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Tobacco smoking is a major risk factor for 
a number of chronic diseases, including a 
variety of cancers, lung disease and damage 
to the cardiovascular system. The World 
Health Organization recently calculated that 
there were 6 million smoking-attributable 
deaths per year and that this number is due 
to rise to about eight million per year by the 
end of 2030. Recent work has demonstrated 
that habitual smoking in adults is not only 
associated with a range of health problems, 
but may also contribute to a number of 
neurocognitive deficits, including deficits in 
memory and attention. One area of growing 
concern is the health and neurocognitive 
consequences of exposure to second-
hand smoke or “passive smoking” (where 
a non-smoker inhales another person’s 
smoke, mainly in the form of side-stream 
smoke). In terms of tackling smoking-
related problems, there has been a rise in 
the amount and range of smoking cessation 
and interventions techniques, including 
the emergence of e-cigarettes as one of  
the most popular forms of nicotine 
replacement therapies. The present book 
comprises a collection of manuscripts 
discussing (1) the impact of active and 

passive smoking upon health and neurocognitive function, (2) smoking cessation techniques 
and interventions used to tackle smoking-related problems, and (3) a critical consideration of 

A combusted cigarette emits thousands of different 
chemicals into the air, dozens of which are toxins.

Cover photo by Pixabay. Available at: https://
pixabay.com/en/ashtray-smoking-smoke-
cigarette-1502822/
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current issues surrounding the use of e-cigarettes as nicotine-replacement therapy. This collection of 
papers includes empirical, theoretical, and review papers. This Research Topic demonstrates the broad 
nature of research currently being undertaken in this field and should pave the way for future work.
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The Editorial on the Research Topic

The Impact of Active and Passive Smoking upon Health and Neurocognitive Function

Tobacco smoking is a major risk factor for a number of chronic diseases, including a variety of 
cancers, lung disease, and damage to the cardiovascular system. The World Health Organization 
recently calculated that there were six million smoking-attributable deaths per year and that this 
number is due to rise to about eight million per year by the end of 2030. Recent work has demon-
strated that habitual smoking in adults is associated with a range of health conditions, including 
cardiovascular disease, pulmonary dysfunction, and an increased risk of a variety of cancers. 
In terms of neurocognitive function, although some studies have found that acute smoking can 
enhance cognitive functions in the short term, actually chronic smoking is deleterious in the long 
term. Chronic smoking has been associated with reductions in working memory (the temporary 
storage and manipulation of information), executive function (planning tasks, focusing ones 
attention, and ignoring irrelevant distractions), and prospective memory (memory for everyday 
things, such as keeping an appointment, or taking an important medication on time). More 
recently, the focus on smoking-related health problems and neurocognitive deficits has expanded 
to include the study of “second-hand smoking” (also known as “passive smoking” – wherein a 
person who does not smoke him/herself inhales tobacco smoke either via side-stream smoke 
or via smoke being blown directly into his/her face). Research in this area has linked exposure 
to second-hand smoke in those who have never smoked to a range of health problems akin to 
smokers, including lung and cardiovascular disease, as well as deficits in neurocognitive function. 
In terms of neurocognitive function, exposure to second-hand smoke has been linked with an 
increased risk of mild cognitive impairments in older adults, reductions in working memory, as 
well as deficits in executive function. Interventions aimed at reducing cigarette consumption and 
improving the health of both smokers and those exposed to second-hand smoke continue to be 
developed. The aim of this Frontiers Research Topic is to bring together a collection of papers that 
look at what impact active and passive smoking has upon health and neurocognitive function; as 
well as to consider some of the wide variety of interventions aimed at reducing cigarette use and/
or improving health.

Copeland examined pre-treatment characteristics among daily smokers (including smoking 
patterns, smoking outcome expectancies, and smoking-related health information) and how these 
related to success on a brief motivational enhancement intervention. Marshall et al. explored whether 
the combined (polydrug) effect of consuming excessive amounts of alcohol and smoking cigarettes 
exacerbated everyday memory problems when compared with the sum of their independent effects 
(excessive drinking alone, or smoking alone). Philibert et al. examined whether aryl hydrocarbon 
receptor repressor (AHRR) can be used to determine whether AHRR methylation status is a quantifi-
able biomarker for progress in smoking cessation that could have substantial impact on both smoking 
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cessation treatment and research. Ling and Heffernan reviewed 
evidence in relation to the cognitive consequences of exposure 
to second-hand smoke in those who had no history of smoking. 
Payne et  al. evaluated chronic obstructive pulmonary disease-
related health factors in flight attendants exposed to second-hand 
cigarette smoke and assessed whether meditative movement was 
effective as a treatment in improving pulmonary function in 
these flight attendants. Jukosky et al. demonstrated how cigarette 
exposure alters the innate immune response and increases an 
individual’s susceptibility to pathogen infection when compared 
with non-exposed individuals. Jovanovic and Jakovljevic discuss 
regulatory control of e-cigarette composition and raises concern 
regarding the quality control and health outcomes surrounding 
e-cigarettes. The commentary by Parrott discusses concerns 
about the paradoxical nature of using e-cigarettes; whether they 
may in fact be damaging to physical/psychological health of the 
users, as well as raising concerns about what impact e-cigarettes 
have upon those who are “passively vaping.” Lasebikan and Ola 
assessed the efficacy of screening, brief intervention, and referral 
for treatment package to reduce tobacco smoking in two semi-
rural community settings in South-West Nigeria.

Overall, the papers presented in this Frontiers in Psychiatry 
special topic demonstrates the broad nature of research currently 
being undertaken in relation to active and passive smoking and 
some of the current issues surrounding the use of e-cigarettes 
as nicotine-replacement therapy. The research cited here 
should pave the way for further work in this area. Areas for 
future research include the concern of what impact exposure 
to second-hand smoke might be having upon children’s health, 
neurocognitive function, and educational achievement, an area of 
particular importance given the recent estimates from the World 
Health Organization that approximately 40% of children across 
the world are regularly exposed to second-hand smoke in the 
home. A further area that has received very little attention at all is 
whether exposure to “third-hand smoke” (the residue of nicotine 
and other chemicals left on indoor surfaces as a result of tobacco) 
smoking has a detrimental impact upon those who have never 
smoked, both in terms of health and neurocognitive function.
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In vivo cigarette smoke exposure 
Decreases ccl20, slPi, and BD-1 
secretion by human Primary nasal 
epithelial cells
James Jukosky1 , Benoit J. Gosselin2 , Leah Foley1 , Tenzin Dechen3 , Steven Fiering3 and 
Mardi A. Crane-Godreau3*

1 Department of Natural Science, Colby-Sawyer College, New London, NH, USA, 2 Department of Otolaryngology, Dartmouth 
Hitchcock Medical Center, Lebanon, NH, USA, 3 Department of Microbiology and Immunology, Geisel School of Medicine at 
Dartmouth, Lebanon, NH, USA

Smokers and individuals exposed to second-hand cigarette smoke have a higher risk of 
developing chronic sinus and bronchial infections. This suggests that cigarette smoke 
(CS) has adverse effects on immune defenses against pathogens. Epithelial cells are 
important in airway innate immunity and are the first line of defense against infection. 
Airway epithelial cells not only form a physical barrier but also respond to the presence 
of microbes by secreting antimicrobials, cytokines, and chemokines. These molecules 
can lyse infectious microorganisms and/or provide signals critical to the initiation of 
adaptive immune responses. We examined the effects of CS on antimicrobial secre-
tions of primary human nasal epithelial cells (PHNECs). Compared to non-CS-exposed 
individuals, PHNEC from in vivo CS-exposed individuals secreted less chemokine ligand 
(C-C motif) 20 (CCL20), Beta-defensin 1 (BD-1), and SLPI apically, less BD-1 and SLPI 
basolaterally, and more CCL20 basolaterally. Cigarette smoke extract (CSE) exposure 
in vitro decreased the apical secretion of CCL20 and beta-defensin 1 by PHNEC from 
non-CS-exposed individuals. Exposing PHNEC from non-CS exposed to CSE also 
significantly decreased the levels of many mRNA transcripts that are involved in immune 
signaling. Our results show that in vivo or in vitro exposure to CS alters the secretion of 
key antimicrobial peptides from PHNEC, but that in vivo CS exposure is a much more 
important modifier of antimicrobial peptide secretion. Based on the gene expression 
data, it appears that CSE disrupts multiple immune signaling pathways in PHNEC. Our 
results provide mechanistic insight into how CS exposure alters the innate immune 
response and increases an individual’s susceptibility to pathogen infection.

Keywords: cigarette smoke exposure, primary nasal epithelium, antimicrobial peptides, ccl20, beta defensing-1, 
slPi, innate immune response, nasal epithelial cell culture

inTrODUcTiOn

There is copious evidence that exposure to primary cigarette smoke (CL) and/or second-
hand cigarette smoke (SHCS) is associated with increased frequency of infections or other 
symptoms of perturbations of the immune system. Exposure to primary CL or SHCS is a 
risk factor for recurrent otitis media, upper respiratory tract infection (1, 2), meningococcal 
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infection (3), bacteria pneumonia, oral candidiasis (4, 5), 
type 2 herpes simplex virus (6), pneumococcal disease, influ-
enza (7), asthma (8–11), and rhinosinusitis (12). One recent 
review of the epidemiology of smoke exposure and infection 
concludes that “Cigarette smoking is a substantial risk factor 
for important bacterial and viral infections” (7).

Cigarette smoke exposure alters the physiology of the upper 
airway. Evaluation of adenoid tissue removed from children living 
in SHCS-contaminated environments demonstrates significant 
histopathological and ultrastructural differences in these upper 
airway immune tissues when compared to children not exposed 
to SHCS (1). In studies of the effect of CS-extract on adherence 
of respiratory pathogens to buccal epithelial cells, CS-extract 
increased bacterial binding to the cells (13). Upper airways of 
CS-exposed individuals harbor more potential pathogens than 
those of non-smokers (14). These findings are consistent with 
studies in mice. For example, when mice exposed to CS were 
compared to mice with sham exposure, CS-exposed mice were 
less able to clear Pseudomonas aeruginosa. Besides the delayed rate 
of clearance, mice exposed to CS experienced increased inflam-
mation (15). In studies looking at changes in immune responses 
to bacterial challenge in mice exposed to nicotine, exposed mice 
exhibited significantly higher titers of influenza virus following 
infection (16). Subsequent studies of human monocytes exposed 
to bacterial toxins and then to cigarette smoke extract (CSE) 
demonstrated extremely aberrant immune responses relative to 
cells exposed to bacterial toxins but not exposed to CSE (17).

A major function of the mucosal epithelium is innate immune 
protection (18, 19). Beyond providing a physical barrier between 
the external environment and the body itself in the digestive, 
reproductive, and respiratory organs, the epithelium produces 
a complex multifaceted mucus layer that lines mucosal surfaces 
(20). To maintain balance with the body’s normal flora and to 
suppress infections, epithelial cells monitor their environment 
and respond to microbial challenges by altering secretions into 
the luminal environment. Partners with the epithelial cells in the 
delicate balancing act with microbial flora are leukocytes that 
can also recognize a microbial threat and respond by altering 
secretions. In response to threatening microbes recognized by 
epithelial cells and/or by leukocytes, airway mucosal epithelium 
produce antimicrobial proteins, including defensins, lysozyme 
(LYZ), lactoferrin (LF), secretory leukocyte protease inhibitor 
(SLPI), and chemokine ligand (C–C motif) 20 (CCL20) (19, 
21–23). LYZ is a cationic bacteriolytic protein produced by 
mucosal epithelial cells, another cationic protein is LF that 
impedes bacterial growth and replication by sequestering iron. 
LYZ and LF are both released by the nasal epithelium (24). SLPI, 
a low molecular weight protease inhibitor with an antimicrobial 
domain is also found in nasal secretions (25, 26). Small cationic 
peptides, including defensins and defensin-like CCL20, exert 
their effect through electrostatic interactions with bacterial mem-
branes that puncture the microbial cell. Recently, CCL20 has also 
been found to exhibit antiviral activity as well (27). In addition to 
antimicrobial activity, many of these peptides, including human 
beta-defensin 2 (BD2) and CCL20, also serve as chemokines to 
recruit specialized immune cells carrying the CCR6 receptor to 
the site of an infection (24, 28, 29).

The airway mucosa produces antimicrobials both constitutively 
and in response to recognition of microbes. To recognize potential 
pathogens, the innate immune system relies on pathogen associ-
ated molecular patterns (PAMP) that are unique to microbes. One 
group of receptors that recognize PAMP is the toll-like receptors 
(TLR) that are expressed on epithelial cells as well as most special-
ized immune cells. PAMP ligands are repeated in a wide variety 
of pathogenic microbes, including bacteria, fungi, and viruses. 
TLR ligands include lipoteichoic acid (LTA), derived from Gram-
positive bacteria (30). Common to TLR in mammals is the ability 
to induce effects through activation of the transcription factor 
NFκB, and through mitogen-activated protein kinases (MAPKs) 
independent of NFκB (31). TLR activation results in an induc-
tion of many molecules, including antimicrobials and cytokines 
necessary for innate and adaptive immune protection (16, 32, 33).

As noted above, it is clear that CS perturbs the response to 
pathogens. Although various experiments have associated CS 
exposure with specific immune system perturbations, the mecha-
nisms involved are not yet fully understood. An understanding of 
those mechanisms will provide new prognostic, diagnostic, and 
therapeutic approaches to smoke-related morbidity and mortal-
ity. The experiments reported here tested the hypothesis that CS 
exposure in vivo or in vitro suppresses the release of antimicrobial 
peptides from primary human epithelial cells.

Our group has shown that in vitro CSE exposure reduces pro-
duction of the antimicrobial peptide CCL20 in Beas-2b, immor-
talized human bronchial epithelial cells (34). However, Beas-2b, 
although not transformed, is a line that has been maintained 
in culture for long periods and is a genetic representation of a 
single individual. In order to examine the effect of CS exposure 
on antimicrobial peptide secretion in true primary cells, we estab-
lished short-term cultures of primary human nasal epithelial 
cells (PHNECs) from smoke-naïve individuals and smokers, and 
assayed antimicrobial peptide secretion.

MaTerials anD MeThODs

influence of In vivo cigarette smoke 
exposure on the antimicrobial secretions 
of Phnec
Beta-defensin 1 (BD1), CCL20, and SLPI secretion were assayed in 
cells obtained from CS-exposed individuals and individuals with 
no CS exposure. PHNECs were obtained from 13 individuals with 
no CS exposure and 7 individuals with significant primary CS or 
SHCS exposure. PHNECs were obtained and cultured as described 
in section below. As noted by other groups studying PHNEC, it was 
much more difficult to culture PHNEC from CS-exposed individu-
als compared to non-CS-exposed individuals (Carson, personal 
communication). Four experimental treatments were performed 
using both in vivo smoke-exposed PHNEC and cells from smoke-
naïve individuals. These treatments were constitutive secretion 
where nothing was applied, CSE exposed, LTA stimulation (LTA 
stimulated) to simulate a bacterial infection, and CSE exposed with 
LTA stimulation. CSE-exposed primary human nasal cell cultures 
were treated apically with 300 μL 1× CSE in air–liquid interface 
(ALI) for 3 h, other treatments received ALI only. This CSE exposure 
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did not increase cell death significantly 24 h later (data not shown). 
CSE was then removed by suction and cells were rinsed twice with 
PBS. Then LTA-exposed cell cultures were stimulated apically with 
LTA from Bacillus subtilis (10 μg/mL) in ALI media by applying 
300 uL in the apical compartment. PHNECs were incubated for 
20 h, and after this period apical and basolateral supernatants were 
harvested. Cell supernatants were centrifuged at 17,000  ×  g for 
10 min and the supernatants were removed and stored at −80°C. 
BD1, secretory leukocyte protease inhibitor (SLPI), and CCL20 
were assayed by ELISA in apical and basolateral secretions either 
using commercially prepared assay kits or ELISAs developed from 
ELISA development kits (R&D systems, Mckinley, MN, USA, or 
Leinco Technologies, St. Louis, MO, USA).

A two-way analysis of variance (ANOVA) was used to examine 
the effect of treatment (constitutive, CSE exposed, LTA stimu-
lated, and CSE exposed with LTA stimulation) or smoking status 
(in vivo smoke-exposed versus cells from smoke-naïve individu-
als) and any interactions between treatment and smoking status 
on PHNEC secretions. Data were natural log (ln) transformed for 
analysis to meet the underlying ANOVA assumption of a normal 
distribution. Post hoc analyses were carried out with Tukey’s HSD 
tests. All statistics and data transformations were performed 
using JMP 11.

Phnec culture
Primary human nasal epithelial cells were obtained from smoke-
exposed and non-smoke-exposed healthy human volunteers and 
differentiated in vitro in transwells as described by Carson et al. 
(35). The criteria for recruiting subjects were similar to those 
described previously (35, 36). We determined smoke exposure 
status via questionnaire and confirmed it through measurement 
of urine cotinine.

Primary human nasal epithelial cells were collected from 
healthy smoking and non-smoking adult volunteers by gently 
scraping the inferior surface of the turbinate five to eight times 
with a Rhinopro™ curette (Arlington Scientific, Arlington, TX, 
USA). The curette was inserted through a nasoscope, which 
was used to visualize the inferior turbinate. This protocol was 
approved by the Institutional Review Board of the Geisel School 
of Medicine at Dartmouth.

Primary human nasal epithelial cells from nasal scrapes were 
seeded on human collagen-coated wells of a 12-well plate and 
grown to 70% confluence in ALI media (Lonza Biologics). At 
70% confluence, PHNECs were trypsinized and seeded into 
flasks and grown in media that was one part ALI and two parts 
bronchial epithelial growth medium (BEGM) (Lonza Biologics). 
PHNEC in flask were grown to 70% confluency and subsequently 
trypsinized and seeded into collagen-coated filter supports with a 
0.4-μM pore size (Trans-CLR; Costar, Cambridge, MA, USA) and 
grown in ALI media. We promoted mucociliary differentiation 
of PHNEC after cells grew to confluency by supplementing the 
media with all-trans retinoic acid and the media was removed 
from the apical compartment to create ALI culture conditions. 
We observed mucociliary differentiation 14–21  days after ALI 
differentiation and the cultures of PHNEC were utilized experi-
mentally at this stage.

smoke extract generation
Cigarette smoke extract was generated by using vacuum suction 
to draw the smoke from a single research reference grade cigarette 
(Kentucky Cigarette Research and Development Center at the 
University of Kentucky, Lexington, KY, USA) through 100 mLs 
of ALI media in a controlled manner.

Time-course experiments
Primary human nasal epithelial cells were obtained from four 
non-smoke-exposed individuals, expanded, and differentiated 
as described previously. Constitutive, CSE, LTA, and LTA + CSE 
treatments were established as described previously. Three wells of 
cells per individual were used in each treatment. At time points of 
1 and 6 h after LTA stimulation, we harvested cells apical and baso-
lateral supernatants and RNA (for time-course gene expression). 
Apical and basolateral BD1 and CCL20 secretion were measured 
using ELISA. A repeated measures MANOVA was used to test for 
differences in CCL20 and BD-1 secretion between the four treat-
ments previously described and time points (1 and 6 h post-LTA 
stimulation). Bonferroni-corrected t-tests were used post hoc to 
identify significant differences between specific treatments.

Expression of 511 immunology-related genes was quantified 
using Nanostring technology. We analyzed expression at the 
1 and 6 h time point post-LTA stimulation and compared LTA 
and CSE + LTA treatments. RNA was extracted from individual 
transwells (n = 12) using a Qiagen Allprep kit. The total counts of 
mRNAs were assayed using nCounter GX Human Immunology 
gene expression code set that uses molecular barcodes attached 
to target-specific probes. Barcoded probes hybridize directly 
to their RNA targets in solution, and the probes are counted 
directly using microscopic imaging. Following the manufacturer’s 
protocol, 100 ng mRNA was hybridized with the nCounter GX 
Human Immunology code set and loaded into the nCounter 
prep station followed by imaging and quantification using the 
nCounter Digital Analyzer. Quality control and data normaliza-
tion were performed using the nSolver analysis software. Data 
were normalized to global means for internal positive controls, 
and subsequently normalized to the geometric means of a suite 
of housekeeping genes. Two reference genes (GUSB and HPRT1) 
were eliminated from the normalization panel because their 
average raw count data varied more than 1 SD between LTA and 
CSE + LTA treatments. The panel of genes used for normalization 
included genes with both low and high expression levels.

Specific samples from each individual were paired when experi-
ments were designed and assigned to separate treatments. Gene 
expression in the LTA-stimulated treatment and the LTA + CSE 
treatments were compared by matched pair t-test separately at 
each time point. No corrections were made for multiple compari-
sons as each barcode is considered an independent assay.

resUlTs

Phnecs from cs-exposed individuals 
Were Difficult to culture
To examine the difference in antimicrobial secretions between 
PHNEC from smokers and non-smokers and their response 
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FigUre 1 | Phnec sampled from cigarette smoke-exposed 
individuals fail to grow into confluent ali cultures more often than 
Phnec from non-smoke-exposed individuals. A successful culture was 
defined as one that grew to confluency in a transwell and differentiated into a 
ciliated, mucus-producing air–liquid interface culture.
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to CSE exposure, cultures were established from each group. 
While PHNEC from non-smokers grew readily, PHNEC from 
smokers generally grew poorly and only a fraction of the donors 
provided cells that could be grown to the required level for 
the assays. Here, 86.6% of nasal scrapes from healthy donors 
(n = 15) were expanded in culture and differentiated into cili-
ated ALI cultures as described in our methods, while 33.3% of 
nasal scrapes from CS and SHS exposed individuals (n = 12) 
were able to grow and differentiate in the same manner. There 
was a significant difference between successful non-CS-exposed 
and CS-exposed PHNEC cultures using a z-test to compare two 
population proportions (z = −2.83, p = 0.002, Figure 1). These 
results reflect outcomes from a subset of nasal samples that were 
gathered after noticing this trend. This is similar to what has 
been reported by other researchers harvesting PHNEC from 
smoke-exposed individuals (Carson, personal communication).

In vivo smoke exposures alters 
antimicrobial Peptide secretions by 
Phnec
Chemokine Ligand (C–C Motif) 20
Primary human nasal epithelial cell from in  vivo CS-exposed 
individuals secreted significantly less CCL20 apically and sig-
nificantly more CCL20 basolaterally than PHNEC from non-CS-
exposed individuals. Figure 2A illustrates this finding by pooling 
all treatment groups and compares PHNEC CCL20 secretion 

from non-CS and in vivo smoke-exposed individuals. Our meas-
urements of CCL20 in the apical compartment showed that there 
was no significant effect of treatment (constitutive, CSE exposed, 
LTA stimulated, and CSE exposed with LTA stimulation) and 
no interaction between treatment and smoking status. However, 
there was a significant effect of smoking status on CCL20 secretion 
and this was highly significant in both the apical (F1,235 = 24.07, 
p < 0.0001) and basolateral (F1,171 = 12.2, p < 0.001) compart-
ments. Regardless of the treatment group, in vivo smoke-exposed 
PHNEC secreted less CCL20 apically and more CCL20 basolater-
ally than non-smoke-exposed individuals (Figure 2A). There was 
a significant effect of treatment in the basolateral compartment 
(F3,171 = 3.19, p = 0.025). Post hoc analysis showed significantly 
increased CCL20 secretion in in  vivo smoke-exposed PHNEC 
in the basolateral constitutive (p  =  0.017) and basolateral CSE 
(p = 0.01) treatments (Figure 2B).

SLPI
Primary human nasal epithelial cell from in vivo CS-exposed indi-
viduals secreted significantly less SLPI apically and basolaterally 
than PHNEC from non-CS-exposed individuals. Figure 3 illustrates 
this finding by pooling all treatment groups and compares PHNEC 
SLPI secretion from non-CS and in vivo smoke-exposed individu-
als. For SLPI from cultured PHNEC, there was a highly significant 
effect of smoking status on SLPI secretion but no significant effect 
of treatment and no interaction between treatment and smoking 
status. PHNEC from non-smoke-exposed individuals had much 
higher SLPI secretions in both the apical (F1,139 = 15.2, p < 0.001) 
and basolateral (F1,154 = 25.9, p < 0.001) compartments (Figure 3). 
Regardless of the treatment group, PHNEC from smoke-exposed 
individuals secreted less SLPI apically and basolaterally than that 
from non-smoke-exposed individuals.

Beta-Defensin 1
Primary human nasal epithelial cell from in  vivo CS-exposed 
individuals secreted significantly less BD-1 apically and 
basolaterally than PHNEC from non-CS-exposed individuals. 
Figure 4 illustrates this finding by pooling all treatment groups 
and compares PHNEC BD-1 secretion from non-CS and 
in vivo smoke-exposed individuals. However, identical to SLPI, 
analysis of apical and basolateral BD-1 secretion also showed no 
significant effect of treatment and no interaction between treat-
ment and in vivo smoking status. PHNEC cultured from in vivo 
smoke-exposed individuals secreted significantly less BD-1 into 
the apical (F1,155 = 8.92, p = 0.003) and basolateral compartments 
(F1,167 = 23.1, p < 0.001) (Figure 4).

Time-course experiments
CSE Decreased Apical CCL20 Secretion in 
Unstimulated PHNEC at Hour 1 and LTA-Stimulated 
Cells at Hour 6 and Also Decreased Basolateral 
Secretion
Cigarette smoke extract exposure significantly decreased consti-
tutive apical CCL20 secretion at hour 1 (Figure 5A), but this dif-
ference was not significant at hour 6 (Figure 5B). CSE exposure 
significantly decreased LTA-stimulated apical CCL20 secretion 
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FigUre 2 | ccl20 secretion is altered in Phnec from in vivo smoke-exposed individuals. Compared to non-smoke-exposed individuals, smoke-exposed 
individuals had significantly lower apical CCL20 secretion and significantly higher basolateral CCL20 secretion (a). Figure 2A shows secretion data pooled (from all 
treatments) from every PHNEC secretion sample. CCL20 secretion into the basolateral compartment is significantly higher in PHNEC from in vivo smoke-exposed 
individuals in the control (constitutive) and the CSE-exposed treatments (B).
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at hour 6 (Figure 5D), but this difference was not significant 1 
hour post-LTA stimulation (Figure  5C). Basolateral secretion 
of CCL20 was significantly reduced by CSE exposure at the 6 
hour time point in LTA-induced samples (Figure 6D), but not at 
1-h post-LTA stimulation (Figure 6C). Constitutive basolateral 
secretion of CCL20 was not significantly altered by CSE at the 1-h 
and 6-h time points (Figures 6A,B).

