The Publisher does not prescribe the kinds of contributions that warrant authorship. It is
recommended that authors adhere to the guidelines for authorship that are applicable in their
specific research field. In absence of specific guidelines it is recommended to adhere to the
following guidelines™:

All authors whose names appear on the submission

1) made substantial contributions to the conception or design of the work; or the acquisition,
analysis, or interpretation of data; or the creation of new software used in the work;

2) drafted the work or revised it critically for important intellectual content;
3) approved the version to be published; and

4) agree to be accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately investigated and resolved.

* Based on/adapted from:

ICMJE, Defining the Role of Authors and Contributors,

Transparency in authors’ contributions and responsibilities to promote integrity in scientific
publication, McNutt at all, PNAS February 27, 2018

DISCLOSURES AND DECLARATIONS

All authors are requested to include information regarding sources of funding, financial or
non-financial interests, study-specific approval by the appropriate ethics committee for
research involving humans and/or animals, informed consent if the research involved human
participants, and a statement on welfare of animals if the research involved animals (as
appropriate).

The decision whether such information should be included is not only dependent on the scope
of the journal, but also the scope of the article. Work submitted for publication may have
implications for public health or general welfare and in those cases it is the responsibility of
all authors to include the appropriate disclosures and declarations.

DATA TRANSPARENCY



All authors are requested to make sure that all data and materials as well as software
application or custom code support their published claims and comply with field standards.
Please note that journals may have individual policies on (sharing) research data in
concordance with disciplinary norms and expectations.

ROLE OF THE CORRESPONDING AUTHOR

One author is assigned as Corresponding Author and acts on behalf of all co-authors and
ensures that questions related to the accuracy or integrity of any part of the work are
appropriately addressed.

The Corresponding Author is responsible for the following requirements:

o ensuring that all listed authors have approved the manuscript before submission,
including the names and order of authors;

e managing all communication between the Journal and all co-authors, before and after
publication;*

e providing transparency on re-use of material and mention any unpublished material
(for example manuscripts in press) included in the manuscript in a cover letter to the
Editor;

e making sure disclosures, declarations and transparency on data statements from all
authors are included in the manuscript as appropriate (see above).

* The requirement of managing all communication between the journal and all co-authors
during submission and proofing may be delegated to a Contact or Submitting Author. In this
case please make sure the Corresponding Author is clearly indicated in the manuscript.

AUTHOR CONTRIBUTIONS

In absence of specific instructions and in research fields where it is possible to describe
discrete efforts, the Publisher recommends authors to include contribution statements in the
work that specifies the contribution of every author in order to promote transparency. These
contributions should be listed at the separate title page.

Examples of such statement(s) are shown below:
* Free text:

All authors contributed to the study conception and design. Material preparation, data
collection and analysis were performed by [full name], [full name] and [full name]. The first
draft of the manuscript was written by [full name] and all authors commented on previous
versions of the manuscript. All authors read and approved the final manuscript.

Example: CRediT taxonomy:

» Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis and
investigation: [full name], ...; Writing - original draft preparation: [full name, ...]; Writing -



review and editing: [full name], ...; Funding acquisition: [full name], ...; Resources: [full name],
...; Supervision: [full name],....

For review articles where discrete statements are less applicable a statement should be
included who had the idea for the article, who performed the literature search and data
analysis, and who drafted and/or critically revised the work.

For articles that are based primarily on the student’s dissertation or thesis, it is
recommended that the student is usually listed as principal author:

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order, APA
Science Student Council 2006

AFFILIATION

The primary affiliation for each author should be the institution where the maijority of their
work was done. If an author has subsequently moved, the current address may additionally
be stated. Addresses will not be updated or changed after publication of the article.

CHANGES TO AUTHORSHIP

Authors are strongly advised to ensure the correct author group, the Corresponding Author,
and the order of authors at submission. Changes of authorship by adding or deleting authors,
and/or changes in Corresponding Author, and/or changes in the sequence of authors are not
accepted after acceptance of a manuscript.

e Please note that author names will be published exactly as they appear on the
accepted submission!

Please make sure that the names of all authors are present and correctly spelled, and that
addresses and affiliations are current.

