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Brief Review

Reduced-nicotine content cigarettes: Is
there potential to aid smoking cessation?

Natalie Walker, Chris Bullen, & Hayden McRobbie

Introduction: Current smoking cessation treatments largely
address pharmacological dependence on nicotine. New ap-
proaches are needed that address both nicotine dependence and
psychological dependence on cigarettes as the source of nico-
tine. One such approach is the use of cigarettes with reduced
nicotine content.

Methods: We reviewed the available literature on the use of
reduced—nicotine content cigarettes as a cessation aid.

Results: One case series study and trial data indicate that re-
duction in the level of nicotine in cigarette tobacco can reduce
the level of nicotine dependence in smokers and do so without
adverse effects on cardiovascular biomarkers or significant
compensatory smoking. We identified three clinical trials (total
n = 489) that suggest that smokers can dissociate nicotine deliv-
ery from the act of smoking if they use reduced—nicotine con-
tent cigarettes in combination with nicotine replacement
therapy.

Discussion: The identified studies point to a benefit but in-
volved only a small number of participants and provide only lim-
ited data on long-term abstinence. More definitive evidence from
larger trials with longer follow-up is needed to clarify the role of
reduced nicotine cigarettes as an aid to smoking cessation.

Introduction

Most current smoking cessation strategies involve an abrupt
end to smoking followed by the use of pharmacotherapy such as
nicotine replacement therapy (NRT) or varenicline to mitigate
tobacco withdrawal symptoms. These pharmacotherapies target
the problem of biochemical nicotine dependence. However,
they fail to address the non-nicotine components of tobacco
smoking (Rose, 2006) such as motor and sensory stimuli (e.g.,
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the tactile action of puffing on a cigarette, the sensation of
smoke in the mouth and throat) and the presence of other psy-
choactive substances in tobacco smoke beside nicotine (such as
acetaldehyde; Belluzzi, Wang, & Leslie, 2005; or monoamine
oxidase inhibitors). Such substances may strengthen depen-
dence through mechanisms such as potentiation of nicotine’s
rewarding effects on the mesolimbic dopaminergic pathway
(Anthenelli, 2005).

Cessation strategies that address both aspects of depen-
dence—nicotine and non-nicotine—could potentially enhance
quitting success. For example, cigarettes with reduced nicotine
content (defined as the amount of nicotine in unburnt tobacco)
could theoretically be helpful in the lead up to stopping smok-
ing, by extinguishing the association between the act of smoking
cigarettes and receipt of nicotine. Alternatively or in addition to
this pathway, such cigarettes might work by making it easier for
smokers to cope with nicotine withdrawal by continuing to pro-
vide exposure to the non-nicotine addictive components of to-
bacco smoke and smoking behavior.

Fifteen years ago, Benowitz and Henningfield (1994)
hypothesized that progressive reduction in nicotine in cigarettes
may reduce nicotine dependence in established smokers. In a
recent study testing this hypothesis, Benowitz, Jacob, and Herrera
(2006) undertook a semi-blinded cross-over study involving 12
smokers of 10 or more cigarettes/day and asked them on six
occasions to smoke 5 cigarettes with progressively decreasing
nicotine content (from 10.1 to 0.6 mg per cigarette) and de-
creasing nicotine yield (the industry’s machine-derived measure
of nicotine produced by the combustion of a cigarette—from
0.89 to 0.13 mg per cigarette). However, the cigarettes still had a
moderate tar yield (the machine-based measure of tar released
from the combustion of a cigarette—between 9.6 and 11.5 mg
per cigarette). Measures of dependence decreased with decreas-
ing nicotine content and yield, and there was little evidence of
compensatory smoking (smoking in such a way as to maintain a
desired level of nicotine throughout the day generally achieved
by increasing puff frequency and intensity; Russell, 1987) even
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when the cigarettes with the very lowest nicotine content were
smoked.

