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Abstract
Background and Objective  The number of reports on suspected drug-induced memory impairment submitted to the US Food 
and Drug Administration increased 30-fold from 2000 to 2022. Drugs are the most common cause of reversible dementia. 
However, there is very little research on drug-induced cognitive impairment. The aim of this study was to investigate if and 
how an assessment of cognitive safety was included in recent, registered, controlled, clinical drug trials.
Methods  The clinical trials registry (www.​clini​caltr​ials.​gov) was searched for randomized controlled clinical trials with 
available study protocols. After excluding irrelevant trials such as surgical procedures, local or short-term treatment, and 
dietary supplements, 803 trials were included in this study. The protocols were manually reviewed for information on if, and 
how, cognitive safety had been assessed. Trial drugs were categorized into those targeting the central nervous system or not, 
as well as older and newer drugs. Methods used for the assessment of cognitive function were categorized into question-
naires, screening instruments, and neuropsychological tests. If the trial results were published, we examined whether the 
publication contained any data on cognitive safety that had emerged from the trial.
Results  The start dates of the screened trials ranged from 31 July, 2009, to 4 April, 2021. Out of the 803 trials, 52 (6.5%) 
actively assessed cognitive safety. The remaining trials relied solely on spontaneous reporting. Of 429 trials studying a new 
drug, 32 (7.5%) actively assessed cognitive safety. One hundred and fifty-eight trials examined drugs intended to, or known 
to have, pharmacological effects on the central nervous system. Of these, 21 (13.5%) assessed cognitive safety. Most of the 
trials that assessed cognitive safety used either crude screening tools or questionnaires.
Conclusions  Cognitive safety is largely ignored by recent controlled clinical trials. This applies even to trials assessing new 
drugs and trials assessing central nervous system drugs. There is an urgent need for drug manufacturers, regulatory authori-
ties, and the medical profession to address the cognitive safety of drugs.

Key Points 

Only 6.5% of 803 recent clinical drug trials actively 
assessed cognitive safety.

Most of the few trials that actively assessed cognitive 
safety used inappropriate instruments such as 
questionnaires or crude screening tools.

When cognitive impairment was found (i.e., as reported 
on clinicaltrials.gov), it was not always included in 
the trials's publication or in the drug's prescribing 
information.

1  Introduction

Almost 40 years ago, in 1986, it was found that 10% of 
dementia diagnoses were caused by medication [1]. A 
follow-up study in 1987 confirmed this finding [2]. A 
meta-analysis on the causes of dementia concluded that 
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drugs were the most common cause of reversible dementia, 
accounting for 28.2% of the cases [3]. Given the ever-
increasing rate of drug prescription, this number may 
currently be considerably higher [4]. Adverse drug reaction 
databases like the FDA Adverse Event Reporting System or 
the European Medicines Agency’s Eudravigilance contain 
thousands of reports on suspected adverse cognitive drug 
reactions. The number of reports on suspected drug-induced 
memory impairment rose from 381 in the year 2000 to 
11,724 in 2022 (FDA Adverse Event Reporting System) [5, 
6]. However, there is very little research on drug-induced 
cognitive impairment (DICI). According to PubMed 
statistics, there are on average 14 publications per year on 
“drug-induced dementia” (1968–2022) and 11 per year on 
“drug-induced cognitive impairment” (1976–2022), without 
any visible trend indicating increased numbers in the past 
25 years [7, 8]. Neither the World Health Organization nor 
recent public health research mentions drugs as one of the 
known risk factors for dementia [9, 10].

A large variety of drugs, including those whose primary 
target is outside the central nervous system (CNS), may 
impair cognitive function [2, 11]. Probably the best-known 
example of this are anticholinergic drugs to treat urinary 
incontinence, but also other frequently prescribed drug 
classes (e.g., glucocorticoids, statins, non-steroidal anti-
inflammatory drugs, or proton pump inhibitors) have a 
demonstrated potential to impair cognition [12–16]. 
Drug-induced cognitive impairment ranges from subtle 
subclinical changes to delirium and dementia, and it is 
important to note that DICI may affect elderly individuals 
as well as all other age groups. However, systematic studies 
on DICI are scarce and often contradictive [17]. Hence, 
there is a paucity of reliable and recent epidemiological 
as well as drug-specific data.

