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Introduction
Nicotine is an addictive substance that is typically consumed 
via cigarettes,1 the primary commercial source of nicotine 
worldwide.2,3 The World Health Organization estimated that 
tobacco products cause 6 million deaths annually worldwide; 
frequency of tobacco-related deaths is expected to rise to 8 mil-
lion per year by 2030.4 Nicotine sustains and drives cigarette 
addiction and consumption and its related morbidity and 
mortality.5

Nicotine from a cigarette is absorbed from the lungs into 
the blood stream. As a tertiary amine it binds to nicotinic cho-
linergic receptors in the central nervous system (CNS) and 
peripheral nervous system (PNS). Among other effects, bind-
ing of these receptors leads to the release of a neurotransmitter, 
dopamine, and activates the rewards pathway. Repeated con-
sumption of nicotine can lead to neuroadaptation, dependence, 
mood/arousal modulation, and withdrawal symptoms if con-
sumption is lowered or stopped.5 Over the past decade, studies 
exploring the cognitive performance effects of nicotine have 

found inconsistent outcomes.6 Some studies reported detri-
mental effects of nicotine while others reported nicotine 
induced cognitive enhancement.5–11

Tobacco companies argue that nicotine has positive effects 
on cognition. British American Tobacco Company (BAT), for 
example, recommends the use of nicotine to help with mood 
and concentration.10 A consumer-oriented pamphlet from 
BAT aggregated statements from various groups supporting 
the use of nicotine,10 which claimed the UK Royal College of 
Physicians stated that medicinal nicotine is “no more harmful 
than the existing use of caffeine”12 and that the National 
Institute for Health and Care Excellence (NICE), UK, stated 
that, “Evidence is available from studies with up to 5 years fol-
low-up which suggests that “pure” nicotine, in the form availa-
ble in nicotine replacement therapy (NRT) products, does not 
pose a significant health risk.”13 Advocates promoting e-ciga-
rette use rely on claims that nicotine has cognitive benefits to 
advance the case that these products should be less unregulated 
and widely available.14,15
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In 1994 a review of 101 studies on the effect of nicotine on 
human performance found nicotine could enhance finger tap-
ping and motor sensory responses in the setting of a cognitive 
task associated attention.16 This enhancement was not observed 
in terms of increased cognitive function.16 Biased scientific 
conclusions may arise with industry funding, particularly for 
the tobacco and pharmaceutical industries, both of which pro-
duce and sell products containing nicotine.17,18 A 1997 follow-
up found that funding by tobacco companies was significantly 
related to study outcome19 after coding 91 studies for: 1) the 
reported conclusion on the cognitive performance effects of 
nicotine and 2) “acknowledged sponsorship”19 divided into two 
categories, non-industry and tobacco industry. Studies (n = 35, 
38%) with acknowledged tobacco industry support were sig-
nificantly more likely to report “conclusions favorable to the 
tobacco industry.”19 In 2010 a meta-analysis of 41 studies on 
the reported cognitive performance effects of nicotine in 
healthy volunteers found nicotine had significant effects on 
memory, motor abilities, and attention.6 Although this study 
included funding source, only a small number of studies 
reported industry funding and the authors did not formally 
investigate a relationship between tobacco industry funding 
and reported study outcomes.6 Overall, existing studies assess-
ing the cognitive performance effects of nicotine have found 
inconsistent results that may be influenced by conflicts of inter-
est, making it challenging to ascertain the effects of nicotine on 
cognition.

We expanded on past research by completing a systematic 
review of the primary literature on the cognitive performance 
effects of nicotine relative to human performance using studies 
published after the most recent 2010 meta-analysis.6 We spe-
cifically focused on studies published after 2009 because 
tobacco industry priorities shifted when the FDA was granted 
regulatory authority over tobacco in 2009.20 This regulatory 
change specifically allowed the FDA to regulate the amount of 
nicotine in tobacco products,20 and created new urgency for 
generating evidence that nicotine had benefits as well as risks. 
At the time two-thirds of smokers supported nicotine reduc-
tion in cigarettes,21 however the industry had found in internal 
research that nicotine was critical to smoker satisfaction and 
continuing use.22 Evidence of possible benefits of nicotine use 
could provide counterarguments to regulation in the event that 
the FDA exercised this authority. This particular tobacco 
industry concern was validated in 2017 when the FDA 
announced its intention to reduce nicotine in combustible cig-
arettes to non-addictive levels.23

We reviewed previously-secret internal tobacco industry 
documents, in addition to published funding disclosures, to 
assess whether study authors had received past tobacco indus-
try funding. We hypothesized that studies with tobacco or 
pharmaceutical industry affiliation would be more likely to 
report nicotine having a beneficial cognitive effect relative to 
studies that did not.

This review addressed three primary research questions:

•• What are the reported cognitive performance effects of 
nicotine on the brain specific to human performance (eg, 
memory, attention, and motor sensory)?

•• Were there any reported adverse cognitive performance 
effects of nicotine on the brain? If so, what?

•• Did any of the included studies involve pharmaceutical 
and/or tobacco industry funding or affiliations? If so, 
how was the funding and/or affiliation reported (eg, dis-
closed funding, affiliation stated, no funding/affiliation 
was disclosed, funding/affiliation discovered by cross ref-
erencing author(s) to lists of tobacco company funded 
research)?

Methods
We conducted a systematic review of journal articles published 
between 2009 and 2016. Data collection was completed July 
1-11, 2016 at the University of California San Francisco (San 
Francisco, CA USA).

