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Abstract

Aims: To determine effects of concurrent smoking and nicotine replacement therapy
(NRT) use on reported heaviness of smoking, nicotine (cotinine) body fluid and exhaled
air carbon monoxide (CO) concentrations.

Methods: Systematic review and meta-analysis of RCTs, which test interventions per-
mitting concurrent NRT use and smoking and comparing, within participants, outcomes
when smoking with those when smoking and using NRT concurrently. Measurements
included reported number of cigarettes smoked per day (CPD), body fluid cotinine and
expired air CO concentrations.

Results: Twenty-nine studies were included in the review. Meta-analysis of nine showed
that, compared with when solely smoking, fewer cigarettes were smoked daily when
NRT was used (mean difference during concurrent smoking and NRT use, -2.06 CPD
[95% CI = -3.06 to -1.07, P < 0.0001]). Meta-analysis of seven studies revealed a non-
significant reduction in exhaled CO during concurrent smoking and NRT use (mean dif-
ference, -0.58 ppm [95% Cl = -2.18 to 1.03, P = 0.48]), but in the three studies that
tested NRT used in the lead-up to quitting (i.e. as preloading), a similar reduction in
exhaled CO was statistically significant (mean difference, -2.54 ppm CO [95% Cl =
-4.14 to -0.95, P = 0.002]). Eleven studies reported cotinine concentrations, but meta-
analysis was not possible because of data reporting heterogeneity; of these, seven
reported lower cotinine concentrations with concurrent NRT use and smoking, four
reported no differences, and none reported higher concentrations.

Conclusions: People who smoke and also use nicotine replacement therapy report smok-
ing less heavily than people who solely smoke. When nicotine replacement therapy is
used in the lead-up to quitting (preloading), this reported smoking reduction has been
biochemically confirmed. There is no evidence that concurrent smoking and nicotine

replacement therapy use result in greater nicotine exposure than solely smoking.
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BACKGROUND AND AIMS

Smoking is a major international public health problem. Unfortunately,
tobacco use still leads to preventable morbidity and mortality world-
wide [1]. In 2020, 22.3% of the global population used tobacco, caus-
ing smoking-related deaths in half of users, amounting to 8 million
deaths per vyear, including 1.2 million non-smokers exposed to
second-hand smoke. There is a male predominance in tobacco use;
36.7% of the world’s men and 7.8% of women smoked in 2020 [2].
Additionally, of 1.3 billion tobacco users, 20% live in developed coun-
tries and the vast majority, ~80%, live in low- and middle-income
countries [2]. The economic cost of the smoking epidemic is high, esti-
mated as between 1% and 3.4% of gross domestic product in Canada,
Australia and the United States (US) [3]. Clearly, given the harms out-
lined above, people who smoke have the greatest chance of prevent-
ing further harm and improving their health if they stop smoking
completely. However, many people who smoke cannot quit, and for
them, smoking fewer cigarettes could be better for their health than
‘smoking as usual’. For example, there is a strong dose-response rela-
tionship between heaviness of smoking and death from cardiovascular
disease [4], which is very likely causal [5].

As using nicotine replacement therapy (NRT) alongside smoking has
been demonstrated to help achieve abstinence, smoking treatment
guidelines such as those produced by the National Institute for Health
and Care Excellence in England recommend this as a cessation strategy.
NRT used to cut down smoking by people with no immediate plans to
stop induces long-term abstinence measured at least 6 months later
(RR = 1.87, 95% Cl = 1.43-2.44) [6]. Similarly, people who are still smok-
ing, but also use NRT 2 to 4 weeks before their quit dates (‘nicotine pre-
loading’) are also more likely to stop smoking (RR = 1.25, 95% Cl = 1.08-
1.44) [7]. However, although NRT used like this helps smokers to quit,
the effects of using NRT and smoking concurrently on short- to medium-
term tobacco smoke exposure are unclear. It is possible that when people
smoke fewer cigarettes, they take longer, deeper puffs, inhaling more
tobacco smoke per cigarette, therefore, minimising potential benefits to
their health [8].

This review aims to understand how concurrent use of NRT and
smoking affects heaviness of smoking and nicotine and CO exposures.
To achieve this, we searched for trials testing NRT used as preloading, or
for smoking reduction, comparing measures of these three exposures at
baseline (i.e. when smoking) and shortly after participants were offered

trial interventions (i.e. when using NRT and smoking concurrently).