Adding and/or deleting authors at revision stage are generally not permitted, but in some
cases it may be warranted. Reasons for these changes in authorship should be explained.
Approval of the change during revision is at the discretion of the Editor-in-Chief. Please note
that journals may have individual policies on adding and/or deleting authors during revision
stage.

AUTHOR IDENTIFICATION

Authors are recommended to use their ORCID ID when submitting an article for consideration
or acquire an ORCID ID via the submission process.

DECEASED OR INCAPACITATED AUTHORS

For cases in which a co-author dies or is incapacitated during the writing, submission, or
peer-review process, and the co-authors feel it is appropriate to include the author, co-
authors should obtain approval from a (legal) representative which could be a direct relative.



AUTHORSHIP ISSUES OR DISPUTES

In the case of an authorship dispute during peer review or after acceptance and publication,
the Journal will not be in a position to investigate or adjudicate. Authors will be asked to
resolve the dispute themselves. If they are unable the Journal reserves the right to withdraw
a manuscript from the editorial process or in case of a published paper raise the issue with
the authors’ institution(s) and abide by its guidelines.

CONFIDENTIALITY

Authors should treat all communication with the Journal as confidential which includes
correspondence with direct representatives from the Journal such as Editors-in-Chief and/or
Handling Editors and reviewers’ reports unless explicit consent has been received to share
information.

COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted principles of
ethical and professional conduct have been followed, authors should include information
regarding sources of funding, potential conflicts of interest (financial or non-financial),
informed consent if the research involved human participants, and a statement on welfare of
animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled
“Compliance with Ethical Standards” when submitting a paper:

o Disclosure of potential conflicts of interest
e Research involving Human Participants and/or Animals
e Informed consent

Please note that standards could vary slightly per journal dependent on their peer review
policies (i.e. single or double blind peer review) as well as per journal subject discipline.
Before submitting your article check the instructions following this section carefully.

The corresponding author should be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or failure to
fulfill the above-mentioned guidelines.

CONFLICTS OF INTEREST / COMPETING INTERESTS

Authors are requested to disclose interests that are directly or indirectly related to the
work submitted for publication. Interests within the last 3 years of beginning the work
(conducting the research and preparing the work for submission) should be reported.
Interests outside the 3-year time frame must be disclosed if they could reasonably be



perceived as influencing the submitted work. Disclosure of interests provides a complete and
transparent process and helps readers form their own judgments of potential bias. This is not
meant to imply that a financial relationship with an organization that sponsored the research
or compensation received for consultancy work is inappropriate.

Interests that should be considered and disclosed but are not limited to the following:

Funding: Research grants from funding agencies (please give the research funder and the
grant number) and/or research support (including salaries, equipment, supplies,
reimbursement for attending symposia, and other expenses) by organizations that may gain
or lose financially through publication of this manuscript.

Employment: Recent (while engaged in the research project), present or anticipated
employment by any organization that may gain or lose financially through publication of this
manuscript. This includes multiple affiliations (if applicable).

Financial interests: Stocks or shares in companies (including holdings of spouse and/or
children) that may gain or lose financially through publication of this manuscript; consultation
fees or other forms of remuneration from organizations that may gain or lose financially;
patents or patent applications whose value may be affected by publication of this manuscript.

It is difficult to specify a threshold at which a financial interest becomes significant, any such
figure is necessarily arbitrary, so one possible practical guideline is the following: "Any
undeclared financial interest that could embarrass the author were it to become publicly
known after the work was published."

Non-financial interests: In addition, authors are requested to disclose interests that go
beyond financial interests that could impart bias on the work submitted for publication such
as professional interests, personal relationships or personal beliefs (amongst others).
Examples include, but are not limited to: position on editorial board, advisory board or board
of directors or other type of management relationships; writing and/or consulting for
educational purposes; expert witness; mentoring relations; and so forth.

Primary research articles require a disclosure statement. Review articles present an expert
synthesis of evidence and may be treated as an authoritative work on a subject. Review
articles therefore require a disclosure statement.Other article types such as editorials, book
reviews, comments (amongst others) may, dependent on their content, require a disclosure
statement. If you are unclear whether your article type requires a disclosure statement,
please contact the Editor-in-Chief.