Inclusion and exclusion criteria

We adapted inclusion and exclusion from a 2010 review on the 
effect of nicotine and tobacco smoking in human performance6 
as follows: 1) randomized double blinded placebo-control trial; 
2) investigated the cognitive performance effects of nicotine 
after acute administration of nicotine; 3) nicotine was adminis-
tered to healthy adults (18-60 years) who were either nonsmok-
ers, non-deprived smokers, or minimally deprived smokers 
(<2 hours of abstaining from smoking); 4) route of nicotine 
was inhaled, transdermal, oral, injected, or intranasal during a 
laboratory session; 5) publication between 2009-2016 in 
English; 6) peer reviewed journal article; and 7) participants 
had no past medical history of mental illness, Parkinson’s dis-
ease, seizures, and/or dementia.

Outcomes

Participants completed cognitive tasks after nicotine adminis-
tration. These tasks were classified into different performance 
domains, which made up the primary study outcomes. Following 
the classification strategy from the 2010 meta-analysis,6 cogni-
tive tasks were classified into one or more of the following per-
formance domains: attention, long term memory, working 
memory, short term memory, reasoning, and motor sensory 
skills. Secondary outcomes included reported adverse events 
and effects such as a change in blood pressure, change in heart 
rate, and/or mood of the participants administered nicotine.

Search strategy

We conducted a literature search using PubMed, EMBASE, 
PsycINFO, BIOSIS, and Web of Science. Key words included: 
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nicotine, tobacco products, smoking, cigarette smoking, mental pro-
cesses, arousal, mental recall, reaction time/s, decision time/s, pro-
cessing speed, performance, sensory, motor, psychomotor, attention, 
information processing, memory, cognition, electroencephalography, 
EEG, electroencephalogram/s, brain waves, alpha rhythm, beta 
rhythm, delta rhythm, gamma rhythm, theta rhythm, awake, asleep, 
slow-wave, sharp-wave, clinical trial/s, random allocation, 
humans, and not animal. Specific terms from these search 
threads were modified for certain databases in order to take 
advantage of unique search features and subheadings. The 
exact search threads for each database can be found in the 
Appendix.

Data collection

Data collection was completed in four phases.

Phase 1: Study selection: One reviewer (SP) scanned 
abstracts and evaluated them against the specific inclusion 
and exclusion criteria. Questions regarding the inclusion or 
exclusion of articles were resolved by discussion with the 
other authors.

Phase II: Full text analysis: After reviewing the abstracts, the 
remaining papers were extracted for full text review. The full 
text of each paper was reviewed by the authors (SP and PL) 
and coded for study characteristics as well as the authors’ 
reported overall judgment regarding the cognitive perfor-
mance effect of nicotine, categorized as: positive, negative, 
mixed effect, or no effect, based on overall effects across per-
formance domains and conclusions drawn by the authors. 
Author based their judgments on whether nicotine exposure 
reduced distraction, reduced response time, or facilitated 
memory consolidation; findings were coded as “positive” 
when authors concluded that nicotine had “beneficial” 
effects. At least one performance domain was identified per 
publication; measures used by the studies were heterogene-
ous, including free recall of word lists, card sorting, selective 
attention to auditory targets, letter matching on a computer 
screen, and visual attention to target images. Coding was 
done independently and both reviewers used a standardized 
coding instrument. A single coder (SP) extracted standard 
characteristics from each study, including study design and 
country, number of sessions attended by the participant, 
route of nicotine administration, gender, race/ethnicity, 
reported adverse events or other effects, reported funding 
source, and author affiliations.

Phase III: Risk of bias analysis: Following guidelines estab-
lished in the Cochrane Collaboration Handbook,16 two 
coders (SP & DA) coded for risk of bias. The following risk 
of bias was coded for each study: randomization, perfor-
mance, detection/desirability, author, and funding, including 
disclosure of funding source. Studies were coded as: high 

risk, low risk, or unclear risk for each type of bias. Allocation 
concealment, randomization, risk of author bias, detectabil-
ity of outcomes investigated, and blinding of participants 
were also assessed. The two coders independently coded the 
risk of bias, and coding tables were evaluated for discrepan-
cies, which were settled by discussion between the coders.

Phase IV: Funding source: Article funding disclosures, 
conflict of interest statements, and author affiliations were 
reviewed to determine industry funding. In addition to 
disclosures, the authors of the included papers were cross-
referenced using lists of supported researchers drawn from 
previously secret tobacco industry documents. These docu-
ments detailed studies funded by R.J. Reynolds Tobacco 
Company and Philip Morris USA,24–27 and were identified 
through previous research conducted by one of the authors 
(PL).28 Non-industry funding sources or affiliations were 
investigated for ties to the tobacco industry using the archive.

Analytical strategy

Statistical tests were conducted using Stata.29 Fisher’s exact 
tests calculated associations between funding source/affiliation 
and the type of reported cognitive effect (eg, positive versus 
negative/mixed/no effect). Reported outcomes from each study 
were categorized into four potential types: 1) positive, 2) nega-
tive, 3) mixed, or 4) no effect; for the statistical analysis, nega-
tive, mixed, and no effect were collapsed into one group. 
Industry affiliation was defined as the inclusion of at least one 
author who had ever worked for or received funds from either 
the tobacco or pharmaceutical industry. Funding sources or 
author affiliations for the tobacco industry could be disclosed, 
or undisclosed but identified through tobacco industry internal 
documents. Funding sources or author affiliations for the phar-
maceutical industry were only sourced from author disclosures. 
An odds ratio and 95% confidence interval was calculated 
between the industry affiliation and the reported positive cog-
nitive performance effect of nicotine.

Results
Study selection

We identified 3,771 abstracts from the literature search. From 
these, 54 full papers were extracted for full text review (see 
Figure 1). We excluded 22 studies for the following reasons:

•• Studies only explored the physiological effects of nicotine: Six 
studies were excluded due to only exploring the physio-
logical effects of nicotine with no cognitive or behavioral 
outcome measure.