METHODS

We followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) methods [9], and a protocol has been

published [10]. We included RCTs, which tested interventions permit-
ting concurrent NRT use and smoking in studies either aiming at
smoking reduction or ‘preloading’ studies that report data on the ini-
tial period of concomitant period of smoking and NRT use before the
quit date. Participants were adults who concurrently smoke and use
NRT. There was no restriction on NRT type (inhalers, gums, patches).
Studies had to report nicotine (cotinine) or exhaled carbon monoxide
(CO) concentrations or reported numbers of cigarettes per day before
and after intervention. A scoping review indicated there were likely to
be sufficient RCTs to answer review research questions, so observa-
tional studies were excluded. However, where secondary analyses of

RCT data presented relevant data, these were included.

Search strategy

We developed a draft MEDLINE search strategy and adapted this for
EBSCO and Web of Science (see Appendix S1); the draft strategy was
optimised against its ability to find three studies that we knew should be
included in the final review. This final strategy was run in MEDLINE,
Embase, PsycINFO, Maternity and Infant Care Database (MIDRIS),
CINAHL and Social Sciences Citation Index (SSCI) databases. We also
manually searched for studies in the US National Library of Medicine
Clinical Trials database (www.ClinicalTrials.gov/), the World Health Orga-
nisation International Clinical Trials Registry Platform (www.who.int/
trialsearch) and the ISRCTN Registry (http://www.isrctn.com/). Addition-
ally, we searched relevant pharmaceutical company registries
(e.g. https://www.gsk-clinicalstudyregister.com/) and the Cochrane data-
base and reviewed studies cited in relevant Cochrane reports and in the
reference lists of included studies. There were no language restrictions,
and searches were conducted from 1980, after which the first RCTs test-
ing NRT were reported and were concluded by December 2021.

Study selection and data extraction

We imported title and abstract records into Covidence review man-
agement software [11], and at least two of four co-authors (R.C.,
T.C., RT. and K.C.) independently assessed each record whether
corresponding full texts should be retrieved. Where an assessor
was uncertain, they discussed this with another assessor to achieve
consensus; if after discussion there was no consensus, a full text
was sought. At least two of five co-authors (R.C., S.O., K.C,
R.T. and T.C.) independently assessed each full text to decide on
inclusion; where assessments diverged, they achieved consensus
through discussion.

We designed a data extraction form within Covidence, and, for

each included study, at least two of six co-authors (R.C., S.O, K.C.,
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R.T., T.C. and A.P.) independently extracted general study data, in
details setting and design, the number of follow-up points; participant
numbers and their characteristics; dose(s) and type(s) of NRT issued

any instructions on how NRT should be used.

Outcome data

From each study, we extracted data from two or more intervention
groups (i.e. a control group that did not use NRT and at least one
group that did). We used data from two or more time points: baseline,
before intervention (i.e. when participants only smoked) and at least
one after the intervention was offered (i.e. when participants smoked
and used NRT). At all time points, we extracted the reported number
of cigarettes smoked per day (CPD), concentrations of CO in expired
air and the concentration of nicotine or cotinine (as nicotine’s main
metabolite) in bodily fluids, with the timing of smoking or NRT use rel-
ative to samples being taken. At follow-up time points, where possi-
ble, we noted the numbers of participants providing these data. These
data were usually reported within trial groups, but if any longitudinal,

‘within-person’ data were available, we also extracted these.

Risk of bias assessment

Risk of bias was assessed by one co-author (A.P.) using RoB-2 tool [12]

for RCTs and robvis tool [13] for visualisation.

Statistical analysis

Study characteristics and extracted variables were summarised using
standard descriptive statistics. Continuous variables were expressed
as means and SD, and categorical variables were expressed as fre-
quencies or percentages. Meta-analyses of continuous variables were
expressed as mean difference (MD) with a 95% CI. A random-effect
model and the Mantel-Haenszel method were used.

Tests of heterogeneity were conducted with the Q statistic dis-
tributed as a x? variate (assumption of homogeneity of effect sizes).
The extent of between-study heterogeneity was assessed with the 12
statistic. Funnel plots were used to assess publication bias for the pri-
mary outcome. P-values were two-tailed, with values <0.05 consid-
ered statistically significant.

All analyses were implemented using Excel and Review Manager
5.4.1 software.