Apical CCL20 secretion was measured in each treatment at 
1 and 6 h time points; we observed a significant effect of time 
point (between subjects, F1,16 = 28.4, p < 0.001), treatment (within 
subjects, F3,14 = 16.27, p < 0.001), and interaction between time 
points (within subjects, F3,14 = 11.15, p < 0.001), and treatment for 
apical CCL20 secretion. Basolateral secretion of CCL20 showed 
no significant effect of time point but there was a significant 
effect of treatment (within subjects, F3,11 = 12.77, p < 0.001) and 
significant interaction between time point and treatment (within 
subjects, F3,11 = 6.13, p = 0.011).

No Differences Were Detected in BD-1 Secretion at 
the 1- or 6-h Time Points
No significant differences in apical or basolateral secretion of 
BD-1 were detected between CSE treated and untreated samples 
at the 1- or 6-h time point. We observed a significant effect of 

treatment with apical (within subjects, F3,17 = 5.043, p = 0.011), 
and basolateral (within subjects, F3,17  =  7.78, p  =  0.004) BD-1 
secretion. However, in post hoc analysis with Bonferroni correc-
tions, no comparisons between CSE treated and untreated samples 
were significantly different at either time point (data not shown).

CSE Exposure Alters the Expression of Immune 
Related Genes after 3 h of CSE Exposure Followed 
by 1 h of LTA Stimulation
In order to further explore gene expression changes from CS 
exposure a set of 511 immunology-related genes were assayed by 
Nanostring technology. Total amounts of 20 immunology-related 
gene transcripts were significantly altered by CSE exposure out of 
511 genes assays. This difference was measured in the first hour after 
LTA stimulation. Three genes had increased number of transcripts 
and 17 were significantly decreased. By 6 h after LTA stimulation, 
these differences were minimal and a significant increase in the 
transcripts of only one other gene was detected (Table 1).

DiscUssiOn

Our results show that in vivo exposure to CS alters the secretion of 
key antimicrobial peptides from subsequently cultured PHNEC. 
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FigUre 4 | Beta-defensin 1 secretion into the apical and basolateral 
compartments is significantly lower in Phnec from in vivo smoke-
exposed individuals. Beta-defensin 1 secretion was not significantly 
different among the four treatments in our PHNEC experiments. However, 
there was a significant effect of smoke exposure status and this figure shows 
secretion data pooled (from all treatments) from every PHNEC secretion 
sample.

FigUre 3 | slPi secretion into the apical and basolateral 
compartments is significantly lower in Phnec from in vivo smoke-
exposed individuals. SLPI secretion was not significantly different among 
the four treatments in our PHNEC experiments. However, there was a 
significant effect of smoke exposure status and this figure shows secretion 
data pooled (from all treatments) from every PHNEC secretion sample.
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We observed a significant decrease in apical and basolateral SLPI, 
and BD-1 secretions as well as a reduction in apical secretions 
and an increase in basolateral secretions of CCL-20 from PHNEC 
cultured from CS-exposed individuals. As these are important 
antimicrobial peptides, it shows that CS may decrease the overall 
antimicrobial activity of nasal secretions. Previous work from 
our lab has shown that CCL20 constitutes an important fraction 
of antimicrobial activity in the secretions of airway (BEAS2B) 
cells (34). PHNEC from CS-exposed individuals were more dif-
ficult to culture than that from non-smoke-exposed individuals. 
Clearly, the cells that grow out to form PHNEC cultures have 
modifications that reflect CS exposure in vivo. These modifica-
tions could be epigenetic marks. This has implications for the 
time course of recovery of normal resistance to airway pathogens 
after smoking cessation.

The in  vitro time-course data of LTA-stimulated PHNEC 
support other research showing that in vitro CS exposure alters 
the innate immune system or suppresses its ability to respond 
to pathogens. For example, Manzel et  al. (37) showed that 
CSE suppressed the activation of NF-κB-dependent pathways, 
reduced the consequent expression of defense genes [IL-8 and 
intracellular adhesion molecule 1 (ICAM-1)], and decreased cel-
lular secretion of IL-6 and IL-8 in the response to Haemophilus 
influenzae by primary human tracheobronchial epithelial cells. 
Also, cellular secretion of IL-8 and IL-6 were suppressed (37). 
Despite the fact that these same molecules did not have reduced 
expression in our transcription studies, these results in addition 
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FigUre 6 | Phnec basolateral secretion of ccl20 significantly decreased following cse exposure at the 6-h time point in lTa-induced samples. 
Depicted in this figure are basolateral CCL20 secretions from PHNECs cultured from non-smoke-exposed individuals at 1 (a,B) and 6 h (c,D) post-LTA stimulation. 
PHNECs were exposed apically to cigarette smoke extract in ALI media for 3 h, LTA and control treatments received ALI media only. CSE was then removed by 
suction and cells were rinsed twice with PBS. Subsequently, LTA and CSE + LTA treatments were stimulated apically with LTA from B. subtillis (10 μg/mL) in ALI 
media by applying 300 uL in the apical compartment. Supernatants were harvested at 1 and 6 h post-LTA stimulation. CCL20 was quantified by ELISA.
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FigUre 5 | cse exposure significantly decreased constitutive apical ccl20 secretion at hour 1 (a) and lTa-stimulated apical ccl20 secretion at 
hour 6 (B). Apical CCL20 secretion from PHNECs from non-smoke-exposed individuals are shown at 1 h (a,B) and 6 h (c,D) post-LTA stimulation. Primary human 
nasal cell cultures were exposed apically to cigarette smoke extract in ALI media for 3 h, LTA and control treatments received ALI media only. CSE was then 
removed by suction and cells were rinsed twice with PBS. Subsequently, LTA and CSE + LTA treatments were stimulated apically with LTA from B. subtillis (10 μg/
mL) in ALI media by applying 300 uL in the apical compartment. Supernatants were harvested at 1 and 6 h post-LTA stimulation. CCL20 was quantified by ELISA.
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to ours suggest that exposure to CSE weakens the innate immune 
response of the upper airway mucosa to a bacterial invasion. 
The lack of full correlation between the studies could be due to 
different anatomical sources of primary epithelial cells, different 
stimulation conditions, or different culturing techniques.

Examining the list of genes that are significantly decreased in 
LTA-stimulated PHNEC with CSE exposure reveals that many 
are involved in immune signaling. Using the KEGG pathways, 
database shows that four of the genes occur in the neurotrophin 
signaling pathway (IRAK1, PKCD, MAPK1, and MAPKAPK2), 

http://www.frontiersin.org/Psychiatry/archive
http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org


TaBle 1 | changes in gene expression in comparisons of cigarette smoke extract and unexposed treatments of lTa-stimulated Phnec from healthy 
individuals.

Time point gene name Mean difference with  
cse exposure

change in expression  
with cse exposure

t ratio Degrees of freedom p-value

Hour 1 ATG16L1 −26.18 Decrease −2.83831 8 0.0219
Hour 1 CD59 −652.93 Decrease −2.87 8 0.0208
Hour 1 CDKN1A −919.37 Decrease −2.31452 8 0.0493
Hour 1 CEACAM1 10.83 Increase 3.379778 8 0.0096
Hour 1 GPI 41.24 Increase 3.13942 8 0.0138
Hour 1 IFIH1 −25.28 Decrease −2.71971 8 0.0263
Hour 1 GUSB −17.83 Decrease −4.01185 8 0.0039
Hour 1 IFNAR1 −2.96 Decrease −2.96357 8 0.0180
Hour 1 IGF2R −29.66 Decrease −3.98707 8 0.0040
Hour 1 IRAK1 −49.62 Decrease −3.57147 8 0.0073
Hour 1 JAK2 −11.71 Decrease −2.71316 8 0.0265
Hour 1 MAPK1 −51.04 Decrease −3.09134 8 0.0149
Hour 1 MAPKAPK2 −33.95 Decrease −2.48863 8 0.0376
Hour 1 MARCO −15.47 Decrease −2.62623 8 0.0304
Hour 1 NOD2 25.29 Decrease 2.38436 8 0.0442
Hour 1 NOTCH2 −95.69 Decrease −3.02181 8 0.0165
Hour 1 PRKCD −24.65 Decrease −2.39875 8 0.0433
Hour 1 SLAMF7 −9.59 Decrease −3.12773 8 0.0141
Hour 1 STAT3 −88.35 Decrease −2.35686 8 0.0462
Hour 1 IL20 15.61 Increase 3.18543 8 0.0129
Hour 6 BCL3 67.53 Increase 3.040491 7 0.0188

Nanostring quantified RNA transcripts were sampled at 1 and 6 h post-LTA stimulation.
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four occur in the chemokine signaling pathway (JAK2, STAT3, 
MAPK1, and PKCD), two occur in the TLR signaling pathway 
(IRAK1 and MAPK1), and three occur in the JAK-STAT signaling 
pathway (IFNAR1, JAK2, and STAT3) (38). Macrophage Receptor 
(MARCO) is a class A scavenger receptor, probably involved 
in binding Gram-positive and Gram-negative bacteria (39, 40). 
SLAMF7 was also detected as a significantly down-regulated gene 
and SLAM receptors are involved in the fine-tuning of immune cell 
activation (41). NOD2 expression was increased and this gene is an 
intracellular receptor involved in the recognition of bacterial pep-
tidoglycans and is involved in activation of NF-Kappa B, cytokine 
production, and apoptosis (42). Based on the gene expression data, 
CSE disrupts multiple chemokine, neurotrophin, and immune 
signaling pathways in PHNEC.

Our data suggest that individuals vary greatly in the amounts of 
antimicrobial peptides secreted by their PHNECs under baseline 
conditions. Constitutive and LTA-induced antimicrobial secre-
tions vary greatly among both non-smoke-exposed individuals 
and in vivo CS smoke-exposed individuals. For example, PHNEC 
from non-smoke-exposed individuals varies approximately 
60-fold from 19 to 1223 pg/ml in their secretion of CCL20 under 
control conditions and approximately 250-fold from 32 to 8000 pg/
ml in LTA-stimulated conditions (data not shown).

We had increased difficulty in culturing PHNEC from 
CS-exposed individuals, suggesting that there are other pheno-
typic differences as well, perhaps at the level of the stem cells that 
grow out to form the PHNEC cultures. We could obtain nasal 
epithelial cells from these individuals, but they would stop divid-
ing and would not proliferate enough to utilize experimentally. 
This along with our data, showing decreased secretion of antimi-
crobials from PHNEC from smoke-exposed individuals, suggests 
some transmissible epigenetic changes in CS-exposed epithelial 

stem cells from which the PHNEC are derived; these observations 
warrant further study.

The study was performed with PHNEC samples that had been 
cultured to a solid monolayer and then differentiated into mucocili-
ary epithelial cells that, like in vivo airway epithelial cells, had distinct 
differences between the apical and basolateral surfaces. Variability 
in response to secretion of the assayed proteins/peptides between 
basolateral and apical surfaces was revealed in some conditions in 
which the same cultures responded differentially between apical 
and basolateral secretion (for example, see Figure 2). This suggests 
that posttranslational regulation is affected by CS exposure. Since 
basolateral or apical secretion has different implications for fighting 
infections, it is likely that the different secretion impacts also play a 
role in sensitivity of smoke-exposed individuals to airway infections.

Antimicrobial peptides and proteins are important in protect-
ing humans from respiratory pathogens that smoke-exposed 
people are less able to control. Our results reveal clear suppressive 
effects of both in vitro and in vivo CS exposure on some of these 
defensive peptides and changes in the expression of genes involved 
in chemokine and neurotrophin signaling pathways. It is not clear 
why there are disparate effects on different specific proteins and 
peptides and an understanding of those issues requires further 
study. This report contributes to the mechanistic understanding of 
how CS exposure alters the innate immune response and increases 
an individual’s susceptibility to pathogen infection.
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Exposure to second-hand smoke (SHS), also known as “passive smoking,” refers to a situation where 
a non-smoker inhales another person’s smoke either by sidestream or by mainstream exposure to 
tobacco smoke. Previous research has suggested that not only is prolonged exposure to SHS associ-
ated with a range of health-related problems similar to those found in smokers (1, 2) but is also 
linked to detrimental effects upon cognitive performance in children, adolescents, and adults. For 
example, children exposed to SHS show reduced vocabulary and reasoning skills when compared 
with non-exposed children (3) as well as more general cognitive and intellectual deficits (4). More 
recently, research using serum cotinine as a biomarker of exposure to SHS found that higher levels of 
serum cotinine were associated with significant reductions in performance in reading, mathematics, 
and visual and spatial abilities in children and adolescents (5) indicating that higher levels of SHS 
exposure is associated with poorer cognitive performance. In adults, exposure to SHS in those who 
had no history of smoking showed significantly reduced performance in processing speed (how 
quickly one can process information and perform tasks) and executive function (which includes 
the ability to organize memory, cognitive flexibility, and problem-solving ability) when compared 
with non-exposed, never smokers (6, 7). In addition, never smokers who lived with smokers for 
several decades showed a 30% increase in their risk of dementia (8). Recent work has also revealed 
everyday memory impairments in never smokers with a history of living with smokers for several 
years; for example, deficits in everyday prospective memory (memory for future actions), such as 
remembering to carry out everyday activities, keeping appointments with others, or remembering 
to post a letter on time (7, 9). What is less clear is the mechanism by which SHS might compromise 
cognitive performance.

The mechanisms underlying the links between SHS exposure and poorer cognitive performance 
are far from clear. One potential explanation derives from the notion that the carbon monoxide (CO) 
in tobacco smoke may interfere with the oxygen being delivered to the brain via the blood system. 
CO binds to human hemoglobin more than oxygen does; therefore, it is feasible that by inhaling 
tobacco smoke with a high level of CO across a prolonged period of time may diminish the amount 
of oxygen being carried to the brain, which may, in turn, lead to the range of cognitive impairments 
observed in the previous research. Although this hypothesis is somewhat speculative, it is a viable 
explanation and future work could test this by measuring levels of CO in the blood of never smokers 
who have been exposed to SHS and comparing these with never smokers with no history of such 
exposure. A second possible explanation stems from recent animal research, which has exposed 
animals to varying degrees of toxic mixtures of chemicals found in tobacco smoke. This research 
suggests that tobacco-specific procarcinogens may lead to reduced neuronal mass in specific regions 
of the brain associated with learning and memory; for example, in the hippocampal region of the 
brain, which is known to be involved in the mediation of memory and learning (10). Future research 
should therefore measure levels of procarcinogens, such as NKK, in SHS exposed individuals and 
whether these are associated with increasing cognitive deficits. A third possibility is that prolonged 
exposure to SHS may lead to a build-up of cardiovascular disease (CVD), which in turn may lead to 
a range of health and cognitive problems in later life. There is epidemiological evidence that shows 
prolonged exposure to SHS is associated with a greater increase in CVD (2, 11, 12). A longitudinal 
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design could elucidate this association by observing long-term 
exposure to SHS and a potential build-up of CVD and how these 
correlate with performance upon a range of cognitive measures.

Several limitations need to be considered when interpreting 
research in this area and designing future studies. The exposure 
to SHS in many studies is based on self-report measures, which 
may be subject to recall bias and lead to over- or underestimation 
of exposure. Biological assays could be used to provide more 
reliable estimates of SHS exposure, for example, cotinine residue 
levels or nicotine residue in saliva or hair samples. The use of 
other drugs should also be documented along with the exposure 
to SHS, because a large body of evidence now exists that docu-
mented the health and cognitive risks associated with the use of, 
for example, excessive amounts of alcohol, ecstasy, cannabis, and 
other substances. Other factors, such as socioeconomic status 
and personality variables such as impulsivity and risk-taking 
propensity, can impact upon health and cognition, so these too 
should be controlled for in future research.

In summary, the health problems associated with exposure to 
SHS in individuals who have no history of smoking are fairly well 
documented. More recently, studies have pointed to a range of 
cognitive consequences associated with SHS exposure, including 
everyday memory impairments. Our understanding of what the 
underlying mechanism(s) are that might account for such  cognitive 

deficits is in its infancy, and there is a great deal of scope for research 
that looks at the relationship between prolonged exposure to SHS, 
putative physical and neural damage, and the range of cognitive 
deficits documented in the literature. Given recent concerns raised 
by health bodies, such as the World Health Organization, about the 
risk SHS poses to children and adults around the world, it is clear 
that this is a topic that warrants further research.
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The synergistic impact of excessive 
alcohol Drinking and cigarette 
smoking upon Prospective Memory
Anna-Marie Marshall , Thomas Heffernan* and Colin Hamilton

Department of Psychology, Northumbria University, Newcastle upon Tyne, UK

The independent use of excessive amounts of alcohol or persistent cigarette smoking 
have been found to have a deleterious impact upon Prospective Memory (PM: remem-
bering future intentions and activities), although to date, the effect of their concurrent use 
upon PM is yet to be explored. The present study investigated the impact of the concur-
rent use of drinking excessive amounts of alcohol and smoking cigarettes (a “Polydrug” 
group) in comparison to the combined effect of the single use of these substances upon 
PM. The study adopted a single factorial independent groups design. The Cambridge 
Prospective Memory Test (CAMPROMPT) is a test of both time-based and event-based 
PM and was used here to measure PM. The CAMPROMPT was administered to 125 
adults; an excessive alcohol user group (n = 40), a group of smokers who drink very little 
alcohol (n = 20), a combined user group (the “Polydrug” group) who drink excessively 
and smoke cigarettes (n  =  40) and a non-drinker/low alcohol consumption control 
group (n = 25). The main findings revealed that the Polydrug users recalled significantly 
fewer time-based PM tasks than both excessive alcohol users p < 0.001 and smokers 
p = 0.013. Polydrug users (mean = 11.47) also remembered significantly fewer event-
based PM tasks than excessive alcohol users p < 0.001 and smokers p = 0.013. With 
regards to the main aim of the study, the polydrug users exhibited significantly greater 
impaired time-based PM than the combined effect of single excessive alcohol users and 
cigarette smokers p = 0.033. However, no difference was observed between polydrug 
users and the combined effect of single excessive alcohol users and cigarette smokers 
in event-based PM p = 0.757. These results provide evidence that concurrent (polydrug) 
use of these two substances has a synergistic effect in terms of deficits upon time-based 
PM. The observation that combined excessive drinking and cigarette smoking leads to 
a greater impairment in time-based PM may be of paramount importance, given the key 
role PM plays in everyday independent living.

Keywords: excessive drinking, smoking, synergistic, prospective memory, caMPrOMPT

inTrODUcTiOn

Tobacco and alcohol are two of the most widely used drugs in the Western world and are responsible 
for a large proportion of harm (1). These two drugs are often used concurrently (2, 3); yet, there 
remains a paucity of research in relation to their combined effects. The relationship between these 
drugs is complex and not presently well understood; this is surprising given the synergistic health 
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risks posed by such polydrug use (4). Previous research sug-
gests that chronic use of large amounts of alcohol and cigarette 
smoking are independently associated with a variety of cogni-
tive impairments. For example, studies that have examined the 
effects of alcohol on cognitive performance and have shown that 
drinking excessively impairs Working Memory (WM), which is 
responsible for the manipulation and maintenance of informa-
tion across a short period of time; for example, remembering 
someone’s phone number while driving a car and concentrating 
on the road ahead (5, 6) as well as Executive Function (EF), which 
is an umbrella term used to describe a set of resources that are 
responsible for the management of cognitive functions, includ-
ing WM and attention; for example, being able to pay attention 
to a task despite having distractions all around you (7, 8). More 
recently, excessive alcohol use has been associated with poorer 
performance in Prospective Memory (PM), which refers to the 
cognitive ability to carry out planned intentions/actions at a 
future point in time (9–11). Excessive alcohol drinking is defined 
as either drinking in excess of the current cut-off limits for safe 
drinking, which are 14/21 U of alcohol per week for females and 
males, respectively (12, 13). It should be noted that a UK unit 
(8 g ethanol) contains 0.343 US fluid ounces of ethanol. Chronic 
cigarette smoking has also been associated with deficits in these 
domains, including WM (14, 15), EF (16, 17), and PM (18–20). 
PM is seen as an important part of everyday remembering, since 
it is responsible for planning and remembering future activities, 
such as remembering to meet with friends at a pre-specified time 
and location, remembering to take an important medication on 
time, or remembering to turn up for a meeting; in this respect, it 
is seen as essential for independent living (21).

Prospective memory involves both time-based (an action 
that is carried out after a specific time period has elapsed; for 
example, remembering to take an important medication after a 
specific time has elapsed) and event-based (an action executed as 
the result of an environmental cue; for example, remembering to 
pass on a message to someone whom you meet in the street). It 
has been suggested that the subtypes rely upon different cognitive 
mechanisms; event-based involves spontaneous retrieval while 
time-based requires attentional monitoring and as such time-
based may be more reliant upon executive resources (22). There 
is evidence to suggest that event-based and time-based PM are, at 
least in part, separable. For example, time-based, but not event-
based PM deficits were found in a patient with bilateral frontal 
lobe infarcts (23); whereas Parkinson’s disease patients have been 
found to be impaired on the event-based, but not on time-based, 
PM tasks (24), suggesting a dissociation between the two pro-
cesses. In addition, research using Positron Emission Tomography 
(PET) brain imaging has found evidence of differential involve-
ment of prefrontal regions in time-based and event-based PM 
(25). Although there is a paucity of research focusing upon the 
combined effect of alcohol and tobacco use upon cognition and 
memory, there is some. Evidence in relation to the interactive 
effect between excessive alcohol use and smoking is evident in 
other areas of cognition. Cigarette smoking has been found to 
exacerbate cognitive deficits in those who drink alcohol exces-
sively, including memory deficits, one’s ability to think quickly 
and efficiently, as well as on problem solving tasks (26). Recently, 

evidence has shown that alcohol-dependant individuals who 
smoke cigarettes show greater neuropsychological damage than 
those who do not smoke (27); observing decreased cortical thick-
ness in the polydrug users, with greater thinning in frontal areas 
of the cortex (a key brain region involved in PM). The combined 
effect of smoking and alcohol has also recently been linked with 
faster cognitive decline in such polydrug users, compared with 
alcohol users alone (28), indicating that cigarette smoking and 
excessive alcohol use may act in synergy to cause increased cogni-
tive decline. In addition to this greater deficits in EF [believed 
to rely on the same cognitive processes as PM: (29)] have been 
found in such polydrug user groups compared to alcohol users 
alone. Given the cumulative evidence that the combined use of 
excessive amounts of alcohol and cigarette smoking may damage 
pre-frontal regions of the brain and may accelerate declines in 
cognitive processes such as EF, it is possible that the combined 
use of these two substances may exacerbate declines in PM when 
compared with the single use of these substances.

The main aim of the study is to explore whether the combined 
(polydrug) effect of consuming excessive amounts of alcohol and 
smoking cigarettes is greater than the sum of their independent 
effects. This will be achieved by comparing the added effects of 
both single user groups (an excessive drinking group and a ciga-
rette smoking group) with a polydrug group (those who drink 
alcohol excessively and smoke cigarettes) in order to determine 
whether there is a significant difference between these with regards 
PM. This should provide insight as to whether the combination of 
these two substances has an additive or synergistic impact upon 
PM function. Since PM involves both time and event-based tasks, 
the Cambridge Prospective Memory Test (CAMPROMPT) was 
utilized here as a measure of both time and event-based PM.

MaTerials anD MeThODs

Design
An existing groups design was employed comparing four groups: 
(1) an “Excessive Alcohol” group who drank excessive amounts 
of alcohol but who did not smoke cigarettes; (2) a “Cigarette 
Smokers” group who smoked cigarettes on a regular/daily basis 
and drank very little alcohol; (3) a “Polydrug” group who drank 
excessively and smoked cigarettes on a regular/daily basis; and 
(4) a “Control” group who drank low amounts of alcohol who 
had never smoked cigarettes. Excessive alcohol drinking was 
classified as those individuals who drank in excess of the current 
cut-off limits for safe drinking, which are 14/21  U of alcohol 
(females and males respectively) per week, as described in the 
Section “Introduction.” The dependent measures included both 
time-based and event-based CAMPROMPT scores.

Participants
One-hundred and twenty-five unpaid volunteers were recruited as 
participants through opportunity sampling, which involved tak-
ing a sample of people who responded via advertisements about 
the study and who fit the criteria for which the researchers were 
looking. The inclusion criteria was anyone who fell in to one of 
the four groupings identified above; therefore any person who was 
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either an excessive drinker (drinking above the 14/21 U of alcohol 
per week described above), a regular cigarette smoker who drank 
very little (ranging from 0 to 7 U of alcohol per week), a polydrug 
user who drank excessively and smoked cigarettes regularly, or a 
non-smoker who consumed very little (if any) alcohol. The study 
was advertised widely around the university, and the inclusion 
criteria were made clear so that we could ensure recruitment to 
all of the groups. Anyone who reported using other substances, 
such as cannabis, ecstasy, heroin, cocaine, “legal highs,” etc., were 
excluded from the study. Anyone who reported having previously 
suffered from/were currently suffering from, a clinical disorder 
(such as amnesia, depression, or substance dependence), were 
excluded from the study. The age range of participants was 
between 18 and 43 years. Participants were allocated to a group 
based upon their alcohol and cigarette use. Excessive alcohol was 
determined by the participant’s weekly alcohol usage (regardless 
of any specific pattern of drinking, such as “binge drinking”), 
which was whether they exceeded the 14/21  U of alcohol per 
week for females and males, respectively (12, 13). The Excessive 
Alcohol group contained 40 participants (25 females) who had 
never smoked, and their mean alcohol intake per week was 25.9 U 
(SD 8.60). The Cigarette Smokers group consisted of 20 partici-
pants (14 females) who smoked on a regular/daily basis, but did 
not consume alcohol on a regular basis and drank low amounts 
of alcohol; they smoked on average 69.3 cigarettes per week (SD 
47.7). The Polydrug group contained 40 participants (16 females) 
who smoked cigarettes on a regular/daily basis and drank exces-
sively; their mean alcohol consumption was 26.5 U per week (SD 
6.88), and their mean cigarettes usage per week was 52.5 cigarettes 
(SD 27.2). The Control group consisted of 25 participants (19 
females) who were low-dose alcohol users/non-users who did not 
smoke; their mean alcohol consumption per week was 1.46 U (SD 
2.38). The Excessive Alcohol and Polydrug groups did not differ 
in terms of the amount of alcohol they consumed per week, nor 
in terms of the years spent drinking alcohol or their last alcohol 
use in hours. The Cigarette Smokers and Polydrug groups did not 
differ in terms of the amount of cigarettes they smoked per week 
or in terms of their last cigarette use in hours, but the Cigarette 
Smokers group had been smoking for longer than the Polydrug 
group. The distribution of male and female participants between 
the groups did differ significantly. See the Section “Results” for 
analysis of these non-memory measures.