A recent meta-analysis found that the number of people 
living with dementia approximately doubles for every 5 
years of age [18]. Because of a growing and aging world 
population, a large increase in the number of individuals 
with dementia must be expected in the future. A rise from 
57 million cases globally in 2019 to 153 million cases 
in 2050 has been predicted [19]. As long as there are 
no effective treatments, emphasis should be placed on 
efforts to address risk factors. One such risk factor is drug 
treatment, especially polypharmacy.

Given the above, it should be a priority in clinical drug 
trials to assess whether the study drug has the potential 
to induce or worsen cognitive impairment. The aim of 
this study was to investigate if and how an assessment 
of cognitive safety was included in recent, registered, 
controlled, clinical drug trials.

2 � Methods

On 6 January, 2023, www.​clini​caltr​ials.​gov was accessed 
and a search was performed with the following 11 filters: 
(1) randomized controlled trial; (2) not yet recruiting; (3) 
recruiting; (4) active, not recruiting; (5) completed; (6) phase 
2; (7) phase 3; (8) phase 4; (9) interventional; (10) with 
results; and (11) study protocol. These filters were chosen 
to maximize the number of relevant hits. The search yielded 
1705 clinical trials. Their entries were downloaded in.csv 
format and imported to Microsoft® Excel® for Microsoft 
365 (version 2301).

All trials were manually screened for relevance. The 
following types of trials were categorized as not relevant 
for this study: vaccines, vitamins, nutritional supplements, 
alternative medicines, traditional Chinese medicines, 
parenteral nutrition, enzymes, surgical or radiological 
procedures, drugs intended to or hypothesized to improve 
cognitive function, and most endogenous compounds 
including their synthetic analogs and derivatives such 
as stem cells, convalescent plasma, or hormones. Trials 
involving treatment with glucocorticoids or interferons were 
not excluded because it has long been known that therapeutic 
use of these agents can cause cognitive impairment [12, 
20, 21]. Trials examining local or topical treatment were 
excluded.

Although cognitive adverse drug reactions may manifest 
after only one dose (e.g., sedatives, central analgesics), trials 
examining short-term treatment (defined as any treatment 
given or lasting for a maximum of 7 days) were excluded 
from this study because transient short-term cognitive 
impairment may be judged as acceptable and, hence, not 
be actively assessed. However, trials examining repeated 
cycles of chemotherapy were included as it is well known 
that chemotherapy may result in sustained cognitive 
impairment even several months after the last cycle [22]. 
Trials examining life-sustaining treatment in critically ill 
patients were excluded, as were trials in children aged less 
than 1 year.

The remaining trials were categorized as relevant for this 
study and further categorized into drugs primarily targeting 
the CNS or not. A drug was considered a CNS drug if it was 
already approved for a CNS indication, if the main outcome 
measure in the trial was CNS related, or if the drug has 
known significant effects on the CNS. Trial drugs were 
categorized as new drugs if they were not yet approved in 
one of the major drug markets (USA, European Union, or 
Japan) at the start date of the trial, or if they were approved 
less than 1 year earlier.

The Study Plan (“How is the study designed?” and 
“What is the study measuring?”) of each trial was reviewed 
at www.​clini​caltr​ials.​gov. The study protocol of each trial 
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was then manually examined for information indicating that 
cognitive safety had been assessed during or at the end of 
the trial. If cognitive function had been assessed as a safety 
parameter, the available information was further reviewed 
for information on which instruments were used for such 
assessment. The last step was to gather information on the 
results of the cognitive safety assessment (from each trial’s 
“Results” entry on www.​clini​caltr​ials.​gov) and, if the trial 
was published, whether these results were included in the 
publication or not.