Ethics

As no participants were recruited to this secondary analysis of pub-

lished work, ethical approval was not required.

sSAL

RESULTS

Searches identified 12 590 citations, and 5797 duplicates were
removed. A total of 6793 titles and abstracts were screened, of which
6644 were considered irrelevant, leaving 149 records for which we
sought complete manuscripts. Three could not be retrieved; therefore,
146 reports were assessed for eligibility, and 29 studies were included

in the review. (Figure 1)

Included studies and participants

Tables 1 and 2 give full details of included studies that recruited
participants in Taiwan [14], South Africa [15], Hong Kong [16],
New Zealand [17, 18], Korea [19], the United States [20-31] and
Europe (including the United Kingdom) [31-41]. Five studies
recruited people who smoked with only particular characteristics,
including serious mental health problems [14], cardiovascular [27]
or chronic obstructive pulmonary disease [30], adolescents [24] and

pregnancy [39, 40].

Interventions

Seven studies assessed the use of NRT gum or patches as prepara-
tion for stopping smoking in a period before quit dates (preloading)
[15, 20-22, 32, 33, 42], and in 17 NRT use was aimed at achieving
smoking reduction [14, 16, 17, 19, 24-29, 34-38, 43, 44]. ‘Tradi-
tional’ cessation studies in which NRT is only used from a quit
date onward were generally excluded. However, we included five
cessation-orientated RCTs, which reported findings from subgroups
of participants who continued to smoke, as they contained vari-
ables of interest and did not fit our exclusion criteria [30, 39-41,
45]. Two of these papers were conducted among pregnant women
[39, 40].

Risk of bias

Overall, we assessed 29 studies for risk of bias, which revealed
19 (65.5%) studies with low risk of bias, nine (31%) studies with
some concerns and one study (3.5%) with high risk of bias. Of
seven preloading studies, five (71.4%) studies had low risk of bias,
and two (28.6%) has some concerns. Of five RCT secondary ana-
lyses, three (60%) studies had low risk of bias, one (20%) has some
concerns and one (20%) has a high risk of bias. Of 17 reduction
studies, 11 (64.7%) studies had low risk of bias and six (35.3%) had
some concerns. One study had a high risk of bias in one domain;
however, it was not included in the meta-analysis; therefore, no
sensitivity analysis was required. Further details are presented in

Figure S1.
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for Systematic Reviews and Meta-
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study selection.
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Outcomes

Among the seven preloading studies, the preloading period lasted for
2 to 8 weeks before quit dates, and follow-up data used collected at
1 to 3 weeks post-randomisation. All studies reported information
about CPD and exhaled CO, but none presented data on cotinine con-
centrations (Table 1).

Among the 17 reduction studies, follow-up data used in the
review were collected between 2 weeks and 12 months post-
randomisation. Twelve studies reported exhaled CO concentrations,
16 CPD and eight cotinine concentrations (Table 2).

Among the five studies describing post hoc analyses of RCT data,
follow-up data used in the review were collected between 2 weeks
and 6 months post-randomisation. Three studies reported exhaled CO
concentrations, five CPD and four cotinine concentrations (Table 2).

CPD

Nine studies reported CPD at baseline and at follow-up following the
offer of intervention; these included six reduction studies [16, 24, 27,
29, 36, 40] and three preloading ones [22, 32, 42]. A total of 2649 of
4523 (58.6%) participants who completed follow-up received NRT,
whereas the remaining participants received placebo or another non-

NRT-based intervention.

Analysis of all studies (i.e. NRT for smoking reduction and pre-
loading) revealed a MD of -2.06 CPD (95% Cl = -3.06 to -1.07,
P < 0.0001); for reduction studies, the MD was -1.77 CPD (95% CI =
-3.29 to -0.25, P = 0.02), and for preloading studies, this was -2.58
CPD (95% Cl = -3.81 to -1.35, P < 0.001) (Figure 2). Heterogeneity
was moderate for reduction studies, 12 = 44%, and minimal for pre-
loading ones, as a particularly large study drove preloading analyses
findings (n = 1792, 46.1% of total participants in this analysis) [32].
The publication bias is represented graphically (Figure S2).

Among 20 studies not included in the meta-analysis, 12 reported
CPD changes in varying detail; in 11, there was a reduction in CPD,

and in one, there was no evidence of difference. (Tables 1 and 2).

co

Seven studies reported CO concentrations at the baseline and follow-
ing intervention, including four reduction studies [16, 24, 27, 40] and
three preloading ones [22, 32, 42]. A total of 2207 of 3658 (60.3%)
participants who completed follow-up in the relevant study arm
received NRT, whereas the remaining participants received placebo or
other non-NRT based intervention.

The publication bias is represented graphically (Figure S3).