•• Study population was not appropriate: Five studies were 
excluded due to inclusion of nicotine deprived partici-
pants. One study was excluded because smoking partici-
pants never abstained from smoking. One study was 
excluded due to participants >60 years of age.
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•• Study results were not usable: One study was excluded 
since for mixing outcomes of both healthy and patient 
participants. One study was excluded because it did not 
investigate a relevant performance domain. One study 
was excluded because all results were subjective.

•• Study design did not f it inclusion criteria: One study was 
excluded due to lack of randomization. Four studies were 
excluded because they were not double blinded.

•• Study intervention was not appropriate: One study was 
excluded because participants were only given placebos.

Figure 1. Prisma flow diagram.
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Study characteristics

After exclusions, 32 papers were included in the final system-
atic review,30–61 the majority of which used a cross-over design 
(n = 27; 84%). Table 1 summarizes the study characteristics. 
The summary table of studies is provided in the Appendix.

Risk of bias

We assessed risk of bias in six categories: (1) randomization; 
(2) performance; (3) detection/desirability; (4) funding; (5) 
author; and (6) publication. A summary of the analysis is pro-
vided in Table 1.

Table 1. Risk of bias assessments, all studies (n = 32).

STUDY RANDOMIZATION PERFORMANCE 
BIAS

DETECTION/ 
DESIRABLE BIAS

FUNDING AUTHOR

Beer et al.61 Low Risk Unclear Risk Unclear Risk Low Risk Low Risk

Behler et al.60 High Risk Low Risk High Risk Low Risk Low Risk

Bowling and donnelly59 Low Risk Unclear Risk High Risk Unclear Risk Low Risk

Breckel et al.58 Low Risk Low Risk Unclear Risk Low Risk Low Risk

ettinger et al. 2008 Low Risk Low Risk Unclear Risk Low Risk Low Risk

evans et al.56 Low Risk Low Risk Unclear Risk High Risk High Risk

Fisher et al.55 Low Risk Low Risk High Risk Unclear Risk High Risk

Fisher et al.54 Low Risk Low Risk High Risk Unclear Risk High Risk

Froeliger et al.53 Unclear Risk Unclear Risk High Risk Unclear Risk High Risk

giessing et al.52 Low Risk Low Risk Unclear Risk High Risk High Risk

greenstein et al.51 Low Risk Unclear Risk High Risk Unclear Risk Unclear Risk

holmes et al.50 Low Risk Low Risk High Risk High Risk Low Risk

impey et al.49 Low Risk Low Risk Unclear Risk Unclear Risk High Risk

knott et al.48 Low Risk Low Risk Unclear Risk Unclear Risk High Risk

knott et al.45 Low Risk Low Risk High Risk Low Risk High Risk

knott et al.46 Low Risk Low Risk High Risk Low Risk High Risk

knott et al.45(2) Unclear Risk Low Risk Unclear Risk High Risk High Risk

kobiella et al.44 2014 Low Risk Low Risk Unclear Risk High Risk Low Risk

niemegeers et al.43 Low Risk Low Risk High Risk High Risk High Risk

Petrovsky et al.41 Low Risk Low Risk Unclear Risk Low Risk Low Risk

Petrovsky et al.42 High Risk Low Risk Unclear Risk Low Risk High Risk

Pilarski et al.40 High Risk Unclear Risk Unclear Risk Unclear Risk Unclear Risk

Potter et al.39 Unclear Risk Low Risk Unclear Risk Unclear Risk Unclear Risk

Rigbi et al.38 Low Risk Low Risk Unclear Risk Low Risk High Risk

Rose et al.37 Low Risk Unclear Risk Unclear Risk Unclear Risk Low Risk

Rusted et al.36 Unclear Risk Low Risk Low Risk Unclear Risk Low Risk

Rusted et al.35 Low Risk Low Risk Unclear Risk High Risk Low Risk

Schmechtig et al.34 Low Risk Low Risk Low Risk High Risk Unclear Risk

Shah et al.33 Low Risk Low Risk High Risk Unclear Risk High Risk

Vangkilde et al.32 Low Risk Low Risk High Risk Low Risk Low Risk

wachter et al.31 Low Risk Low Risk Unclear Risk Low Risk High Risk

wignall et al.30 Low Risk Low Risk Unclear Risk Unclear Risk Unclear Risk
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(1) Randomization: The majority of the studies (n = 25 
of 32; 78%) were coded as low risk for bias arising from 
the randomization process. If the study had a cross over 
design and explicitly stated it was double-blinded and 
randomized then the study was coded as low risk. If the 
study did not explicitly state the study design was dou-
ble blinded and/or randomized and did not have a cross 
over design it was coded as unclear risk. Nine of the 
studies asked the participants if they could guess their 
allocation after each laboratory session (n = 4 of 32; 
13%). If the participants were able to correctly guess 
their allocations ⩾ 65% the study was coded as high 
risk due to signaling bias (n = 3 of 32; 9%).

(2) Performance: The majority of studies (n = 26 of 32; 
81%) were coded as low risk for performance bias based 
on blinding of participants and study personnel. If the 
study explicitly stated the design was double-blinded 
then the paper was coded as low risk. If the study did 
not explicitly stated the design was double-blinded then 
the paper was coded as unclear risk (n = 6 of 32; 19%).