Reduced nicotine cigarettes (RNCs) use tobacco altered by
genetic modification technology or selective breeding and are
commercially available as the Quest brand, cigarettes marketed
by Vector Tobacco Inc. in the United States. Quest 1, 2, and 3
cigarettes have average nicotine contents of 8.9, 5.1, and 1.0
mg per cigarette, respectively, and nicotine yields of 0.6, 0.3,
and <0.05 mg per cigarette, respectively. However, the level of
tar is the same in all three strengths (10 mg per cigarette, similar
to the level in regular cigarettes), so one would not expect a large
degree of compensatory smoking to occur as a person changed
from Quest 1 to 2 and 3 cigarettes. However, one small (n = 50)
randomized trial suggested that compensatory smoking does in
fact occur in subjects asked to smoke only one cigarette at each
level (with puff volume greatest in those smoking Quest 3;
Strasser, Lerman, Sanborn, Pickworth, & Feldman, 2007).
Alarger trial involving longer term use of Quest found compen-
satory smoking occurred only “in the early stages of weaning
using Quest 1 and Quest 2 cigarettes” (Becker, Rose, & Albino,
2008). The authors of this research concluded that smokers may
attempt to compensate for the reduced nicotine content when a
certain threshold of nicotine content is crossed but that, when
the nicotine content is sufficiently low, compensatory smoking
does not occur.

The development of low—nicotine yield cigarettes has been
of interest to tobacco companies since the early 1970s, but for
marketing rather than health reasons (Dunsby & Bero, 2004).
Many brands of low—nicotine yield cigarettes are currently mar-
keted around the world, using descriptors such as “light” and
“mild” and claiming to be less addictive than standard ciga-
rettes. However, these products are designed with extra ventila-
tion holes in and above the filter to deliver diluted smoke (and
thus less tar) compared with regular cigarettes when smoked by
(or as would) a machine (Kozlowski et al., 2006). Furthermore,
these cigarettes often contain reconstituted or expanded tobacco
and are wrapped in more porous paper, leading to a faster burn
rate. By blocking the ventilation holes or altering the puff rate
and/or intensity, smokers can readily increase the nicotine intake
per cigarette and receive far higher doses of nicotine than the
reported machine-derived yields would indicate (Benowitz,
2001; Hammond, Fong, Cummings, & Hyland, 2005; Norton
etal., 2008). In contrast, nicotine content is unable to be altered
by cigarette design features or manipulated by smoker behavior.
Nicotine content may therefore provide a more accurate reflec-
tion of true nicotine exposure than nicotine yield.

RNCs deliver a low dose of nicotine in undiluted smoke
with the same amounts of tar as in standard cigarettes. This
characteristic of RNCs confers an advantage because compensa-
tory smoking may occur if both nicotine and tar are lowered, as
in low—nicotine yield cigarettes (Benowitz et al., 2007; Dixon,
Kochhar, Prasad, Shepperd, & Warburton, 2003; Hasenfratz,
Baldinger, & Battig, 1993; Robinson, Pritchard, & Davis, 1992;
Rose & Behm, 2004; Scherer, 1999).

Given the need for new approaches to cessation, the theo-
retical reasons why RNCs may have potential as a cessation aid,
and recent renewed interest in tobacco content regulation, we
undertook a literature review to identify studies that investigated
the effect of RNCs on quit rates.

We searched three electronic databases: Medline (1970-December
2008), Embase (1980-December 2008), and the Cochrane
Central Register of Controlled Trials (2008); reference lists of
all identified papers and tobacco-related conference proceed-
ings were searched for relevant studies using the search terms
“reduced nicotine cigarettes,” “nicotine-free cigarettes,” and
“denicotinized cigarettes.” Only studies that reported quit rates
and involved cigarettes that were low in nicotine content were
selected for this review. Both unpublished and published studies
were sought, with no restriction on language of publication.
Authors were contacted where necessary to clarify understanding
of the study design and data.

Five relevant studies were identified: a case series (Benowitz
et al., 2007) and four randomized controlled trials (Becker et al.,
2008; Hatsukami, 2008; Rezaishiraz, Hyland, Mahoney,
O’Connor, & Cummings, 2007; Rose, Behm, Westman, &
Kukovich, 2006).

In their case series, Benowitz et al. (2007) asked 20 smokers
to smoke cigarettes ad libitum with progressively lower nicotine
yield (from 0.8 mg down to 0.1 mg) and content (from 10.1 mg
down to 0.6 mg) over a 5-week period, with participants fol-
lowed up to 10 weeks. Markers of exposure to carbon monox-
ide, cardiovascular biomarkers, cigarette consumption, and
polycyclic aromatic hydrocarbons (PAH) remained stable over
time. However, excretion of urinary 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanol (NNAL) decreased by about 20% over
time. NNAL is a known carcinogen and metabolite of
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone, a carcino-
genic tobacco-specific nitrosamine. Although this study did not
aim to study cessation rates, 5 (25%) participants had stopped
smoking (biochemically validated) 4 weeks after the end of the
reduction period, despite not intending to do so at study entry.
The tar yield of the cigarettes remained at a moderate level over
the study period (7.8-10.9 mg per cigarette), and no compensa-
tory smoking was detected, as measures of tobacco smoke bio-
markers (carbon monoxide and PAH metabolites) and cigarette
consumption were stable. Although the study had a number of
limitations (small sample size, no control group, and only short-
term cessation rates), the findings point to the possibility that
gradual reduction in nicotine in cigarettes could increase cessa-
tion rates and suggest that nicotine content can be progressively
decreased without compensation.