3 � Results

3.1 � Main Findings

The main findings are summarized in Fig. 1. The start dates 
of the screened trials ranged from 31 July, 2009 to 4 April, 
2021. Out of the initial 1705 trials, 630 were categorized as 
not relevant for this study, 79 examined cognition-improving 
drugs, and 187 studied short-term treatment. These trials 
were excluded. Of the remaining 809 trials, three had study 
protocols that lacked relevant information on safety assess-
ments. One study protocol’s safety section was extensively 
censored, and for two trials the study protocol was not avail-
able. Of the 803 trials that could be evaluated, 352 were 
phase II trials, 388 were phase III, and 64 were phase IV. 
New drugs were studied by 429 of the 803 trials. Drugs 
affecting the CNS were studied by 158 trials.

Fifty-two out of the 803 trials (6.5%) actively assessed 
cognitive safety. The remaining trials relied solely on 
spontaneous reporting from study participants, their 
relatives, or caregivers. Of the 429 trials studying a new 
drug, three could not be evaluated because of a lack of 

relevant information. Of the remaining 426 trials, 32 (7.5%) 
actively assessed cognitive safety.

One hundred and fifty-eight trials examined drugs 
intended to or known to have pharmacological effects on the 
CNS. Three of them were not assessable (no study protocol: 
2, extensive censoring: 1). Of the remaining 155 trials, 21 
(13.5%) assessed cognitive safety.

In total, 37 trials used questionnaires or screening 
tools. Sixteen of them reported cognitive adverse events 
on www.​clini​caltr​ials.​gov. Thirteen trials used specified 
neuropsychological tests addressing distinct cognitive 
domains. Six of them reported cognitive adverse events. 
Two trials used unspecified neuropsychological tests. One of 
them reported cognitive adverse events. The details of the 52 
trials that actively assessed cognitive safety are given in the 
Table 1 of the Electronic Supplementary Material (ESM).

3.2 � Observations

In most trials, the safety assessment consisted of monitoring 
vital signs (heart rate, respiration, blood pressure), 
physical examination, laboratory assessments, and most 
often an electrocardiogram. In some trials, a neurological 
examination was added. However, a considerable number of 
trials assessed only vital signs or did not perform any safety 
assessment at all. These study protocols often referred to the 
fact that the study drug was already approved. A common 
phrase in such study protocols would read “[drug name] is 
an FDA-approved drug that has been in clinical use for many 
years and has a well-known adverse effect profile.”

Some study protocols (e.g. ,  NCT02938520, 
NCT02666664,  or  NCT02706951) stated that 
“neurocognitive events will be identified and evaluated by 
routine safety monitoring” and specified how the severity of 
such cognitive adverse events should be graded. However, 
they did not actively assess cognitive safety but relied on 
spontaneous reporting by participants, their relatives, or 
caregivers. This includes trials examining CNS-active drugs 
such as cannabinoids (e.g., NCT02318602).

Several study protocols (e.g., NCT01636934, 
NCT03434041,  NCT02677896,  NCT02101853, 
NCT02249091, or NCT03545191) explicitly stated that 
the trial drug, the drug class it belongs to, or other drugs 
used in the trial (i.e., comparator drugs) had demonstrated 
their potential to evoke DICI but did not assess cognitive 
safety. This includes trials studying not yet approved drugs 
and drugs targeting the CNS. Some study protocols (e.g., 
NCT03156621) defined neurocognitive events as adverse 
events of special interest but did not actively screen for them.

A large number of trials (e.g., NCT02696785) actively 
assessed quality-of-life parameters including mental health 
or mental well-being by using questionnaires. While these Fig. 1   Summary of study results
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questionnaires included, for example, depressive symptoms 
or signs of suicidality, they did not include cognitive 
function.