(3) Detection/desirability: The majority of the studies (n 
= 18 of 32; 56%) were coded as unclear risk for detec-
tion/desirability bias based on whether participants 
were blinded to the study outcomes. If the participants 
knew what was being assessed then they might attempt 
to perform better in the area of assessment. Physiological 
assessments were not included. If the study had detect-
able subjective assessments and did not explicitly state 
that researchers had identified the area of assessment of 
the study to the participants, it was coded as unclear 
risk. Every included study assigned one or more cogni-
tive tasks to their participants. If the study offered 
training sessions for the participants to practice the 
cognitive task(s), supplied feedback to participants 
about their performance prior to the laboratory session, 
and required the participant to obtain a minimum score 
of correctness for the cognitive task(s) then the study 
was coded as high risk (n = 12 of 32; 38%). If the 
assessments were conducted by researchers unaware of 
the hypothesis, or the researchers assessed if partici-
pants improved their performance of the cognitive 
task(s) over time then the study was coded as low risk 
(n = 2 of 32; 6%).

(4) Funding: The studies showed different levels of risk for 
funding bias based on reported funding source and the 
conflict of interest statement. Funding source was 
coded as: government, academia, industry, or not stated. 
If a study did not state a funding source, was funded by 
a government grant/entity with no conflict of interest 
statement, or was funded by an academic source with 
no conflict of interest statement then it was coded as 
unclear risk (n = 13 of 32; 40%). If a study was funded 

by a government grant/entity or academic source and 
explicitly stated no conflicts then the study was coded 
as low risk (n = 10 of 32; 32%). If a study reported 
receiving nicotine supplies from a pharmaceutical com-
pany and/or funding from either the pharmaceutical or 
tobacco industry then the study was coded as high risk 
(n = 9 of 32; 28%).

(5) Author: The majority of studies were coded as high 
risk for author bias (n = 15 of 32; 47%) based on dis-
closed author affiliations with either pharmaceutical or 
tobacco affiliation and/or undisclosed author affilia-
tions with tobacco industry affiliation. Each study was 
also coded for the existence of a conflict of interest 
statement. If the study listed only academic affiliations 
for each author and the study had a conflict of interest 
statement stating no conflicts then the paper was coded 
as low risk (n = 12 of 32; 37%). If the study listed only 
academic affiliations for each author, but the study 
lacked a conflict of interest statement then the paper 
was coded as unclear risk (n= 5 of 32; 16%). If the study 
disclosed an industry affiliation, or an author of the 
study was affiliated with the tobacco industry and had 
not disclosed, the study was coded as high risk.

(6) Publication: The data collected from included articles 
were organized into a funnel diagram with range of 
reported outcomes on the x axis and the study popula-
tion size on the y axis to explore the likelihood of pub-
lication bias; this was asymmetrical and suggested the 
existence of publication bias (see Appendix).

Outcomes

The majority of studies used either a patch or gum as the route 
of nicotine administration (n = 11 and 13, respectively). Of the 
remaining studies, 3 used nasal spray and 1 each used oral spray, 
lozenge, injection, cigarette, and chewing tobacco. No study 
used multiple routes of administration. Most included studies 
were located in Canada (n = 8; 25%), Germany (n = 7; 22%), 
or in the US (n = 7; 22%). Of the remaining studies, 5 (16%) 
were conducted in the UK, 2 in Australia, and 1 each in Israel, 
Denmark, and Belgium.

Performance domains: The cognitive performance 
effects of nicotine were categorized into six performance 
domains: (1) attention; (2) long term memory; (3) motor 
sensory; (4) reasoning; (5) short term memory; (6) working 
memory. The majority of papers considered one performance 
domain; two papers explored two domains. The reported 
cognitive performance outcome of each paper was catego-
rized into 1 of 4 types: 1) positive; 2) negative; 3) mixed; or 
4) no effect. Of the 32 papers analyzed, the majority reported 
positive effects (n = 14; 43%) and explored attention (n = 
22; 69%). Results are provided in Table 2.
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Reported adverse events, mood, and change in vitals: 
Twenty-eight of the 32 studies assessed mood, change in 
vitals, and/or adverse events after administering nicotine. 
Sixteen studies investigated adverse events after the admin-
istration of nicotine. The most common adverse event 
reported was nausea (n = 7; 22%). The majority of the stud-
ies measured change in vital signs such as changes in heart 
rate and blood pressure (n = 18; 56%); the most common of 
these was increased heart rate (n = 8; 25%). Fifteen studies 
investigated mood after administration of nicotine. The 
reported findings on change of mood after nicotine adminis-
tration were mixed, but some trends were observed. For 
example six studies (19%) found no change in mood (n = 6; 
19%) and three studies (9%) reported similar findings related 
to wakefulness (ie, decrease in “tired”, “sleepiness”, and 
“fatigue”). Full descriptions of the reported adverse events, 
changes in mood, and changes in vitals for each study are 
provided in the Appendix.

Author affiliations: The 32 included studies involved 141 
authors. Most studies had 3 to 6 authors; the highest number 
of authors was 16. The names of all authors were cross refer-
enced to four lists of tobacco funded researchers.24–27 Of the 
141 authors, 11 authors were listed in tobacco industry  
documents as having received past industry funding. These  
11 authors were associated with 11 of the 32 included  
papers.31,33,38,45–49,53–55 All of these authors were associated with 
research funded by Philip Morris; two authors were also associ-
ated with research funded by R.J. Reynolds. The studies listed 
in the tobacco industry documents were conducted prior to the 
studies included in this review (1989-2008). None of these 
authors disclosed their past tobacco industry affiliation in the 
included studies.