In an unpublished trial (http://www.clinicaltrials.gov,
website # NCT 00777569) involving 167 participants, Hatsukami
(2008) compared the quitting efficacy of Quest 2 cigarettes,
Quest 3 cigarettes, and 4-mg nicotine lozenges. Over a 6-week
period, there was evidence of reduced NNAL exposure for all
three groups, a greater reduction in carbon monoxide exposure
in the Quest 3 cigarettes compared with Quest 2 cigarettes, and
reduced nicotine dependence in the lozenge and Quest 3 groups
(but no change in the Quest 2 group). A significant difference
was found in 4 weeks continuous abstinence rates among the
different products for Weeks 9-12 (21% in Quest 2, 43% in
Quest 3, and 28% in the lozenge group, p = .04). This result



needs to be interpreted with caution, however, given the modest
sample size. It is also unknown whether the quit rates were
validated.

Three small clinical trials suggest that in combination with
NRT, RNCs may help smokers to dissociate nicotine delivery
from smoking and thus increase their chances of quitting (Table 1).
One study reported validated continuous abstinence rates at 4
weeks of 50% in 18 heavy smokers (>20 cigarettes/day) using
noncommercially available denicotinized cigarettes donated by
Philip Morris (which had a tar content of 9 mg and nicotine
yield of 0.08 mg per cigarette) when required, plus a 21-mg NRT
patch for 2 weeks prior to quitting compared with 23% in those
using denicotinized cigarettes and a placebo NRT patch (n=17;
Rose et al., 2006). However, the authors of the study acknowl-
edge that the study had a small number of smokers in each in-
tervention group (n = 14-18) and a large number of treatment
groups (thus more chance of a Type I error); and because
mecamylamine was used as a precessation treatment, the study’s
generalizability is limited.

In the second trial involving heavy smokers (>20 cigarettes/
day), 2 weeks of using Quest 3 cigarettes (estimated to be no
more than one pack per day, and no standard cigarettes) com-
bined with a 21-mg nicotine patch prior to quitting resulted in
less frequent and less intense cravings for cigarettes in the
2-week period before and after the designated quit date, in com-
parison with the group that received Quest 3 cigarettes alone for
2 weeks prior to quitting (Rezaishiraz et al., 2007). The reported
quit rates did not differ significantly between the groups at
3 and 6 months. The study was small (n = 98), a third of par-
ticipants were lost to follow-up, it was unblinded, and biochem-
ical validation of self-reported quit rates was not undertaken.

A more recent blinded trial involving 346 dependent smok-
ers (who smoked an average of >15 cigarettes/day) measured
quit rates across three groups (Becker et al., 2008). One hundred
and sixteen smokers in Group 1 were asked to smoke Quest 1
ad libitum for 2 weeks, then Quest 2 ad libitum for 2 weeks, then
Quest 3 ad libitum (plus 21-mg nicotine patch) for 2 weeks, fol-
lowed by use of decreasing strength NRT patches for 10 weeks
(i.e., 21, 14, and 7 mg, placebo). A second group (n = 116) fol-
lowed the same process but used a placebo NRT patch, while a
third group (n = 114) smoked standard cigarettes in the first
6 weeks (with a placebo patch for the last 2 weeks), followed by
use of decreasing strength NRT patches for 10 weeks (i.e., 21, 21,
14, and 7 mg). A significantly higher validated quit rate at
4 weeks was seen in smokers using Quest ad libitum plus 21-mg
nicotine patch (33%) compared with standard cigarettes plus
nicotine patch (22%, p = .04). Four-week validated quit rates
were not found to differ between the group smoking Quest
ad libitum plus placebo patch (16%) and the group assigned to
standard cigarettes plus a nicotine patch (22%, p = .89). There
was significant loss to follow-up (30%) in this trial which, when
combined with the small sample size, may have resulted in the
nonsignificant difference in abstinence rates (actual data not
available) reported at 3 and 6 months.

