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Abstract

Background: Active smokers are prevalent in hospitalized and
critically ill patients. Cigarette smoking and nicotine withdrawal may
increase delirium in these populations. This systematic review aims to
determine whether active cigarette smoking increases the risk for
delirium in hospitalized and intensive care unit (ICU) patients.

Methods: A systematic search of English-, Spanish-, and French-
language articles published from 1966 to April 2013 was performed.
Studies were included if they measured cigarette smoking as a risk
factor and delirium as an outcome in adult hospitalized or ICU
patients. Methodologic quality of studies was assessed using both the
validated Newcastle Ottawa Scale and an additional evidence-based
quality rating scale.

Results: A total of 14 cohort studies of surgical and ICU populations
were included in the review. No studies in non-ICU inpatients were

identified. The incidence of delirium ranged from 9 to 52%, and the
prevalence of active smokers ranged from 9 to 44%. The quality of
assessment for active smoking varied widely. None of the studies
used biochemical measures to determine cigarette smoke exposure.
Of the six studies restricting the smoking group to active smokers
only, active smoking was independently associated with delirium

in one study, trended toward an association in one study, and
showed a dose response in one study. Quantitative summary
measures were not calculated due to study heterogeneity and missing
data.

Conclusions: There is currently insufficient evidence to determine
if cigarette smoking is a risk factor for delirium. Future studies should
consider using biochemical measures of cigarette smoke exposure
to objectively quantify smoking behavior.
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Delirium is a clinical syndrome
characterized by an acute alteration in
attention and cognition. Delirium occurs in
up to 56 and 80% of hospitalized (1) and
ICU patients (2), respectively, and is
associated with prolonged hospital stay (3),
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subsequent functional and cognitive decline
(4, 5), and even death (6, 7). Despite its
profound impact on patients, we still have
an incomplete understanding of the
etiology and risk factors for delirium in
hospitalized patients. Although many of

the known predisposing factors are
nonmodifiable (e.g., advanced age,
dementia, comorbidities), factors that are
modifiable in the acute setting are
potential targets for delirium prevention
(e.g., sedation-induced coma,
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immobilization, pain, disorientation, sleep
deprivation).

Cigarette smoking may represent
a potentially modifiable risk factor for
delirium in hospitalized and ICU patients.
The primary mechanism through which
cigarette smoking is postulated to contribute
to delirium is through nicotine withdrawal
in the setting of abrupt smoking cessation
due to acute illness and hospitalization
(8-10). Studies suggest that delirium is
caused by imbalances in neurotransmitters
due to factors such as systemic
inflammation, metabolic derangements,
acute stress responses, and exposure to
psychoactive medications (11). A leading
hypothesized mechanism for delirium is
deficiency of acetylcholine in the central
nervous system (12). A relative deficiency
in acetylcholine also plays a central role
in the pathophysiology of nicotine
withdrawal. Specifically, the up-regulation
and desensitization of nicotinic
acetylcholine receptors in the brain in the
setting of chronic nicotine exposure and
their subsequent unoccupied state during
periods of abstinence are believed to be
associated with withdrawal symptoms (13).
Indeed, nicotine withdrawal and delirium
share common features, such as confusion,
restlessness, and irritability. Furthermore,
the time course of nicotine withdrawal
symptoms, which peak in the first week of
abstinence and can last up to 2-4 weeks
after cessation (14, 15), overlaps with the
onset of delirium, which is commonly
diagnosed at the time of presentation to
the hospital or ICU, or several days
postoperatively. If an association between
active smoking and delirium is identified,
nicotine replacement therapy should be
investigated as a potential preventive
intervention for hospitalized smokers at
risk for delirium. Additional postulated
mechanisms for how cigarette smoking
increases delirium risk include
microvascular changes and increasing
atherosclerotic burden. However, these
additional effects are likely due to chronic
exposure rather than acute smoking
cessation; hence, they are less likely to be
modifiable in the setting of hospitalization,
and are not feasible targets for preventative
strategies.