Funding analysis: Seven studies explicitly stated that they 
had received funding from either the tobacco or pharmaceuti-
cal industry. Funding was defined as money or supplies received 
from either industry. No statistically significant association was 
found between reported funding source and outcome on the 
cognitive performance effects of nicotine.34,35,43–45,50,56 An 
additional two studies indicated other industry affiliations, 
defined as authors with current or past history in the form of 

either funding or a formal job title with either industry, for a 
total of 9 studies reporting industry affiliation of any kind. No 
statistically significant association was found between the 
funding source and the reported outcome on the cognitive per-
formance effects of nicotine.34,35,42-45,50,52,56

Our use of tobacco industry documents allowed us to iden-
tify additional undisclosed tobacco industry affiliations. If an 
author’s name was found on any of the unpublished tobacco 
funded research lists and they did not disclose the affiliation, 
then the study was coded as “undisclosed affiliated.” With these 
additional affiliations, a total of 19 studies were affiliated with 
either the tobacco or pharmaceutical industry. We found no sta-
tistically significant association between the funding source and 
the reported outcome on the cognitive performance effects of 
nicotine (OR = 0.804; 95% CI: 0.1 to 5.26).31,33–35,38,42–50,52–56

We also analyzed studies that were not affiliated with the 
tobacco industry (reported or unreported) and did not report a 
pharmaceutical industry affiliation. All studies coded as uncon-
flicted reported funding from a government grant or entity, 
contained a conflict of interest statement which reported no 
conflicts, and did not include authors with unreported affilia-
tions with the tobacco industry identified through internal 
industry documents. Undisclosed pharmaceutical funding 
could not be assessed. Five studies were coded as unconflicted; 
four of these studies investigated the effects of nicotine in the 
performance domain attention. Of these, two reported positive 
effects on attention and two reported mixed effects on atten-
tion. This outcome was similar to the distribution of reported 
outcomes in the performance domain of attention across all 32 
studies included in this systematic review. Specifically, 22 of the 
32 studies explored the performance domain of attention and 
the distribution of reported outcomes were: positive (n = 9 of 
22; 41%); negative (n = 0 of 22; 0%); mixed (n = 9 of 22; 41%); 
and no effect (n = 4 of 22; 18%). A summary of the uncon-
flicted studies is provided in Table 3.

Discussion
The objectives of this systematic review, which included 32 
randomized controlled trials, were to assess the cognitive per-
formance effects of nicotine among health adults in recent 

Table 2. Performance domains and reported outcomes, all studies (n = 32).

REPORTED OUTCOME ATTENTION LTM MS REASONING STM WM

Positive 9 2 1 – 1 1

negative 0 – – – – 1

mixed 9 – – – – 1

no effect 4 2 1 1 – 1

Total 22 4 2 1 1 4

Abbreviations: LTM, long term memory; MS, motor sensory; STM, short term memory; WM, working memory.
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studies by updating a systematic review completed in 2010,6 
and to identify whether outcomes were associated with indus-
try affiliations. Past studies suggest that nicotine administra-
tion might increase attention, based on a range of measures.6,16 
Our review did not identify a similar effect, despite the high 
likelihood of publication bias. Although the majority of studies 
evaluated in this review focused on attention (n = 22, 69%), 
there was no consistent outcome for the cognitive performance 
effects of nicotine on attention. Our results could reflect publi-
cation bias, changes in study design, reliance on different cog-
nitive tests, or use of updated technology.

We hypothesized that authors with current or past tobacco 
and/or pharmaceutical industry funding would be more likely 
to report positive effects on cognitive performance. No statis-
tically significant association was observed. Less stringent 
inclusion and exclusion criteria than those adopted from the 
2010 meta-analysis would have identified more papers of 
potentially lower quality, which has been associated with 
industry funding in the past62; however including these papers 
would likely further increase publication bias and the incon-
sistency of research results.

Our findings also revealed that authors generally did not 
disclose their industry affiliations. Only one study in our sys-
tematic review reported tobacco industry sponsorship, although 
review of tobacco industry documents revealed that 10 addi-
tional studies had past tobacco industry affiliations. There is no 
consistent standard among journals regarding the time period 
for which authors must disclose support from organizations 
with a conflict of interest; required reporting may range from 
only support of the published manuscript to support over mul-
tiple years.18,63,64 When a longer time period was considered, 
authors had substantially more industry affiliations; consider-
ing that our sources only allowed us to identify past tobacco 
industry funding, and not past pharmaceutical industry fund-
ing, our results likely underestimate pharmaceutical industry 
affiliations.

This systematic review has limitations. The inclusion and 
exclusion criteria of the most recent meta-analysis on this topic 
were adopted to ensure consistency with prior work, however 

this choice meant that we included a small set of studies in the 
analysis. For example, novel nicotine delivery systems, such as 
electronic cigarettes, were not included in this systematic 
review because no studies using this mode of nicotine delivery 
met the inclusion criteria. The potential bias due to past indus-
try affiliation may be understated given that we could not 
identify unreported pharmaceutical industry affiliations. The 
studies included in this systematic review are more rigorous 
randomized controlled trials, but less generalizable to the over-
all public, due to laboratory setting and conducted in a limited 
number of countries. Using less restrictive inclusion criteria 
could have identified additional studies and increased the like-
lihood of identifying potentially significant associations. In 
addition to the high risks of funding bias, our risk of bias 
assessment also found that all but two studies showed high risk 
of detection/desirability bias, and a risk of publication bias, 
raising the possibility that unpublished results may have shown 
insignificant effects, or significant effects that the authors or 
funders preferred not to publish.

This systematic review, like earlier research, found incon-
sistent results regarding the cognitive performance effects of 
nicotine, as well as indeterminate effects of past industry 
funding. Our findings identified underreported industry 
affiliations and the existence of publication bias, suggesting 
that research in this area may become more definitive with 
improved reporting of author affiliations. More than half of 
the papers with past tobacco industry affiliations did not dis-
close these relationships. Further research on the effects of 
nicotine with respect to cognitive performance, and its safety, 
is needed, particularly given that research on cognitive perfor-
mance effects of nicotine, although inconclusive, are used 
selectively to advocate for consumption of tobacco products. 
Research on nicotine will continue to be difficult to assess 
without complete and transparent reporting of past and cur-
rent industry affiliations.