4 � Discussion

Most trials reviewed in this study relied on spontaneous 
reporting of DICI by participants, relatives, or caregivers 
instead of actively assessing cognitive safety. However, DICI 
is not synonymous with manifest dementia. It may remain 
mild yet measurable with appropriate neuropsychological 
tests. Drug-induced cognitive impairment is not always 
recognized by patients or their relatives and even if cognitive 
impairment is noticed, it may be interpreted as symptoms 
of disorders such as depression or Alzheimer’s disease 
[23]. This implies a considerable risk of non-detection 
and, therefore, under-reporting in clinical trials. The risk 
of under-reporting is further increased as patients wishing 
to receive the experimental treatment may be afraid of 
being excluded from the study if they report adverse drug 
reactions. Hence, it is not sufficient to rely on self-reporting 
of DICI.

There are obvious reasons why DICI should be 
recognized and evaluated in clinical trials. For one, DICI 
accelerates cognitive aging [15, 24–26]. It may lead to a 
new diagnosis in addition to the patient’s original condition, 
thereby increasing the number of drugs prescribed to this 
patient, which in turn may increase the risk of DICI. Second, 
DICI is not always so severe that it is noticed by mere 
observation.

However, even subtle changes in cognition and behavior 
may have a significant impact on academic achievement, 
work, or social functioning. Such subtle changes are 
rarely detected by using crude screening tools such as 
the Mini-Mental State Examination (MMSE) or the 
Montreal Cognitive Assessment [27]. Screening tools or 
questionnaires such as those developed by the European 
Organisation for the Research and Treatment of Cancer 
have low sensitivity for detecting non-serious cognitive 
adverse effects [27–30]. For example, only three out of 
the maximum achievable 30 points in the MMSE account 
for learning and long-term retrieval. This implies that if a 
person with apparent memory problems has little difficulty 
with the remaining items in the MMSE, they may achieve a 
total score of 27 points. This would be interpreted as normal 
cognitive function. A deterioration in memory function in 
an otherwise highly functioning, intelligent and/or younger 
person may thus remain undetected.

This is further illustrated by the fact that several trials that 
actively assessed cognitive safety did not detect DICI even 
when the trial drug’s potential to induce them was declared 
in its prescribing information (see Table 1 of the ESM). This 

may have been due to coincidence or the study design but 
in many cases, it appears more likely to be a consequence 
of using questionnaires, tests with low sensitivity (e.g., the 
MMSE), or tests that are not suitable to detect DICI. For 
example, tests focusing on behavior (e.g., Behavior Rating 
Inventory of Executive Function Preschool Version) or 
intelligence (e.g., Wechsler Adult Intelligence Scale, Third 
Edition) are poorly suited to detect impaired cognitive 
function. By contrast, some trials did report cognitive 
adverse events with frequencies >5% on www.​clini​caltr​ials.​
gov, but these are neither reported in the formal publication 
nor in the respective prescribing information. Examples of 
the latter are NCT01982955 (tefotinib) and NCT02308020 
(abemaciclib).

Seven of the 15 trials that used neuropsychological 
tests reported cognitive adverse events. Notably, two of 
the four trials with esketamine and one trial with an anti-
seizure medication (lacosamide) did not. Their prescribing 
information declares cognitive adverse effects. However, 
the lacosamide trial used the Behavior Rating Inventory 
of Executive Function Preschool Version. The esketamine 
trials used a non-specified test battery that possibly was 
inappropriately composed.

It may be argued that it is not imperative to evaluate the 
cognitive safety of a drug already approved and clinically 
used for years, perhaps even decades. This is not a valid 
argument because, not least according to the findings in the 
present study, the cognitive safety of most drugs has very 
likely never been appropriately examined.

It might be reasonable to expect that new unapproved 
drugs or drugs marketed for no more than a year would be 
more thoroughly assessed regarding cognitive safety than 
older drugs. Our results do not support this notion, even if 
it is well known that previously unreported adverse drug 
reactions may keep emerging for years after a drug’s first 
approval [31].