Several studies have tested whether
cigarette smoking is a risk factor for
delirium. Thus far, these studies have
provided conflicting results. Accordingly,
we sought to determine whether smokers
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who are admitted to the hospital or ICU are
at a higher risk for delirium compared with
nonsmokers by systematically reviewing the
evidence. We hypothesize that active
cigarette smoking is an independent risk
factor for the development of delirium in
these patient populations. Given the high
prevalence of active smokers in both
hospitalized and ICU populations (40-57%)
(16-19), determining whether active
smoking contributes to delirium is clinically
relevant and important, especially because
this represents a potentially modifiable
risk factor through the use of nicotine
replacement therapy. The results of this
study have previously been published in
abstract form (20).

Methods

Definition of Exposure and Outcome
This systematic review was performed
according to Meta-analysis of Observational
Studies in Epidemiology Guidelines (21).
Studies were included if they met the
following inclusion criteria: (1) subjects
were adult inpatients (=18 yr old); (2)

a history of active cigarette smoking was
assessed; and (3) data on delirium were
provided. The exposure measure of
cigarette smoking was defined as
biochemical measurement of cigarette
smoke biomarkers, or smoking history
obtained through self-report, family or
surrogate report, or medical chart. The
outcome measure of delirium was defined
as an acute alteration in attention and
cognition, as assessed using validated
diagnostic criteria.

Search Strategy

A PubMed search of English, Spanish,
and French studies (1966 to April 2013),
using the terms “delirium AND (habits
OR smok™ OR smoking cessation OR
nicotine OR cigarette™ OR tobacco)”
was conducted (see Table E1 in the
online supplement). Embase, CINAHL,
PsycInfo, Web of Science, and the
Centers for Disease Control and
Prevention Tobacco Information and
Prevention Databases were also searched.
The search was supplemented by

a manual search of bibliographies of
retrieved articles and relevant published
reviews. All articles that were deemed
potentially relevant were located for full
manuscript review.

Study Selection and Data Abstraction
Studies were excluded if they met one or
more of the following criteria: diagnosis of
delirium was not based on examination

of study subjects; lack of concurrent control
group; or study only published in abstract
form, case report, or literature review.
Two authors (S.J.H. and M.S,, or S.J.H. and
AN.L.) independently reviewed titles and
abstracts to identify articles for inclusion
and exclusion using a priori criteria. A log
of included and excluded citations,
including justification for exclusion, was
maintained. In the end, 14 publications
were selected for a detailed and
independent review by two investigators
(S.J.H. and M.S,, or S.J.H. and AN.L.).

A structured abstraction form was used to
record the author and year of the study,
study design, patient characteristics,
method of measuring cigarette smoke
exposure, prevalence of smoking, delirium
assessment method, incidence of delirium,
covariates in multivariate model, and
univariate and multivariate odds ratios
(ORs). Disagreements in the abstracted
data were resolved by further review,
discussion, and consensus between the two
reviewing authors. Attempts were made

to contact authors of studies with
unreported data (n = 8). In the cases
where contact was successful, the requested
data were not available (n = 3). No
assumptions were made for missing data.
To determine whether meta-analytical
pooling would be appropriate,

studies were assessed for variability in
population type, study design, and
outcome reporting.

Quality Assessment

Two different methods were used to assess
methodological quality of the studies. First,
two physician reviewers independently
assessed the studies using the Newcastle
Ottawa Scale (NOS) (22), a validated
scoring system that rates the selection,
comparability, and assessment of outcome
in cohort studies. However, the ability of
the NOS to identify flaws in the definition
and the assessment of cigarette smoking
was limited (Table E2). This limitation
could lead to misclassification of active
cigarette smoking, and could bias the
association between smoking and delirium.
Therefore, we devised a scoring system

a priori to critically concentrate on
assessing this potential source of bias and to
complement the NOS assessment (Quality
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Table 1. Quality rating scale for
assessment of active cigarette smoking