Please note that, in addition to the above requirements, funding information (given that
funding is a potential conflict of interest (as mentioned above)) needs to be disclosed upon
submission of the manuscript in the peer review system. This information will automatically
be added to the Record of CrossMark, however it is not added to the manuscript itself. Under
‘summary of requirements’ (see below) funding information should be included in the
‘Declarations’ section.

SUMMARY OF REQUIREMENTS



The above should be summarized in a statement and placed in a ‘Declarations’ section before
the reference list under a heading of ‘Funding’ and/or ‘Conflicts of interests’/’Competing
interests’. Other declarations include Ethics approval, Consent, Data, Material and/or Code
availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample
statements according to your own needs.

When all authors have the same (or no) conflicts and/or funding it is sufficient to use one
blanket statement.

Examples of statements to be used when funding has been received:

o Partial financial support was received from [...]

e The research leading to these results received funding from [...] under Grant
Agreement Nol...].

e This study was funded by [...]

e This work was supported by [...] (Grant numbers [...] and [...]

Examples of statements to be used when there is no funding:

e The authors did not receive support from any organization for the submitted work.
e No funding was received to assist with the preparation of this manuscript.

e No funding was received for conducting this study.

e No funds, grants, or other support was received.

Examples of statements to be used when there are interests to declare:

o Financial interests: Author A has received research support from Company A. Author
B has received a speaker honorarium from Company Wand owns stock in Company
X. Author C is consultant to company Y.

Non-financial interests: Author C is an unpaid member of committee Z.
o Financial interests: The authors declare they have no financial interests.

Non-financial interests: Author A is on the board of directors of Y and receives no
compensation as member of the board of directors.

o Financial interests: Author A received a speaking fee from Y for Z. Author B receives
a salary from association X. X where s/he is the Executive Director.

Non-financial interests: none.

o Financial interests: Author A and B declare they have no financial interests. Author
C has received speaker and consultant honoraria from Company M and Company N.
Dr. C has received speaker honorarium and research funding from Company M and
Company O. Author D has received travel support from Company O.



Non-financial interests: Author D has served on advisory boards for Company M,
Company N and Company O.

Examples of statements to be used when authors have nothing to declare:

e The authors have no relevant financial or non-financial interests to disclose.

o The authors have no conflicts of interest to declare that are relevant to the content of
this article.

o All authors certify that they have no affiliations with or involvement in any organization
or entity with any financial interest or non-financial interest in the subject matter or
materials discussed in this manuscript.

o The authors have no financial or proprietary interests in any material discussed in this
article.

Authors are responsible for correctness of the statements provided in the manuscript. See
also Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that
do not meet the guidelines described in this section.

RESEARCH INVOLVING HUMAN PARTICIPANTS, THEIR DATA OR BIOLOGICAL MATERIAL

ETHICS APPROVAL

When reporting a study that involved human participants, their data or biological material,
authors should include a statement that confirms that the study was approved (or granted
exemption) by the appropriate institutional and/or national research ethics committee
(including the name of the ethics committee) and certify that the study was performed in
accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and
its later amendments or comparable ethical standards. If doubt exists whether the research
was conducted in accordance with the 1964 Helsinki Declaration or comparable standards,
the authors must explain the reasons for their approach, and demonstrate that an
independent ethics committee or institutional review board explicitly approved the doubtful
aspects of the study. If a study was granted exemption from requiring ethics approval, this
should also be detailed in the manuscript (including the reasons for the exemption).

RETROSPECTIVE ETHICS APPROVAL

If a study has not been granted ethics committee approval prior to commencing, retrospective
ethics approval usually cannot be obtained and it may not be possible to consider the
manuscript for peer review. The decision on whether to proceed to peer review in such cases
is at the Editor's discretion.

ETHICS APPROVAL FOR RETROSPECTIVE STUDIES

Although retrospective studies are conducted on already available data or biological material
(for which formal consent may not be needed or is difficult to obtain) ethics approval may be
required dependent on the law and the national ethical guidelines of a country. Authors
should check with their institution to make sure they are complying with the specific
requirements of their country.