Only two of the five studies provided data on adverse events.
The largest trial reported three serious adverse events, of which
none were considered to be treatment-related (Becker et al.,
2008). The three other trials did not report on adverse events
(Hatsukami, 2008; Rezaishiraz et al., 2007; Rose et al., 2006).

Nicotine & Tobacco Research

The case series study reported no evidence of an increased risk
profile in terms of cardiovascular biomarkers over the 10-week
study period (Benowitz et al., 2007).

Our literature review suggests that progressive reduction in the
level of nicotine in cigarette tobacco can reduce the level of
nicotine dependence in smokers, with minimal compensatory
smoking (when the lowest nicotine content cigarettes are
smoked, i.e., Quest 3) and without adverse effects. Further-
more, it appears that if smokers use NRT in combination with
RNCs, short-term quit rates are greater than if RNCs are used
alone.

The lack of any adverse health effects associated with RNC
use in the above trials contrasts with recent in vivo research,
which postulated that RNCs may increase the risk of harm
(Girdhar, Xu, Bluestein, & Jesty, 2008). This research consisted
of two studies to investigate whether nicotine modulates plate-
let activation (with platelet activation state assessed using a
standard marker, P-selectin)—one involving 32 smokers and
one involving 32 nonsmokers. Subjects in the nonsmoking
group were exposed (alternating groups) to secondhand smoke
from either medium-nicotine cigarettes (Quest 1, 0.6 mg nico-
tine yield) or low/zero-nicotine cigarettes (Quest 3, <0.05 mg
nicotine yield) over a 1.5-hr period on each of 2 successive
days, with smoke at levels similar to that found in a smoky bar.
Exposure to secondhand smoke increased platelet activation
state in both groups by 60% (p < .01), but there was no signifi-
cant difference between the groups (p > .09). After all subjects
in the smoking group had smoked three medium-nicotine cig-
arettes (Quest 1) over an hour, 16 subjects were randomized to
smoke five more of the same cigarettes over a 1- to 2.5-hr pe-
riod, which led to a 33% increase in platelet activation state
(p < .01). The other 16 subjects smoked five low/zero-nicotine
cigarettes (Quest 3) over a 1- to 2.5-hr period, resulting in a
94% increase in platelet activation state (p < .01). The differ-
ence between the two groups was also significant (p < .02).
Based on these findings, the authors concluded that “cigarette
nicotine modulates platelet activation in vivo in smokers” and
therefore may “moderate the risk of cardiovascular disease
caused by non-nicotine smoke components,” and thus RNCs
may be harmful. The authors of this research do acknowledge
that these studies were small, compensation was not measured
in the smokers on low/zero-nicotine cigarettes, and the study
measured only platelet activation (as a marker for thrombo-
genesis and cardiovascular disease).

This review is limited by the possibility that some relevant
trials may not have been identified. Furthermore, the studies
that were identified involved selected groups of “normal” smok-
ers, and the success of this nicotine reduction strategy may be
influenced by individual differences in rates of nicotine metabo-
lism, such as that seen in smokers with psychiatric comorbidi-
ties or pregnant women. Despite these issues, further
investigation of RNCs as a cessation aid is warranted. Specifi-
cally, adequately powered clinical trials with at least 6-month
follow-up are needed to clarify the true strength and direction
of any association. A small trial (n = 154) involving progressive
reduction in the nicotine content of cigarettes over 6 months,



Reduced-nicotine content cigarettes

“950¢ = dn-Mof[0J 0} SSO] YIUOUI XIS,

“UOTPI[RA [EDTWAYDOIQ ON )b 24T 0) PAIAPISU0D d1om Juawssasse 0 Jo11d skep £ ayy) ur sanaredid ou payouus oym a[dodd,

*(8unsa) apIXOUOUI UO]IRD) UOTIBPI[EA [RITUWAYI0Iq Aq pauLIyuod @3ep b woiy (ynd e uaad Jou) Surjours ou se pauyap UAUNSQY,

-apareSn 1od Suwr 7 = ppeid sunjootu 9pered 1od Swr [ = ppaik ey, 'sa0N

“»(par1odarjou eiep)
PAIOU 2T0M STUOWI 9 1O ¢ J&
$9JBI DUUNISAE UT SIIUIJIP
JueoyTuSIs A[[eonsnels oN

(68" = d) [onuod

JAT)OR UI 047 snsiaA dnoid
yored oqaoed + 3san) Ut 9491

‘(%0 = d) jonuod

JAT)IR UI 047 snsiaa dnoid
yred N + 1890 Ul 9¢¢

*(Surpasunod [enprarpur pue
suorssas dnoig) uonuaAIayur
[BIOTABYDQ B PIATIAI [V

‘mbysod yojed ogaoed jo
syoam (T pey dnois suofe Jsany)