Points

Smoking group designation
Active smoker only
Active and former smokers,
or not reported
Source of smoking assessment
Biomarker
Self-report only
Self-, surrogate, or chart report
Chart report only
Unclear

on

O—=NWhH

rating scale for assessment of active
cigarette smoking; Table 1). In this scale,
the highest number of points was given to
studies in which (1) the smoking group was
restricted to active smokers only, and (2)
the source of the smoking status assessment
was objectively determined by biomarker
measurement (as opposed to smoking
history). The justification for the scoring
system is as follows. Cigarette smoke
biomarkers (e.g., cotinine) are sensitive
and specific to smoking, and have been
extensively used to establish causal
relationships between smoking and disease
in outpatient studies (23). Because well
validated biomarker cutpoints accurately
distinguish active smokers from second-
hand smokers, biomarkers can be used to
both identify active smokers and quantify
the amount of cigarette smoking (24).
These biomarkers have been shown to be
superior to self-report, surrogate report,
and medical records in the setting of
inpatient and ICU populations (17, 19).
Self-report can be limited by social
desirability bias, recall bias, and, in the
case of critically ill patients, may not be
feasible due to respiratory failure and
altered levels of consciousness. Compared
with self-report, surrogates tend to
underreport overall smoking status, and
the accuracy of amount and duration
smoked is even more limited (25, 26).
Agreement between smoking history
obtained from medical records compared
with self-report is even poorer, and data on
smoking history are often missing.
Therefore, smoking history obtained
through medical records was given the
lowest credit (27, 28). Studies that restricted
the smoking group to only active smokers
were given credit, whereas studies that
included both active and former smokers,
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or did not specify the smoking status of the
subjects in the smoking group, were given
no credit.

Results

The comprehensive search yielded 489
unique articles (Figure 1). The 14 articles
that were included in the qualitative review
were published between 2001 and 2013 for
4,382 patients in 14 different countries
(reviewer interrater k = 0.92; Table 2)
(29-42). All were cohort studies, and only
one study was designed to test smoking as
the primary risk factor for delirium (34).
The 13 remaining studies were designed to
assess for multiple risk factors associated
with the development of delirium. Study
populations in the reviewed literature were
composed of three main groups: (1)
critically ill patients; (2) cardiovascular
surgery patients; and (3) other surgical
patients. No studies of adult inpatients were
identified. A total of 4 of the 14 studies
focused on older adults, a population that is
at particularly high risk for developing
delirium (11). Quality rating scores using
the NOS varied minimally between studies
(Table 3).

Assessment of Active

Cigarette Smoking

The prevalence of active smoking ranged
from 9 to 44%, and was not reported in 5
of the 14 studies (Table 2). Six studies
restricted the smoking group to active
smokers only (29, 31, 32, 36, 39, 41), three
studies included both active and former
smokers (29, 34, 37, 38), and five did not
define the smoking group (30, 33, 35, 40,
42). The source of smoking history also
varied widely between studies, ranging from
self-report by patients before surgery to
chart review only. Four of the studies did
not describe how smoking history was
obtained (30, 33, 35, 42). None of the
studies used cigarette smoke biomarkers to
determine smoking status. Overall, five
studies had moderate quality assessments
for active smoking (score 4-5 out of 6), five
studies had low quality assessments (score
2-3), and four studies had poor quality
assessments (score 0-1).

Assessment of Delirium

The measured incidence of delirium ranged
from 9 to 52%. Delirium was diagnosed
by Diagnostic and Statistical Manual of

Mental Disorders III or IV criteria, or by
validated delirium screening tools. The
frequency of delirium assessments ranged
from once daily in most studies to several
times a day. Three studies did not report the
frequency of delirium assessments (31, 35,
41). The experience and training of the
assessor performing delirium screening
varied widely, from experienced study
staff and study physicians to bedside
nurses (34).

Association between Active Smoking
and Delirium

Quantitative summary measures were not
calculated, due to study heterogeneity and
missing data. Of the six studies that
restricted the smoking group to active
smokers only (29, 31, 32, 36, 39, 41),