ETHICS APPROVAL FOR CASE STUDIES

Case reports require ethics approval. Most institutions will have specific policies on this
subject. Authors should check with their institution to make sure they are complying with the
specific requirements of their institution and seek ethics approval where needed. Authors
should be aware to secure informed consent from the individual (or parent or guardian if the
participant is a minor or incapable) See also section on Informed Consent.

CELL LINES

If human cells are used, authors must declare in the manuscript: what cell lines were used
by describing the source of the cell line, including when and from where it was obtained,
whether the cell line has recently been authenticated and by what method. If cells were
bought from a life science company the following need to be given in the manuscript: name
of company (that provided the cells), cell type, number of cell line, and batch of cells.

It is recommended that authors check the NCBI database for misidentification and
contamination of human cell lines. This step will alert authors to possible problems with the
cell line and may save considerable time and effort.

Further information is available from the International Cell Line Authentication Committee
(ICLAC).

Authors should include a statement that confirms that an institutional or independent ethics
committee (including the name of the ethics committee) approved the study and that informed
consent was obtained from the donor or next of kin.

RESEARCH RESOURCE IDENTIFIERS (RRID)

Research Resource Identifiers (RRID) are persistent unique identifiers (effectively similar to
a DOlI) for research resources. This journal encourages authors to adopt RRIDs when
reporting key biological resources (antibodies, cell lines, model organisms and tools) in their
manuscripts.

Examples:

Organism: Filip1tm1a(KoMP)Wtsi RRID:MMRRC_055641-UCD

Cell Line: RST307 cell line RRID:CVCL_C321

Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109
Plasmid: mRuby3 plasmid RRID:Addgene_104005

Software: ImagedJ Version 1.2.4 RRID:SCR_003070



RRIDs are provided by the Resource ldentification Portal. Many commonly used research
resources already have designated RRIDs. The portal also provides authors links so that
they can quickly reqgister a new resource and obtain an RRID.

CLINICAL TRIAL REGISTRATION

The World Health Organization (WHOQO) definition of a clinical trial is "any research study that
prospectively assigns human participants or groups of humans to one or more health-related
interventions to evaluate the effects on health outcomes". The WHO defines health
interventions as “A health intervention is an act performed for, with or on behalf of a person
or population whose purpose is to assess, improve, maintain, promote or modify health,
functioning or health conditions” and a health-related outcome is generally defined as a
change in the health of a person or population as a result of an intervention.

To ensure the integrity of the reporting of patient-centered trials, authors must register
prospective clinical trials (phase Il to IV trials) in suitable publicly available repositories. For
example www.clinicaltrials.gov or any of the primary registries that participate in the WHO
International Clinical Trials Registry Platform.

The trial registration number (TRN) and date of registration should be included as the last
line of the manuscript abstract.

For clinical trials that have not been registered prospectively, authors are encouraged to
register retrospectively to ensure the complete publication of all results. The trial registration
number (TRN), date of registration and the words 'retrospectively registered’ should be
included as the last line of the manuscript abstract.

STANDARDS OF REPORTING

Springer Nature advocates complete and transparent reporting of biomedical and biological
research and research with biological applications. Authors are recommended to adhere to
the minimum reporting guidelines hosted by the EQUATOR Network when preparing their
manuscript.

Exact requirements may vary depending on the journal; please refer to the journal’s
Instructions for Authors.

Checklists are available for a number of study designs, including:
Randomised trials (CONSORT) and Study protocols (SPIRIT)
Observational studies (STROBE)

Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P)

Diagnostic/prognostic studies (STARD) and (TRIPOD)

Case reports (CARE)



Clinical practice guidelines (AGREE) and (RIGHT)

Qualitative research (SRQR) and (COREQ)

Animal pre-clinical studies (ARRIVE)
Quality improvement studies (SQUIRE)
Economic evaluations (CHEERS)
SUMMARY OF REQUIREMENTS

The above should be summarized in a statement and placed in a ‘Declarations’ section before
the reference list under a heading of ‘Ethics approval’.

Examples of statements to be used when ethics approval has been obtained:

* All procedures performed in studies involving human participants were in accordance with
the ethical standards of the institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical standards. The study
was approved by the Bioethics Committee of the Medical University of A (No. ...).

* This study was performed in line with the principles of the Declaration of Helsinki. Approval
was granted by the Ethics Committee of University B (Date.../No. ...).

