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MIDLIFE CIGARETTE SMOKING AND NEUROPSYCHIATRIC
SYMPTOMS AMONG DEMENTED OUTPATIENTS

A. McMurtray1,2,3, V. Krishna4, B. Nakamoto5,6, N. Diaz1,2,3, B. Mehta1,2,3, S. Aboutalib2, E. Saito1

Introduction 

High rates of cigarette smoking have previously been
reported among individuals with psychiatric disorders
such as depression, anxiety, and psychosis (1).  Previous
estimates suggest that individuals with psychiatric
disorders account for up to 46% of all cigarette use in the
United States (2), and that smoking prevalence among
individuals with psychiatric disorders may be as high as
41%, compared to only 22% among individuals without
psychiatric disorders (3).  

The high co-morbidity between cigarette smoking and
psychiatric disorders has been suggested to occur due to
significant alterations in functioning of brain cholinergic
and other neurotransmitter systems (1, 4, 5).  Nicotine is
reported to affect several neurotransmitter systems
involved in development of psychiatric disorders.  The
dopamine system is the most well studied
neurotransmitter system affected by nicotine intake from

cigarette smoking, with brain dopamine levels altered
through activation of nicotinic acetylcholine receptors on
mesolimbic interneurons (6-8).  Other neurotransmitter
systems altered by activation of nicotinic cholinergic
neurons due to smoking are less well studied and
include: endogenous opioid peptides, gama-
aminobutyric acid, glutamate, norepinephrine, and
serotonin systems (8).  Smoking induced modulation of
these neurotransmitter systems links cigarette smoking to
neurotransmitter imbalances associated with psychiatric
disorders.  For this reason, cigarette smoking has even
been described as a possible form of attempted self-
medication as these patients try to correct dysfunction of
cholinergic and other neurotransmitter systems that may
be associated with their psychiatric symptoms (1, 4).  

This study was designed to extend knowledge of these
relationships by assessing for increased risk of
neuropsychiatric symptoms among demented
outpatients related to midlife smoking habits.  We
hypothesized that there is an increased prevalence of
neuropsychiatric symptoms such as depression, anxiety,
delusions, and hallucinations among dementia patients
who have a history of cigarette smoking compared to
those who did not smoke.  We were particularly
interested in patients with Alzheimer’s Disease as the
etiology of their dementing illness since this condition is
associated with a gradually developing alteration of brain
cholinergic function that may precede development of
cognitive symptoms by many years or even start during
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Abstract: Background: Midlife cigarette smoking is associated with increased risk for both midlife neuropsychiatric symptoms and
development of dementia later in life. Objective: This study was designed to extend knowledge of these relationships by assessing
for increased risk of neuropsychiatric symptoms among demented outpatients related to midlife smoking habits.  Design: A
retrospective cross-sectional analysis. Setting: Patients seen in a community based outpatient clinic for treatment of dementia
during a one year period.  Participants: A total of 38 participants were included in this study, 22 with a history of midlife smoking
and 16 lifetime non-smokers. Results: Midlife cigarette smoking was associated with midlife alcohol use (p = 0.023) and presence of
delusions (p = 0.031) among demented outpatients. Conclusions: A history of midlife smoking is associated with increased
frequency of delusions later in life among demented outpatients and may help identify those at higher risk for developing
neuropsychiatric symptoms.  
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midlife.  

Methods

Subjects: Participants were adults, over the age of 18
years, who presented sequentially to a community-based
dementia subspecialty clinic during a one-year period
from January 1st 2012 to January 1st 2013 for evaluation
and treatment of dementia.  De-identified data was
obtained and analyzed in a retrospective fashion for all
participants.  Local Institutional Review Board approval
was obtained. 

Standardized Evaluation: All patients underwent a
standardized workup consisting of a detailed history,
general physical and neurological examinations, a brain
imaging study with either computed tomography or
magnetic resonance imaging, laboratory blood tests for
treatable causes of cognitive impairment including serum
vitamin B12, folate, and TSH levels, as well as RPR and
HIV testing, and a Mini-Mental State Examination (9).
Midlife smoking status was determined by either self-
report or report by family members or caregivers if self-
report was considered unobtainable or unreliable by the
examining neurologist.