a history of active smoking before hospital
admission was independently associated
with incident delirium in one study on
elderly patients who had undergone
coronary artery bypass graft surgery (odds
ratio [OR], 4.19; 95% confidence interval
[CI], 1.35-13.05; P = 0.019) (39), and
trended toward an association in a study on
medical and surgical ICU patients (OR,
2.2; 95% CI, 0.94-4.94) (32). In a third
study on patients who had undergone
aortic aneurysm repair, the total number of
pack-years smoked was independently
associated with delirium (OR, 1.05; 95% ClI,
1.02-1.08; P = 0.001), although active
smoking was not (29). Two of the six
studies reported a statistically significant
increased risk of incident delirium (P <
0.05) in active smokers, but that association
was lost after controlling for confounders
(36, 41). The study with the poorest quality
assessment of active smoking did not find
an association between active smoking and
delirium (31). Although all six studies
assessed for advanced age and alcohol as
potential risk factors in univariate analyses,
the selection of covariates in multivariate
analyses varied between studies.
Specifically, factors that have been
previously demonstrated to have robust
associations with a greater risk of delirium,
such as age, alcohol use, pre-existing
cognitive impairment or dementia, severity
of illness, comorbidity burden, and sedation
with benzodiazepines, were variably
adjusted for (Table 3). Although five out of
the six studies adjusted for age, only three
adjusted for benzodiazepine use (29, 36,
41), and two adjusted for cognitive
impairment or dementia (29, 41). An
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Studies identified through literature search
(n=489)

v

Duplicates
(n=130)

v

Excluded on basis of title or abstract
(n=306)

Studies that underwent full text
methodological review
(n=53)

&
<€

Added after hand-searching bibliographies
(n=5)

v

v

Studies in qualitative review

Studies that met at least one exclusion criteria (n=44)

Outpatient population (n=1)

Delirium not measured (n=5)

Delirium not diagnosed using validated criteria
(n=3)

Diagnosis of delirium not based on examination
of study subjects (n=4)

No non-delirious control group (n=1)

No nonsmoker control group (n=7)

Smoking status not measured or reported (n=3)
Case report (n=13)

Review (n=7)

(n=14)

Figure 1. Literature search and selection. Modified by permission from Reference 20.

additional potential confounder for the
association between smoking and delirium
is prehospitalization depression (43). None
of the included studies accounted for
depression in their multivariate analyses.

Only 1 of the 14 studies was designed to
assess for smoking as the primary risk factor
for delirium (34). However, the study was
powered for a combined outcome of ICU
delirium and agitation, rather than delirium
only, and included both active and former
smokers in the smoking group. It did not
find an association between active/former
smoking and delirium in univariate
analyses (OR, 1.84; 95% CI, 0.84-3.90),
although active/former smoking was
independently associated with increased
agitation (OR, 3.13; 95% CI, 1.45-6.74).
Of note, standardization of delirium
assessments was variable in this study.

Of the eight low- to poor-quality
assessment studies that either included both
active and former smokers in the smoking
group (37, 38, 40), or did not specify how
cigarette smoke exposure was defined (30,
33-35, 42), smoking was associated with
delirium in three studies (30, 35, 38), and
trended toward an association in one (OR,

Systematic Review

2.78; 95% CI, 0.94-8.24; P < 0.1) (40). Only
two of these studies included smoking in
their multivariate analyses. One reported

a trend toward an association between
smoking and delirium (OR, 1.6; 95% CI,
1.0-2.6) (38), and one found no association
(OR, 2.2; 95% CI, 0.6-8.8) (40).

Discussion

Although case reports and reviews have
suggested that cigarette smoking may
increase the risk of delirium in hospitalized
and ICU patients, the literature on this
association has yielded conflicting results. In
the first reported systematic review of the
literature to date, we found that there is
currently insufficient evidence to determine
whether cigarette smoking is a risk factor for
delirium in hospitalized and ICU patients.
Delirium is a common and serious
form of acute brain injury in hospitalized
and ICU patients that carries an enormous
societal and financial burden (44-46). In
view of the high prevalence of cigarette
smoking in these populations, determining
whether smoking is a risk factor for

delirium is of extreme importance, as
nicotine withdrawal in active smokers may
be a potentially modifiable target for both
delirium prevention and treatment via
nicotine replacement therapy. This
question is particularly timely, given the
recent debate on the benefits and safety of
nicotine replacement therapy in critically
ill patients. In fact, a recent prospective
cohort study of critically ill smokers
suggested that nicotine replacement
therapy was associated with increased
delirium (47). Currently, no studies support
the use of nicotine replacement therapy
for delirium prevention or treatment, and,
given the potential risks, it should not be
routinely used for delirium prevention or
treatment until further study.