Given the absence of appropriate assessment of cognitive 
safety in clinical trials and the focus on manifest dementia 
in post-marketing DICI research, it is not surprising that 
meta-analyses reviewing the evidence for DICI of specific 
drugs find inconclusive, weak, or no such evidence at all [32, 
33]. As a side note, most trials in this study used a public 
reporting threshold of 5% for non-serious adverse events, 
meaning that even if cognitive adverse events should occur 
in as many as 49 out of 1000 patients, they would not be 
publicly reported.

Some publications stated that the severity grading of 
adverse events was performed by the investigator, and only 
reported “serious or severe common adverse events”. An 
example is the shared benefit-risk assessment article of 
the esketamine trials (see Table 1 of the ESM) [34]. This 
publication does not report any cognitive adverse events 
at all even if a confusional state and mental impairment 
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were observed in 5.9% and 5.2% in two of the trials 
(according to clinicaltrials.gov). Instead, it states: “There 
was also no difference between treatment groups in any 
of the cognitive tests performed during TRANSFORM‐1 
or TRANSFORM‐2”. This statement seems to be in 
contrast to the reported adverse events of NCT02417064 
(TRANSFORM-1) on www.​clini​caltr​ials.​gov where mental 
impairment was observed in 5.22% of the 56-mg 2 × /week 
esketamine arm and in 0.88% of the placebo arm. Mental 
impairment is used here as a Medical Dictionary for 
Regulatory Activities term, meaning that it is a subclass of 
Cognitive and attention disorders [35].

Most of the observed cognitive adverse events are not 
trivial (see Table 1 of the ESM). For instance, aphasia, 
amnesia, and memory impairment can have a devastating 
impact on a person’s professional and social life. If 
not recognized as DICI, they may be misinterpreted as 
symptoms of an underlying disease and the patient may be 
given a new diagnosis as well as, presumably, additional 
drug treatment [20, 36].

Decades ago, it was found that DICI is the cause of 10% 
of dementia cases [1, 2]. In the absence of more recent epi-
demiological data, the current prevalence of drug-induced 
dementia and other forms of DICI is unknown. Cognitive 
impairment and dementia can have enormous consequences 
for those who are affected, and for their families. In addition, 
they strain public health systems and, through sick leave or 
early retirement, deprive enterprises and national economies 
of individuals with professional knowledge and experience 
[37, 38]. Regulatory agencies should demand active cogni-
tive monitoring in all clinical drug trials. We recommend that 
each cognitive domain be assessed. Ideally, the tests should 
be selected by an experienced neuropsychologist according 
to the type of the expected possible cognitive effects. This 
should be mandatory for drugs known to, intended to, or sus-
pected to affect the CNS, and desirable for all other drugs. 
The minimum should be a cognitive screening tool of the 
more domain-specific type, selected according to the study 
population, disease, and drug studied, such as EpiTrack®, 
the Rowland Universal Dementia Assessment Scale, or the 
Mini-Cog®.

5 � Conclusions

Almost all trials reviewed in this study actively assessed 
physical drug safety including electrocardiogram and labo-
ratory values. By contrast, cognitive drug safety is largely 
ignored. This applies even to trials assessing new drugs 
and trials assessing drugs targeting the CNS. Only 6.5% of 
the trials reviewed in this study actively assessed cognitive 
safety. Most of them used screening tools or questionnaires. 
In an era of increasing prevalence of dementia and a growing 

number of reports on suspected DICI, these are deplorable 
findings. Cardiac safety in most clinical trials is assessed 
with an electrocardiogram and not a with a questionnaire. 
Likewise, cognitive safety should be assessed with appro-
priate neuropsychological instruments. There is an urgent 
need for drug manufacturers, regulatory authorities, and the 
medical profession to address the cognitive safety of drugs.
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