» Approval was obtained from the ethics committee of University C. The procedures used in
this study adhere to the tenets of the Declaration of Helsinki.

» The questionnaire and methodology for this study was approved by the Human Research
Ethics committee of the University of D (Ethics approval number: ...).

Examples of statements to be used for a retrospective study:

* Ethical approval was waived by the local Ethics Committee of University A in view of the
retrospective nature of the study and all the procedures being performed were part of the
routine care.

* This research study was conducted retrospectively from data obtained for clinical purposes.
We consulted extensively with the IRB of XYZ who determined that our study did not need
ethical approval. An IRB official waiver of ethical approval was granted from the IRB of XYZ.

* This retrospective chart review study involving human participants was in accordance with
the ethical standards of the institutional and national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical standards. The Human
Investigation Committee (IRB) of University B approved this study.

Examples of statements to be used when no ethical approval is required/exemption granted:



* This is an observational study. The XYZ Research Ethics Committee has confirmed that no
ethical approval is required.

*» The data reproduced from Article X utilized human tissue that was procured via our Biobank
AB, which provides de-identified samples. This study was reviewed and deemed exempt by
our XYZ Institutional Review Board. The BioBank protocols are in accordance with the ethical
standards of our institution and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.

Authors are responsible for correctness of the statements provided in the manuscript. See
also Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that
do not meet the guidelines described in this section.

INFORMED CONSENT

All individuals have individual rights that are not to be infringed. Individual participants in
studies have, for example, the right to decide what happens to the (identifiable) personal data
gathered, to what they have said during a study or an interview, as well as to any photograph
that was taken. This is especially true concerning images of vulnerable people (e.g. minors,
patients, refugees, etc) or the use of images in sensitive contexts. In many instances authors
will need to secure written consent before including images.

Identifying details (names, dates of birth, identity numbers, biometrical characteristics (such
as facial features, fingerprint, writing style, voice pattern, DNA or other distinguishing
characteristic) and other information) of the participants that were studied should not be
published in written descriptions, photographs, and genetic profiles unless the information is
essential for scholarly purposes and the participant (or parent/guardian if the participant is a
minor or incapable or legal representative) gave written informed consent for publication.
Complete anonymity is difficult to achieve in some cases. Detailed descriptions of individual
participants, whether of their whole bodies or of body sections, may lead to disclosure of their
identity. Under certain circumstances consent is not required as long as information is
anonymized and the submission does not include images that may identify the person.

Informed consent for publication should be obtained if there is any doubt. For example,
masking the eye region in photographs of participants is inadequate protection of anonymity.
If identifying characteristics are altered to protect anonymity, such as in genetic profiles,
authors should provide assurance that alterations do not distort meaning.

Exceptions where it is not necessary to obtain consent:

* Images such as x rays, laparoscopic images, ultrasound images, brain scans, pathology
slides unless there is a concern about identifying information in which case, authors should
ensure that consent is obtained.

* Reuse of images: If images are being reused from prior publications, the Publisher will
assume that the prior publication obtained the relevant information regarding consent.
Authors should provide the appropriate attribution for republished images.



Consent and already available data and/or biologic material

Regardless of whether material is collected from living or dead patients, they (family or
guardian if the deceased has not made a pre-mortem decision) must have given prior written
consent. The aspect of confidentiality as well as any wishes from the deceased should be
respected.

Data protection, confidentiality and privacy

When biological material is donated for or data is generated as part of a research project
authors should ensure, as part of the informed consent procedure, that the participants are
made aware what kind of (personal) data will be processed, how it will be used and for what
purpose. In case of data acquired via a biobank/biorepository, it is possible they apply a broad
consent which allows research participants to consent to a broad range of uses of their data
and samples which is regarded by research ethics committees as specific enough to be
considered ‘“informed”. However, authors should always check the specific
biobank/biorepository policies or any other type of data provider policies (in case of non-bio
research) to be sure that this is the case.