Measures
The Cambridge Prospective Memory Test (CAMPROMPT) is 
a valid and reliable measure of time-based and event-based PM 
(30) and was utilized in the current study as an objective measure 
of both time and event-based PM. The test consists of three time-
based tasks, which require the participant to carry out a task at a 
specific time; a clock was available for them to monitor the time 
(for example, “In seven minutes, I would like you to change the 
pen you are using”) and three event-based tasks, which require the 
participant to carry out a task in response to a cue (for example, 
“When you come to a quiz question about ‘Eastenders’ I would 
like you to give me this book”). The time-based and event-based 
tasks were to be remembered while completing a set of distracter 
tasks comprising a set of puzzles. Points were scored for each of 

the six tasks and the scoring per task ranged from 6 (where the 
participant completed task unaided) to 0 (where they have failed 
to complete task), with points between these two on the scale 
for tasks completed with some prompting from the researcher. 
Two types of PM scores were obtained: a time-based PM score 
(out of a maximum of 18) and an event-based PM score (out 
of a maximum of 18), with the higher score reflecting a more 
proficient PM.

Alcohol use, smoking, and other drug use were measured using 
a modified version of the University of East London Recreational 
Drug Use Questionnaire [RDUQ: (31)]. This questionnaire asked 
the participant to report their drinking and smoking pattern over 
a typical week, including quantities and the number of units of 
alcohol/cigarettes, hours since last use and years spent using 
alcohol/cigarettes. Participants were further asked to state any 
other drug use, such as cannabis and ecstasy, and amount and 
frequency of use.

Procedure
Prior to commencement, the research protocol was approved 
by the School of Health and Life Sciences Ethics Committee at 
Northumbria University. All testing was carried out in a laboratory 
setting, taking approximately 30 min to complete. Participation 
was voluntary. The CAMPROMPT was administered first, in 
which participants were asked to complete a set of puzzles and 
quizzes, while being asked by the researcher to remember to carry 
out the time-based and event-based memory tasks; this lasted 
approximately 25 min. Participants were then asked to complete 
the RDUQ questionnaire, which took only a few minutes. Upon 
completion, participants were debriefed, any questions they had 
were answered and they were given the opportunity to withdraw 
their data from the study (none did so).

resUlTs

In order to identify that the Polydrug user group was appro-
priately matched to the respective single drug user groups, a 
series of one-way ANOVAs were applied to the data comparing 
appropriate groups on alcohol use and smoking. The Excessive 
Alcohol group and Polydrug group were compared on the 
amount of alcohol consumed per week, the number of years 
spent drinking alcohol, and the number of hours since they 
last drank alcohol (see Table  1 for the means and standard 
deviations (SDs) for these measures across the groups). The 
Cigarette Smokers group and Polydrug group were compared 
on the number of cigarettes smoked per week, the number of 
years spent smoking, and the number of hours since their last 
cigarette was used (see Table 1 for the means and SDs for these 
measures across the groups). The analyses revealed no significant 
differences between the Excessive Alcohol and Polydrug groups 
in terms of the number of alcohol units consumed per week 
[F(1,78) = 0.150, p = 0.699], the number of years spent drinking 
alcohol [F(1,78) = 0.153, p = 0.697], and hours since they last 
drank alcohol [F(1,78) = 0.414, p = 0.522]. No significant dif-
ference was observed between the Cigarette Smokers group and 
Polydrug Group in terms of the amount of cigarettes smoked 
per week [F(1,58)  =  3.001, p  =  0.089] and number of hours 
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FigUre 1 | (a) CAMPROMPT event-based impairment as a function of user group. (B) CAMPROMPT time-based impairment as a function of user group.

TaBle 1 | Means (and sDs) for all measures across each drug user 
group.

excessive alcohol 
(n = 40)

cigarette 
smokers (n = 20)

Polydrug 
(n = 40)

Age 22.30 (4.10) 27.15 (6.80) 22.55 (4.16)
Alcohol units per 
week

25.90 (8.60) 0.55 (1.42) 26.58 (6.88)

Years drinking alcohol 6.48 (4.39) 1.30 (3.70) 6.84 (3.88)
Hours since last 
alcohol 

90.95 (73.30) 45.60 (107.02) 105.68 (124.83)

Cigarettes per week 0.00 (0.00) 69.30 (47.79) 52.55 (27.23)
Years smoking 
cigarettes

0.00 (0.00) 10.95 (9.15) 5.99 (3.98)

Hours since last 
cigarette

0.00 (0.00) 7.70 (12.27) 8.49 (17.01)

CAMPROMPT event 14.27 (2.35) 13.85 (2.52) 11.47 (3.34)
CAMPROMPT time 14.67 (2.41) 12.30 (2.39) 9.77 (3.99)

22

Marshall et al. Synergistic Effect on Prospective Memory

Frontiers in Psychiatry | www.frontiersin.org April 2016 | Volume 7 | Article 75

since their last cigarette [F(1,58) = 0.034, p = 0.855]; however 
there was a significant difference in terms of the number of years 
for which participants had smoked cigarettes [F(1,58) = 8.624, 
p = 0.005] – with the Cigarette Smokers group having smoked 
for longer than the Polydrug group. In summary, there were no 
significant between group differences between excessive alcohol 
use and smoking pattern for the potential confounding variables, 
other than years spent smoking.

A multivariate MANOVA was applied to the data in order to 
identify whether CAMPROMPT event-based and time-based 
differences existed between the Polydrug group and the two sin-
gle user groups. This revealed a significant effect of group on the 
dependent measures [Wilk’s Lambda = 0.636, F (4,192) = 12.182, 
p < 0.001; ηp2 = 0.20]. This analysis indicated a significant effect 
associated with the time-based CAMPROMPT [F(2,97) = 24.367, 
p < 0.001, ηp2 = 0.33] and a significant effect associated with the 
event-based measure [F(2,97) = 10.799, p < 0.001, ηp2 = 0.18]. 
Bonferroni adjusted post hoc analysis revealed that with regard 

to event-based PM, the Polydrug group (mean = 11.47; SD 3.34) 
remembered significantly fewer actions than Excessive Alcohol 
group (mean = 14.27; SD 2.35), p < 0.001, and that the Polydrug 
users also remembered significantly fewer event-based actions 
than the Cigarette Smokers group (mean  =  13.85; SD 2.52), 
p = 0.008. With regard to time-based PM, the Polydrug group 
(mean  =  9.77; SD 3.99) remembered significantly fewer PM 
actions than Excessive Alcohol group (mean = 14.67; SD 2.41), 
p < 0.001, and that the Polydrug users also remembered signifi-
cantly fewer time-based items than the Cigarette Smokers group 
(mean = 12.30; SD 2.39), p = 0.012.

To address the main aim of whether the combined (polydrug) 
effect of consuming excessive amounts of alcohol and smoking 
cigarettes is greater than the sum of their independent effects, 
the CAMPROMPT impairment of the Polydrug Group was 
contrasted with the combined impairment of the two single user 
groups (the Excessive Alcohol group and Cigarette Smokers 
group). Specific impairment of the two single user groups was 
identified by comparing their mean performance with that of the 
Control group performance on both CAMPROMPT measures. In 
the event-based CAMPROMPT measure, the Control mean per-
formance was 16.48 (SD 2.48), and the Excessive Alcohol and the 
Cigarette Smokers group achieved 14.27 and 13.85, respectively. 
Thus, the specific impairments for these two user groups were; 
Excessive Alcohol, 16.48 − 14.27 = 2.21, and Cigarette Smokers, 
16.48  −  13.85  =  2.63. The combined event-based impairment 
level was therefore = 2.21 + 2.63 = 4.84. This combined baseline 
impairment value is shown in Figure 1A below by the horizontal 
dashed line.

In the time-based CAMPROMPT measure, the Control 
mean performance was 15.80 (SD 2.00). Thus, the specific 
impairments for these two user groups were; Excessive Alcohol, 
15.80 − 14.67 = 1.13, and Cigarette Smokers, 15.80 − 12.30 = 3.50. 
The combined time-based impairment level was therefore 4.63, 
and this combined impairment value is shown by the horizontal 
dashed line in Figure  1B below. In order to identify whether 
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the Polydrug impairment (in comparison to the control group 
performance) was greater than the combined single user deficits, 
two one-sample t-tests were conducted with the respective 
combined impairments as the criteria. In relation to event-based 
PM, there was no significant difference between the Polydrug 
groups’ impairment and the combined single user impairment, 
[t(39) = −0.312, p = 0.757]. In relation to time-based PM, the 
Polydrug groups’ impairment was significantly greater than 
the combination of single user impairments [t(39)  =  −2.243, 
p = 0.031].

In summary, significantly more time-based and event-based 
PM errors were made by the Polydrug user group in comparison 
to both Excessive Alcohol user group and Cigarette Smoker 
groups. Importantly, further analysis revealed that the polydrug 
group also made significantly more PM errors that the combined 
effect of excessive alcohol and cigarette smoking in time-based 
PM, although not in event-based PM.

DiscUssiOn

The present study explored whether the combined (polydrug) 
effect of consuming excessive amounts of alcohol and smoking 
cigarettes is greater than the sum of their independent effects. 
This was achieved by comparing the added deficits for each of the 
single user groups (the Excessive alcohol drinkers and cigarette 
smokers group) with the polydrug group (those who both drink 
alcohol excessively and smoke cigarettes) to determine whether 
there was a significant difference between these two in terms of 
time-based and event-based PM function using the Cambridge 
Prospective Memory Test (CAMPROMPT) as the main measure 
of PM. With regards to this aim, the prospective memory (PM) 
deficits observed in the Polydrug group (those who drank exces-
sive amounts of alcohol and smoked cigarettes) was found to be 
greater than the combined deficits of the two single user groups 
(the Excessive alcohol group and the Cigarette Smoker group) in 
relation to time-based PM, suggesting a synergistic interactive 
effect rather than an additive interactive effect of these two sub-
stances. No such effect was observed in relation to event-based 
PM. These effects were found after observing no significant differ-
ences between these groups in the amount of alcohol consumed 
per week, the number of years drinking alcohol, the number of 
hours since they last drank alcohol, the number of cigarettes 
smoked per week, and in terms of the number of hours since 
last cigarette. These findings indicate that, using both substances 
together produces greater deficits than single use of either 
substance and furthermore, the interaction between excessive 
amounts of alcohol and cigarettes produces greater deficits upon 
time-based PM than the sum of their separate effects – suggesting 
a synergistic effect of combined excessive drinking and smoking 
upon time-based PM. These findings firstly lend support to the 
body of research, which has previously found that drinking alco-
hol and smoking cigarettes separately, is associated with impaired 
PM (9–11, 18–20), but extends this by observing a synergistic 
effect of the combined use of excessive amounts of alcohol and 
cigarette smoking on time-based PM deficits when compared 
with their single separate use. Although smoking has been found 
to exacerbate cognitive deficits in excessive alcohol users in the 

past (26–28), the current study is the first to show this effect for 
prospective remembering. Given the importance of PM to every-
day activities (21), this finding may be important in terms of its 
suggestion that everyday memory (of which PM is a very good 
example) may be compromised by the combination of excessive 
drinking and cigarette smoking in a non-clinical population.

Although this study has demonstrated synergistic effects of 
excessive drinking and smoking upon PM, the putative under-
lying damage to the mechanisms underpinning such deficits 
remains unclear. PM is believed to be a function underpinned 
by multiple cognitive processes rather than being a single con-
struct in its own right; thus, it is difficult to identify a specific 
region or mechanism in the brain that may account for the PM 
deficits caused by excessive alcohol use, smoking, and polydrug 
use. However, both excessive alcohol use and smoking have been 
found to impair frontal lobe tasks such as EF (16, 32). Given 
previous clinical evidence that excessive alcohol users who also 
smoke show decreased cortical thickness, with greater thinning 
in frontal areas of the cortex (a key brain region involved in PM) 
compared with heavy drinking who do not smoke (27), it is pos-
sible that the deficits in PM found in the polydrug group in the 
current study may be the result of frontal lobe dysfunction. Given 
that the combination of drinking heavily and smoking cigarettes 
also leads to significant deficits in EF (28), which is heavily 
involved in frontal lobe resources and is believed to underpin PM 
(29), this lends further support to the notion that it is the frontal 
lobe region that is affected by the combined use excessive alcohol 
drinking and cigarette smoking. This could be explored further 
by the use of brain imaging (such as PET) alongside a measure 
of PM (such as CAMPROMPT) in order to observe the degree 
of frontal lobe activity during the PM task in the polydrug users 
compared with suitable controls. Again, one must be cautious 
given the evidence from neuroimaging studies which have also 
implicated other regions, such as the hippocampus and thalamus 
in PM (33–35). It is therefore possible that any putative damage 
as a result of polydrug use may well be indicative of damage that 
is not confined to the frontal region itself; again, brain imaging 
techniques could be used in combination with the CAMPROMPT 
in order to elucidate the links between polydrug use, PM deficits 
and any underlying neuropsychological damage. The fact that 
this synergistic effect (i.e., the finding that polydrug user group 
showed greater PM deficits than the combined deficits of both 
single user groups) was evident only for time-based PM task is 
explicable in terms of time-based PM being more reliant upon 
frontal lobe processes (21), and therefore, if the frontal lobes are 
being damaged/depleted by the combination of drinking exces-
sively and smoking cigarettes, then one would expect to find this 
for the time-based tasks and not for the event-based tasks (as was 
the case in the findings of the current study). This suggests that 
event-based PM may operate on a different neural network than 
that of time-based PM, a point that could be pursued in future 
research. It may also be worth noting that, since nicotine is seen 
to act as neuroprotective (36), the contributing factor of cigarette 
smoking to this synergistic effect on PM must come from the tox-
ins contained in cigarette smoke and inhaled by smokers, these 
toxins combined with excessive alcohol use must act together to 
damage or deplete those resources in the brain that underpin PM, 
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future research may wish to explore which of these 70 plus toxins 
contained in tobacco smoke interact with excessive alcohol use to 
produce a detrimental impact upon everyday memory.

cOnclUsiOn anD liMiTaTiOns

To the best of our knowledge, this is the first study to examine 
the synergistic impact of combined excessive alcohol use and 
cigarette smoking upon everyday PM. The findings revealed that 
individuals who consumed excessive amounts of alcohol and also 
smoked cigarettes demonstrated significantly greater deficits in 
time-based PM than the combined deficits from the single use of 
either excessive alcohol or cigarette smoking, suggesting a syner-
gistic interactive effect rather than an additive effect of these two 
substances. It is our hope that the findings uncovered here will 
help to improve our understanding about the dangers of exces-
sive drinking and smoking beyond the mainly health concerns 
highlighted in the literature by providing a greater understanding 
of the cognitive consequences of such polydrug use. Specifically, 
highlighting the dangers of combined heavy alcohol use and 
smoking in relation to everyday memory, in this case PM.

There are a number of limitations that should be considered 
when interpreting the findings form this study. One limitation 
of the study is the reliance on self-reported drug use, which 
can be problematic given that it relies upon the honesty and 
accuracy of the individual. Although the RDUQ (used in the 
current study to measure substance use) has been used in several 
studies to measure alcohol, smoking, and other substance use 
(9–11, 18–20, 31); its utility when compared with other substance 
use measures has not been tested, which should be considered 
when considering its use in future studies. Future research should 
overcome this by utilizing biological drug-screening techniques 
that provide objective and more accurate measures of alcohol 
and other drug use, for example the use of blood, urine and 
hair assays. The study asked anyone who used other substances 
(such as cannabis, ecstasy, etc.) or who had suffered from/were 
currently suffering from, a clinical disorder (such as amnesia, 
depression, or substance dependence), to refrain from taking 
part in the study as a method of screening participants. However, 
these were not assessed by biological assays (for measures of drug 
use) or clinical testing (for clinical disorders). This can be seen 

as a limitation of the present study, particularly given the fact 
that there is evidence that polydrug use is associated with greater 
health risks than single drug use (37), that polydrug use is more 
prevalent in psychiatric populations (38) and is associated with 
elevated levels of psychiatric conditions, such as aggression and 
suicide (39), when compared with single user groups. In addition, 
given that polydrug users differ from single drug user groups in 
terms of personality factors, such as exhibiting higher levels of 
impulsivity and a greater propensity for risk taking (40–42), per-
sonality factors should also be taken into account in future work. 
Therefore, future research should utilize biological methods to 
more accurately assess substance use, as well as include health, 
personality, and psychiatric indices to compile a fuller picture of 
how polydrug users and single drug users differ on these domains 
and to measure what impact, if any, these domains might have 
upon everyday memory in the form of PM.

Although the present study has uncovered a synergistic effect 
of excessive alcohol use and smoking upon PM, future research 
should attempt to replicate these findings using more ecologically 
valid PM tasks. This could be achieved by the use of real-world 
PM tasks such as remembering to carry out an activity after a 
period of time has passed (e.g., remember to text the researcher 
24 h following the completion of the study) or the use of the diary 
method, both of which have proven useful in measuring PM defi-
cits in clinical populations (43) or the recent use of virtual reality 
techniques to measure PM (44). Finally, given the frequency 
with which adolescents drink heavily and smoke, future research 
should investigate the impact of heavy drinking and smoking 
in the period of adolescence to upon the developing adolescent 
brain (45). Since tobacco smoking and alcohol use are two of the 
most widely used drugs in the Western world; and given the fact 
that they inflict a great deal of harm upon society and the fact 
that these two drugs are often used concurrently, a much greater 
understanding is needed with regards the cognitive consequences 
of combined cigarette smoking and excessive alcohol use.
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Daily smoking is associated with elevated blood pressure, carbon monoxide (CO) toxicity, 
and impaired pulmonary lung functioning. The benefits of successful smoking cessation 
are readily apparent, given the health improvements associated with cessation, as well 
as the reduction of secondhand smoke to which non-smoking coworkers and family 
members are exposed. Previous literature indicates that providing personalized informa-
tion to smokers (versus general base rates) without engaging in confrontational pressure 
to quit smoking, leads to increased interest in quitting smoking and willingness to enter 
smoking cessation programs. The goal of this study was to examine the pretreatment 
characteristics of the smokers entering a brief motivational enhancement interven-
tion based on personally tailored health feedback. Participants (N = 28) were 88.2% 
Caucasian and 59% males, and they were an average of 23 years of age. On average, 
they smoked 20.08 cigarettes per day for a mean of 6.6  years, a mean Fagerström 
Test for Nicotine Dependence score of 4.7, and obtained a mean breath CO reading 
of 19.1 ppm. Smoking-related adverse health outcomes were predictive of stages of 
change motivation to quit smoking. Implications for cessation programs are discussed.

Keywords: motivational interviewing, smoking cessation, smoking, nicotine, addiction and addiction behaviors

inTrODUcTiOn

Despite the widely publicized negative health consequences of cigarette smoking, a quarter of the 
United States adult population continues to smoke (1). Cigarette smoking remains the leading pre-
ventable cause of death in the United States, accounting for more than 430,000 deaths per year (2). 
Smoking cessation is associated with decreased mortality and morbidity from smoking-related ill-
nesses, such as cancer. For example, former smokers reduce their excess lung cancer risk by 50–80% 
within 10 years of quitting (3).

Research indicates that effective interventions exist for cigarette smokers (4) and that as many as 
60% of current smokers want to quit smoking (5), yet few enter formal smoking cessation treatment 
programs [e.g., Ref. (6)]. Recent studies have also indicated that among current smokers, nicotine 
dependence levels tend to be higher than in past years. In addition, the prevalence of comorbid 
psychopathology, such as depression and anxiety, in smokers is greater now than in previous years, 
because those without such difficulties have largely been able to quit smoking [e.g., Ref. (7, 8)]. 
As a result, prevalence for those with psychiatric disorders has remained disproportionately high 
(9, 10). These smokers tend to experience more difficulty with smoking cessation and maintaining 
abstinence, and are therefore likely to require and benefit from professional assistance in quitting 
smoking. This suggests that cessation efforts need to be available and readily accessible (e.g., work-
place; primary care settings) in order for more smokers to take advantage of these resources. Smokers 
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with few resources and of diverse ethnic backgrounds continue to 
be underrepresented in cessation programs. In a previous study 
(11), smokers identified transportation and other practical issues 
among smokers who were socioeconomically disadvantaged. 
There were also reports of disbelief that smoking was personally 
harmful to the individual.

Motivational interviewing (MI) (12) is a clinical interven-
tion procedure in which a collaborative, cooperative alliance is 
formed between the therapist and the individual suffering from 
an addictive disorder, such as smoking/nicotine dependence. 
Contrary to the traditional clinical approaches with substance 
users in which the individual is forced to label him/herself as 
an addict or be declared in “denial” of his/her addiction, the MI 
approach elicits motivation from the substance user to change 
by querying in a non-confrontational manner about adverse 
consequences the addiction has caused in the individual’s life, 
assists the substance user in weighing the pros and cons of 
continued use, and offers a variety of intervention suggestions 
if solicited from the substance user. This non-judgmental, col-
laborative approach has been shown to be effective in assisting 
substance users/smokers to become more “ready” to change 
their substance use behavior. Prochaska and DiClemente 
(13) discuss this “readiness for change” in health behaviors as 
occurring in various stages, ranging from precontemplation, 
contemplation, preparedness, action, and relapse. During each 
of these stages, individuals are more open or “ready” to accept 
particular treatment interventions than others. That is, an indi-
vidual in precontemplation (defined as not believing that his/
her substance use is even problematic) would not be receptive 
to specific strategies for ceasing to use a substance, whereas, an 
individual in the preparedness or action stage would be recep-
tive to structured suggestions of this type, having already made 
the decision to stop using the substance and in need of concrete 
skills. According to contemporary models of high-risk behavior 
change, in addition to appreciating that risks associated with 
the behavior apply to him/herself, an individual must view the 
barriers to quitting that behavior as surmountable, in order to 
cease participation in that high-risk behavior [e.g., Ref. (14)]. 
The MI component of offering a variety of intervention sugges-
tions to the individual, if solicited by him/her, could supply this 
information to the smoker. This would include the fact that there 
are many efficacious and effective interventions that presently 
exist for smokers (4).

In the present study, daily smokers were entering an interven-
tion which utilized the feedback component of MI with smokers 
who were not yet “ready” to quit smoking (13) by agreeing to 
participate in a paid study entitled, “Health Screen for Smokers.” 
We were interested in examining the pretreatment characteristics 
of these smokers; in particular, what characteristics would be 
most associated with present motivation for smoking cessation.

MaTerials anD MeThODs

Participants
Participants were Louisiana State University campus employees 
recruited through fliers on campus and advertisements on their 
paystubs for a paid study entitled, “Health Screening for Smokers.” 

They were randomly assigned to the active treatment condition, 
in which they obtain personalized information regarding their 
blood pressure, carbon monoxide (CO) level, and pulmonary 
lung functioning, or the control group in which they underwent 
the health screening, but they received no feedback. All partici-
pants were offered smoking cessation treatment free of charge at 
the campus clinic. Outcomes from this motivational intervention 
are not reported here. Rather, we examined smokers’ pretreat-
ment characteristics.

instruments
Demographic Questionnaire
This form assessed participant demographics, including age, 
gender, ethnicity, education level, occupation, and income. We 
also included questions regarding medical insurance status and 
smoking-related illness.

Smoking Status Questionnaire
This form assessed current and past smoking patterns and 
included the Fagerström Test for Nicotine Dependence (FTND) 
(15). The FTND yields scores that range from 0 to 10. This form 
also included a question regarding previous smoking cessation 
attempts and the questions, “Have you experienced any smoking-
related health problems?” and “If so, please indicate the category 
that best describes the health problems you’ve experienced,” with 
the response options of “respiratory,” “circulatory,” “cardiac,” 
“cancer,” or “other.”

Stages of Change Algorithm
The stages of change (SOC) algorithm (16) was used in order 
to obtain a categorical measure of participants’ stage of change. 
This form comprised a series of mutually exclusive questions: 
(1) “Are you seriously considering quitting smoking in the next 
6 months?”; (2) “Are you planning to quit in the next 30 days?”; 
and (3) “In the last year, how many times have you quit for at least 
24 h?” in order to identify participants as being in precontempla-
tion, contemplation, or preparation. This measure may be viewed 
as an indication of how ready a smoker is to quit smoking.

Brief Smoking Consequences Questionnaire-Adult
This questionnaire measures smoking outcome expectancies, 
anticipated rewarding, and punishing consequences from 
smoking a cigarette (17). The Brief Smoking Consequences 
Questionnaire-Adult (BSCQ-A) comprises 10 factors derived 
from principal components analysis: (1) negative affect reduction; 
(2) stimulation/state enhancement; (3) health risks; (4) taste/sen-
sorimotor manipulation; (5) social facilitation; (6) weight control; 
(7) craving reduction/addiction; (8) negative physical feelings; (9) 
boredom reduction; and (10) negative social impression. Scores 
on each of the 10 scales are calculated by taking the average of the 
items. Scale scores range from 0 to 9.

BreathCo Carbon Monoxide Monitors  
(Vitalograph, Inc.)
The BreathCo CO monitors were used to determine expired CO 
level (ppm). A cutoff of >8 ppm was used to confirm daily smok-
ing status.
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Lung Age Meter
A key indicator of chronic obstructive pulmonary disorder 
(COPD) is a reduced FEV1 compared with predicted FEV1 value. 
Early identification of a reduction in FEV1 can provide early 
warning of the damage already suffered by the lungs at the pre-
symptomatic stage, when smoking cessation is most effective. The 
Vitalograph lung age compares a subject’s FEV1 with predicted 
normal values to calculate the subject’s “lung age.” A high lung 
age in relation to the subject’s chronological age can illustrate the 
likely negative impact of continued smoking on lung function 
and encourage smoking cessation.

Procedure
Participants called in response to an advertisement for paid 
research for smokers in a study entitled, “Health Screen for 
Smokers.” They completed a brief phone screen with a member of 
the research team to determine basic eligibility [>18 years of age; 
self-report of current smoking rate >20 cigarettes per day (CPD) 
for at least 1  year], listened to a brief description of the study, 
including the provision of health-related feedback on CO and 
lung functioning, and were told that they would receive $50.00 
for completion of the study. They were scheduled for a session at 
which they were told their smoking would be biochemically veri-
fied. They were greeted by a research assistant when they arrived 
and were randomly assigned to the active treatment condition, in 
which they obtain personalized information regarding their CO 
level and pulmonary lung functioning, or the control group in 
which they underwent the health screening, but they received no 
feedback. All participants were offered smoking cessation treat-
ment free of charge at the university campus clinic. Participants 
completed the questionnaires and the research assistant obtained 
breath samples for the CO reading and for the lung age meter 
reading. Participants were paid $50 for their participation. All 
study procedures, including the ethical treatment of human 
subject participants, were reviewed and approved of by the 
Institutional Review Board of Louisiana State University.

resUlTs

Participant characteristics
Participants (N = 28) were 88.2% Caucasian and 59% males, and 
they were an average of 23 years of age. On average, they smoked 
20.08 CPD for a mean of 6.6 years, a mean FTND score of 4.7, and 
obtained a mean breath CO reading of 19.1 ppm. Participants’ 
responses to the SOC measure indicated that 47% were in pre-
contemplation and 35.3% were in the contemplation stage.