Acknowledgements
The authors acknowledge Evans Whitaker, MD, for his assis-
tance in searching the literature.

Table 3. Unconflicted studies and outcomes (n = 5).

STUDY REPORTED 
OUTCOME

PERFORMANCE 
DOMAIN

REPORTED FUNDING

Beer et al.61 Positive Long term 
memory

Elitenetzwerk Bayern (ENB)

Behler et al.60 Mixed Attention German Research Foundation DFG 766/6-1

Breckel et al.58 Positive Attention German Research Foundation DFG 766/6-1

ettinger, et al.57 2009 Mixed Attention National Institute for Health Research and The Leverhulme Trust

Petrovsky et al.41 Positive Attention German Research Foundation (DFG Wa 731/7-1)
DFG Emmy Noether Programme (Et 31/2-1)
Swiss National Science Foundation (SNF, Grant No. 
PP00P1_123516)



Pasetes et al. 9

Author contribution
All authors conceived the protocol and manuscript, and com-
pleted data collection and analysis as described. SP completed 
the first draft; PL and DA supervised the project and revised 
the manuscript.

ORCID iD
Dorie E. Apollonio  https://orcid.org/0000-0003-4694-0826

Supplemental material
Supplemental material for this article is available online.

ReFeRenCeS
 1. Centers for Disease Control and Prevention. The Health Consequences of 

Smoking—50 Years of Progress: A Report of the Surgeon General. Atlanta (GA): US 
Department of Health and Human Services; 2014.

 2. Hukkanen J, Jacob P, 3rd, Benowitz NL. Metabolism and disposition kinetics of 
nicotine. Pharmacol Rev. 2005;57(1):79–115.

 3. Andersson C, Wennström P, Gry J. Nicotine alkaloids in Solanaceous food 
plants. TemaNord. 2003;531.

 4. World Health Organization. WHO report on the global tobacco epidemic, 2017: 
monitoring tobacco use and prevention policies. Geneva, Switzerland; 2017.

 5. Benowitz NL. Nicotine addiction. N Engl J Med. 2010;362(24):2295–2303.
 6. Heishman SJ, Kleykamp BA, Singleton EG. Meta-analysis of the acute effects of 

nicotine and smoking on human performance. Psychopharmacology (Berl). 
2010;210(4):453–469.

 7. Levin ED, McClernon FJ, Rezvani AH. Nicotinic effects on cognitive function: 
behavioral characterization, pharmacological specification, and anatomic local-
ization. Psychopharmacology (Berl). 2006;184(3–4):523–539.

 8. Newhouse PA, Potter A, Singh A. Effects of nicotinic stimulation on cognitive 
performance. Curr Opin Pharmacol. 2004;4(1):36–46.

 9. Stead LF, Perera R, Bullen C, Mant D, Lancaster T. Nicotine replacement ther-
apy for smoking cessation. Cochrane Database Syst Rev. 2008(1):Cd000146.

 10. British American Tobacco Company. Nicotine Explained. London; 2013.
 11. Powledge TM. Nicotine as therapy. PLOS Biol. 2004;2(11):e404.
 12. Royal Society for Public Health. Nicotine “no more harmful to health than 

caffeine”. Available at: https://www.rsph.org.uk/about-us/news/nicotine–no-
more-harmful-to-health-than-caffeine-.html. Accessed May 10, 2018.

 13. National Institute for Health and Care Excellence (NICE). Smoking: harm 
reduction. NICE Guidance; 2013. Available at: https://www.nice.org.uk/guid-
ance/ph45. Accessed May 10, 2018.

 14. Kozlowski LT, Abrams DB. Obsolete tobacco control themes can be hazardous 
to public health: the need for updating views on absolute product risks and harm 
reduction. BMC Public Health. 2016;16:432.

 15. Abrams DB, Glasser AM, Pearson JL, Villanti AC, Collins LK, Niaura RS. 
Harm minimization and tobacco control: reframing societal views of nicotine use 
to rapidly save lives. Annu Rev Public Health. 2018;39:193–213.

 16. Heishman SJ, Taylor RC, Henningfield JE. Nicotine and smoking: a review of 
effects on human performance. Exp Clin Psychopharmacol. 1994;2(4):345–395.

 17. Moses H, 3rd, Dorsey ER, Matheson DH, Thier SO. Financial anatomy of bio-
medical research. JAMA. 2005;294(11):1333–1342.

 18. Bero LA, Grundy Q. Why having a (Nonfinancial) interest is not a conflict of 
interest. PLOS Biol. 2016;14(12):e2001221.

 19. Turner C, Spilich GJ. Research into smoking or nicotine and human cognitive 
performance: does the source of funding make a difference? Addiction. 1997; 
92(11):1423–1426.

 20. Gostin LO. FDA regulation of tobacco: politics, law, and the public's health. 
JAMA. 2009;302(13):1459–1460.

 21. Fix BV, O'Connor RJ, Fong GT, Borland R, Cummings KM, Hyland A. Smok-
ers' reactions to FDA regulation of tobacco products: findings from the 2009 
ITC United States survey. BMC Public Health. 2011;11:941.

 22. Stevenson T, Proctor RN. The secret and soul of Marlboro: Phillip Morris and 
the origins, spread, and denial of nicotine freebasing. Am J Public Health. 
2008;98(7):1184–1194.

