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Mild cognitive impairment
Mild cognitive impairment (MCI) is a syn-
drome defined as cognitive decline greater than 
expected for an individual’s age and educa-
tion level but that does not interfere notably 
with activities of daily life [1]. MCI refers to a 
transitional stage from the cognitive changes 
of normal aging to early dementia, including 
Alzheimer’s disease (AD). Primarily, MCI can 
be divided into two subtypes: amnestic (includ-
ing memory impairment) and nonamnestic 
(nonmemory cognitive domains impaired) [2,3]. 
The incidence rates for MCI are substantial. 
Incidence rates of MCI in the range of 51–76.8 
per 1000 person-years have been reported [4,5].

Individuals with MCI are at risk for develop-
ing dementia, a highly burdensome disease, and 
are of high clinical importance. Currently, no 
pharmacological therapies have demonstrated 
effectiveness for MCI. However, MCI patients 
are frequently being treated with ‘off-label’ cho-
linesterase inhibitors and memantine, as well 
as other putative cognitive-enhancing drugs, 
such as antioxidants [6,7]. There have been sev-
eral drug trials in recent years investigating the 
efficacy of commonly used therapies for AD 
for subjects with MCI [8–11]. While a donepezil 
study suggested that it might be possible to delay 
the progression to AD [9], it is clear that better 
treatments need to be developed.

Nicotine
Nicotine binds to presynaptic nicotinic ace-
tylcholine receptors in the brain and facilitates 
the release of acetylcholine, dopamine, sero-
tonin, glutamate and other neurotransmitters 
known to be involved in cognitive processes [12]. 
Nicotine systems in the brain play an impor-
tant role in the neural basis of memory and 
attention. Experimental animal studies have 
revealed the involvement of a7 and a4b2 nic-
otinic receptor subtypes in the effects on work-
ing memory in the hippocampus [13]. Clinical 
studies using transdermal nicotine patches have 
demonstrated the efficacy of nicotine in treat-
ing cognitive impairments associated with AD 
[14], schizophrenia [15] and ADHD [16,17]. Both 
clinical and animal studies provide mutually 
supporting information for the development 
of novel nicotinic treatments for cognitive dys-
function [18]. The recent article by Newhouse 
et al. presents results of a double-blind, parallel-
group, placebo-controlled, randomized clinical 
trial of the effect of chronic transdermal nico-
tine treatment on cognitive performance and 
clinical status in adults with MCI [19].

Methods & results
Newhouse et al. evaluated the safety, efficacy 
and tolerability of nicotine dosed at 15 mg/day 
for 6 months via transdermal nicotine patch 
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in subjects with MCI in a double-blind, placebo-controlled, 
parallel- group, randomized clinical trial, for which 100 subjects 
were recruited from three sites [19]. MCI diagnosis utilized the 
following criteria for amnestic MCI: age above 55 years; memory 
complaints and difficulties verified by an informant; abnormal 
memory function documented by scoring below the education-
adjusted cutoff on the Logical Memory II subscale from the 
Wechsler Memory Scale-Revised, as used in a prior MCI trial 
[9]; Mini-Mental State Examination score between 24 and 30 
inclusive; and a Clinical Dementia Rating of 0.5 with a memory 
box score of 0.5 or 1.0 [20]. Exclusion criteria included medical 
or neurological disease, head injury, structural brain abnormali-
ties, Axis I psychiatric illness or substance abuse within the last 
2 years, chronic use of cholinergic or anticholinergic medications 
and current tobacco or nicotine use.

Seventy-four nonsmoking subjects with amnestic MCI met 
inclusion criteria and were randomized to transdermal nicotine 
(15 mg/day) or placebo for 6 months. Transdermal nicotine was 
initially administered using a 5-mg patch, and titrated to 15 mg 
by day 21. Thirty-nine subjects were randomized to nicotine 
treatment (34 completers) and 35 subjects to placebo treatment 
(33 completers). One subject dropped out owing to progression 
to AD. Four subjects assigned to nicotine withdrew because of 
adverse events, whereas two subjects assigned to placebo only 
withdrew owing to adverse events.

Performance/behavioral assessments were carried out at 0, 
91 and 182 days. The primary cognitive outcome measure was 
the reaction time standard error performance on the Connors 
Continuous Performance Test (CPT), as improvement in this 
variable over varying intervals is a strong indication of overall 
attentional performance in AD [14]. In addition, the Clinical 
Global Impression of Change was used as the primary clinical 
outcome measure. Secondary cognitive measures included per-
formance on the Cognitive Drug Research computerized battery, 
the Immediate and Delayed Paragraph Recall Test and the Digit 
Symbol Substitution Task. Behavioral and functional ratings by 
subjects and observers included the Older Adult Self Report and 
Behavior Checklist. Safety and tolerability were evaluated by 
counting specific adverse events and dropouts owing to adverse 
events.