Forty-three percent of participants endorsed having a diag-
nosed smoking-related health problem, of which 75% were 
identified as respiratory and the rest as other than respiratory, 
circulatory, cardiac, or cancer. The mean lung age meter reading 
among participants was 65.9 (SD  =  29.6), and the mean scale 
score on the BSCQ-A for health risks was 8.3 (SD = 5.6).

Prediction of sOc readiness to change
We used linear regression analyses with health indices as predic-
tors and SOC readiness to change as the dependent variable. 

Currently, having a smoking-related health problem significantly 
predicted SOC readiness to change, such that smokers with a 
smoking-related health problem reported themselves as more 
“ready” for smoking cessation (β  =  0.35), F(1, 27)  =  3.56, 
p = 0.035; R-squared 0.125, adjusted R-squared 0.09. Regression 
analyses with BSCQ-A health risk scale scores and lung age were 
not significant in predicting SOC readiness to change.

DiscUssiOn

Participants in the present study were part of a larger study in 
which personally tailored health feedback was provided to daily 
smokers utilizing MI techniques. In the present study, we were 
interested in examining pretreatment characteristics among daily 
smokers, including their smoking patterns, smoking outcome 
expectancies, and smoking-related health information. This 
included their CO levels and lung age related to risk for COPD.

Smokers in this study were predominantly Caucasian, young 
adults. On average, they smoked one pack per day of cigarettes 
for approximately 7  years and were moderately dependent on 
nicotine, as indicated by their FTND scores. They endorsed 
strong beliefs regarding the health risks associated with smoking, 
as reflected on their scores obtained on the health risks scale of 
the BSCQ-A. In fact, these health risk scores were sufficiently 
high at pretreatment that a ceiling effect may preclude detec-
tion of pre- to posttreatment increase in the tailored feedback 
condition of the larger intervention study. A similar finding in 
a smoking expectancy challenge with health risk expectancies 
suggests that current smokers identify the health risks associated 
with smoking, but that these beliefs can be increased by providing 
health information, and that this increase in expectancies may be 
accompanied by increased motivation to quit smoking (18). In 
addition, in the development study for the Smoking Consequences 
Questionnaire-Adult (SCQ-A), health risk expectancy scores 
significantly distinguished between smokers entering cessation 
treatment and those not currently interested in cessation (19). 
These findings within the context of previous literature therefore 
support the utility of targeting health risk expectancies in attempts 
to increase motivation for smoking cessation.

The present study suggests that recruitment of precontempla-
tors was successful, in that almost half (47%) of the smokers 
who agreed to participate were in the precontemplation stage 
of readiness to quit smoking. This goal was consistent with the 
larger study’s goal of increasing motivation to quit smoking (e.g., 
progression from precontemplation to contemplation) by provid-
ing tailored, smoking-related health feedback to participants. 
Participants who were already motivated to quit smoking in the 
present study were more likely to endorse having a smoking-
related health problem. Given this finding, it will be interesting 
to see whether tailored health feedback to participants regarding 
their CO level and pulmonary functioning/lung age is associated 
with increased motivation for cessation. Such results would be 
consistent with interventions that increase progression in stage of 
change, according to Prochaska and DiClemente (13). That is, an 
individual in precontemplation would be receptive to strategies 
that increase his/her awareness of the adverse effects of smoking. 
Further, the MI component of providing treatment information 
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should assist the individual in viewing the barriers to quitting 
smoking as surmountable. According to Reyna and Farley’s 
model (14) of high-risk behavior change, this is a critical step in 
addition to the individual appreciating that risks associated with 
the behavior apply to him/herself.

There are several limitations to the present study that should 
be noted. First, the study is cross-sectional and therefore all 
results are correlational in nature. We have explicitly stated that 
the purpose of this brief study was to examine and describe 
pretreatment characteristics, and it was anticipated that these 
characteristics may assist in informing cessation interven-
tions. The present study was conducted as a portion of a larger 
experimental study, which includes a motivational intervention 
for daily smokers based on tailored health feedback. Second, the 
sample size is small, which may limit generalizations that can 

be made to other populations of daily smokers. Finally, the par-
ticipants in the present study were young adults with an average 
age of approximately 20 years, which may further compromise 
the study’s external validity in that typical smoking cessation 
treatment participants are older and may differ significantly from 
the present sample in other important ways as well. Indeed, the 
study was designed with mature, adult smokers in mind, and the 
adverse health information provided to participants would likely 
be more severe if this population had been recruited into the 
present study.
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Objective: To determine whether screening, brief intervention, and referral for treatment 
can reduce the prevalence of tobacco use in rural and semi-rural settings.

Method: Design and participants: A non-randomized clinical trial with assessments at 
baseline and post-intervention assessments at 3 and 6 months was conducted in a 
rural and semi-rural district in South-West of Nigeria. A representative sample of 1203 
persons consented to the study and had alcohol, smoking, and substance involvement 
screening test (ASSIST) administered to them by trained community health-care exten-
sion workers between October 2010 and April 2011. Follow-up participation was more 
than 99% at all points. Intervention: Participants received a single ASSIST-linked brief 
intervention (BI) and referral for treatment (RT) at entry, and a booster ASSIST BI and RT 
at 3 months. Main outcomes and measures: The primary outcome was self-reported 
scores on ASSIST.

results: At baseline, out of 1203 respondents, lifetime prevalence and current prev-
alence of any tobacco products were 405 (33.7%) and 248 (20.6%), respectively. Of 
the current users, on the ASSIST, 79 (31.9%) scored 0–3 (low health risk), 130 (52.4%) 
scored 4–26 (moderate risk), and 39 (15.7%) scored 27+ (high risk). At 3 months, out 
of 1199 respondents, prevalence of current users was 199 (16.5%) and out of 1195 
respondents, was 169 (14.1%) at 6 months. Prevalence of tobacco use reduced signifi-
cantly at 3 months Z = −3.1, p = 0.01 and at 6 months when compared with baseline 
Z = 4.2, p = 0.001, but not at 6 months compared with at 3 months, Z = 2.1, p = 0.09. 
Multivariate analysis revealed that age at initiation of tobacco use, gender, marital status, 
setting of dwelling, and socioeconomic status were the only variables that were associ-
ated with current tobacco use at baseline, 3 and 6 months.
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conclusion: A one-time BI with a booster at 3 months had a significant effect on tobacco 
use in persons living in community settings. This finding suggests a need for promoting the 
adoption of this intervention for tobacco use in rural and semi-rural community settings.

Keywords: screening, brief intervention, community, tobacco, smoking

inTrODUcTiOn

While globalization of the use of cigarette and other products of 
tobacco is a major threat to public health worldwide (1, 2), studies 
have noted the decline in tobacco use in high-income countries 
and an increase in use in middle- and low-income countries 
(3, 4). For instance, Guindon and Boisclair reported that from 
1970 to 2000, per capita cigarette consumption reduced by 14% 
in the Western world while it increased by 46% in the developing 
nations (3).

The growth of cigarette use in developing countries might 
be linked to the marketing efforts of tobacco companies, loose 
restrictions of tobacco control policies (5), and poor surveillance 
of smoking prevalence in these countries (3, 6, 7). For instance, in 
Nigeria, cigarette imports have increased over the years from 20 
million sticks in 1970, to 198 million in 1990, and 2966 in 2000 
(8). In addition, Nigeria ranks third among the largest tobacco 
markets in Africa after Egypt and South Africa. Despite this 
increase, the lifetime prevalence of tobacco use is 17% (9), and the 
overall prevalence of tobacco use in Nigeria is 8.9% (10), which 
is comparatively low compared with the US prevalence rate of 
16.8% (11). Thus, Nigeria appears to be in early stages of cigarette 
epidemic. Estimate of deaths from smoking-attributed causes in 
sub-Saharan Africa reaches only 5–7% for men and 1–2% for 
women (12). Yet, this status and the consequences of cigarette 
use are not likely to respond to a quick change, partly due to weak 
government restrictions on tobacco use or sales.

In Nigeria, the infrastructure for tobacco control is poor despite 
the country’s ratification of the WHO Framework Convention on 
Tobacco Control (13). Nigeria has not implemented regulations 
such as age verification for sales, sales to minors, misleading 
information on packaging, the amount of tar and nicotine, 
product constituents as confidential information, product con-
stituents as public information, constituent disclosure by brand, 
and constituent disclosure by aggregate, smoking in restaurants, 
nightclubs, and bars (14). Specifically, the Tobacco Control Bill, 
which was passed in the National Assembly about a decade ago, 
was yet to be adopted (15). Hence, the unbridled widespread use 
of tobacco in Nigeria may jeopardize future improvements in 
longevity that could be gained by curbing the impact of AIDS, 
starvation, and violence (16). Of note is the fact that attributable 
mortality to tobacco use is rising and if the current epidemic 
continues, more than 70% of these deaths are expected to occur 
in developing countries including Nigeria (17).

Therefore, there is a need to find other strategies that might 
work while efforts are ongoing to firm up tobacco restrictions at 
the government level in Nigeria. Screening, brief intervention, 
and referral for treatment (SBIRT) is a public health model that 
is used to screen for substance abuse and also for the delivery of 
low-intensity substance abuse treatments in a primary health-care 

setting (18). SBIRT for unhealthy drug use has been described in 
the scientific literature for over 50 years (19), and there has been 
relatively robust evidence for its effectiveness for substance use, 
particularly unhealthy alcohol use (20). However, some studies 
have noted that evidence for the effectiveness of SBIRT is much 
more limited for other drug use and in settings other than pri-
mary care (21).

In the Western world, the provision of SBIRT as a form of 
smoking cessation intervention is generally toward treatment 
seeking smokers (22). In developing countries such as Nigeria, 
where the majority live in rural settings, and access to medical 
care is limited to urban centers, smoking cessation treatment may 
not be offered until tobacco-related disease is detected or until 
the smoker expresses interest in quitting. Within this context, 
SBIRT will be particularly well suited for non-treatment seek-
ing smokers of cigarette. In other words, while much attention 
has focused on primary care as a setting to promote smoking 
cessation, community settings could be uniquely positioned for 
tobacco intervention efforts in resource poor settings, such as 
Nigeria, where access to hospital care is limited. However, given 
the studies that reported inefficacy or mixed results of SBIRT, 
SBIRT intervention should not be taken as universally effective.

Therefore, in the developing countries, such as Nigeria, where 
it has not been evaluated before, there is a need for evaluative 
studies to guide policy and interventions. The current investiga-
tion was a single arm study designed to examine the prevalence of 
tobacco use and evaluate the effectiveness of SBIRT in semi-rural 
and rural communities. We hypothesized that participants who 
receive SBIRT intervention would demonstrate a decrease in 
cigarette consumption.

MaTerials anD MeThODs

study area
Nigeria is a developing country in West Africa. Nigeria was 
ranked 191st among 194 member states of the World Health 
Organization in terms of overall health attainment. The study 
site was in Ibadan, Oyo State. Ibadan is the capital of Oyo state, 
Nigeria, and it is the third largest city in Nigeria. The city is located 
in the southwestern part of the country. It has a population of over 
3.5 million people and 11 local government areas (23).

Ethical approval for the study was obtained from the Ethical 
Review Committee of the Ministry of Health, Oyo State, Nigeria. 
Assent was obtained from participants between 15 and 18 years 
and informed consent from 18 years and above.

study Design
A systematic stratified sampling method was used to select two 
local governments in Ibadan between October 2010 and April 
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2011. In the first stage, all 11 LGA were classified into rural or 
semi-rural based on government fund allocation. In the second 
stage, one local government was randomly chosen from each 
group, and in the third stage, four enumeration areas were 
systematically selected as clusters. The fourth stage involved the 
mapping and numbering of all buildings in each of the selected 
enumeration areas. All households within each building were 
serially listed in the Form specifically designed for the purpose. 
After getting the list of the households, simple random sampling 
was used to identify the households that fell within the sample. 
Regular households were distinguished from institutional house-
holds. All eligible respondents, who were 15  years and above 
in each household, were selected and were interviewed using 
the questionnaires including alcohol, smoking, and substance 
involvement screening test (ASSIST) after they gave consent/
assent. The inclusion criteria for the study were both male and 
female tobacco users of age ≥15 years and permanent residents 
of study areas. The exclusion criteria were non-users of tobacco of 
age <15 years, not willing to get tobacco cessation intervention, 
and not a permanent resident of the study areas.

intervention Training in sBirT  
and Quality control
To increase the possibility of an effect while observing a real-
world feasibility in a resource poor setting, brief interventionists 
were recruited from community health-care extension workers 
(CHEWs) in participating primary health-care clinics (n = 18). 
The CHEWs had been involved with previous surveys and agreed 
to adhere to the study protocol. All interventionists were trained 
by Victor Olufolahan Lasebikan using a group workshop followed 
by individual feedback on audio-taped role plays with up to five 
standardized patients over the course of 5 weeks (24). Treatment 
fidelity was assessed by scoring of 5 audio-taped role plays using 
Motivational Interviewing Treatment Integrity coding system 
(MITI 3.0) (25). Mean global scores ranged from 4.35 to 4.64 
which were well above the proficiency benchmark of 4.0. All 
interventionists met basic motivational interviewing proficiency 
training goals on at least one practice role play.

A 3 days of debriefing and review of all protocols were carried 
out, after a pilot survey in each of the study local governments. 
Each interviewer had conducted two pilot interviews in the 
field. All questionnaires were reviewed for completeness by field 
coordinators. The pilot studies were carried out in a ward unit as 
enumerated during the National population census in each of the 
study local governments. This was to assess applicability of the 
instruments of data collection and research adherence.

instruments
 1. A sociodemographic pro forma was specifically designed for 

this study to elicit the sociodemographic characteristics of 
the respondents. The questionnaire contained items such as 
age, age at initiation, frequency of tobacco use, marital status, 
socioeconomic class, and years of education. For the purpose 
of this study, tobacco use was synonymous with smoking.

 2. The ASSIST was developed mainly to screen for drug use, 
but can be used for other substances, including alcohol and 

tobacco as well, particularly in high prevalence settings (26). 
The ASSIST is an eight-item instrument that screens for use 
of all substance types [tobacco products, alcohol, cannabis, 
cocaine, amphetamine-type stimulants (ATS), sedatives, 
hallucinogens, inhalants, opioids, and “other” drugs] and 
determines a risk score (“lower,” “moderate,” or “high”) for 
each substance (27). The risk scores are generated from item 
questions 2–7 for tobacco. The responses are scored from 0 
to 6 based on the frequency of use of the specific substance. 
The risk scores are recorded on the ASSIST feedback report 
card which is used to give personalized feedback to clients by 
presenting them with the scores that they have obtained, and 
the associated health problems related to their level of risk. 
Asking clients if they are interested in viewing their scores 
allows the health worker to commence a discussion (brief 
intervention) with the client in a non-confrontational way 
and has been found to be a successful way of getting clients 
at moderate risk, in particular, to change their substance use 
(27). Scoring: for tobacco use, 0–3 (low risk), 4–26 (moderate 
risk), and 27+ (high risk). This instrument was used to score a 
representative sample of 1203 adolescents and adults (15 years 
and over) for the risk of hazardous and harmful consequences 
of tobacco and other substances.

The lifetime prevalence of tobacco use was obtained from Q1: 
“In your life, which of the following substances have you ever 
used (non-medical use only)?” We obtained current prevalence 
of tobacco use from Q2: “In the past 3 months how often have you 
used the substances you mentioned?” Responses were “never,” 
“once or twice,” “monthly,” “weekly,” and “daily/almost daily.” For 
the purpose of this study, use in the past 3 months was considered 
to be current use.

Procedure
For those who screened positive for unhealthy tobacco use, 
ASSIST-Linked SBIRT was conducted as appropriate.

Intervention
The intervention for those who had a low risk of tobacco use (score 
of 0–3) was general health advice, for those with moderate risk 
(score of 4–26), was brief intervention and a leaflet containing 
information about tobacco use, and those with high risk tobacco 
use (score of 27+) had brief intervention, information leaflet on 
tobacco use and were offered referral to a specialist hospital for 
further assessment and treatment.

The information leaflet about tobacco use contained facts 
about the consequences of unhealthy tobacco use, tips for reduc-
ing the risk of tobacco-related harm, and sources of support for 
tobacco problems (e.g., contact details of services available in 
the local health district). Respondents, who had an unhealthy 
tobacco use, were followed up and reassessed at 3 and 6 months.

A booster brief intervention and referral to treatment was 
given at 3  months. Interviewers used eight anchor community 
members to maintain contact with members of the household, 
while interviewers maintained contact with these anchor persons 
in between interviews. Tobacco use in this study is defined as 
cigarette smoking.
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TaBle 1 | sociodemographic and other characteristics of respondents at 
baseline (T0) N = 1203.

Variation Total 
(N = 1203)

current 
use 

(n = 248)

% χ2 df p

age (years)
<25 508 122 28.0 8.8 (5) 0.1
25–34 256 54 21.1
35–44 158 25 15.8
45–54 120 22 18.3
55–64 111 17 15.3
>64 50 8 16.0

age at initiation (years)
<25 508 239 47.0 372.2 <0.001
>25 695 9 1.3

gender
Male 623 181 29.1 55.2 (1) <0.01
Female 580 67 11.6

setting
Urban 487 78 16.0 10.1 (1) <0.01
Rural 716 170 23.8

Marital status
Married 796 143 16.0 9.6 (1) 0.002
Not married 407 105 26.0

education (years)
0 119 26 21.8 1.2 (3) 0.7
1–6 431 91 21.1
7–12 570 111 19.5
>12 83 20 24.1

socioeconomic groupa

Low 513 173 33.7 11.1 (3) <0.001BS

Low average 598 68 11.4
High average 63 6 9.5
High 29 1 3.4

aBased on monthly wages in local currency: low – <18,500 Naira (government 
minimum wage), low average – 18,500–75,000 Naira; high average – 75,000–150,000 
Naira, high – >150,000 Naira.
BS, significant following Bonferroni correction.

33

Lasebikan and Ola Screening, Brief Intervention for Smoking

Frontiers in Psychiatry | www.frontiersin.org August 2016 | Volume 7 | Article 134

Evaluation of the Intervention
The outcome of the intervention was assessed by evaluating 
changes in the mean number of cigarettes smoked/day at 3 
and 6 months post-intervention and the mean ASSIST scores 
at 3 and 6 months. This is in accordance with the application 
of ASSIST instrument in following up clients over time. The 
use of mean ASSIST score has been specifically found to be 
highly valuable in assessing changes in ASSIST scores over 
time (28).

Data analysis
For our univariate analysis, the association between sociode-
mographic variables and current tobacco use was determined 
using the Pearson’s chi square statistics. Using the current 
prevalence rates at baseline, the Wilcoxon Signed-Rank test and 
paired t-test were used to determine significant changes in the 
proportion of tobacco users and the mean ASSIST scores at 3 and 
6 months. For categorical data, all Chi squares were Yates cor-
rected for all two levels comparisons and Bonferroni corrected 
for comparisons more than two levels. Following Bonferroni 
corrections, multiple pairwise comparisons were carried out 
using Chi square statistics.

Multivariate analyses were carried out using variables that 
were significant during univariate analysis to determine the 
association with tobacco use. This was carried out using binary 
logistic regression. To facilitate the interpretation of odds ratio, a 
reference category was always chosen for the independent vari-
ables with which other independent variables could be compared 
with tobacco use. This was done for the data at baseline, at 3 and 
6 months. Analysis of data was carried out using the Statistical 
Program for Social Studies SPSS version 13.0.

resUlTs

enrollment and screening
The interventionists identified a total of 1329 community dwell-
ers as potentially eligible, of whom 1213 underwent screening. Of 
them, 10 were excluded because of the presence of severe general 
medical conditions, giving a response rate of 91.3%. The final 
analysis was carried out for 1203 questionnaires at baseline. At 
3 months, analysis was carried out on 1199 respondents and on 
1195 participants at 6 months.

Participants’ characteristics
The mean age of respondents at baseline was 24.45 ± 9.23 years, 
51.8% were males, 66.2% were married, 47.4% had at least some 
secondary education, and 49.7% were of low-average socioeco-
nomic group. Current tobacco use was more significant among 
males, χ2 = 55.2, p < 0.01, unmarried, χ2 = 9.6, p = 0.002, and 
low socioeconomic group, χ2 = 11.1, p < 0.001 (Table 1). Mean 
age of initiation into smoking was 17.83 (3.23) years.

intervention effects
At baseline, overall lifetime prevalence and current prevalence 
of any tobacco products was 33.7 and 20.6%, respectively. At 
3 months, prevalence of current tobacco use was 16.5% and was 

14.1% at 6 months. The prevalence of tobacco use reduced signifi-
cantly at 3 months Z = −3.1, p = 0.01 (RR: 0.009 < 0.04 > 0.071) 
and at 6 months when compared with baseline Z = −4.2, p = 0.001 
(RR: 0.034 < 0.065 > 0.095), but not at 6 months compared with 
at 3 months, Z = −2.1, p = 0.09 (RR: −0.004 < 0.025 > 0.0536) 
(Table 2).

Of the current users, 79 (31.9%) scored between 0 and 3 on the 
ASSIST (at low health risk), 130 (52.4%) scored between 4 and 26 
on the ASSIST (at moderate health risk), and 39 (15.7%) scored 
27+ on the ASSIST (at high health risk). The mean ASSIST score 
significantly reduced at 3 and 6 months, compared with baseline 
measure, t = 5.0, p < 0.001 and t = −5.7, p < 0.001, respectively 
(Table 2).

referral to Treatment and engagement
Thirty-nine (15.7%) participants had ASSIST scores ≥27 and 
were referred for treatment. At 3 months follow-up, 21 (10.6%) 
participants were referred for treatment and 20 (11.8%) at 
6 months follow-up (Table 2).
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TaBle 2 | Tobacco use and associated factors: prevalence and effect of brief intervention.

Variables Baseline  
(N = 1203)

3 months  
(N = 1199)

6 months  
(N = 1195)

Baseline vs.  
3 months

Baseline vs.  
6 months

3 vs. 6 months

statistics p statistics p statistics p

Lifetime prevalence, n (%) 405 (33.7) 405 (33.7) 405 (33.9)
Current use, n (%) 248 (20.6) 199 (16.5) 169 (14.1) −3.1Z, p = 0.01 −4.2Z, p = 0.001 −2.1Z, p = 0.09
Male, n (%) 230 (19.1) 192 (16.0) 164 (13.7)
Low risk tobacco usea, n (%) 79 (31.9) 114 (57.3) 107 (63.4) 7.4Z, p < 0.001 6.6Z, p < 0.001 1.3Z, p = 0.89
Moderate risk tobacco usea, n (%) 130 (52.4) 64 (31.7) 42 (24.9) −8.9Z, p < 0.001 −10.1Z, p < 0.001 −3.5, p < 0.01
High risk tobacco usea, n (%) 39 (15.7) 21 (10.6) 20 (11.8) −5.8Z, p = 0.001 −5.7Z, p = 0.001 1.1Z, p = 0.99
High risk tobacco + moderate or high risk 
alcohol usea, n (%)

36 (92.3) 16 (76.2) 13 (66.6) −8.1Z, p < 0.001 −8.8Z, p < 0.001 1.2Z, p = 0.88

Moderate risk tobacco + moderate or high 
risk alcohola, n (%)

65 (50.0) 27 (42.2) 16 (38.1) −5.2Z, p < 0.001 −5.5Z, p < 0.001 1.3Z, p = 0.89

Mean ASSIST score (SD) 20.11 (5.56) 16.12 (3.23) 15.45 (3.1) −5.0t, p < 0.001 −5.7t, p < 0.001 1.2t, p = 0.96
Mean (SD) daily cigarette smoking 23.76 ± 13.53 18.56 ± 10.09 17.98 ± 9.76 −7.85, p < 0.001 −19.8, p < 0.001 −0.8t, p = 0.79

aLevel of risk was based on ASSIST scores.
Z, Wilcoxon Signed-Rank Test; t, paired t-test.
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Of the 39 current users at high risk of health problems, 36 
(92.3%) were also at either moderate or high risk of alcohol. Sixty-
five (50.0%) of the 130 current users at moderate risk of health 
problems were either at high or moderate risk of health problems 
from alcohol (Table 2).

There was a significant reduction in the mean number of 
cigarettes smoked per day at 3 months compared with baseline, 
t = −7.85, p < 0.001 and also at 6 months compared with baseline, 
t = −19.8, p < 0.001 (Table 2).

At 3 months, a significantly higher proportion of respondents 
whose age of initiation into tobacco use was <25  years were 
current users compared with those whose age at initiation into 
tobacco use was ≥25 years, χ2 = 309.4, p < 0.001. Also, a higher 
proportion of respondents, who were of male gender were cur-
rent tobacco users compared with the female gender, χ2 = 200.0, 
p < 0.001. A significantly higher proportion of respondents who 
were rural dwellers were current tobacco users compared with 
the semi-rural dwellers, χ2  =  27.4, p  <  0.001. A significantly 
higher proportion of respondents who were unmarried were 
current tobacco users compared with those who were married, 
χ2 = 27.1, p < 0.001. There was also a significant difference in 
the prevalence of current tobacco use across the socioeconomic 
status of these respondents χ2 = 8.01, p = 0.005. Post hoc multiple 
comparisons show that this difference was due to a higher cur-
rent tobacco use among the low socioeconomic group, compared 
with the low average group χ2 = 28.2, p < 0.001, on the one hand, 
a higher current tobacco use among the low socioeconomic 
group compared with the high average group FE p < 0.001 and a 
higher current tobacco use among the low socioeconomic group 
compared with the high socioeconomic group FE p < 0.001, on 
the other hand.