Dementia Diagnosis: Diagnoses of dementia were
made by a board certified neurologist according to
established clinical criteria (10).  Dementia severity was
determined by MMSE score with mild dementia
indicated by scores ranging from 21 to 25, moderate
dementia by scores ranging from 10 to 20, and severe
dementia by scores below 10.  Presence of
neuropsychiatric symptoms including depression,
anxiety, delusions and hallucinations were determined by
a board certified neurologist during the history and

physical examination.  
Statistics: Normally distributed continuous

demographic factors and other continuous variables were
compared between groups using two-tailed t-tests.
Continuous non-parametric data was compared between
groups using the Mann-Whitney U test.  Frequency of
occurrence of categorical variables was compared
between groups using chi-square analysis or Fisher’s
exact test as appropriate.  All statistical calculations were
performed using IBM SPSS Statistics for Windows,
version 21.0.

Results

A total of 79 patients presented to the community
based dementia subspecialty clinic during the one-year
retrospective study period.  Of these, 38 patients met
clinical diagnostic criteria for either possible or probable
Alzheimer’s disease and were included in this
retrospective analysis.  Of the study participants, 22 had a
history of midlife smoking and 16 were lifetime non-
smokers.  A total of 28 patients were excluded because
they did not meet clinical criteria for either dementia and
a total of 13 patients were excluded because an adequate
and reliable midlife smoking history could not be
obtained.  

Overall midlife smoker and lifetime non-smoker
groups were very similar and did not significantly differ
in demographic factors such as mean age, dementia onset
age, gender distribution, ethnicity distributions, or
presence of other significant co-morbid medical problems
such as hypertension, diabetes, coronary artery disease or
previous stroke (See Table 1).  There was a trend towards
lower mean MMSE scores among the lifelong non-
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Table 1
Demographic Factors of Midlife Smokers and Non-Smokers

Demographic Factors and Midlife Smokers Non-Smokers Sig.
Neuropsychiatric Symptoms N = 22 N = 16

Mean age (S.D.)a 66.42 (10.705) 68.31 (11.294) p = 0.693
Mean age of onset (S.D.) 61.74 (9.036) 60.31 (10.912) p = 0.337
Mean MMSE score (S.D.) 17.76 (6.796) 13.86 (9.670) p = 0.074
Male 8 (36.4%) 9 (56.3%) p = 0.478
Ethnicity (AA, A, C, H, Other/unidentified)b 3(13.6%),3(13.6%),13 (59.1%), 3(18.8%),2(11.7%),9 (56.3%), p = 0.967

3(13.6%), 0(0.0%) 1(6.3%), 1(6.3%)
Hypertension 12 (54.5%) 9 (56.3%) p = 0.974
Diabetes 5 (22.7%) 4 (25.0%) p = 0.277
Coronary Artery Disease 2 (9.1%) 0 (0.0%) p = 0.565
Atrial Fibrillation 1 (4.5%) 1 (6.3%) p = 0.309
Congestive Heart Failure 2 (9.1%) 0 (0%) p = 0.565
Stroke 4 (18.2%) 3 (18.8%) p = 0.718
Dyslipidemia 6 (27.3%) 7 (43.8%) p = 0.331
Alcohol Use 6 (27.3%) 0 (0.0%) p = 0.023
Illicit Substance Use 3 (13.6%) 4 (25.0%) p = 0.372

†S.D. = Standard Deviation; ‡AA = African American, A = Asian, C = Caucasian, H = Hispanic.
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smokers (mean = 13.86, S.D. = 9.670, p = 0.074) compared
to midlife smokers (mean = 17.76, S.D. = 6.796).  While
midlife cigarette smoking was positively associated with
midlife alcohol use (p = 0.023), no significant relationship
was detected with midlife illicit substance use (p = 0.372). 

Neuropsychiatric symptoms were present in 22 of the
38 patients (57.89%), including 13 of the 22 midlife
smokers (59.09%) and 9 of the 16 lifelong non-smokers
(56.25%).  Overall for the entire group, anxiety was
present in 26.32% of the participants, delusions in 31.58%,
depression in 57.89%, hallucinations in 31.58%, paranoia
in 21.05%, disruptive behaviors in 44.74%, and
wandering in 26.32% of the patients (See Table 2).  There
was no significant relationship between midlife cigarette
smoking and presence of anxiety (p = 0.399), depression
(p = 0.646), hallucinations (p = 0.743), or disruptive
behaviors (p = 0.224).  Midlife cigarette smoking,
however, was positively associated with presence of
delusions (p = 0.031).  Additionally, trends were noted
towards greater frequency of paranoia (p = 0.056) and
wandering behaviors (p = 0.099) among midlife smokers
compared to non-smokers (See Table 2).