CONSENT TO PARTICIPATE

For all research involving human subjects, freely-given, informed consent to participate in the
study must be obtained from participants (or their parent or legal guardian in the case of
children under 16) and a statement to this effect should appear in the manuscript. In the case
of articles describing human transplantation studies, authors must include a statement
declaring that no organs/tissues were obtained from prisoners and must also name the
institution(s)/clinic(s)/department(s) via which organs/tissues were obtained. For manuscripts
reporting studies involving vulnerable groups where there is the potential for coercion or
where consent may not have been fully informed, extra care will be taken by the editor and
may be referred to the Springer Nature Research Integrity Group.

CONSENT TO PUBLISH

Individuals may consent to participate in a study, but object to having their data published in
a journal article. Authors should make sure to also seek consent from individuals to publish
their data prior to submitting their paper to a journal. This is in particular applicable to case
studies. A consent to publish form can be found

here. (Download docx, 36 kB)

SUMMARY OF REQUIREMENTS

The above should be summarized in a statement and placed in a ‘Declarations’ section before
the reference list under a heading of ‘Consent to participate’ and/or ‘Consent to publish’.
Other declarations include Funding, Conflicts of interest/competing interests, Ethics approval,
Consent, Data and/or Code availability and Authors’ contribution statements.



Please see the various examples of wording below and revise/customize the sample
statements according to your own needs.

Sample statements for "Consent to participate":

Informed consent was obtained from all individual participants included in the study.
Informed consent was obtained from legal guardians.

Written informed consent was obtained from the parents.

Verbal informed consent was obtained prior to the interview.

Sample statements for “Consent to publish”:

The authors affirm that human research participants provided informed consent for
publication of the images in Figure(s) 1a, 1b and 1c.

The participant has consented to the submission of the case report to the journal.
Patients signed informed consent regarding publishing their data and photographs.
Sample statements if identifying information about participants is available in the article:

Additional informed consent was obtained from all individual participants for whom identifying
information is included in this article.

Authors are responsible for correctness of the statements provided in the manuscript. See
also Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that
do not meet the guidelines described in this section.

Images will be removed from publication if authors have not obtained informed consent or
the paper may be removed and replaced with a notice explaining the reason for removal.

ENGLISH LANGUAGE EDITING

For editors and reviewers to accurately assess the work presented in your manuscript you
need to ensure the English language is of sufficient quality to be understood. If you need help
with writing in English you should consider:

o Asking a colleague who is a native English speaker to review your manuscript for
clarity.

« Visiting the English language tutorial which covers the common mistakes when writing
in English.

« Using a professional language editing service where editors will improve the English
to ensure that your meaning is clear and identify problems that require your review.
Two such services are provided by our affiliates Nature Research Editing Service and



American Journal Experts. Springer authors are entitled to a 10% discount on their
first submission to either of these services, simply follow the links below.

Please note that the use of a language editing service is not a requirement for publication in
this journal and does not imply or guarantee that the article will be selected for peer review
or accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and formal
style before publication.

RESEARCH DATA POLICY AND DATA AVAILABILITY STATEMENTS

A submission to the journal implies that materials described in the manuscript, including all
relevant raw data, will be freely available to any researcher wishing to use them for non-
commercial purposes, without breaching participant confidentiality.

DATA AVAILABILITY

All original research must include a data availability statement. Data availability statements
should include information on where data supporting the results reported in the article can be
found, if applicable. Statements should include, where applicable, hyperlinks to publicly
archived datasets analysed or generated during the study. For the purposes of the data
availability statement, “data” is defined as the minimal dataset that would be necessary to
interpret, replicate and build upon the findings reported in the article. When it is not possible
to share research data publicly, for instance when individual privacy could be compromised,
data availability should still be stated in the manuscript along with any conditions for access.
Data availability statements can take one of the following forms (or a combination of more
than one if required for multiple datasets):

1. The datasets generated during and/or analysed during the current study are available in
the [NAME] repository, [PERSISTENT WEB LINK TO DATASETS]

2. The datasets generated during and/or analysed during the current study are available from
the corresponding author on reasonable request.

3. All data generated or analysed during this study are included in this published article [and
its supplementary information files].

4. The datasets generated during and/or analysed during the current study are not publicly
available due [REASON(S) WHY DATA ARE NOT PUBLIC] but are available from the
corresponding author on reasonable request.].