At 6 months, a significantly higher proportion of respondents 
whose age at initiation into tobacco use was <25  years were 
current users compared with those whose age at initiation into 
tobacco use was ≥25 years, χ2 = 265.1, p < 0.001. Also, a higher 
proportion of respondents who were of male gender were cur-
rent tobacco users compared with the female gender, χ2 = 160.0, 
p < 0.001. A significantly higher proportion of respondents who 

were rural dwellers were current tobacco users compared with 
the semi-rural dwellers, χ2  =  48.2, p  <  0.001. A significantly 
higher proportion of respondents who were unmarried were 
current tobacco users compared with those who were married, 
χ2 = 52.7, p < 0.001. There was also a significant difference in 
the prevalence of current tobacco use across the socioeconomic 
status of these respondents χ2 = 8.2, p = 0.004. Post hoc multiple 
comparisons show that this was due to a higher current tobacco 
use among the low socioeconomic group compared with the low 
average group χ2 = 59.3, p < 0.001, on the one hand, a higher cur-
rent tobacco user among the low socioeconomic group compared 
with the high average group FE p < 0.001 and a higher current 
tobacco user among the low socioeconomic group compared 
with the high socioeconomic group FE p < 0.001, on the other 
hand (Table 3).

Multivariate analysis reveals that at baseline, significant fac-
tors that remained associated with current tobacco use were age 
at initiation into tobacco use OR = 0.03, 95% CI (0.001–0.05), 
p < 0.001, female gender OR = 0.28, 95% CI (0.18–0.46), p < 0.01, 
being unmarried OR = 2.96, 95% CI (1.12–5.23), p < 0.01, high 
socioeconomic status OR = 0.32, 95% CI (0.19–0.59), p = 0.001, 
high average socioeconomic status, OR = 0.69, 95% CI (0.23–0.71), 
p = 0.003, low average socioeconomic status, OR = 0.65, 95% CI 
(0.18 = 0.78), p = 0.01, and being a rural dweller OR = 3.05, 95% 
CI (2.00–4.14), p = 0.001.

At 3  months, significant factors that remained associated 
with current tobacco use were age at initiation into tobacco 
use OR = 0.04, 95% CI (0.003–0.07), p < 0.001, female gender 
OR  =  0.18, 95% CI (0.009–0.37), p  <  0.001, being unmarried 
OR =  2.07, 95% CI (1.28–4.22), p <  0.01, high socioeconomic 
status OR  =  0.31, 95% CI (0.002–0.37), p  =  0.001, high aver-
age socioeconomic status, OR  =  0.69, 95% CI (0.35–0.73), 
p = 0.002, low average socioeconomic status, OR = 0.54, 95% CI 
(0.17–0.61), p = 0.006, and being a rural dweller OR = 2.83, 95% 
CI (1.54–4.02), p = 0.002.

At 6  months, significant factors that remained associated 
with current tobacco use were age at initiation into tobacco 
use OR = 0.02, 95% CI (0.003–0.04), p < 0.001, female gender 
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TaBle 3 | sociodemographic correlates of tobacco use.

3 months 6 months

Variation Total (N = 1199) User (n = 199) % χ2 p Total (N = 1195) User (n = 169) % χ2 p

age (years)
<25 507 110 21.7 2.9 0.09 506 102 20.2 3.0 0.08
25–34 255 44 17.3 254 39 15.4
35–44 157 17 10.8 156 12 7.7
45–54 119 14 11.8 118 9 7.6
55–64 111 10 9.0 111 5 4.5
>64 50 4 8.0 50 2 4.0

age at initiation (years)
<25 479 191 39.9 309.4 <0.001 477 164 34.4 265.1 <0.001
≥25 720 8 1.1 718 5 0.7

gender
Male 604 192 29.0 200.0 <0.001 602 164 27.2 160.0 <0.001
Female 595 7 4.0 593 5 0.8

setting
Semi-rural 479 46 9.6 27.4 <0.001 477 26 5.4 48.2 <0.001
Rural 720 153 21.2 718 143 19.9

Marital status
Married 791 99 12.5 27.1 <0.001 790 70 8.9 52.7 <0.001
Not married 408 100 24.5 405 99 24.4

education (years)
0 118 20 20.3 1.2 0.7 116 24 20.7 0.5 0.4
1–6 431 80 18.6 431 65 15.1
7–12 567 95 16.8 566 68 12.0
>12 83 10 12.0 82 9 11.0

socioeconomic groupa

Low 511 144 28.1 8.01 0.005BS 511 134 26.2 8.2 0.004BS

Low average 596 51 8.6 596 33 5.5
High average 62 3 4.8 62 2 3.2
High 29 1 3.4 25 1 4.0

aBased on monthly wages in local currency: low – <18,500 Naira (government minimum wage), low average – 18,500–75,000 Naira; high average – 75,000–150,000 Naira, 
high – >150,000 Naira.
BS, significant following Bonferroni correction.
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OR  =  0.12, 95% CI (0.03–0.29), p  <  0.001, being unmarried 
OR  =  3.54, 95% CI (2.02–7.423), p  =  0.001, high socioeco-
nomic status OR = 0.32, 95% CI (0.002–0.57), p = 0.001, high 
average socioeconomic status, OR =  0.57, 95% CI (0.35–0.73), 
p = 0.002, low average socioeconomic status, OR = 0.63, 95% CI 
(0.49–0.81), p = 0.005, and being a rural dweller OR = 2.99, 95% 
CI (1.03–8.23), p < 0.001 (Table 4).

DiscUssiOn

This study is most probably the first in sub-Saharan Africa that 
aimed to determine in semi-rural and rural community set-
tings, the prevalence and correlates of tobacco use, as well as the 
effectiveness of ASSIST-Linked SBIRT in unhealthy tobacco users 
among these communities dwellers.

The lifetime prevalence of tobacco use among our participants 
was 33.7% and this is not much lower than the 44% lifetime use 
among those 15 years and older in Canada (29). We also found 
that the current prevalence of tobacco use was 20.6% at baseline. 
This is higher than the 17% prevalence reported among Nigerian 
adults in 2007 in a nationally representative sample (9), but is 

similar to the 16 and 20% prevalence of tobacco use among 
persons who were 15 years and above in Canada and America, 
respectively. It is also similar to the overall tobacco use prevalence 
of 21% in India (30). However, compared with our estimates, the 
2012 Global Adult tobacco Survey (GATS) that was conducted 
in 16 countries found higher current tobacco use prevalence in 
North America, Europe, and South Asia (31). Nonetheless, our 
finding suggests that tobacco use might be assuming epidemic 
proportions in people who live in rural and semi-rural settings 
in Nigeria.

Another key finding in our study is the group of correlates 
of tobacco use among current users. Those who used tobacco 
were more likely to have started around 17 years of age, to be 
males, unmarried, of low socioeconomic status and live in a 
rural setting. With respect to the age at initiation of tobacco use, 
this is similar to the age at smoking initiation that is before the 
age of 18 years in Western countries (32). We acknowledge that 
the average age at tobacco initiation varies by country, income, 
education, and age cohort (31, 33–35). In addition, we note that 
differences in age at initiation by country may reflect variation 
in stages of tobacco use epidemic between countries or the 
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TaBle 4 | Odd ratio for current tobacco use.

Baseline 3 months 6 months

Variation Or 95% ci p Or 95% ci p Or 95% ci p

age at initiation (years)
<25 1 1 1
>25 0.03 0.001–0.05 <0.001 0.04 0.003–0.07 <0.001 0.02 0.003–0.04 <0.001

gender
Male 1 1 1
Female 0.28 0.18–0.46 <0.01 0.18 0.009–0.37 <0.001 0.12 0.03–0.29 <0.001

Marital status
Married 1 1 1
Not married 2.96 1.12–5.23 <0.01 2.07 1.28–4.22 0.01 3.54 2.02–7.42 0.001

socioeconomic group
Low 1 1 1
Low average 0.65 0.18–0.78 0.01 0.54 0.17–0.61 0.006 0.63 0.49–0.81 0.005
High average 0.69 0.23–0.71 0.003 0.69 0.35–0.73 0.002 0.57 0.35–0.73 0.002
High 0.32 0.19–0.59 0.001 0.31 0.002–0.37 0.001 0.32 0.002–0.57 0.001

setting
Urban 1 1 1
Rural 3.05 2.00–4.14 0.001 2.83 1.54–4.02 0.002 2.99 1.03–8.23 <0.001
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complexity of tobacco control measures implemented (36). We 
cautioned above that tobacco use in the rural and semi-rural set-
tings in Nigeria might be assuming epidemic proportions. In line 
with this, we situate our current finding of lower age at initiation 
of tobacco use as highlighting a significant problem that could 
be faced in the future of the health consequences of tobacco use 
and dependency on tobacco.

From the foregoing, one could justifiably ask “what could make 
youths especially in rural settings use tobacco at an earlier age?” 
Our data deductively serve to guide and stimulate additional 
research. In addition, priority needs to be given to the develop-
ment of country specific tobacco control programs for adolescents 
and youths. Furthermore, given the public health importance of 
tobacco-related diseases such as CVD and other CVD risk factors 
(e.g., diabetes, hypertension) (37, 38), it is critical to track tobacco 
use within specific contexts (i.e., rural vs. semi-rural settings) 
in Nigeria and to characterize tobacco use patterns in terms of 
populations that could be vulnerable to tobacco use.

Concerning other correlates, our study aligns with prior 
research (30, 38–40). In both India and Pakistan, some predictors 
of tobacco use are male gender, low socioeconomic status, and 
rural geographic location (30, 41). We confirm that male gender 
is a correlate of tobacco use in low-income countries, in contrast 
to middle- and high-income countries where the male prepon-
derance is blurring (42). Similar to the male gender contrast, our 
findings as regards the association between tobacco use and rural 
dwelling is in line with low-income countries (43) but dissimilar 
to findings in middle- and high-income countries where tobacco 
use correlates with dwellers in large cities (44). However, our result 
with respect to a positive relationship between tobacco use and 
low socioeconomic status is in agreement with Western findings 
(44) as well as findings from other developing nations (30, 38, 39). 
It is possible that unawareness of the health risks of tobacco use 

might be the factor that ties these associations together. Further 
research is needed to tease out the possible moderating influence 
of lack of information on the health risk of tobacco use.

Our observation of an associated alcohol-related health risk 
among respondents with tobacco-related health risks is illustra-
tive of the co-use of both tobacco and alcohol. Studies have found 
that smokers are much more likely to use alcohol and vice versa 
(45). Also, tobacco and alcohol share a similar psychological 
mechanism as subjective mood altering chemicals that are socially 
learned and are used by some individuals as coping mechanisms 
(46). Moreover, repeated use acts as positive reinforcement (47); 
the pharmacological dependence of nicotine usually increases the 
probability of alcohol use, usually in social settings because of the 
social acceptability of alcohol.

A major finding in this study is that it underscores the useful-
ness and applicability of SBIRT in the hands of CHEW and the 
positive impact of SBIRT delivered through CHEW on tobacco 
use as well as unhealthy use in a semi-rural community setting. 
This current study is important in three ways: (1) it focused on 
tobacco, and not alcohol, (2) SBIRT was deliverable by CHEW 
rather than by clinicians only, and (3) it enrolled people in the 
community with poor access to orthodox medicine and who 
might not seek treatment rather than those who went to the 
hospital or were admitted in emergency settings.

In rural and semi-rural community settings, we investigated 
the usefulness of a single session of brief intervention with a 
booster session in reducing tobacco use. A major finding in this 
assessment was that the rate of tobacco use reduced significantly 
between baseline and 3 and 6 months, respectively. There were 
significant shifts from high risk to moderate and low risk use of 
tobacco.

Our study was limited by a number of factors. First, we did 
not stratify the users into different stages of change. In other 
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words, we could not assess the impact of different stages of 
change in unhealthy tobacco use in our study population. This 
is very relevant considering reports indicating that psychosocial 
interventions, that target behavioral change often do not yield a 
significant effect (48). We therefore recommend further studies 
to explore the possible influence of stages of change in tobacco 
use reduction. Second, we did not assess tobacco cessation and 
tobacco cessation in relation to SBIRT. The main objective of 
SBIRT being cessation from substance use. Future studies are 
required to access tobacco cessation following SBIRT, because 
the reduction in the tobacco use rate does not equate cessation. 
Third, we did not include a control group. This has greatly limited 
the interpretation of the effect of the intervention. Fourth, all our 
analysis was based on self-reports. Future works require, includ-
ing a toxicological screen to their methodology. Fifth, we also 
did not allocate any diagnosis to the tobacco users; therefore, it 
was difficult to determine if the effect of the intervention was on 
sparing users or long-term users.

In conclusion, while tobacco use is reaching epidemic propor-
tions in rural and semi-rural settings in Nigeria and is associated 
with male gender, early age at initiation into use, low socioeco-
nomic status, and living in rural areas, SBIRT promises to have 
implementation potentials in delivering the intervention for the 

reduction of tobacco use and unhealthy tobacco use in semi-rural 
community in Nigeria.

aUThOr cOnTriBUTiOns

VL conceived the idea and was responsible for study design, 
analysis, and manuscript writing. BO was responsible for data 
collection and was also involved in manuscript writing. Both 
authors gave a substantial contribution to the study.

acKnOWleDgMenTs

Acknowledgment is given to the Director of Planning, Research 
and Statistics, Oyo state Ministry of Health, Ibadan for granting 
ethical approval for this study. Acknowledge with thanks is also 
given to Dr. O. Aremu (RRSH), Dr. O. Amoran (OOUTH), and 
Christianah Alabi (NWPSH) for providing support during data 
collection. I thank the coordinating staff members of the two local 
governments where the study took place and all participants.

FUnDing

New World Specialists Hospitals, Ibadan, Nigeria.

reFerences

1. Mackay J. The politics of tobacco. Hong Kong Med J (1998) 4(4):411–4. 
2. Yach D, Bettcher D. Globalisation of tobacco industry influence and new 

global responses. Tob Control (2000) 9(2):206–16. doi:10.1136/tc.9.2.206 
3. Guindon G, Boisclair D. Past, current and future trends in tobacco use. Health, 

nutrition and population (HNP). Discussion Paper (Economics of Tobacco 
Control Paper No. 6): Nutrition and Population (HNP) Discussion Paper. 
Washington (2003).

4. Mackay J, Eriksen M, Shafey O. The tobacco atlas. Paper Presented at the 
American Cancer Society. Atlanta, GA (2006).

5. Warner K. The economics of tobacco: myths and realities. Tob Control (2000) 
9(1):78–89. doi:10.1136/tc.9.1.78 

6. Barisa E, Brigdena LW, Prindivellea J, Da Costa e Silvab VL, Chitanonhc H, 
Chandiwanad S. Research priorities for tobacco control in developing coun-
tries: a regional approach to a global consultative process. Tob Control (2000) 
9(2):217–23. doi:10.1136/tc.9.2.217 

7. Sasco AJ. Africa: a desperate need for data. Tob Control (1994) 3(3):281–281. 
doi:10.1136/tc.3.3.281 

8. WHO. Tobacco Economy. (2009). Available from: http://www.who.int/
tobacco/media/en/Nigeria.pdf

9. Gureje O, Degenhardt L, Olley B, Uwakwe R, Udofia O, Wakil A, et  al. A 
descriptive epidemiology of substance use and substance use disorders in 
Nigeria during the early 21st century. Drug Alcohol Depend (2007) 91(1):1–9. 
doi:10.1016/j.drugalcdep.2007.04.010 

10. WHO. WHO Report on the Global Tobacco Epidemic. (2015). Available from: 
http://www.who.int/tobacco/surveillance/policy/country_profile/nga.pdf

11. CDC. Current cigarette smoking among adults in the United States. MMWR 
Morb Mortal Wkly Rep (2015) 64(44):1233–40. doi:10.15585/mmwr.
mm6444a2 

12. Ezzati M, Lopez AD. Regional, disease specific patterns of smoking-attrib-
utable mortality in 2000. Tob Control (2004) 13(4):388–95. doi:10.1136/
tc.2003.005215 

13. WHO FCTC. The World Health Organization Framework Convention on 
Tobacco Control. Geneva: WHO (2005).

14. Iyiola D. 10 Years of tobacco control: Nigeria fails domestication hurdles. The 
Nation. (2015). Available from: http://thenationonlineng.net/10-years-of- 
tobacco-control-nigeria-fails-domestication-hurdles/

15. Yishau O. Who wants tobacco bill dead? The Nations. (2012). Available from: 
http://www.thenationonlineng.net/2011/index.php/news/47664-who-wants-
tobacco-control-bill-dead.html

16. Yach D, McIntyre D, Saloojee Y. Smoking in South Africa: the health and 
economic impact. Tob Control (1992) 1(4):272–80. doi:10.1136/tc.1.4.272 

17. Peto R, Chen Z, Boreham J. Tobacco the growing epidemic. Nat Med (1999) 
5(1):15–7. doi:10.1038/4691 

18. Babor TF, McRee BG, Kassebaum PA, Grimaldi PL, Ahmed K, Bray J. 
Screening, brief intervention, and referral to treatment (SBIRT): toward a 
public health approach to the management of substance abuse. Subst Abus 
(2007) 28(3):7–30. doi:10.1300/J465v28n03_03 

19. Chafetz ME. A procedure for establishing therapeutic contact with the alco-
holic. Q J Stud Alcohol (1961) 22:325–8. 

20. Kaner EF, Dickinson HO, Beyer F, Pienaar E, Schlesinger C, Campbell  F, 
et  al. The effectiveness of brief alcohol interventions in primary care 
settings: a systematic review. Drug Alcohol Rev (2009) 28(3):301–23. 
doi:10.1111/j.1465-3362.2009.00071.x 

21. Saitz R, Palfai TP, Cheng DM, Alford DP, Bernstein JA, Lloyd-Travaglini CA, 
et  al. Screening and brief intervention for drug use in primary care: the 
assessing screening plus brief intervention’s resulting efficacy to stop drug use 
(ASPIRE) randomized trial. Addict Sci Clin Pract (2013) 8(Suppl 1):A61–61. 
doi:10.1186/1940-0640-8-S1-A61 

22. Fiore MC, Jaen CR, Baker TB, Bailey WC, Bennet G, Benowitz NL, et  al. 
Treating Tobacco Use and Dependence: 2008 Update. Rockville, MD: P. H. S. 
Department of Health and Human Services (2008).

23. Ruaf Foundation. Ibadan (Nigeria) (1999). Available from: http://www.ruaf.
org/node/1517

24. Baer JS, Rosengren DB, Dunn CW, Wells EA, Ogle RL, Hartzler B. An 
evaluation of workshop training in motivational interviewing for addiction 
and mental health clinicians. Drug Alcohol Depend (2004) 73(1):99–106. 
doi:10.1016/j.drugalcdep.2003.10.001 

25. Moyers TB, Martin T, Manuel JK, Hendrickson SM, Miller WR. Assessing 
competence in the use of motivational interviewing. J Subst Abuse Treat (2005) 
28(1):19–26. doi:10.1016/j.jsat.2004.11.001 

26. World Health Organization. The ASSIST-Linked Brief Intervention for 
Hazardous and Harmful Substance Use Manual for Use in Primary Care. (2010).

27. Humeniuk RE, Ali RA, Babor TF, Farrell M, Formigoni ML, Jittiwutikarn J, 
et al. Validation of the alcohol smoking and substance involvement screening 

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
http://dx.doi.org/10.1136/tc.9.2.206
http://dx.doi.org/10.1136/tc.9.1.78
http://dx.doi.org/10.1136/tc.9.2.217
http://dx.doi.org/10.1136/tc.3.3.281
http://www.who.int/tobacco/media/en/Nigeria.pdf
http://www.who.int/tobacco/media/en/Nigeria.pdf
http://dx.doi.org/10.1016/j.drugalcdep.2007.04.010
http://www.who.int/tobacco/surveillance/policy/country_profile/nga.pdf
http://dx.doi.org/10.15585/mmwr.mm6444a2
http://dx.doi.org/10.15585/mmwr.mm6444a2
http://dx.doi.org/10.1136/tc.2003.005215
http://dx.doi.org/10.1136/tc.2003.005215
http://thenationonlineng.net/10-years-of-tobacco-control-nigeria-fails-domestication-hurdles/
http://thenationonlineng.net/10-years-of-tobacco-control-nigeria-fails-domestication-hurdles/
http://www.thenationonlineng.net/2011/index.php/news/47664-who-wants-tobacco-control-bill-dead.html
http://www.thenationonlineng.net/2011/index.php/news/47664-who-wants-tobacco-control-bill-dead.html
http://dx.doi.org/10.1136/tc.1.4.272
http://dx.doi.org/10.1038/4691
http://dx.doi.org/10.1300/J465v28n03_03
http://dx.doi.org/10.1111/j.1465-3362.2009.00071.x
http://dx.doi.org/10.1186/1940-0640-8-S1-A61
http://www.ruaf.org/node/1517
http://www.ruaf.org/node/1517
http://dx.doi.org/10.1016/j.drugalcdep.2003.10.001
http://dx.doi.org/10.1016/j.jsat.2004.11.001


38

Lasebikan and Ola Screening, Brief Intervention for Smoking

Frontiers in Psychiatry | www.frontiersin.org August 2016 | Volume 7 | Article 134

test (ASSIST). Addiction (2008) 103(6):1039–47. doi:10.1111/j.1360-0443. 
2007.02114.x 

28. Humeniuk RE, Dennington V, Ali RL. The Effectiveness of a Brief Intervention 
for Illicit Drugs Linked to the ASSIST Screening Test in Primary Health 
Care Settings: A Technical Report of Phase III Findings of the WHO ASSIST 
Randomised Controlled Trial. Geneva: World Health Organization (2008).

29. Canadian Tobacco Use Monitoring Survey (CTUMS). (2012). Available from: 
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/ctums-
esutc_2012-eng.php

30. Chockalingam K, Vedhachalam C, Rangasamy S, Sekar G, Adinarayanan S, 
Swaminathan S, et  al. Prevalence of tobacco use in urban, semi urban and 
rural areas in and around Chennai City, India. PLoS One (2013) 8(10):e76005. 
doi:10.1371/journal.pone.0076005 

31. Giovino GA, Mirza SA, Samet JM, Gupta PC, Jarvis MJ, Bhala N, et al. Tobacco 
use in 3 billion individuals from 16 countries: an analysis of nationally repre-
sentative cross-sectional household surveys. Lancet (2012) 380(9842):668–79. 
doi:10.1016/s0140-6736(12)61085-x 

32. Warren CW, Riley L, Asma S, Eriksen MP, Green L, Blanton C, et al. Tobacco 
use by youth: a surveillance report from the Global Youth Tobacco Survey 
project. Bull World Health Organ (2000) 78(7):868–76. 

33. Gilman SE, Abrams DB, Buka SL. Socioeconomic status over the life course 
and stages of cigarette use: initiation, regular use, and cessation. J Epidemiol 
Community Health (2003) 57(10):802–8. doi:10.1136/jech.57.10.802 

34. La Vecchia C, Decarli A, Pagano R. Patterns of smoking initiation in 
Italian males and females from 1955 to 1985. Prev Med (1995) 24(3):293–6. 
doi:10.1006/pmed.1995.1047 

35. Schulze A, Mons U. Trends in cigarette smoking initiation and cessation 
among birth cohorts of 1926-1970 in Germany. Eur J Cancer Prev (2005) 
14(5):477–83. doi:10.1097/01.cej.0000174777.98518.7e 

36. Thun MJ, Carter BD, Feskanich D, Freedman ND, Prentice R, Lopez AD, et al. 
50-year trends in smoking-related mortality in the United States. N Engl J Med 
(2013) 368(4):351–64. doi:10.1056/NEJMsa1211127 

37. Anand SS, Yusuf S, Vuksan V, Devanesen S, Teo KK, Montague PA, et  al. 
Differences in risk factors, atherosclerosis and cardiovascular disease between 
ethnic groups in Canada: the study of health assessment and risk in ethnic 
groups (SHARE). Indian Heart J (2000) 52(7 Suppl):S35–43. 

38. Berg CJ, Ajay VS, Ali MK, Kondal D, Khan HM, Shivashankar R, et  al.  
A cross-sectional study of the prevalence and correlates of tobacco use in 
Chennai, Delhi, and Karachi: data from the CARRS study. BMC Public Health 
(2015) 15:483. doi:10.1186/s12889-015-1817-z 

39. Ahmad S, Zhao W, Renstrom F, Rasheed A, Samuel M, Zaidi M, et al. Physical 
activity, smoking, and genetic predisposition to obesity in people from 

Pakistan: the PROMIS study. BMC Med Genet (2015) 16(1):114. doi:10.1186/
s12881-015-0259-x 

40. McCabe CT, Woodruff SI, Zúñiga M. Sociodemographic and substance 
use correlates of tobacco use in a large, multi-ethnic sample of emergency 
department patients. Addict Behav (2011) 36(9):899–905. doi:10.1016/j.
addbeh.2011.04.002 

41. Angermeyer MC, Carta MG, Matschinger H, Millier A, Refai T, Schomerus G, 
et  al. Cultural differences in stigma surrounding schizophrenia: compar-
ison between Central Europe and North Africa. Br J Psychiatry (2016)  
208(4):389–97. doi:10.1192/bjp.bp.114.154260 

42. WHO, editor. WHO report on the global tobacco epidemic. The MPOWER 
Package. Geneva: World Health Organization (2008).

43. Khan MH, Khan A, Kraemer A, Mori M. Prevalence and correlates of smoking 
among urban adult men in Bangladesh: slum versus non-slum comparison. 
BMC Public Health (2009) 9:149. doi:10.1186/1471-2458-9-149 

44. Kaleta D, Makowiec-Dabrowska T, Dziankowska-Zaborszczyk E, Fronczak A. 
Prevalence and socio-demographic correlates of daily cigarette smoking in 
Poland: results from the Global Adult Tobacco Survey (2009-2010). Int J Occup 
Med Environ Health (2012) 25(2):126–36. doi:10.2478/s13382-012-0016-8 

45. Ellickson PL, Hays RD, Bell RM. Stepping through the drug use sequence: 
longitudinal scalogram analysis of initiation and regular use. J Abnorm Psychol 
(1992) 101:441–51. doi:10.1037/0021-843X.101.3.441 

46. Aaro LE, Laberg JC, Wold B. Health behaviours among adolescents: towards a 
hypothesis of two dimensions. Health Educ Res (1995) 10:83–93. doi:10.1093/
her/10.1.83 

47. Cottraux J, Schbath J, Messy P, Mollard E, Juenet C, Collet L. Predictive value 
of MMPI scales on smoking cessation programs outcomes. Acta Psychiatr Belg 
(1986) 86(4):463–9. 