 23. Yang YT. FDA's regulatory shift on tobacco control. Prev Med. 2018;113:153–155.
 24. RJ Reynolds Records; 1995. Available at: https://www.industrydocuments.ucsf.

edu/tobacco/docs/#id=ngch0102
 25. Morris P, External Research Program. Peer reviewed publications acknowledg-

ing support from the Philip Morris External Research Program as reported by 
the principal investigator September 30, 2009 Philip Morris Records; 2009. Avail-
able at: http://industrydocuments.library.ucsf.edu/tobacco/docs/rrvd0151

 26. RJR Psychophysiology laboratory: Basic research. RJ Reynolds Records; 2000. 
Available at: http://industrydocuments.library.ucsf.edu/tobacco/docs/knjm 
0221

 27. BAT Group. Publications of BAT Group Research Scientists and External Sci-
entists Sponsored by Either BATco. Or the SRG. Brown & Williamson Records. 
Available at: https://www.industrydocumentslibrary.ucsf.edu/tobacco/docs/#id= 
nhnl0178

 28. Truth Tobacco Industry Documents. University of California, San Francisco; 
2019. Available at: https://www.industrydocumentslibrary.ucsf.edu/tobacco/. 
Accessed May 10, 2018.

 29. Stata Statistical Software: Release 14 [computer program]. College Station, TX: 
StataCorp LP; 2015.

 30. Wignall ND, de Wit H. Effects of nicotine on attention and inhibitory control in 
healthy nonsmokers. Exp Clin Psychopharmacol. 2011;19(3):183–191.

 31. Wachter NJ, Gilbert DG. Nicotine differentially modulates antisaccade eye-
gaze away from emotional stimuli in nonsmokers stratified by pre-task baseline 
performance. Psychopharmacology (Berl). 2013;225(3):561–568.

 32. Vangkilde S, Bundesen C, Coull JT. Prompt but inefficient: nicotine differentially 
modulates discrete components of attention. Psychopharmacology (Berl). 2011; 
218(4):667–680.

 33. Shah D, Impey D, Chique-Alfonzo M, Fisher D, Lorenzo-Lopez L, Knott V. 
Neural effects of acute nicotinic treatment on visual spatial attention in non-
smokers. Pharmacol Biochem Behav. 2011;100(2):228–236.

 34. Schmechtig A, Lees J, Grayson L, et al. Effects of risperidone, amisulpride 
and nicotine on eye movement control and their modulation by schizotypy. 
Psychopharmacology (Berl). 2013;227(2):331–345.

 35. Rusted JM, Sawyer R, Jones C, Trawley SL, Marchant NL. Positive effects of 
nicotine on cognition: the deployment of attention for prospective memory. 
Psychopharmacology (Berl). 2009;202(1–3):93–102.

 36. Rusted J, Ruest T, Gray MA. Acute effects of nicotine administration during 
prospective memory, an event related fMRI study. Neuropsychologia. 2011;49(9): 
2362–2368.

 37. Rose EJ, Ross TJ, Kurup PK, Stein EA. Nicotine modulation of information 
processing is not limited to input (attention) but extends to output (intention). 
Psychopharmacology (Berl). 2010;209(4):291–302.

 38. Rigbi A, Yakir A, Sarner-Kanyas K, Pollak Y, Lerer B. Why do young women 
smoke? VI. A controlled study of nicotine effects on attention: pharmacogenetic 
interactions. Pharmacogenomics J. 2011;11(1):45–52.

 39. Potter AS, Bucci DJ, Newhouse PA. Manipulation of nicotinic acetylcholine recep-
tors differentially affects behavioral inhibition in human subjects with and without 
disordered baseline impulsivity. Psychopharmacology (Berl). 2012;220(2):331–340.

 40. Pilarski CR, Skeel RL, Reilly MP. Acute Effects of Nicotine on Risky Choice 
among Non-Smokers. Psychol Rec, 2014;64(2):151–159.

 41. Petrovsky N, Ettinger U, Quednow BB, et al. Nicotine differentially modulates 
antisaccade performance in healthy male non-smoking volunteers stratified for 
low and high accuracy. Psychopharmacology (Berl). 2012;221(1):27–38.

 42. Petrovsky N, Ettinger U, Quednow BB, et al. Nicotine enhances antisaccade 
performance in schizophrenia patients and healthy controls. Int J Neuropsycho-
pharmacol. 2013;16(7):1473–1481.

 43. Niemegeers P, Dumont GJ, Quisenaerts C, et al. The effects of nicotine on cog-
nition are dependent on baseline performance. Eur Neuropsychopharmacol. 
2014;24(7):1015–1023.

 44. Kobiella A, Ripke S, Kroemer NB, et al. Acute and chronic nicotine effects on 
behaviour and brain activation during intertemporal decision making. Addict 
Biol. 2014;19(5):918–930.

 45. Knott VJ, Millar AM, McIntosh JF, et al. Separate and combined effects of low 
dose ketamine and nicotine on behavioural and neural correlates of sustained 
attention. Biol Psychol. 2011;88(1):83–93.

 46. Knott VJ, Bolton K, Heenan A, Shah D, Fisher DJ, Villeneuve C. Effects of 
acute nicotine on event-related potential and performance indices of auditory 
distraction in nonsmokers. Nicotine Tob Res. 2009;11(5):519–530.

 47. Knott V, Heenan A, Shah D, Bolton K, Fisher D, Villeneuve C. Electrophysio-
logical evidence of nicotine's distracter-filtering properties in non-smokers. J 
Psychopharmacol. 2011;25(2):239–248.

 48. Knott V, Choueiry J, Dort H, et al. Baseline-dependent modulating effects of 
nicotine on voluntary and involuntary attention measured with brain event-
related P3 potentials. Pharmacol Biochem Behav. 2014;122:107–117.