Mixed models repeated-measures ana lysis of variance were used 
to assess the effect of nicotine treatment on cognitive performance 
over time. Baseline scores and APOE genotype were included in 
the ana lysis as covariates. Analysis of the MCI-Clinical Global 
Impression of Change compared global ratings utilizing ordered 
polychotomous logistic regression at the end of double-blind 
treatment (182 days). Differences for rates of adverse events were 
assessed using c2 ana lysis.

The primary cognitive outcome measure, CPT hit reaction 
time standard error change over interstimulus intervals, showed 
a significant improvement (reduced variability in reaction time), 
in those assigned to the nicotine group compared with those 
receiving placebo. Improvement over time was observed in the 
group assigned to nicotine compared with placebo in patient 
and caregiver ratings but not clinician ratings of global clinical 

improvement. The secondary outcome of attention, memory and 
psychomotor speed showed significant improvements in the group 
receiving nicotine compared with the placebo-treated group. 
Cognitive activities in attention and response speed showed a 
significant advantage for nicotine treatment in the APOE4 dou-
ble-allele group compared with the E4/E3 and E3/E3 groups. 
Safety and tolerability for transdermal nicotine were excellent, 
although more nicotine-treated subjects discontinued treatment 
for adverse events than placebo-treated subjects.

Discussion
While several studies to date have evaluated the cognitive effects 
of nicotine in AD, this study is significant in that it targeted MCI 
with nicotine therapy. Nicotine may have superior efficacy in MCI 
than AD because those with MCI have had only a modest decline 
in cognitive function and tend to have relatively larger numbers 
of nicotinic acetylcholine receptors intact. This study found that 
transdermal nicotine, dosed at 15 mg/day over 6 months, is well 
tolerated by nonsmoking adults with MCI, and associated with 
improvement in measures of attention, memory and psychomotor 
performance. This finding provides strong justification for further 
treatment studies of nicotine for older adults with early evidence 
of cognitive dysfunction.

The results of this trial must nonetheless be viewed in the con-
text of the study’s limitations. The sample size was relatively mod-
est, yet there were significant effects in several cognitive domains. 
Power was calculated on the basis of the CPT task, but the power 
to detect effects from clinical global ratings was limited. As this 
pilot clinical trial measured a broad number of cognitive and 
behavioral domains, some of which showed no effect of treat-
ment, further study will be needed to clarify which cognitive 
domains are directly influenced by nicotinic stimulation in this 
population. This study tested only nonsmokers to simplify dose 
ranging. Future studies will require potentially different dose 
ranges in order to apply these findings to current smokers. In the 
present study, nicotine dose titration was only performed to limit 
side effects. Further clinical benefit of nicotine might be achieved 
by titration based on not only side effects but also efficacy.

Five-year view
This study included only subjects with amnestic MCI. As noted 
above, MCI also includes the other clinical subtype, nonamnes-
tic. There are several cognitive domains such as language, learn-
ing, executive functions or visuospatial skills other than memory 
and attention that were investigated in this study. Of course, few 
studies have examined these domains owing to methodological 
difficulties [21]. Thus, research that attempts to simulate complex 
behavior in the laboratory might complement our knowledge of 
nicotine’s cognitive effect [22].

There were no withdrawal symptoms reported by patients or 
informants and no subjects continued to use nicotine products 
after this study. Thus, there seems to be no evidence for abuse 
liability of transdermal nicotine in the nonsmoking population 
of this study. However, treatment periods longer than 1 year may 
be necessary in future studies to investigate the durability of its 
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cognitive effects. Abuse liability will need to be evaluated in these 
longer term studies.

Nicotine is best known as the principal psychoactive chemi-
cal in tobacco and a critical component of tobacco addiction. 
However, nicotine, like other drugs such as morphine, has a spec-
trum of effects that may be therapeutically useful. Our under-
standing of how nicotine affects cognitive function is enhanced 
by this kind of trial in diverse clinical populations.
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Key issues

• Although the incidence rate of mild cognitive impairment (MCI) is substantial, no pharmacological therapies have been identified to 
improve cognitive performance or prevent the subsequent development of dementia.

• It is important to evaluate the effect of nicotine for cognitive impairment in MCI since nicotine has been shown to improve cognitive 
impairment in Alzheimer’s disease.

• To our knowledge, Newhouse et al. have conducted the first trial of nicotine as a therapeutic agent for enhancing cognitive function of 
people with MCI.

• This trial found that transdermal nicotine improved attention, memory and psychomotor speed, as well as patient and informant ratings 
of cognitive impairment in MCI, but did not find a significant effect on clinician‑rated global improvement.

• Larger studies with longer follow‑up are needed to evaluate the effect of nicotine on cognitive performance and progression to 
dementia in adults with MCI.
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