48. Wilson DB, Lipsey MW. The role of method in treatment effectiveness 
research: evidence from meta-analysis. Psychol Methods (2001) 6(4):413–29. 
doi:10.1037/1082-989X.6.4.413 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2016 Lasebikan and Ola. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (CC BY). The 
use, distribution or reproduction in other forums is permitted, provided the 
original author(s) or licensor are credited and that the original publication in 
this journal is cited, in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
http://dx.doi.org/10.1111/j.1360-0443.2007.02114.x
http://dx.doi.org/10.1111/j.1360-0443.2007.02114.x
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/ctums-esutc_2012-eng.php
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/ctums-esutc_2012-eng.php
http://dx.doi.org/10.1371/journal.pone.0076005
http://dx.doi.org/10.1016/s0140-6736(12)61085-x
http://dx.doi.org/10.1136/jech.57.10.802
http://dx.doi.org/10.1006/pmed.1995.1047
http://dx.doi.org/10.1097/01.cej.0000174777.98518.7e
http://dx.doi.org/10.1056/NEJMsa1211127
http://dx.doi.org/10.1186/s12889-015-1817-z
http://dx.doi.org/10.1186/s12881-015-0259-x
http://dx.doi.org/10.1186/s12881-015-0259-x
http://dx.doi.org/10.1016/j.addbeh.2011.04.002
http://dx.doi.org/10.1016/j.addbeh.2011.04.002
http://dx.doi.org/10.1192/bjp.bp.114.154260
http://dx.doi.org/10.1186/1471-2458-9-149
http://dx.doi.org/10.2478/s13382-012-0016-8
http://dx.doi.org/10.1037/0021-843X.101.3.441
http://dx.doi.org/10.1093/her/10.1.83
http://dx.doi.org/10.1093/her/10.1.83
http://dx.doi.org/10.1037/1082-989X.6.4.413
http://creativecommons.org/licenses/by/4.0/


Protocols
published: 22 March 2016

doi: 10.3389/fpsyt.2016.00038

March 2016 | Volume 7 | Article 3839Frontiers in Psychiatry | www.frontiersin.org

Edited by: 
Thomas Heffernan,  

Northumbria University, UK

Reviewed by: 
Henriette Walter,  

University of Vienna, Austria  
Janice Bartholomew,  

Teesside University, UK  
Jonathan Ling,  

University of Sunderland, UK

*Correspondence:
Peter Payne  

peter.payne@dartmouth.edu

Specialty section: 
This article was submitted to 

Addictive Disorders,  
a section of the journal  
Frontiers in Psychiatry

Received: 03 December 2015
Accepted: 29 February 2016

Published: 22 March 2016

Citation: 
Payne P, Zava D, Fiering S and 

Crane-Godreau M (2016) Meditative 
Movement as a Treatment for 

Pulmonary Dysfunction in Flight 
Attendants Exposed to Second-Hand 

Cigarette Smoke: Study Protocol for 
a Randomized Trial.  

Front. Psychiatry 7:38.  
doi: 10.3389/fpsyt.2016.00038

Meditative Movement as a treatment 
for Pulmonary Dysfunction in Flight 
Attendants Exposed to second-Hand 
cigarette smoke: study Protocol 
for a randomized trial
Peter Payne1* , David Zava2 , Steven Fiering1 and Mardi Crane-Godreau1

1 Microbiology and Immunology, Geisel School of Medicine at Dartmouth, Hanover, NH, USA, 2 ZRT Laboratory, Beaverton,  
OR, USA

A study protocol is presented for the investigation of meditative movement (MM) as 
a treatment for pulmonary dysfunction in flight attendants (FA) who were exposed to 
second-hand cigarette smoke while flying before the smoking ban. The study will have 
three parts, some of which will run concurrently. The first is a data gathering and screen-
ing phase, which will gather data on pulmonary and other aspects of the health of FA, 
and will also serve to screen participants for the other phases. Second is an exercise 
selection phase, in which a variety of MM exercises will be taught, over a 16-week 
period, to a cohort of 20 FA. A subset of these exercises will be selected on the basis of 
participant feedback on effectiveness and compliance. Third is a 52-week randomized 
controlled trial to evaluate the effectiveness of a digitally delivered form of the previously 
selected exercises on a group of 20 FA, as compared with an attention control group. 
Outcome measures to be used in all three parts of the study include the 6-min walk 
test as a primary measure, as well as a range of biomarkers, tests, and questionnaires 
documenting hormonal, cardio-respiratory, autonomic, and affective state. This study is 
registered at ClinicalTrials.gov. Identifier: NCT02612389.

Keywords: meditative movement, Qigong, flight attendants, second-hand cigarette smoke, pulmonary 
dysfunction, coPD, autonomic nervous system, inflammation

BAcKGroUND

coPD and Its co-Morbidities in FA
Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality 
worldwide; the primary cause of COPD is exposure to cigarette smoke. Those exposed to second-
hand cigarette smoke (SHCS) are at increased risk for respiratory, cardiovascular, and other organ 
system disease that are similar to those suffered by smokers (1). Many flight attendants (FA) who 
flew before the ban on smoking in commercial aircraft, and who were thus exposed to SHS, have 
abnormal pulmonary function consistent with mild COPD, despite not meeting the GOLD criteria 
of reduced FEV1/FVC ratio (2). They also show increased rates of many of the co-morbidities associ-
ated with COPD, such as chronic bronchitis, cardiovascular disease, skin cancer, and depression 
and anxiety (3). The co-morbidities of COPD exacerbate and are exacerbated by the COPD (4). 
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Thus, consideration of the co-morbidities of COPD is an essential 
aspect of its treatment (4). Significant co-morbidities include 
cardiovascular disease (4); depression and anxiety (5); muscle 
weakness, osteoporosis, skin and lung cancer, and diabetes (4); 
as well as autonomic disturbance (6), systemic inflammation and 
cachexia (4); frequent hypoxia, dyspnea, and disturbed breath-
ing patterns (7); and disturbed posture and movement (8); see 
Figure 1.

the Autonomic Nervous system in coPD
Autonomic dysfunction (AD) is known to be associated with 
COPD and most of its co-morbidities (6, 9–15); see Figure  2. 
Most of the diseases known to be co-morbidities of COPD may 
be caused or exacerbated by AD; for instance, cardiovascular 
disease (15, 16); hypoxia (17, 18); disturbed respiratory patterns 
(7, 19, 20); disturbed posture and movement patterns (21, 22); 
diabetes (17); immune function (4); airways restriction (6, 23); 
and anxiety and depression (12).

Meditative Movement
Qigong, a traditional Chinese health practice, has been used in 
China for hundreds of years in treating those with respiratory 
disease (24). Recently, a case has been made for a novel category 
of exercise “meditative movement,” (MM) of which Qigong, Tai 
Chi, and Hatha Yoga are examples (25). Significantly, MM is 
hypothesized to act via its effect on the autonomic nervous system 
(ANS) (26, 27), as well as on neuromuscular control (28,  29), 
musculoskeletal condition (30), and mental state (31).

Meditative movement has been shown to be an effective 
intervention for COPD (30, 32–36) and equivalent or superior 
to conventional pulmonary rehabilitation in benefiting several 
symptoms of COPD (37).

Meditative movement may also be of benefit in many 
 co-morbidities of COPD, such as heart disease risk factors (38, 
39), hypertension (39, 40), depression and anxiety (26, 41), dia-
betes (42), osteoporosis (43), and muscle weakness (44), as well 
as reduced immune function (45, 46), inflammation (47, 48), 
and autonomic imbalance (49). Many of these beneficial effects 
may happen via the influence of MM on the ANS (26, 50); see 
Figure 3.

study Aims
To evaluate COPD-related health factors in FA exposed to SHCS 
while flying, and to determine the effects of digitally delivered 
MM training on these factors.

There are three sub-aims, relating to the three main aspects 
of the study:

 (1) To investigate the hypothesis that COPD-related pulmonary 
and other symptoms in SHCS-exposed FA are part of a 
syndrome of related disorders.

 (2) To determine that MM practices are most suited to and effec-
tive for ameliorating pulmonary dysfunction and related 
health problems in FA exposed to SHCS.

 (3) To conduct a randomized controlled trial (RCT) to deter-
mine whether this specifically adapted MM training can be 

FIGUrE 1 | reciprocal influences of core coPD pathology and the co-morbidities of coPD.
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effectively delivered digitally, providing the benefits of MM 
without face-to-face instruction being necessary.

MEtHoDs

overall structure of the study
This study has three stages: Screening, Selection, and RCT. 
Screening will continue throughout the study and will gather data 
as well as serving to provide participants for the other Selection 
and RCT stages. The RCT will follow the Selection stage. All 
aspects of this study have been approved by the Dartmouth 
IRB. Additionally, this study is registered at ClinicalTrials.gov 
Identifier: NCT02612389. https://clinicaltrials.gov/ct2/show/
NCT02612389/

Screening
To screen a cohort of FA exposed to SHCS for a range of biomark-
ers and symptoms to determine whether symptom clusters exist 
that suggest a syndromal entity.

Rationale
Flight attendants exposed to SHCS have been observed to display 
a wide range of respiratory, functional, inflammatory, autonomic, 
cardiovascular, affective, and other symptoms. The possible 
relationship between these symptoms has not previously been 
explored. We hypothesize that these symptoms may be correlated 
and form a syndromal entity.

Selection
To determine which of a variety of possible MM exercises are most 
effective in improving specific outcome measures, most enjoy-
able, and most likely to be practiced in a cohort of FA exposed 
to SHCS and having a degree of pulmonary dysfunction. This is 
done by conducting a 16-week in-person MM training program 
that is held in the Northeastern region of the US. Participants 
provide extensive feedback on the exercises.

Rationale
Meditative movement offers an inexpensive intervention that 
could benefit pulmonary symptoms and other related symptoms, 
through its effect on the ANS, cardiovascular, and immune sys-
tems. However, there is a large body of possible MM exercises, 
and there has been no investigation of the relative effectiveness, 
acceptability, and compliance among FA for the many MM 
exercises that are traditionally recommended for COPD-related 
symptoms. To our knowledge, no other study has attempted to 
evaluate a wide range of MM practices to determine which are 
most appropriate for the population being studied.

Randomized Controlled Trial
To develop a DVD or other digital form for delivering the selected 
exercises that have proven to most appropriate for this popula-
tion, and to test by RCT the effectiveness of this digital format 
in improving specified outcome measures in a group of FA with 

FIGUrE 2 | relationships of autonomic dysfunction to the co-morbidities of coPD.
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pulmonary dysfunction and exposed to SHCS, as compared to 
a matched attention control group who will watch educational 
digital material of similar length.

Rationale
Selecting appropriate exercises and providing face-to-face 
instruction in MM offers significant difficulty due to the lack of 
trained teachers in most areas of the country and the practical 
demands of attending classes. A digitally delivered format would 
make this intervention much more accessible, and an RCT will 
evaluate the effectiveness of this intervention.

Participants
Recruitment
Flight attendants were recruited from the Northeastern region 
and other areas of the US for the Selection stage; the Screening and 
RCT stages will involve recruitment throughout the continental 
US in locations convenient to data collection points. Primary 
outreach is through existing FA organizations and networks, 
social media, and FA publications, as well as in conjunction with 

the Harvard Flight Attendant Health Study. Social media support 
is also provided by Department of Health Behavior at the Roswell 
Park Cancer Institute in Buffalo, NY, USA.

Randomization and Blinding
The Screening and Selection stages of this study do not use a 
control group; blinding and randomization are, therefore, not 
necessary. In the RCT, participants will be stratified by gender, 
age, and severity of pulmonary dysfunction and randomized to 
an intervention groups and an attention control, using the covari-
ate adaptive randomization method (51). This method accom-
modates recruitment and testing over an extended period of time. 
Full blinding of participants to intervention is not possible under 
these circumstances; however, all scoring of tests will be done by 
assistants blinded as to participant group.

Inclusion Criteria
The Screening stage of the study acts both to collect participant 
baseline data and to determine eligibility for the Selection and 
RCT stages.

FIGUrE 3 | Hypothesized pathways of direct and indirect influence of MM on co-morbidities of coPD.
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All participants must be current or former non-smoker FAs 
employed by a US carrier for at least 5 years while smoking was 
permitted in the aircraft cabin. They must have a score of above 5 
on the COPD assessment test (CATest); this will eliminate those 
with no detectable pulmonary issues. A score of 5 is a low score, 
indicating minimal level of pulmonary dysfunction.

Many FA exposed to SHCS have detectable pulmonary abnor-
malities despite not meeting Gold criteria for mild COPD (2); we 
wish to include this population, since they are likely at risk for 
the future development of COPD or its co-morbidities. We will 
eliminate any participants not meeting at least one of the follow-
ing spirometric criteria: ratio of forced expiratory volume in 1 s 
to forced vital capacity (FEV1/FVC) < 0.70; OR forced expiratory 
flow (FEF) at 25–75%, volume <80% of predicted normal; OR FEF 
at 50%, volume <80% of predicted normal; OR FEF at 75%, volume 
<80% of predicted normal. We will follow procedures as described 
by Arjomandi et al. (2) for determining normal FEF values.

Participants must be lifetime non-smokers, defined as hav-
ing smoked <100 cigarettes in their lifetime. They must have 
a device on which to listen to audio or watch video instruction 
and be willing to do so; for the RCT portion of the study, capac-
ity to watch online or DVD videos is required. Those who are 
pregnant, or who plan to become pregnant during the study, 
are excluded. Patients with cognitive impairment, severe emo-
tional problems, or who are unable physically to perform the 
exercises are excluded. Participants will be asked not to modify 
their lifestyle significantly during the study period apart from 
the practice required by the study. Participants must all sign 
informed consent forms.

Sample Size
The Screening stage of this study has no limit on number of 
participants. For the Selection and RCT stages of the study, we 
determined that, based on a predicted difference of 46 m in the 
6-min walk test (6MWT) and an assessment of previous similar 
studies of MM for COPD, this study required a sample size of 
20  participants in each group to achieve a statistical power of 
80% at a significance level of 5%. To compensate for anticipated 
dropout, we recruited a total of 27 participants into the Selection 
group. On the basis of our experience of a high dropout and 
non-compliance rate in the Selection stage (~40%), we intend to 
recruit 120 participants for the RCT, 60 for each group.

Interventions
The Screening stage of the study involves no intervention. In the 
Selection stage, the MM intervention is given in person in small 
groups (between 3 and 7), in 3-h classes, spaced 2–4 weeks apart, 
in locations convenient to the participants, for a total of 18 h of 
contact time over 4 months. Participant feedback will be solicited 
as to the subjective effectiveness, enjoyability, and likelihood of 
regular practice of each specific exercise.

The MM classes will be taught by one of the authors, Peter 
Payne, a Qigong teacher with over 40  years experience. In the 
classes, rather than teaching rote movements, the purpose and 
philosophy behind each exercise is explained. Suggestions are 
made as to how to set up a regular practice and how to integrate 
the exercises into everyday life. The participants are encouraged to 

ask questions and make comments on the exercises; all questions 
and comments are recorded in writing at the time. Individual 
attention is given to the needs of each participant, and written 
and audio explanations are also available to participants online. 
(Please see the Supplementary Material for the description of 
exercises from which we draw.)

The RCT stage of the study will involve the design of a digitally 
delivered intervention based on the exercises determined in the 
Selection stage to be most helpful. The intervention may be 
delivered on a DVD or through a web site. The goal will be to 
simulate as closely as possible the experience of attending a class 
through the development of innovative methods, such as com-
puter animation, branching path selection, and user-controlled 
sequencing. Participants in the RCT will also have access to audio 
and written materials. Attention control subjects in the RCT will 
receive equivalent digitally delivered health education materials.

safety considerations
Very few studies of MM have reported significant risks (52) and 
we do not anticipate any ill effects. Nevertheless, participants 
are instructed to discontinue the exercise immediately if they 
experience any of the following: dizziness, rapid or irregular 
heart-beat, sudden or excessive dyspnea, chest pain, significant 
pain anywhere in the body, and headache. In addition, during 
the classes we carefully monitor the participants for signs of 
distress, including facial paleness or redness, rapid breathing, 
sweating, or jerky movement. Any data gathered that suggest 
possible need for medical attention are drawn to the attention 
of the participants.

outcomes
These are the outcome measures to be used in the Screening stage 
of the study as well as to evaluate the effects of the MM practices 
in the Selection and RCT stages. The broad range of outcome 
measures will allow us to examine correlations between a wide 
range of variables representing a number of different physiologi-
cal and psychological systems that may be involved in COPD and 
its co-morbid conditions.

Primary Outcome Measures
Six-minute walk test
Change in high sensitivity C-reactive protein (hs-CRP)

Secondary Outcome Measures
Blood pressure (BP) (pre- and post-6MWT),
Heart rate (HR) (pre- and post-6MWT),
Blood oxygen saturation,
Spirometry FVC, FEV1, FEF 25–75,
Compass 31 (Autonomic function self-report),
Zung Depression Inventory,
Zung Anxiety Inventory,
COPD Assessment Test (CATest),
FA Health Questionnaire,
Multidimensional Assessment of Interoceptive Awareness 
(MAIA),
Borg Dyspnea Scale,
Heart Rate Variability (HRV),
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2 Ewing tests,
Urine analysis (melatonin and cortisol),
Saliva analysis (diurnal cortisol), and
Blood (fingerprick) analysis.

All tests are administered by trained researchers. Blood, urine, 
and saliva analysis provided by ZRT Laboratory, Beaverton, 
OR, USA.

outcome Measurement Details
General Health
Flight Attendant Health Questionnaire
This was developed by Dr. Eileen McNeely at the Harvard School 
of Public Health. Its use provides us with a health and FA-related 
occupational history and enables us to compare our study results 
with those of Dr. McNeely.

Functional Ability
Exercise endurance and tolerance is evaluated by the 6MWT fol-
lowed by the Borg Dyspnea inventory. This is used as our principal 
outcome measure since it is a well-recognized measure of overall 
functional ability. The walk is conducted on an indoor level sur-
face free of obstructions. Research assistants are on hand to assist 
participants with any difficulties. Maximum distance walked in 
6 min is recorded (53–55). The difference in scoring from baseline 
to the end of study is calculated for each participant. The Borg 
Dyspnea Inventory, a well-established instrument for measuring 
respiratory distress, is administered following the 6MWT. The 
6MWT is subject to variation due to motivation; the addition of 
the Borg instrument increases the reliability of the test.

Respiratory Health
The COPD Assessment Test
The CATest is used as an initial recruitment screening as well as 
an outcome measure. Volunteers must score above 5 for inclu-
sion in the study. Its main purpose is to eliminate those with no 
appreciable respiratory dysfunction.

Spirometry
FEV1/FVC and Flow/Volume Curves
Forced expiratory volume in 1 s to forced vital capacity and Flow/
Volume Curves are used as part of the inclusion criteria (see 
above under inclusion criteria), and to determine the degree of 
pulmonary dysfunction. We use specific validated spirometric 
cut points (56). We record FEV1/FVC ratio and Flow/Volume 
Curves using the EasyOne Plus Frontline spirometry system. 
FEV1/FVC is a standard measurement used to determine the 
GOLD grade of COPD. The Flow/Volume Curves indicate the 
degree of pulmonary dysfunction; participants with no detectable 
pulmonary dysfunction are excluded from the study. The differ-
ences in scoring from baseline to specific intervals are calculated 
for each participant.

Cardiovascular Measures
Blood Pressure and Heart Rate
Blood pressure and HR are measured at the beginning of each 
testing period and before and after the 6MWT by a trained 

technician using standard clinical instruments. Cardiac R-R 
intervals are recorded over the entire testing period (about 1½ h) 
using a commercially available system, the Holter myPatch 24-h 
single channel AMS3000 from DMS-Services, Los Angeles, CA, 
USA. This is a non-intrusive device, using two electrodes. Due to 
problems with availability, this measure was not included with 
some participants during the Selection stage of the study only. 
Blood oxygen saturation is also measured, using a Choicemmed 
Oxywatch Fingertip Pulse Oximeter.

Autonomic Condition
Heart rate Variability
Subjects are asked to sit quietly for 10 min. In post-analysis, the 
HR data collected during these periods is used to calculate HRV. 
HRV data will be analyzed using software provided by the manu-
facturer: CardioScan II, version 12.4.0054a, from DMS Software, 
Los Angeles, CA, USA. Time domain (SDNN, RMSSD) and 
frequency domain [power spectral density (PSD)] analysis meth-
ods will be used. Dr. Phyllis Stein, Director of the Washington 
University School of Medicine HRV Lab, will serve as a consult-
ant on HRV analysis and interpretation. HRV measurements are 
only available for a subset of participants in the Selection stage 
due to delayed availability of HR monitors; monitors will be fully 
available during the RCT stage.

Ewing Tests
The Ewing tests evaluate cardiac autonomic function by measur-
ing the response of HR or blood pressure to a physical challenge. 
We will administer two of the battery of five Ewing Tests: deep 
breathing heart rate challenge (DBHR) and lying to standing 
blood pressure challenge (LSBP). DBHR has been determined to 
be the most significant of the Ewing tests, carrying 80% of the 
significance. To measure this, participants will be asked to breathe 
deeply for three 1-min periods at a rate of six times a minute; 
post-analysis using recorded R-R intervals will enable evaluation 
of HR response to challenge, which is a measure of the integrity of 
the sympathetic branch of cardiac autonomic control. To measure 
LSBP, the systolic blood pressure change from supine to standing 
is measured. This gives an indication of cardiac parasympathetic 
function. Comparing the results from HR, BP, HRV, DBHR, 
and LSBP will allow a more accurate evaluation of the cardio- 
respiratory autonomic system than any one of them taken alone. 
Full Ewing test results are only available for a subset of participants 
due to problems with availability of the heart monitors.

COMPASS 31
In addition, we administer the COMPASS 31, a questionnaire for 
detecting dysfunction in many aspects of the ANS.

Affective State
Zung Anxiety and Depression Inventories
These evaluate the degree of affective disturbance. They are both 
well validated and widely used instruments. Since depression 
and anxiety are significant co-morbidities of COPD, and since 
we speculate that MM intervention will have an impact on them, 
the Zung inventories are relevant.
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Interoceptive Awareness
The Multidimensional Assessment of Interoceptive Awareness 
(MAIA)
The Multidimensional Assessment of Interoceptive Awareness 
(MAIA) is a questionnaire that evaluates the degree of a person’s 
awareness of interoceptive cues, as well as his or her degree of 
comfort with these cues. We believe this is relevant to a person’s 
ability to benefit from the MM intervention.

Biomarkers
Biomarkers include urine, saliva, and blood analysis.

Blood Analysis
Capillary blood drops will be taken from the finger following fin-
gerprick with a lancet, and deposited onto a blood spot card used 
specifically for dried blood spot (DBS) collections. Blood spots are 
dried on the filter card for at least 2 h before closing the cover and 
then further dried overnight at room temperature before storing 
the cards for shipment to ZRT Laboratory. Six-millimeter disks of 
blood spots are punched into 96-well plates and the blood extracted 
with buffers. Extracts are assayed for C-reactive protein (CRP), a 
marker of inflammation, as well as HbA1c (a marker of metabolic 
function), thyroid stimulating hormone, and Vitamin D.

Urine Steroid Hormone and Element Testing
Participants will be asked to provide first morning and then a bed-
time urine samples: these are collected onto an absorbent paper 
strip and dried. They will be instructed in correct procedures for 
this. The sample will later be analyzed at ZRT Lab to determine 
by LC-MS/MS levels of urinary free cortisol, free cortisone, and 
melatonin, and by ICP-MS levels of iodine, bromine, selenium, 
arsenic, cadmium, and mercury (all normalized to creatinine).

Salivary Steroid Hormone Testing
Participants are instructed to provide four saliva samples over the 
course of a day. These samples will be stored frozen and batch-
shipped to ZRT Laboratory and analyzed to determine diurnal 
cortisol levels as well as first morning estradiol, progesterone, tes-
tosterone, and dehydroepiandrosterone (DHEA) by LC-MS/MS.

Dried blood spots, dried urine (DU), and saliva samples are 
mailed to the researchers and stored at −70°C until they can be 
shipped in bulk to ZRT Labs for testing.

This extensive range of biomarkers will allow us to examine 
correlations between levels of function of a wide range of physi-
ological systems and pulmonary dysfunction.

During the Selection and RCT stages of the study, feedback 
will be gathered from participants through written logs, and a 
questionnaire on Survey Monkey. Copies of the forms for the 
written logs and the Survey Monkey questionnaire are available 
as Supplementary Material.

statistical Methods
Descriptive statistics, including mean, SD, and frequency, will 
be used to describe and summarize baseline data. We will also 
compare distributions between intervention and control groups 
in the RCT stage using Wilcoxon rank-sum tests and chi-square 

tests at baseline. An intent-to-treat analysis will be carried out 
where missing data will be handled by multiple imputation 
approach, and linear regression models will be used to compare 
the intervention group with the control group in terms of the 
primary outcomes.

stepwise Methods
Stepwise methods are detailed in Figure 4.

Anticipated results
In the Selection and the RCT stages of this research, it is 
anticipated that subjects in the study will increase endurance as 
demonstrated by an increase in the 6MWT by margins that meet 
or exceed statistical significance. A general marker of inflamma-
tion, hs-CRP, is expected to decrease significantly. Consistent 
with evidence that MM may benefit the ANS, we expect to see 
a decrease in blood pressure. With the larger number of subjects 
in the RCT stage of the study, secondary measures are expected 
to provide data suggesting or discounting relationships between 
ANS function, mood, pulmonary, and immune system functions.

Pitfalls, Artifacts, and troubleshooting
A potential pitfall in this study is the difficulty in recruiting and 
retaining subjects. Our extensive network of contacts among 
FA will facilitate this process, as will our outreach through 
FA-connected social media. The recruitment process can be 
extended in time to assure adequate numbers. In addition, the 
researchers are prepared to travel to locations throughout the 
country as necessary.

Retention of subjects in the second and third stages is another 
concern. It is anticipated that retention will not exceed the 40% 
of the Selection stage of the study, as the exercises to be taught 
are simple and enjoyable. However we are allowing for up to 60% 
drop-out rate. Should dropout be more than anticipated, we will 
need to recruit more subjects, which should prove possible. We 
have maintained good communication with all subjects.

In the Selection stage of the study, any difficulties participants 
have had with the training, including safety-related concerns, 
were explored as a source of information concerning appropriate 
selection of exercises; this was one of the aims of this portion of 
the study.

The smoking status of study participants is queried during the 
recruitment and further during testing for each stage of this study. 
However, additional details of a smoking history have, in a few 
cases, emerged when other data had already been collected on 
these subjects. Outcomes from these subjects will be sequestered 
and reported separately from those who smoked less than 100 
cigarettes in a lifetime.

Due to limited availability of equipment, the wearable ECGs 
were not used in the majority of pre-testing in the Selection stage. 
Changes in HRV are, therefore, not documented. However, other 
measures of cardiovascular autonomic function were made, 
including HR, BP, and changes in these measures in response to 
challenge. These will provide some information about possible 
autonomic changes.