Discussion

In this study we identified an association between
midlife cigarette smoking and increased frequency of
delusions later in life among a community-based sample
of demented outpatients.  Because cortical cholinergic
deficits are known to occur in both Alzheimer’s disease
and vascular dementia, it is possible that midlife cigarette
smoking may represent a form of self-medication used by
these patients to treat subtle cholinergic disturbance
present years or even decades before frank dementia is
evident.  The findings of this study suggest that a history
of midlife cigarette smoking may help identify dementia
patients at increased risk for development of
neuropsychiatric symptoms.

Presence of neuropsychiatric symptoms among
dementia patients is associated with greater cost of
providing care at all stages of dementia severity (11).  The
greater care costs occur primarily due to increased time

needed for providing direct help and supervision to these
patients.  One recent study quantified the average
increase in direct help and supervision related to the
number of neuropsychiatric symptoms present, reporting
an additional 10.0 hours of active help and 12.4 hours of
supervision required per week for those with 1-2
neuropsychiatric symptoms. Those with 3 or more
neuropsychiatric symptoms required 18.2 hours of active
help and 28.7 hours of supervision per week (11).
Consequently, determining factors that may predict
development and identify risk of neuropsychiatric
symptoms among dementia patients could allow for
earlier intervention and possibly reduce care costs.

In this study, 22 of the 38 demented individuals
included (58%) reported a positive midlife smoking
history.  This is somewhat greater than the percentage
described in previous reports which typically range
between 46-48% (12, 13).  Similarly, the prevalence of
neuropsychiatric symptoms identified in this study was
lower than previous reports.  Recent prevalence reports
for rates of at least one neuropsychiatric symptom among
demented individuals range from 69-82% (14,15), which
is greater than the prevalence rate of 58% described in
this study.  The greater prevalence of neuropsychiatric
symptoms identified in the prior studies is likely due to
differences in the populations being studied, with our
study including relatively fewer nursing home residents
and more community dwelling individuals. 

This study has several limitations.  First, the cohort
studied consisted of a small convenience sample that was
heavily over-represented by Caucasian participants.
Consequently the generalizability of the results to
ethnicities not better represented in the study would
require further investigation.  The small sample size may
have also contributed to the lack of associations detected
between midlife cigarette smoking and other
neuropsychiatric symptoms, and it is possible that a
similar assessment of a larger database may yield
different results.  This study was also hampered by the
lack of a standardized tool for assessment of
neuropsychiatric symptoms as well as for assessment and
quantification of midlife smoking habits.  Additionally,
the diagnosis of dementia was made by a single

Table 2
Neuropsychiatric Symptoms among Midlife Smokers and Non-Smokers

Neuropsychiatric Symptoms Midlife Smokers (N = 22) Non-Smokers (N = 16) Sig.

Anxiety 7 (31.8%) 3 (18.8%) 0.366
Delusions 10 (45.5%) 2 (12.5%) 0.031
Depression 13 (59.1%) 9 (56.3%) 0.646
Hallucinations 7 (31.8%) 5 (31.3%) 0.743
Paranoia 7 (31.8%) 1 (6.3%) 0.056
Disruptive Behaviors 8 (36.4%) 9 (56.3%) 0.224
Wandering 8 (36.4%) 2 (12.5%) 0.099
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investigator and was based on clinical examination only,
consequently the inter-rater reliability of the diagnosis
could not be determined and there is no pathological
confirmation of the clinical diagnosis.

As rates of dementia are expected to continue to rise in
coming years, understanding and predicting occurrence
of neuropsychiatric symptoms in this population is likely
to be a topic of increasing importance.  The association
identified in this study between midlife smoking habits
and presence of delusions suggests that midlife smoking
history may help to identify dementia patients at
increased risk for future development of neuropsychiatric
symptoms.  Further study is needed to confirm and better
understand the association described in this report.
Particularly useful would be a study of a larger, well
characterized demented population that includes
quantitative assessment of midlife smoking habits such as
pack-year smoking histories and data obtained from use
of standardized assessment tools for detection of
neuropsychiatric symptoms. 
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