This systematic review has identified
several deficiencies in the existing literature
that likely account for the inconclusive
nature of the findings. First and foremost,
the existing literature was limited by
suboptimal assessment of active smoking
status. Because risk estimates can be
significantly biased with only minor degrees
of misclassification (48), an accurate
quantitative assessment of active smoking is
imperative when investigating the
relationship between smoking and
delirium. In this systematic review, none of
the studies used biomarkers to assess for
smoking status, which have been clearly
demonstrated to identify more active
smokers than self-report in both inpatient
and ICU studies (17-19). An alternative
measure of cigarette smoking is to
determine the degree of nicotine
dependence by a validated scale. However,
these scales require patient participation,
and have not been validated for surrogate
use. Therefore, they could not be feasibly
administered to delirious patients nor to
critically ill patients who are comatose or in
respiratory failure, and would not be useful
in guiding management. Of note, only
one of the reviewed studies assessed
nicotine dependence using a validated scale
(34). However, it did not investigate the
association between nicotine dependence
and delirium. In sum, to determine the true
impact of acute cessation of active smoking
on the development of delirium, future
studies should consider using more
quantitative and objective measures of
active smoking than self-, surrogate-, and
medical record report.

Analyzed studies were also limited by
incomplete adjustment for potential
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confounders of delirium. Factors such as
pre-existing cognitive impairment, opioid
and benzodiazepine use, and severity of
illness have been consistently identified as
predisposing and precipitating factors for
delirium in both hospitalized and ICU
patients (49). These factors were variably
measured in the analyzed studies.
Depression, an important potential
confounder for the relationship between
smoking and delirium, was not adjusted
for in any of the studies. Because all
analyzed studies were observational by
design, this limitation could have biased
the results.

In studies of critically ill patients, an
additional limitation was the lower
incidence of delirium (19-32%) compared
with previously reported studies (46-80%)
(2, 50). This discordance occurred despite
the use of validated methods to assess
delirium, and may be due to variable
delirium definitions (51), variable delirium
assessment tools (36), variability in sedation
practices, and lower severity of illness of the
cohorts (32). Furthermore variability in
training for delirium screening (34) can
lead to decreased identification of delirious
patients, as demonstrated by recent work
that showed that detection of delirium by
bedside ICU nurses was lower compared
with trained researchers (52).

There are some additional limitations
to our conclusions. First, none of the studies
was powered to investigate the association
between active smoking and delirium.
Second, nonsignificant ORs were not
reported. This not only precludes the
generation of a quantitative summary
measure, but also biases interpretation of the
results. Third, although evidence based, the
quality scoring system used for this review
has not been validated. However, it has
face validity, because biomarker assessment
for active smoking has been demonstrated
to be a superior measure for cigarette smoke
exposure than smoking history in both
hospitalized and ICU patients. Fourth,
although the intended scope of the review
was inpatient and critically ill populations,
no inpatient studies met search criteria.
Future studies should investigate the
association between active smoking and
delirium in this important patient
population. Fifth, because of individual
variation in nicotine withdrawal symptoms,
symptom severity and presence of delirium
may not be directly associated with
intensity of smoking. This question
would best be answered with a prospective
study. Finally, gray literature was not
included in the systematic review, and
thus our findings may be limited by
publication lag.

These limitations notwithstanding,
the strengths of this study are: (1) the
comprehensive search of the evidence; (2)
the relatively stringent inclusion criteria;
and (3) the evidence-based assessment scale
to assess the quality of smoking history.

Conclusions and Implications

In this first systematic review of the
literature on active cigarette smoking as
arisk factor for delirium in surgical and ICU
patients, we found insufficient evidence to
determine whether an association exists.
Considering the high prevalence of cigarette
smokers and delirium in hospitalized and
critically ill patients, and the potential
preventative and therapeutic implications,
a study is needed to carefully and decisively
determine whether this association exists.
Future studies should be designed to
specifically investigate this association, and
should use biochemical measures of
cigarette smoking to objectively quantify
smoking behavior. M
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