“dnoig jonuoo
21O pue DN snid jsanp)
ur ymbysod syaam ()1 103 pasn

*(0qaoerd 10) yoyed TN SWI 17 JO 95N PIAJOAUT
SOOM 7 JSBT "SHPIM 7 J0] pasn (Suams 1sang) yoeq

(separedid feuriou Junjowrs) 0IU0d
aAT)o® sns1A yojed oqaoerd snyd (¢ pue <z T)

Pulq

(SYP2M F & 20UIUTISqE SNONUTIUOY) mSuans Suronpar jo yojed TIN 159nQ) sns1oA Yojed TN snid (¢ pue g 1) 1sand) oF¢ a[qnop ‘pazruopuey (8007) ouIq[Y 33 @50y TN
(yureoyTUSIS 10U) [OIIU0D UT 0417
dnoi3 juouryean ur 9487 *(Surpasunod [enprarpur pue
LSYIuow 9 suo1ssas dnoid) uonuaAIAuI
1e e 3mb payrodar-gjag [BIOTARYQ B PIATIIAI [[Y
(yureoyTUSIS 10U) [0IIU0D UT 9pF¢ "(Bwr / sypam 7
dnoi8 yuaunean ur gh¢y pueSw H1 Soom ¢ “Gurpmb oy 1or1d
LSYIUOW ¢ St 17 syoam F) yored TN $Y0aM 7 10J auo[e $a321e3D ¢ 1san7) papurjqun (£007) sSurwrwny x ouuo) O
1e 91 3mb payrodar-gjag ymbsod sxpam g 10J paATadaI [y sns1aa yoyed TN Sw 17 snyd sapareSo ¢ 3sand) 36 ‘paziwropuey ouotey ‘puelAq ‘ZeIrysrezay
"$)PaM F J0j 0qaoerd 1o Aep/Sur 1 :3mbysod
QUTIIR[ WD JSTUOZEIUE OTUT)0ITU JO sadA) om],
‘yored oqaoerd + “SUTUBIM JO SYIIM T U} ‘SYI2M |
$9301310 PAZIUT}OOTUIP U 04¢T 10§ 3w g 30 ‘77 <0 :3mbasod yojed jo sad4y saryg,
yoyed DN Sw 17 + "S)OIM 7 10}
$9301310 PAZIUT}OOTUIP U 040G 0qaoerd 1o Swr 17 3mbaxd yojed jo sad4) omy, saparedn o} Jou
"$)IM 7 J0J PAZIUT0OTUAP JO ,2UTI0JTU PUe Te) nq yojed o) puryq (9007) yo1AONY
(SY29M F J& DUIUTISqE SNONUTIUOY) “3UT[2SUN0D JOTIq PIATIAI [V mor ‘ensn :3mbaid sapareSio jo sad4y sary, ¢ a[qnop paziwopuey 3 “‘UBTIISIM ‘WD S0y
$9Je1 JINY) UOTIUSAIUT JOY}(Q) uonuaAIu]  az1s djdureg udisoq s1oyIny

uonessad unjows o0} pie ue se

(LyYN) Adesay) juswade|day aunodIN Yyum uoneuiquiod ul sa)yadesid aunodiu pasnpad Jo sjeld) paziwopued jo Alewwns T ajqel




followed by 6 months use of cigarettes with the lowest nicotine
content is currently under way in the United States
(http://www.clinicaltrials.gov, website # NCT00264342) with a
planned completion date of June 2010. A large, pragmatic com-
munity-based trial (involving 1,410 participants) started re-
cruitment in New Zealand in April 2009 and is investigating the
use of RNCs (Quest 3) with concomitant NRT-based cessation
products (patch, gum, and/or lozenge) on cessation rates at
6 months (www.anzctr.org.au, ACTRN12608000410358). De-
tailed information on smoking patterns related to the long-term
use of the RNCs, smokers attitudes to the RNCs, and adverse
event data will also be reported on in this trial. Cost-effectiveness
analysis is also planned if the intervention is shown to be supe-
rior to standard treatment.

Data from these new trials are particularly relevant in light of
the recent move to give the U.S. Food and Drug Administration
authority to regulate tobacco products, in particular the enforce-
ment of standards to make cigarettes less harmful, such as by re-
ducing nicotine yields (Curfman, Morrissey, & Drazen, 2008).
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