 49. Impey D, Chique-Alfonzo M, Shah D, Fisher DJ, Knott VJ. Effects of nicotine 
on visuospatial attentional orienting in non-smokers. Pharmacol Biochem Behav. 
2013;106:1–7.

 50. Holmes AD, Chenery HJ, Copland DA. Nicotine does not enhance basic seman-
tic priming. Psychopharmacology (Berl). 2010;211(3):259–265.

 51. Greenstein JE, Kassel JD, Wardle MC, et al. The separate and combined effects 
of nicotine and alcohol on working memory capacity in nonabstinent smokers. 
Exp Clin Psychopharmacol. 2010;18(2):120–128.

 52. Giessing C, Thiel CM, Alexander-Bloch AF, Patel AX, Bullmore ET. Human 
brain functional network changes associated with enhanced and impaired 
attentional task performance. J Neurosci. 2013;33(14):5903–5914.

https://orcid.org/0000-0003-4694-0826
https://www.rsph.org.uk/about-us/news/nicotine�no-more-harmful-to-health-than-caffeine-.html
https://www.rsph.org.uk/about-us/news/nicotine�no-more-harmful-to-health-than-caffeine-.html
https://www.nice.org.uk/guidance/ph45
https://www.nice.org.uk/guidance/ph45
https://www.industrydocuments.ucsf.edu/tobacco/docs/#id=ngch0102
https://www.industrydocuments.ucsf.edu/tobacco/docs/#id=ngch0102
http://industrydocuments.library.ucsf.edu/tobacco/docs/rrvd0151
http://industrydocuments.library.ucsf.edu/tobacco/docs/knjm0221
http://industrydocuments.library.ucsf.edu/tobacco/docs/knjm0221
https://www.industrydocumentslibrary.ucsf.edu/tobacco/docs/#id=nhnl0178
https://www.industrydocumentslibrary.ucsf.edu/tobacco/docs/#id=nhnl0178
https://www.industrydocumentslibrary.ucsf.edu/tobacco/


10 Substance Abuse: Research and Treatment 

 53. Froeliger B, Gilbert DG, McClernon FJ. Effects of nicotine on novelty detec-
tion and memory recognition performance: double-blind, placebo-controlled 
studies of smokers and nonsmokers. Psychopharmacology (Berl). 2009;205(4): 
625–633.

 54. Fisher DJ, Scott TL, Shah DK, Prise S, Thompson M, Knott VJ. Light up and 
see: enhancement of the visual mismatch negativity (vMMN) by nicotine. Brain 
Res. 2010;1313:162–171.

 55. Fisher DJ, Knobelsdorf A, Jaworska N, Daniels R, Knott VJ. Effects of nicotine 
on electroencephalographic (EEG) and behavioural measures of visual working 
memory in non-smokers during a dual-task paradigm. Pharmacol Biochem Behav. 
2013;103(3):494–500.

 56. Evans S, Gray MA, Dowell NG, et al. APOE E4 Carriers show prospective 
memory enhancement under nicotine, and evidence for specialisation within 
medial BA10. Neuropsychopharmacology. 2013;38(4):655–663.

 57. Ettinger U, Williams SC, Patel D, et al. Effects of acute nicotine on brain func-
tion in healthy smokers and non-smokers: estimation of inter-individual response 
heterogeneity. NeuroImage. 2009;45(2):549–561.

 58. Breckel TPK, Giessing C, Gieseler A, Querbach S, Reuter M, Thiel CM. 
Nicotinergic modulation of attention-related neural activity differentiates 

polymorphisms of DRD2 and CHRNA4 receptor genes. PLoS One. 2015; 
10(6):e0126460.

 59. Bowling AC, Donnelly JF. Effect of nicotine on saccadic eye movement latencies 
in non-smokers. Hum Psychopharmacol. 2010;25(5):410–418.

 60. Behler O, Breckel TP, Thiel CM. Nicotine reduces distraction under low percep-
tual load. Psychopharmacology (Berl). 2015;232(7):1269–1277.

 61. Beer AL, Vartak D, Greenlee MW. Nicotine facilitates memory consolidation in 
perceptual learning. Neuropharmacology. 2013;64:443–451.

 62. Scollo M, Lal A, Hyland A, Glantz S. Review of the quality of studies on the 
economic effects of smoke-free policies on the hospitality industry. Tob Control. 
2003;12(1):13–20.

 63. International Committee of Medical Journal Editors. Author Responsibilities–
Conflicts of Interest; 2018. Available at: http://www.icmje.org/recommenda-
tions/browse/roles-and-responsibilities/author-responsibilities–conflicts 
-of-interest.html. Accessed May 10, 2018.

 64. Cochrane Community. Conflicts of interest and Cochrane Reviews. Editorial 
and Publishing Policy Resource; 2014. Available at: http://community.cochrane.
org/editorial-and-publishing-policy-resource/ethical-considerations/conflicts-
interest-and-cochrane-reviews. Accessed May 10, 2018.

http://www.icmje.org/recommendations/browse/roles-and-responsibilities/author-responsibilities�conflicts
-of-interest.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/author-responsibilities�conflicts
-of-interest.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/author-responsibilities�conflicts
-of-interest.html
http://community.cochrane.org/editorial-and-publishing-policy-resource/ethical-considerations/conflicts-interest-and-cochrane-reviews
http://community.cochrane.org/editorial-and-publishing-policy-resource/ethical-considerations/conflicts-interest-and-cochrane-reviews
http://community.cochrane.org/editorial-and-publishing-policy-resource/ethical-considerations/conflicts-interest-and-cochrane-reviews