In the Selection stage, we do not use a control group. Since 
the purpose of this portion is to determine that MM exercises 
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are most effective and best tolerated, use of a control group would 
not be appropriate. This diminishes the power of results from 
the pre-and post-intervention tests in this portion as it will not 
be possible to determine with certainty whether results are due 
to attention, seasonal or other factors. However, the final RCT 
stage of the study, using an attention/health education control 
group, will provide a well-controlled validation of the effects of 
the selected MM exercises. It is, however, possible that positive 
results from the testing in the Selection stage, followed by nega-
tive results from the RCT stage, would reflect the ineffectiveness 
of digital delivery rather than the ineffectiveness of the interven-
tion. In this case, an RCT testing in-person delivery would be 
indicated.

The 6MWT is known to be influenced by motivation. The use 
of the Borg Dyspnea Inventory is used as a control on this, as it 
indexes amount of effort, and every precaution has been taken 
by the researchers to standardize the administration of the test. 
Nonetheless, in the Selection stage, subjects may be more highly 
motivated in the post-test situation, and this could skew results. 
As mentioned above, the use of a control group in the RCT stage 
will provide a check on these results.

In the RCT stage, compliance is expected to be an issue. We 
plan to be in contact by email, phone, and digital questionnaire 
with all subjects on a weekly basis. We will follow up quickly 
any lapses in communication or reporting of difficulties, so as to 
minimize this issue. Such difficulties arising in this stage will also 
provide further information for future refinement of the delivery 
method and the selection of exercises.

DIscUssIoN

We believe that the ANS may be a link between the various 
 co-morbidities of COPD.

We speculate that COPD-related pulmonary and other 
 co-morbid conditions appearing in FA exposed to SHCS may be 
part of a syndrome of interacting conditions related to disturbed 
autonomic function. The Screening stage of this study will pro-
vide data to test this speculation.

In addition to our primary outcome measures, we are 
gathering a wide range of data, including hormonal biomark-
ers, affective, and autonomic measures. This may allow for the 
formulation of hypotheses for future testing concerning the 
mechanisms of action of MM on pulmonary dysfunction and 
other health conditions. In preliminary data, we are seeing pat-
terns of subclinical morbidities that may provide an improved 
picture of the health care needs of this unique group of work-
ers. It, however, remains to be seen whether these patterns are 
simply age related or unique to this group and their exposure 
to SHCS.

Since MM has been shown to have beneficial effects on many 
of the co-morbid conditions of COPD, possibly by way of its regu-
lating effect on autonomic functioning, this suggests that a single 
approach (MM) might target not only COPD-related respiratory 
symptoms but also many other COPD-related conditions. Future 
studies could determine whether MM could slow the progression 
of pre-COPD conditions to clinical COPD.

Previous trials of the effects of MM have relied on a 
preselected set of exercises, in some cases chosen for their 
traditional relevance to the condition being treated (57) but in 
most cases a traditional general set (30, 32–36). Our study is 
the first to involve a test period in which a wide range of MM 
exercises is evaluated for a specific population. We have already 
observed that participants have trouble setting aside time for 
regular practice. Our approach to MM includes a number of 
practices that can be integrated with the activities of daily life 
(rather than having to be practiced at a certain time), and we 
have found that this form of practice is more acceptable to this 
group of FA.

We experienced an unexpected level of dropout during the 
Selection stage of the study. Given that the average age of par-
ticipants is 69, this should have been anticipated. We have found 
that the provision of exercises that can be integrated into daily 
life, such as simple standing, sitting, walking, and breathing 
practices, increases compliance and appears to reduce dropout. 
We believe that the emphasis on this kind of practice can make 
Asian practices more accessible and appealing to Westerners with 
their busy lifestyles.

Our study explores the possibility of administering an MM 
intervention by digital means. To our knowledge, no other study 
of MM has tested this possibility. Information gained from this 
aspect of the study may provide information about the most 
effective ways of conveying MM training digitally, as well as 
validating the effectiveness of MM for COPD-related pulmonary 
dysfunction. Should our principal hypothesis be supported, 
it would not only open the possibility of a safe, cost-effective 
intervention for those with pulmonary dysfunction, but also 
support the further exploration of digitally delivered MM for 
a wide range of conditions, especially those with a significant 
autonomic component.

trial status
Recruitment for the Screening and evaluation portion of the study 
began in August 2014 and will continue for the duration of the 
study, until mid 2017. Comprehensive data have been gathered 
on more than 60 participants to date, and preliminary analysis 
has begun.

Recruitment for the MM exercise selection portion of the study 
began in October 2014 and will continue through October 2015. 
While 27 participants have been recruited so far into the Selection 
stage, there is concern for assuring that a statistically significant 
number will complete this stage of the study. No adverse events 
have been reported. Post-intervention testing began in July 20 
2015, and is on going.

Preparations for the development of a digitally deliverable 
MM intervention are presently underway, involving developing 
video footage and planning. Recruitment for the RCT portion of 
the study began in October 2015.
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AcroNYMs

6MWT Six-minute walk test A standard test for assessing functional ability, the distance walked in 6 min
ANS Autonomic nervous system Portion of the nervous system controlling those physiological functions outside normal voluntary control
BP Blood pressure
COPD Chronic obstructive pulmonary disease Chronic disease involving obstruction of the small airways
CRP C-reactive protein Biomarker of inflammation
DBHR Deep breathing heart rate One of the battery of 5 Ewing tests for cardiac autonomic dysfunction; the most significant of the 5
DVD Digital video disk Standard vehicle for presenting video
EAC Education activity control A control group engaging in educational activity, in this case watching educational videos
FA Flight attendants
FAMRI Flight attendant medical research institute The foremost organization promoting research into medical problems affecting flight attendants
FEF Forced expiratory flow Spirometric measurement, flow of air during forced exhalation
FEV1 Forced expiratory volume one A measure of lung function: the maximum volume of air breathed out in a forcible exhalation in 1 s
FVC Forced vital capacity A measure of lung function: the total volume of air breathed out in a complete forcible exhalation
GOLD Global initiative on obstructive lung disease A research and information group that is the principal global authority on the nature and treatment of COPD
HR Heart rate
HRV Heart rate variability Degree of variability over time (especially in synchrony with the breathing) of the R-R, or beat-to-beat, heart 

rate; since this variation of heart rate is under control of the parasympathetic nervous system, HRV offers a 
way of evaluating this aspect of ANS function

LSBP Lying standing blood pressure A Ewing test of the blood pressure response to going from lying to standing
MAIA Multidimensional assessment of interoceptive 

awareness
A questionnaire designed to evaluate several dimensions of interoceptive awareness

MM Meditative movement A newly identified form of exercise characterized by a meditative state of mind, deep relaxation, movement, 
and attention to the breathing. Qigong and Yoga are the best known examples

NHANES National health and nutrition examination 
survey

PI Principal investigator
PSD Power spectrum density A measure of frequency distribution used to evaluate HRV
QOL Quality of life A general measure of the quality of a patients daily life
RCT Randomized controlled trial The premier form of research study in which participants are randomly assigned to control or intervention 

group for the purpose of objective assessment of an intervention
RMSSD Root mean square standard deviation A statistical method used in this study for the analysis of HRV data
SDNN Standard deviation A statistical method used in this study for the analysis of HRV data
SHCS Second-hand cigarette smoke Cigarette smoke inhaled by someone other than the smoker; ambient smoke not inhaled directly through 

the cigarette
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Smoking is the largest preventable cause of morbidity and mortality in the world. 
Although there are effective pharmacologic and behavioral treatments for smoking 
cessation, our inability to objectively quantify smokers’ progress in decreasing smoking 
has been a barrier to both clinical and research efforts. In prior work, we and others have 
shown that DNA methylation at cg05575921, a CpG residue in the aryl hydrocarbon 
receptor repressor (AHRR), can be used to determine smoking status and infer cigarette 
consumption history. In this study, we serially assessed self-report and existing objective 
markers of cigarette consumption in 35 subjects undergoing smoking cessation therapy, 
then quantified DNA methylation at cg05575921 at study entry and three subsequent 
time points. Five subjects who reported serum cotinine and exhaled carbon monoxide 
verified smoking abstinence for the 3 months prior to study exit averaged a 5.9% increase 
in DNA methylation at cg05575921 (p < 0.004) over the 6-month study. Although the 
other 30 subjects did not achieve smoking cessation at the 6-month time point, their 
self-reported reduction of cigarette consumption (mean = 6 cigarettes/day) was associ-
ated with a 2.8% increase DNA methylation at cg05575921 (p < 0.05). Finally, a survey 
of subjects as they exited the study demonstrated strong support for the clinical use 
of epigenetic biomarkers. We conclude that AHRR methylation status is a quantifiable 
biomarker for progress in smoking cessation that could have substantial impact on both 
smoking cessation treatment and research.

Keywords: Dna methylation, epigenetics, aryl hydrocarbon receptor repressor, cg05575921, diagnostics, smoking 
cessation

inTrODUcTiOn

Smoking is the largest cause of preventable morbidity and mortality in the United States. Each 
year, nearly a half-million Americans die secondary to the effects of smoking (1). Still, nearly one 
in every five US adults currently smoke (2). Currently, three pharmacological agents, bupropion, 
varenicline, and nicotine replacement therapy (NRT), are commonly used for smoking cessation (3). 
By themselves, each of these medications is modestly effective and recent clinical trials suggest that 
the combination of varenicline and NRT is most effective in achieving cessation (3, 4). Nevertheless, 
the efficacy of these treatments in actual clinical practice has been less than optimal (5).
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Although many barriers to the effective implementation of 
these and smoking cessation interventions exist, one of the more 
difficult hurdles to overcome is our current inability to quantify 
decreases in smoking and the success of cessation therapy. In epi-
demiologic studies, self-report is generally accurate, however, in 
clinical populations, it is much less reliable (6–8). Currently, two 
biological methods are commonly used to determine the success 
of therapy and corroborate self-report: exhaled carbon monoxide 
(CO) and cotinine levels. Exhaled CO levels are perhaps the easi-
est assessments to perform. But this measure is only capable of 
detecting smoking in the past 3–4 h and is not useful in quali-
fying changes in smoking at these levels because it is relatively 
insensitive to light-to-moderate smoking (9, 10). By contrast, 
assessments of cotinine, which has a serum half-life of 15 h, are 
much more sensitive and can detect smoking in the past 48–72 h 
(11). However, because false positives can arise from other forms 
of tobacco consumption (second-hand smoke, e-cigarettes, and 
ironically, NRT use) its clinical utility in monitoring decreased 
smoking and abstinence is limited. In fact, since over one-fourth 
of all patients who successfully quit smoking using NRT remain 
on NRT for at least 1 year after smoking cessation (12), the effi-
cacy of employing cotinine levels to guide smoking cessation in 
clinical settings is minimal.

The development of quantitative continuous dose–response 
measures of decreases in smoking in therapy could significantly 
advance smoking cessation efforts in much the same way that 
the introduction of hemoglobin A1C (HbA1c) levels to assess the 
need and effectiveness of diabetes management has revolution-
ized the treatment of Type 2 diabetes (T2DM) (13). The use of 
HbA1c assessment, which is a measurement of the level of the 
acetylation of hemoglobin by serum glucose, allows clinicians 
to not only diagnose T2DM but also objectively quantify the 
progress of diabetic therapy. The latter is particularly important 
because numerous studies have shown that patients, in particular 
those who are at the highest risk, do not accurately report treat-
ment compliance (14). The same challenges confront clinicians 
dealing with smoking cessation, suggesting that if a similar tool 
for measuring smoking intensity could be developed, it is pos-
sible that clinicians could use that assessment to detect changes in 
smoking, and modify treatment strategies during therapy.

DNA methylation assessments may provide a tool that can 
accurately assess amount and changes in smoking status in 
order to track the trajectory of smoking initiation and cessation. 
Over the past 3  years, at least 20 studies have confirmed the 
initial findings that methylation at cg05575921, a CpG residue 
in the aryl hydrocarbon receptor repressor (AHRR), is the most 
sensitive indicator of smoking status at all levels of smoking (15, 
16). In particular, in a recent clinical trial, methylation status at 
this locus was employed to classify the smoking status of adult 
subjects, and was shown to be extremely accurate with a receiver 
operating characteristic (ROC) area under the curve (AUC) of 
0.99 (15). Whereas these and other studies clearly indicate that 
DNA methylation can be used to track changes in smoking, they 
have not addressed the question of whether DNA methylation 
could be used to guide smoking cessation therapy.

Several genome-wide studies, including work from Zeilinger 
and colleagues and Tsaprouni and colleagues have compared 

smokers’ and non-smokers’ methylation at specific loci and 
concluded that the smoking-induced DNA methylation signature 
reverts as a function of long-term abstinence with cg05575921 
being one of the most prominent loci demonstrating reversion 
(17, 18). In addition, however, Zeilinger et  al. estimated that 
the speed of that reversion was relatively slow, with a change of 
approximately 7% occurring over a course of 7 years. If this is cor-
rect, this would suggest that DNA methylation changes relatively 
slowly and could not be used for monitoring smoking cessation.

However, recent evidence has suggested that the speed of 
reversion of DNA methylation at cg05575921 may be significantly 
faster than that estimate. In our recent examination of alcoholic 
inpatients, those who smoked prior to admission but were either 
completely or partially deprived of cigarettes during their stay, 
averaged a 1.7% increase in CG05575921 over 25 days (19). 
Second, both the Zeilinger and Tsaprouni studies were cross-
sectional studies that employed self-report without biochemical 
verification of smoking status. Since the reliability of retrospective 
recall of smoking cessation is poor (20) and their study design did 
not allow before and after comparisons of individual subjects, the 
speed of methylation reversion in Zeilinger and Tsaprouni reports 
may be an underestimate. In this study, we directly examine the 
relationship between cigarette consumption status and DNA 
methylation at cg05575921 in a cohort of subjects undergoing 
smoking cessation therapy under the direction of their personal 
physicians.

MaTerials anD MeThODs

All methods and procedures used in this study were approved by 
the University of Iowa Institutional Review Board. In brief, the sub-
jects were recruited by direct advertising and word of mouth from 
University of Iowa affiliated clinical operations. Inclusion criteria 
for the screening of potential subjects for the study included the 
following: being a current active smoker who was getting ready to 
begin smoking cessation within 4 days of the intake appointment, 
and abstinence from any nicotine-containing product, including 
e-cigarettes. Please note that the rationale for exclusion of those 
subjects using other forms of nicotine-containing products was 
to allow the team to use cotinine assays to detect surreptitious 
smoking. Non-combustionable forms of tobacco consumption 
do not have an effect on cg05575921 levels (15, 21). Other exclu-
sion criteria included use of any medication thought to interfere 
with DNA methylation, such as methotrexate, and any active 
form of substance use with the exception of alcohol.

At intake, all subjects were interviewed with the Semi-
Structured Assessment for the Genetics of Alcoholism, Version 
2 (SSAGA-II) modified for use in our studies (22). Notably, 
the Fagerstrom Test for Nicotine Dependence (FTND) (23) 
is embedded within the interview. In addition, substance con-
sumption over key time frames was interrogated by a tailored 
substance use questionnaire described previously (19). Exhaled 
CO was assessed using a Tabataba CO Tester (Depisteo, France). 
Phlebotomy was then performed by a trained research assistant 
with sera being immediately separated via centrifugation, then 
stored at −80°C until use. Whole blood DNA was prepared 
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TaBle 1 | clinical characteristics of the study completers.

Age 42.3 ± 13.5 years

Gender
Male 14
Female 21

Ethnicity
White 26
African Amer. 4
Hispanic 1
Other 3

Consumption at intake
Lifetime 16.3
Past month 11.3 cigarettes/day

rs16969968 genotype
GG 24
AG 15
AA 5

FTND score 3.7 ± 2.5
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using cold protein precipitation, quantified with a NanoDrop 
 photometer (ThermoFisher, Holtsville, NY, USA) and stored at 
−20°C until use (24).

Subsequently, each subject was assessed in person at 1, 3, and 
6 months after study intake. In addition, they were contacted via 
phone or e-mail at 2, four, and 5 months after study intake. At 
the in person visits, each subject was re-interviewed with the 
substance use questionnaire, interval health, and medication use, 
including the use of any nicotine-related products, and exhaled 
CO were assessed, and phlebotomy was performed. During the 
phone or e-mail contacts, subjects were interviewed with the 
substance use questionnaire. DNA and sera were prepared from 
the in person visits as described above.

DNA methylation status at cg05575921 was determined using 
quantitative PCR (qPCR) as previously described (25). In brief, 
whole blood DNA was bisulfite converted using Fast 96 Bisulfite 
Conversion kits (Qiagen, Valencia, CA, USA) according to manu-
facturer’s direction. Subsequently, cg05575921 methylation status 
of each sample was measured in quadruplicate using an ABI 
7900HT Genetic Analysis System (Applied Biosystems, foster 
city, CA, USA), qPCR reagents (both assay and standards) from 
Behavioral Diagnostics (Iowa City, USA), and standard. The SD 
of replicate measurements was 0.23 cycles. The average methyla-
tion value for each sample was then determined by interpolation 
against the standard curve (25).

Serum levels of cotinine and hydroxy tetrahydrocannabinol 
(THC-OH) was determined using kits from AbNova (Taiwan) 
according to manufacturer’s directions. Because the THC-OH 
kit does not come with internal standards suitable for the 
assessment of serum samples, a series of dilution of a methanol 
solution containing (±)-11-nor-9-carboxy-delta-9-THC (T-010, 
Sigma, Ronkonkoma, NY, USA) was used to quantify the extent 
of  cannabis use.

Genotype at rs16969968 was determined using a primer probe 
set and a 2X polymerase master mix from Applied Biosystems 
(Foster City, CA, USA) per our usual protocols (26).

All regression analyses were conducted using JMP Version 
10 (SAS Institute, Cary, SC, USA). For the main analysis, which 
examined the relationship between DNA methylation and smok-
ing cessation status, a least squares regression model stipulating 
DNA methylation as the independent variable and subject, time 
since initial quit date, and a subject × time interaction term as the 
dependent variables, was used.

resUlTs

A total of 47 subjects passed the initial screening for inclusion in 
the study. Subsequently, four of those subjects were disqualified 
from further continuation of study for revealing information, 
such as active cannabis use, during the intake interview that was 
incompatible with continuation in the study. In order to ascertain 
substance use and increase study retention, we attempted to con-
tact all remaining subjects monthly with the in person visits also 
serving as an opportunity to perform biochemical verification 
of smoking status. By and large, this strategy was successful in 
retaining 35 of the 43 (81%) subjects eligible to continue in the 
study participating in the 6-month visit.

The clinical characteristics of the 35 subjects who completed 
the 6-month study are given in Table 1. The subjects are mostly 
female (60%) of northern European ancestry (75%) and have an 
average age in their early 40s. They reported smoking an average 
of 11 cigarettes/day and had an average history of 16 pack years 
of smoking. Five reported use of bupropion; the remaining 30 
attempted to quit smoking without pharmaceutical assistance.

At each in person contact point, serum cotinine and exhaled CO 
were assessed. In keeping with prior findings, exhaled CO assess-
ments were less sensitive than cotinine levels for detecting smoking. 
For example, at the 6-month exit time point, nine subjects had CO 
of <10 ppm but still reported continued smoking and had serum 
cotinine levels supportive of continued smoking. Six of these nine 
reported daily smoking (between one and six cigarettes/day), while 
the three others reported continued periodic smoking (i.e., every 
other or every third day). In addition, one subject who reported 
59 days of abstinence had an undetectable level of cotinine regis-
tered a reading of 19 ppm, which is suggestive of a false positive.

Active cannabis use and/or continued use were both exclu-
sion criteria for the study. To examine the reliability of subjects 
with respect to this inclusion criterion, serum THC-OH levels, 
at intake and 1-month time points, were assessed. Two subjects, 
both of whom reported continued tobacco use at all study time 
points, had markedly positive serum THC-OH levels at the intake 
and 1-month study time points.

We defined successful smoking cessation as having self-
reported smoking cessation, and both negative serum cotinine 
and exhaled CO levels at the 3- and 6-month time points. Using 
these criteria, four subjects [tobacco cessation (TC) 24, 31, 41, and 
46] successfully quit smoking with a fifth (TC 28) having had only 
two cigarettes since quitting at study inception, 180 days prior, 
with all subjects giving serum and exhaled CO levels consistent 
with those reports. In addition, one subject who reported 59 days 
of abstinence had a negative cotinine at study exit, but not at the 
3-month time point. Finally, five other subjects reported smoking 
cessation at study exit. Unfortunately, each of those had exhaled 
CO levels >10 ppm and high levels of serum cotinine inconsistent 
with cessation.
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FigUre 1 | a Plot of cg05575921 methylation as a function of time 
from smoking cessation intake/quit point. Percent methylation, as 
indicated by the qPCR assay, is given on the Y axis. Time (in months) of the 
blood draw relative to the inception of the subject into the study and 
hopefully their efforts to reduce smoking is given on the X axis. Each of the 
subjects had negative cotinine and exhaled CO levels at the 3- and 6-month 
time points. The linear fit of the reversion curve for each subject is denoted 
by the color in the figure legend. For example, the best fit line for tobacco 
cessation (TC) subject 31 (TC31) is shown in blue.
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We then analyzed the relationship between smoking cessation 
and cg05575921 methylation for the five subjects who had nega-
tive cotinine and CO levels at the 3- and 6-month interview visits 
using least squares regression. Figure 1 illustrates the results of 
those analyses. Not surprisingly, subject consumption history had 
the greatest effect on methylation levels (p < 0.0001) with TC 28 
and 31 having the highest initial methylation levels, the lowest 
levels of current smoking and the least history of smoking, 2 and 
4 pack years, respectively. In fact, the methylation level of TC 28 
returned to the range consistent with a lifetime history of non-
smoking by the end of the study (95%), while the level of TC 31 at 
study exit was nearly 89%. By contrast, although the methylation 
levels of TC 24 (15 pack years), TC 41 (20 pack years), and TC 
46 (15 pack years) increased as a function of TC, their values 
remained lower than those of the subjects with less smoking 
history, with methylation levels of 75, 47, and 77%, respectively. 
Still, the effect of time of cessation was clearly significant, i.e., 
increasing time since study intake being associated with increas-
ing cg05575921 methylation (p < 0.004).

In addition to the promising results shown for those in full 
cessation, examination of the DNA methylation from those 
subjects whose cotinine and exhaled CO data were not consistent 
with complete cessation at 6 months were also promising. In total, 
29 subjects did not have negative cotinine and CO levels at the 
3- and 6-month time points. In fact, with the exception of the sub-
jects listed above, only two other subjects had a negative cotinine 
level at either time (both at 3 months; but not at study exit). Still, 
as a whole, these subjects reported an average decrease in cigarette 
consumption of 5.8 cigarettes/day (11.3 cigarettes/day at intake 
and 5.5 cigarettes/day at 6-month exit). This decrease in smoking 
was accompanied by an increase in methylation from an average 
of 66.7 to 69.5% over the 6 months (Adj. R2 = 0.14, p < 0.05).

Prior work by ourselves and others has shown that cg05575921 
is associated with the quantity of cigarette consumption. To better 

understand how this consumption is linked to other factors, such 
as nicotine craving and key genetic variables, we conducted a 
series of regression analyses with methylation as the independ-
ent variable, and total history of smoking (pack years), current 
smoking, FTND, and rs16969968 genotype. Consistent with prior 
analyses, cg05575921 methylation at intake was associated both 
with current consumption (Adj. R2 = 0.37, p < 0.0002) and history 
of consumption (Adj. R2 = 0.34, p < 0.0004). In addition, a regres-
sion model that included FTND score and rs16969968 fitted to 
cg05575921 methylation was highly significant (Adj. R2 = 0.38, 
p < 0.001) with significant effects of FTND score (p < 0.0002) 
and a trend (p  <  0.06) for an interaction between FTND and 
rs16969968 genotype but no main effect of rs16969968 genotype.

One critical question for the field is whether the use of epi-
genetic biomarkers will be accepted by patients. To examine this 
question, we conducted a voluntary exit survey of the attitudes 
of subjects after their sixth visit (Supplemental Table 1). Thirty 
three subjects agreed to fill out the survey. As a group, the 
subjects reported a high degree of commitment to smoking ces-
sation with nine indicating more modest commitment and one 
subject reporting a complete ambivalence to quitting smoking. 
Supporting prior assertions that dysfunctional patient-provider 
interactions may interfere with therapy, 10 of the 33 subjects 
indicated previous discomfort in answering physicians’ questions 
about their smoking habits. Finally, when queried with a 6-point 
Likert scale as to their interest in receiving data from a test that 
could inform them on their success in smoking cessation and risk 
for adverse cardiovascular outcomes, the response to receiving 
epigenetic feedback was overwhelming positive with all but one 
subject, indicating moderate to great interest (the average score 
on 0–5 scale was 4.3) in receiving epigenetic feedback.

DiscUssiOn

Before discussing these results, it is important to note some 
important limitations of this study funded under a National 
Institutes of Health pilot mechanism. First of all, the study cohort 
is small, largely White and drawn from the clinics of a tertiary 
care hospital. Further examinations using larger numbers of sub-
jects of all ethnicities and more representative treatment settings 
are required to demonstrate the generalizability of the findings. 
Second, although the proportion of subjects in this study using 
pharmacotherapy aid in their smoking cessation efforts is in keep-
ing with that in the general clinical population, in order to most 
rapidly advance the usefulness of this technique, examination of 
patient attitudes toward epigenetic biomarkers in state of the art 
treatment paradigms would be desirable to optimize potential 
impact of this technology.

Still, if the current results are replicated and extended, the 
clinical implementation of an epigenetic monitoring tool could 
have substantial impact on the exorbitant toll that smoking exerts 
upon the healthcare system. In actual clinical practice, only 13% of 
physicians routinely refer smokers for treatment with 33% report-
ing a lack of confidence in their ability to monitor treatment (27). 
As a result, millions of smoking-induced cases of heart disease, 
diabetes, and cancer occur that could otherwise be prevented 
costing hundreds of billions of dollars and untold human misery.

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive


55

Philibert et al. AHRR Provides Smoking Cessation Biomarker

Frontiers in Psychiatry | www.frontiersin.org April 2016 | Volume 7 | Article 55

Before this goal can be realized, it will be important to better 
understand the dynamic relationship of cg05575921 response to 
smoking. To accomplish this task and avert the potential impact 
of recall bias in cross-sectional studies, prospective longitudinal 
studies of subjects as they enter and exit periods of smoking will 
be necessary to fully understand the response characteristics 
at AHRR. For example, although for the sake of simplicity, we 
have modeled the methylation reversion curve as linear, careful 
scrutiny of the points in Figure  1 will show that this may be 
an oversimplification. Indeed, in our unpublished results from 
a 2013 examination of 19-year-old subjects, there was a trend 
for an overcorrection or hyper-methylation of cg05575921 to 
occur after smoking cessation in these young subjects (28). 
Additionally, it should be clear from the present work and the 
prior work of several groups that both current and past history 
of smoking does not fully explain the magnitude of the demeth-
ylation response at cg05575921 (17, 25, 29). Therefore, in order 
to adjust therapy in the first 2  months of smoking cessation 
therapy, which is the portion most critical to cessation efforts, 
it is absolutely essential to gather additional data points during 
this period of treatment and more fully understand the environ-
mental, behavioral, and genetic factors that can influence the 
rate of cg05575921 change.