5. Data sharing not applicable to this article as no datasets were generated or analysed
during the current study.

6. The data that support the findings of this study are available from [THIRD PARTY NAME]
but restrictions apply to the availability of these data, which were used under licence for the



current study, and so are not publicly available. Data are however available from the authors
upon reasonable request and with permission of [THIRD PARTY NAME].

More templates for data availability statements, including examples of openly available and
restricted access datasets, are available here:

Data availability statements

DATA REPOSITORIES

This journal strongly encourages that all datasets on which the conclusions of the paper rely
are available to readers. We encourage authors to ensure that their datasets are either
deposited in publicly available repositories (where available and appropriate) or presented in
the main manuscript or additional supporting files whenever possible. Please see Springer
Nature’s information on recommended repositories.

List of Repositories

General repositories - for all types of research data - such as figshare and Dryad may be
used where appropriate.

DATA CITATION

The journal also requires that authors cite any publicly available data on which the
conclusions of the paper rely. Data citations should include a persistent identifier (such as a
DOl), should be included in the reference list using the minimum information recommended
by DataCite, and follow journal style. Dataset identifiers including DOIs should be expressed
as full URLs.

RESEARCH DATA AND PEER REVIEW

Peer reviewers are encouraged to check the manuscript’s Data availability statement, where
applicable. They should consider if the authors have complied with the journal’s policy on the
availability of research data, and whether reasonable effort has been made to make the data
that support the findings of the study available for replication or reuse by other researchers.
Peer reviewers are entitled to request access to underlying data (and code) when needed for
them to perform their evaluation of a manuscript.

Authors who need help understanding our data sharing policies, help finding a suitable data
repository, or help organising and sharing research data can access our Author Support
portal for additional guidance.

FOR MORE INFORMATION:

http://www.springernature.com/gp/group/data-policy/faq

AFTER ACCEPTANCE



Upon acceptance, your article will be exported to Production to undergo typesetting. Once
typesetting is complete, you will receive a link asking you to confirm your affiliation, choose
the publishing model for your article as well as arrange rights and payment of any associated
publication cost.

Once you have completed this, your article will be processed and you will receive the proofs.
ARTICLE PUBLISHING AGREEMENT

Depending on the ownership of the journal and its policies, you will either grant the Publisher
an exclusive licence to publish the article or will be asked to transfer copyright of the article
to the Publisher.

OFFPRINTS
Offprints can be ordered by the corresponding author.
COLOR ILLUSTRATIONS

Online publication of color illustrations is free of charge. For color in the print version, authors
will be expected to make a contribution towards the extra costs.

PROOF READING

The purpose of the proof is to check for typesetting or conversion errors and the
completeness and accuracy of the text, tables and figures. Substantial changes in content,
e.g., new results, corrected values, title and authorship, are not allowed without the approval
of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which
will be hyperlinked to the article.

ONLINE FIRST

The article will be published online after receipt of the corrected proofs. This is the official first
publication citable with the DOI. After release of the printed version, the paper can also be
cited by issue and page numbers.

OPEN CHOICE

Open Choice allows you to publish open access in more than 1850 Springer Nature journals,
making your research more visible and accessible immediately on publication.

Article processing charges (APCs) vary by journal — view the full list

Benefits:

e Increased researcher engagement: Open Choice enables access by anyone with an
internet connection, immediately on publication.



o Higher visibility and impact: In Springer hybrid journals, OA articles are accessed 4
times more often on average, and cited 1.7 more times on average™.

o [Easy compliance with funder and institutional mandates: Many funders require open
access publishing, and some take compliance into account when assessing future
grant applications.

It is easy to find funding to support open access — please see our funding and support pages
for more information.

*) Within the first three years of publication. Springer Nature hybrid journal OA impact
analysis, 2018.

Open Choice

Funding and Support pages

COPYRIGHT AND LICENSE TERM — CC BY

Open Choice articles do not require transfer of copyright as the copyright remains with the
author. In opting for open access, the author(s) agree to publish the article under the Creative
Commons Attribution License.

Find more about the license agreement

OPEN ACCESS PUBLISHING

European Journal of Clinical Pharmacology publishes open access articles. Authors
of open access articles published in this journal retain the copyright of their articles and are
free to reproduce and disseminate their work.

Visit our Open access publishing page to learn more.