This study replicates and extends prior findings showing that 
self-report is an unreliable method for determining smoking 
cessation success (7). Our exit study confirms prior data show-
ing that patients often feel uncomfortable when discussing their 
smoking habits with their physicians. This was borne out in our 
objective analyses. In our study, 11 subjects reported cessation of 
smoking at the 6-month time point, but only six had confirma-
tory serum cotinine and CO levels. Since each of the subjects 
was compensated for their efforts whether or not they achieved 
their personal treatment goals, there was no financial incentive 
for reporting cessation. In fact, as part of the consent process, it 
was carefully explained to the subjects that we would be checking 
CO status at each appointment. Since the bogus pipeline effect 
would predict that conducting CO testing should reduce false 
reporting (30), the rate of false report in general practice may be 
even higher.

Developing relatively fool proof methods of detecting smoking 
and changes in smoking patterns may be particularly important 
for efforts to increase the success rate of cessation programs by 
using financial rewards. In controlled trials, these incentive plans 
can increase the rate of smoking threefold up to 16% (31, 32). 
If these paradigms could incorporate the most effective cur-
rently available pharmacological treatment approach, combined 
varenicline and nicotine replacement, the rate of quitting could 
be even higher. However, to optimally achieve the full impact 
of financial incentives, reliably rewarding cessation early in the 
course of treatment, including among those ~27% of ex-smokers 
who remain on nicotine replacement long-term (12), is critical. 
Unfortunately, because CO monitoring is insensitive to light 
smoking (9, 10) and the nicotine used in NRT is metabolized to 
cotinine, the two leading approaches to objectively quantifying 
cessation are not useful. However, because nicotine itself does not 
affect cg05575921 methylation status (15, 21) and it is possible to 
quantify partial responses, the use of DNA methylation assessment 

could provide a useful yard stick for determining financial reward 
in contingency-based smoking cessation paradigms.

It is likely that this approach would be acceptable to most 
patients. In previous work, Hetherington and colleagues showed 
that the use of CO monitoring feedback was not only accepted 
by patients but also increased the odds of smoking cessation by 
fourfold (33). In our post study survey, subjects were extremely 
receptive to the use of this technology to assess both smoking 
cessation success and the impact of the success on their per-
sonal health outcomes. This positive attitude toward NextGen 
technology suggests methylation assessments may be a new 
avenue through which to engage patients in their personalized 
healthcare. These assessments may include other health outcomes 
such as the F2RL3 residue referred to as cg03636183, cg05575921 
methylation is linked to adverse cardiac and cancer related out-
comes (34, 35). Through simultaneously measuring methylation 
at AHRR as well as a panel of other loci linked to important health 
outcomes, such as diabetes and obesity (36, 37), it may well be 
that patients will gain additional motivation to collaborate with 
their healthcare providers in optimizing their well-being.

The full facilitation of this clinical engagement will not occur 
in the absence of patient education. Like all humans, patients 
are less likely to accept what they do not understand. In that 
respect, the basis of CO monitoring is readily understood because 
patients understand that tobacco smoke contains CO. By con-
trast, the fundamental mechanisms by which smoking influences 
DNA methylation are not well understood by many even in the 
healthcare community. Furthermore, because DNA methylation 
technologies may be able to measure a wide variety of outcomes 
of potential interest to patients, more in-depth analysis of the 
perceived health care needs of current and potential patients 
could be beneficial. Therefore, patient engagement and education 
should be a part in any future clinical approaches.

In summary, in this communication, we show that methyla-
tion status at cg05575921 can be employed to track progress in 
the process of smoking reduction and cessation, and suggest that 
periodic assessment of changes in methylation and feedback to 
patients may be useful in facilitating smoking cessation therapy. 
Future research designed to incorporate the use of this epigenetic 
tool into treatment is likely to be fruitful.
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Clinical Case Triggering Attention to the Issue

A 29-year-old patient who was treated with buprenorphine for 2 years without recurrence attends
regular psychiatric controls that include screening for psychoactive substances. During one of the
visits, when he was accompanied by his parents, a test for psychoactive substances was positive
for opiates. The patient denied that he used illegal substances, and his parents claimed so as well.
During this period, the patient lived fairly in isolation, with themembers of his family. The only new
substance that he used was a new cartridge for e-cigarette. The cartridge was bought at the market in
another place, at a pretty low price. Since the father used the same cartridge, he offered to take the test
on PAS. The test was positive for opiates (father had never used psychoactive substances in his life).
This inspired us to do the following experiment: we poured the content of the cartridge into a glass
with water, and the test was again positive for opiates. In this case, neither the outcome of the test
of our patient and/or his father nor naive experiment (with the help of immunochromatographic
test for the simultaneous qualitative detection of drugs and their metabolites in the urine) or
experimental method that is highly dubious was important, but the questions (i.e., more questions)
that open after these clinical experiences.

The questions posed are: does any authority regularly control the composition of e-cigarettes, and
if so, which one, under what circumstances, and whether it is regulated by law?

Let us start from the known premise: electronic cigarettes (e-cigarettes) are battery-powered
devices that allow nicotine intake with chemicals that have different tastes by inhalation, and they
are substitutes for smoking ordinary cigarettes. It is known that there are over 250 different brands
of e-cigarettes currently on the market. It is estimated that the number of users of e-cigarettes in the
world is rapidly growing. In Europe, there are about 7million users of e-cigarettes. In France, there
are about 1.5million e-cigarette users, while, for example, in the UK, the number of e-cigarette users
has tripled since 2012 (from 700,000 to over 2million) (1).

The tobacco industry is investing a huge sum of money into the development of e-cigarettes, and
according to the researchers from HSPH’s Center for Global Tobacco Control (CGTC), Department
of Social andBehavioral Sciences, it is very important to identify the subpopulation thatwill probably
use them more than others and determine the implications for public health. This research has
shown that millions of people – including many young people and smokers who want to stop
smoking – try e-cigarettes. This also points to the fact that the importance of determining the
potential harm (or benefit) is being underestimated (2). Each e-cigarette contains the following
components: batteries (mainly lithium ion) that can be automatic or manual; electronic atomizer
spray (responsible for controlling the operation of the device and the release of nicotine vapor during
inhalation); and tank in which the liquid for e-cigarette is poured (newer versions have atomizer
and tank in one unit, and such a device is called clearomizer). The first e-cigarette appeared on
the market in China in 2004, and since then, it is marketed as a healthier alternative to smoking.
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The biggest advantage of e-cigarette is, as stated in the advertise-
ments, that the smoker inhales only a controlled dose of nicotine
vapor that fulfills his need for smoking but does not inhale tar,
carbon monoxide, remnants of metal, mercury, and many other
harmful substances existing in each real cigarette. Also, according
to advertising, “it protects and preserves the health of passive
smokers, children also.”

Are e-Cigarettes Safe?

E-cigarettes contain nicotine and other potentially dangerous sub-
stances. Except for nicotine, which is known to be highly addic-
tive substance, other found chemicals, such as formaldehyde and
acetaldehyde, are toxic and carcinogenic. In inhaled air from e-
cigarette, nanoparticles ofmetal were found. Health consequences
after consuming e-cigarettes are not known (3).

Users of e-cigarettes use cartridges with different concentra-
tions of nicotine (and other substances), and so, potentially, they
may be exposed to toxic concentrations of the same. The concen-
tration of nicotine was ranked in the range from 0 to 34mg/mL,
but recent studies show a discrepancy between the indicated con-
centrations of nicotine on the bottle with filling and measured
concentrations (4). E-cigarettes produce aerosol, which contains
nicotine, and since that aerosol is heated (temperature depends
on the design of the e-cigarette), it affects the aerosolization of
the nicotine and its activity (5). Nicotine affects the peripheral
nervous system and the central nervous system and represents the
primary addictive ingredient with non-nicotine substances, such
as anabasine, nornicotine, and acetaldehyde, which also affect the
addiction to tobacco. FDA analysis showed the presence of anaba-
sine in several types of e-cigarettes (6). In 20 different models
of the e-cigarette, the presence of alkaloids similar to nicotine,
such as nornicotine and anabasine, was found (7). Given that
e-cigarettes are so different in design and content of nicotine,
it makes it difficult to compare and assess the pharmacologi-
cal properties of content, and therefore, the addictive and toxic
potential.

Do Regulatory Authorities Conduct
Periodical Audit of Composition of
e-Cigarette Cartridges?

Until recently, in most European countries, e-cigarettes were not
treated either as a tobacco product or as a medical agent. This
means that the only law that controls them is the national Con-
sumer Protection Act that deals exclusively with the technical
characteristics of products. Many contemporary laws on tobacco
in the EU did not mention e-cigarettes as a tobacco product,
and so they were not subject to stricter regulations. European
Parliament in February 2014 approved that the products that have
nicotine concentrations up to 20mg/mL can be considered as
tobacco products and that those with a higher concentration or
used for therapeutic purposes can be considered amedicinal agent
(8). However, this decision is left to the member countries them-
selves. This Directive insists on the health warning, mandatory
information regarding the ingredients, and the side effects that
package must contain.

Cartridges that can be refilled are allowed if their volume does
not exceed 2mL (or if at least three member countries estimate
that they are potentially dangerous to health, they may be pro-
hibited by the European Commission). In the UK, although there
were indications that the e-cigarette will be declared a medical
agent that is used for smokers who want to stop this habit, this has
not happened still. E-cigarettes are treated as a “consumer prod-
uct.” Restrictions relating to the marketing of e-cigarettes have
not yet been introduced (9). The US Department of Health and
Human Services (FDA) has proposed in April 2014 a set of regu-
latory rules relating to the control of e-cigarettes. Just e-cigarettes
that are used for therapeutic purposes are currently regulated by
the FDA (Center for Drug Evaluation and Research – CDER).

According to the FDA reports, voluntary reports of adverse
effects of e-cigarettes, which include reports of consumers, med-
ical professionals, and public, are regularly arriving. Adverse
events that required even hospitalization described in these
reports are pneumonia, congestive heart failure, disorientation,
epileptic seizures, hypotension, and other health problems (10).
E-cigarettes are manufactured in China and quality control is
variable (11). Users canmodifymany products and even use other
substances (e.g., marijuana) via e-cigarette.

State-of-the-Art Clinical Research
on e-Cigarettes

A relatively small number of clinical studies investigate the effect
of e-cigarettes on health of people. Some of them show that e-
cigarettes can “deliver” a similar amount of nicotine as traditional
cigarettes (12, 13). Others show that the utilization of nicotine
from e-cigarettes depends on the user experience and habits in use
(7). Bahl et al. tested for cytotoxicity in 41 e-cigarettes produced
by four different companies, using three types of cells: lung fibrob-
lasts, embryonic stem cells (both of human origin), and neural
stem cells of a mouse. Cytotoxicity varied among the products
from highly toxic to non-toxic. Nicotine did not cause toxicity
but other components did. It is important to point out that what
was non-toxic to lung fibroblasts was extremely toxic to both
types of stem cells (14). The research done by Schober and his
associates measuring pollution in the room where three people
smoked e-cigarette over a period of 2 h is interesting. The increase
in the concentration of nicotine, 1,2-propanediol, aluminum,
glycerin, and seven polycyclic aromatic hydrocarbons were clas-
sified as probably carcinogenic by the International Agency for
research on Cancer (15). Propylene glycol and glycerin are the
main ingredients of cigarettes. Exposure to propylene glycol can
lead to irritation of the eyes and lungs, and repeated inhalation
leads to effects on the CNS, behavior, and results in damage
to the spleen (16). The conclusion is that a very small number
of studies investigate the direct health effects, but some suggest
that aerosols from e-cigarettes have biological effect. Long-term
biological effects are still unknown, given that e-cigarettes are a
relatively new invention.

Let us go back to the beginning of the story: it is obvious
that we do not know the composition of e-cigarettes, even when
we think it is known and controlled by the competent regu-
latory authorities. The health effects of “known” components
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of aerosols emitted by e-cigarettes are unknown. There are not
enough research/clinical studies on the topic of the impact/risk
to human health.

Increasingly, these electronic devices are used for the enjoyment
of other PAS. Marijuana is mostly used in liquid form or in the
form of wax. It is perfect for users since there is no characteristic
odor that occurs when smoking marijuana. This way, unimpeded
by police or similar services, illegal drugs can be used or smuggled.
This is certainly a new reason to think about.

Concern regarding the quality control and health outcomes
is justified. It will be necessary to evolve legal framework to
regulate the production and circulation of e-cigarettes and deter-
mine their actual effect on health. Anyway, one of the first

steps is regulation that will allow finally that e-cigarettes come
under the scrutiny of the professional public for its initial
market access stage. Thus, in the upcoming years, full clin-
ical potential as well as room to avoid key adverse events
would become better known to the consumers and addictologists
as well.

Acknowledgments

The Ministry of Education Science and Technological Develop-
ment of the Republic of Serbia has funded the underlying study
behind reported results through Grant OI 175014. Publication of
results was not contingent to Ministry’s censorship or approval.

References
1. West R, Beard E, Brown J. Trends in Electronic Cigarette use in England. (2015).

Available from: http://www.smokinginengland.info/latest-statistics/
2. Vardavas CI, Filippidis FT, Agaku IT. Determinants and prevalence of e-

cigarette use throughout the European Union: a secondary analysis of 26 566
youth and adults from 27 countries. Tob Control (2015) 24:442–8. doi:10.1136/
tobaccocontrol-2013-051394

3. US Food and Drug Administration (FDA). E-cigarettes: Questions and Answers.
(2010). Available from: http://www.fda.gov/forconsumers/consumerupdates/
ucm225210.htm

4. Goniewicz ML, Kuma T, Gawron M, Knysak J, Kosmider L. Nicotine levels in
electronic cigarettes.Nicotine Tob Res (2013) 15:158–66. doi:10.1093/ntr/nts103

5. Trehy ML, Ye W, Hadwiger ME, Moore TW, Allgire JF, Woodruff JT, et al. Anal-
ysis of electronic cigarette cartridges, refill solutions, and smoke for nicotine and
nicotine related impurities. J Liq Chromatogr Relat Technol (2011) 34:1442–58.
doi:10.1080/10826076.2011.572213

6. Westernberger BJ. Evaluation of e-cigarettes FDA. (2009). Available from:
http://www.fda.gov/downloads/drugs/Scienceresearch/UCM173250.pdf

7. Etter JF, Bullen C. Saliva continine levels in users of electronic cigarettes. Eur
Respir J (2011) 38:1219–20. doi:10.1183/09031936.00066011

8. European Parliament and European Council of the European Union. Directive
of the European Parliament and of the Council on the Approximation of the Laws,
Regulations, and Administrative Provisions of the Member States Concerning the
Manufacture, Presentation and Sale of Tobacco and Related Products. Pe-Cons
No/Yy – 2012/0366 (Cod). Brussels (2014).

9. Medicines and Healthcare Products Regulatory Agency. The Regulation of
Nicotine Containing Products: Questions and Answers (2013). Available from:
http://www.ash.org.uk/files/documents/ASH_938.pdf

10. US Food and Drug Administration (FDA). CTP FOIA Electronic Reading
Room: e-cigarette Adverse Events 6/22/2009 to 3/12/2014. (2015). Available

from: http://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProducts
andTobacco/AbouttheCenterforTobaccoProducts/ucm221165.htm

11. Trtchounian A, Talbot P. Electronic nicotine delivery systems: is there a need
for regulation? Tob Control (2011) 20:47–52. doi:10.1136/tc.2010.037259

12. GoniewiczML,Knysak J, GawronM,Kosmider L, SobczakA,Kurek J, et al. Lev-
els of selected carcinogens and toxicants in vapour from electronic cigarettes.
Tob Control (2014) 23:133–9. doi:10.1136/tobaccocontrol-2012-050859

13. Pellegrino RM, Tinghino B, Mangiaracina G, Marani A, Vitali M, Protano C,
et al. Electronic cigarettes: an evaluation of exposure to chemicals and fine
particulate matter (PM). Ann Ig (2012) 24:279–88.

14. Bahl V, Lin S, Xu N, Davis B, Wang YH, Talbot P. Comparison of electronic
cigarette refill fluid cytotoxicity using embryonic and adult models. Reprod
Toxicol (2012) 34:529–37. doi:10.1016/j.reprotox.2012.08.001

15. Schober W, Szendrei K, Matzen W, Osiander-Fuchs H, Heitmann D, Schettgen
T, et al. Use of electronic cigarettes (e-cigarettes) impairs indoor air quality
and increases FeNO levels of e-cigarette. Int J Hyg Environ Health (2014)
217:628–37. doi:10.1016/j.ijheh.2013.11.003

16. Sciencelab.com, Inc. Material Data Safety Sheet. Houston, TX: Propylene Gly-
col.Sciencelab.com, Inc (2013). Available from: http://www.sciencelab.com/
msds.php?msdsId=9927239

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2015 Jovanovic and Jakovljevic. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use, dis-
tribution or reproduction in other forums is permitted, provided the original author(s)
or licensor are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org September 2015 | Volume 6 | Article 13359

http://www.smokinginengland.info/latest-statistics/
http://dx.doi.org/10.1136/tobaccocontrol-2013-051394
http://dx.doi.org/10.1136/tobaccocontrol-2013-051394
http://www.fda.gov/forconsumers/consumerupdates/ucm225210.htm
http://www.fda.gov/forconsumers/consumerupdates/ucm225210.htm
http://dx.doi.org/10.1093/ntr/nts103
http://dx.doi.org/10.1080/10826076.2011.572213
http://www.fda.gov/downloads/drugs/Scienceresearch/UCM173250.pdf
http://dx.doi.org/10.1183/09031936.00066011
http://www.ash.org.uk/files/documents/ASH_938.pdf
http://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/AbouttheCenterforTobaccoProducts/ucm221165.htm
http://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/AbouttheCenterforTobaccoProducts/ucm221165.htm
http://dx.doi.org/10.1136/tc.2010.037259
http://dx.doi.org/10.1136/tobaccocontrol-2012-050859
http://dx.doi.org/10.1016/j.reprotox.2012.08.001
http://dx.doi.org/10.1016/j.ijheh.2013.11.003
https://www.sciencelab.com/
http://www.sciencelab.com/msds.php?msdsId=9927239
http://www.sciencelab.com/msds.php?msdsId=9927239
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive


GENERAL COMMENTARY
published: 01 September 2015
doi: 10.3389/fpsyt.2015.00123

Edited by:
Thomas Heffernan,

Northumbria University, UK

Reviewed by:
Anna-Marie Marshall,

Northumbria University, UK

*Correspondence:
Andrew C. Parrott

a.c.parrott@swan.ac.uk

Specialty section:
This article was submitted to

Addictive Disorders and Behavioral
Dyscontrol, a section of the journal

Frontiers in Psychiatry

Received: 09 July 2015
Accepted: 18 August 2015

Published: 01 September 2015

Citation:
Parrott AC (2015) The

psychobiological problems of
continued nicotine dependency in
E-cigarette ‘vapers’. Commentary:

“Electronic Cigarettes”.
Front. Psychiatry 6:123.

doi: 10.3389/fpsyt.2015.00123

The psychobiological problems of
continued nicotine dependency in
E-cigarette ‘vapers’. Commentary:
“Electronic Cigarettes”
Andrew C. Parrott*

Department of Psychology, Swansea University, Swansea, UK

Keywords: nicotine, E-cigarette, addiction, health, psychobiology

A commentary on

Electronic cigarettes
by Grana RA, Ling PA, Benowitz N, Glantz S. Circulation (2015) 129:e490–2. doi: 10.1161/CIRCU-
LATIONAHA.114.008545

Electronic cigarettes were originally introduced as devices to facilitate smoking cessation, but
their efficacy in this regard has not been established. Instead, they are often used to facilitate
continued cigarette smoking in adults, and are common entry devices for nicotine dependency in
children and adolescents (1). The aim of this commentary is to emphasize these problems since far
from improving health, E-cigarettes may paradoxically be damaging physical/psychological health.
Furthermore, while this is certainly an issue for active smokers, itmay become an increasing problem
for those who are “passively vaping” E-cigarettes.

E-cigarettes are battery-operated devices, which deliver hits of nicotine via the inhalation of an
aerosol spray, which contains a mixture of nicotine, flavorings, and other chemicals (1–3). The
E-cigarette was originally introduced as an aid to facilitate smoking cessation. It followed the
successful development of earlier nicotine substitution devices, such as nicotine chewing gum, nico-
tine transdermal patch, and the inhaler (4–6). However, these earlier products were only partially
effective at nicotine delivery, with 2mg gum producing around 25% of the psychophysiological
effects of a nicotine cigarette and 4mg nicotine gum producing around 40% of its physiological
effects (7). Yet, despite their comparative inefficacy at nicotine delivery, they partially assuaged
nicotine cravings, which allowed them to double the success rates for smoking cessation (4).
Crucially, this was achieved without making these early nicotine substitution devices attractive to
non-smokers.

E-cigarettes were consciously designed to make them attractive, but unfortunately this can now
be seen as a mistake since it has encouraged their use as a facilitator for continued smoking
in adults, and has introduced many youngsters into nicotine and nicotine dependency. Grana
et al. (1) note that they were designed to look like cigarettes; also they were given “kid-friendly
flavors, including grape, chocolate, bubble gum, and gummy bear”; furthermore, they have also
been marketed “aggressively” often using simplistic and misleading messages. Since first introduced
into the USA and Europe in 2006, their usage has risen dramatically, with sales doubling every
year [Wells Fargo Internet report cited in Ref. (3)] so that instead of being used to aid tobacco
cessation, they are often being used to facilitate continued cigarette smoking. Grana et al. (1)
noted that many adult smokers continue to smoke tobacco in private, but vape E-cigarettes where
smoking is banned. Furthermore, E-cigarettes are providing a simple introduction into nicotine
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TABLE 1 | The adverse effects of nicotine dependency in cigarette smokers,
and the similar psychobiological problems predicted for E-cigarette users.

Mood fluctuation: smokers typically experience positive moods on smoking,
followed by negative moods on nicotine withdrawal. This mood vacillation is rapid,
with moods going up and down every day in parallel with cigarette/nicotine intake
(9, 11). Similar types of mood fluctuation are likely to be found in regular
E-cigarette “vapers”

Psychophysiological vacillation: the repetitive mood changes of smokers are just
one element of a core psychobiological fluctuation. Hence, alertness goes up and
down over the day, in parallel with the changes in mood state. Cognitive skills and
memory abilities may also fluctuate (13). Similar core psychobiological fluctuations
may also develop with E-cigarette users

Addiction potential: psychobiological fluctuation provides an essential rationale for
nicotine’s strong addiction potential. Similar basic processes underlie the
addiction potential of cocaine (10) and other CNS stimulants, such as
methamphetamine, MDMA, and mephedrone (8). To the extent that E-cigarettes
are effective at nicotine delivery – they will also show addiction potential

Wider psychobiological problems: nicotine dependency in cigarette smokers
leads to greater daily stress, depression, cognitive deficits, worse memory, poorer
sleep, lower self-efficacy, and many other deficits (12–15). Similar
psychobiological problems are predicted to develop in regular uses of E-cigarettes

dependency for children and adolescents. Grana et al. (1) reported
that youth use of E-cigarettes had increased from 3.3% in 2011 to
6.8% in 2012. They further noted that around a third of adolescent
E-cigarette users have never smoked a tobacco cigarette. Hence,
another major concern is the potential progression to higher
self-dosing with nicotine – readily achieved by progressing onto
cigarette smoking.

Grana et al. (1) noted several of health problems associated
with E-cigarettes: the noxious cancerous chemicals in the aerosol
vapors, the dangers of passive vaping (viz: as with passive cigarette
smoking), and several other problems. However, they did not
describe one of the most important problems – that nicotine
is highly addictive drug, and that regular nicotine usage has
many damaging psychological consequences. In neuropsychobi-
ological terms, nicotine is a powerful CNS stimulant, with many
basic similarities to other CNS stimulants, such as cocaine and
methamphetamine. Hence, the acute effects of increased heart
rate, greater alertness, and mood intensity are similar to every

other CNS stimulant drug. All drugs in this class generate brief
mood gains, but they are soon followed by negativemoods (feeling
tired and stressed), during the post-drug recovery period [for
review, see Ref. (8)]. With nicotine, this mood fluctuation can
be very rapid, with moods fluctuating up and down in paral-
lel with their nicotine intake [viz: every 20–30min in regular
smokers; see Figure 1 in Ref. (9)]. This rapid mood fluctua-
tion helps explain its high addiction potential. Indeed, nico-
tine is one of the most addictive of all drugs due to its very
rapid onset and consequent downturn. Hence, nicotine is similar
to cocaine in its psychobiological effects and addiction profile
(10). Furthermore, as with every CNS stimulant drug, nicotine
can damage the integrity of the HPA axis. Hence, all stimulant
drugs can lead to deficits in homeostasis, with disrupted sleep,
disrupted circadian rhythms, altered cortisol levels, and other
neurohormonal deficits [for review, see Ref. (8)]. Regular nico-
tine users can also suffer from neurocognitive and other psy-
chobiological deficits, which I have outlined in earlier reviews
(11, 12). These included daily mood fluctuation, increased stress,
heightened depression, poorer memory, and neuroimaging data
indicative of other neurocognitive deficits (6, 13–15). Finally,
these psychobiological problems tend to be greater in disadvan-
taged individuals with a propensity for distress, making nico-
tine and other stimulant drugs particularly damaging vulnerable
individuals (12).

In summary, nicotine is a powerful CNS stimulant with a
wide range of adverse effects. Its addictive potential may be
widely recognized, but there is far less realization about its
damaging psychobiological and health effects – on heart rate,
mood stability, alertness, neurocognitive skills, sleep, the HPA
axis, cortisol, and stress (12). These psychobiological deficits are
likely to be found in regular users of E-cigarettes, even in those
who use them alone (i.e., without smoking tobacco cigarettes
in parallel; see Table 1). The main aim of this commentary
is to emphasize that all these core functions, which are cru-
cial for human well-being, need to be empirically studied in
E-cigarette users.My core prediction is that these damaging effects
of nicotine in cigarette smokers will be replicated in users of
E-cigarettes.
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