Across all studies, there was a non-significant reduction in CO
concentrations (MD = 0.58 ppm, 95% ClI = -2.18 to 1.03 ppm). The
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(Continued)

TABLE 1

Number of

participants (loss to

follow-up)

Length of

Cotinine

CPD (number)

CO (ppm)

Study groups

FU

preloading

Inclusion criteria

Author, year, country

NA

FU: -45%
FU: -35%
FU: -36%

FU: -21%
FU: -17%
FU: -4%

830 (NA)
817 (NA)
831 (NA)

NRT 4 mg gum

218 y; interest in quitting

Shiffman et al. [21],

NA

Placebo 2 mg gum

smoking using gradual
reduction in 30 days

2009, USA

NA
NA

Placebo 4 mg gum

BL: 19.65 + 10.6
FU:21.8 + 13.18

BL: 23.2 + 10.6

(NA)

59

21 mg or 14 mg NRT patch,

2 w after BL

6w

218 y; CPD 25; CO 210 ppm or

Smith et al. [22],

FU:24.3 +12.2

matched to smoking

heaviness

urinary cotinine >2000 mg/

mL; no intention to quit
within 30 days; <3 days

2019, USA

SSA

NA

BL: 17.94 £ 8.15
FU: 20.59

BL: 23.9 £ 12.0

61 (NA)

Usual cigarettes

FU:23.7 + 11.7

abstinence in previous 30

PODLASEK ET AL.

+10.23

Abbreviations: BL, baseline; CO, carbon monoxide; CPD, cigarettes per day; FU, follow-up; NA, not available; NRT, nicotine replacement therapy; PTSD, post-traumatic stress disorder; QD, quit date; UK, United

Kingdom; USA, United States of America; w, weeks; y, years.

analysis revealed a non-statistically significant MD of 0.14 ppm CO
(95% Cl = -1.21 to 1.49 ppm, P = 0.84) among reduction studies and
significant MD of -2.54 ppm CO (95% Cl = -4.14 to -0.95 ppm,
P = 0.002) among preloading ones (Figure 3). There was minimal het-
erogeneity for both reduction and preloading studies.

Among the studies not included in the meta-analysis, 13 provided
data on exhaled CO concentrations in varying detail. In 10 studies,
compared to when solely smoking, CO concentrations were lower
when smoking and using NRT, and in three, there was no evidence of
difference (Tables 1 and 2).

Cotinine

The 11 studies that provided on cotinine concentration data reported
this with varying detail and format, such as percentage changes or
mead reductions, so studies’ findings could not be aggregated in a
meta-analysis. Seven reported reductions in cotinine concentrations
during concurrent use, and in four, there was no evidence of differ-
ence in these compared with when only smoking. None of the studies
reported increase in cotinine when using NRT concurrently with
smoking (Table 2).

DISCUSSION

This review collates all trials reporting short-term effects of NRT used
for preloading or smoking reduction on reported and validated levels
of tobacco smoke exposure and cotinine concentrations. These treat-
ment strategies both involve NRT use while still smoking and both
resulted in lower reported heaviness of cigarette smoking, which, for
NRT preloading, was validated by concurrent reductions in exhaled
CO concentrations. It was not possible to meta-analyse studies
reporting nicotine (cotinine) exposures before and after treatments,
but there was no evidence of nicotine over-exposure from studies’
findings considered narratively.

Studies were conducted in varied settings in different countries
and comparators were diverse and included placebo, snus, very low
nicotine content cigarettes and behavioural interventions. Neverthe-
less, our analyses of 29 studies including 13 807 participants pro-
duced consistent findings, suggesting an underlying phenomenon in
which NRT use substitutes for smoking. We did not formally assess
whether NRT side effects might contribute to treatment discontinua-
tion or how these might be mitigated, as nicotine has already been
shown to be a safe treatment for smoking cessation [7, 46].

A possible limitation of this review is that RCT data were treated
as if collected for cohorts, and as review outcomes were not primary
RCT outcomes, there was substantial loss to follow-up. Bias in out-
come ascertainment might have affected study findings, but it is diffi-
cult to predict in what way. It is likely, however, that study
participants retained in studies for follow-up would be those who
were actively using trial interventions, and it is in this group of trial

participants that determining intervention effects on relevant
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NRT WHILST SMOKING - META ANALYSIS

(Continued)

TABLE 2

Number of participants
(not completed + loss to

follow-up)

Author, year,
country

Cotinine

CPD (number)

CO (ppm)

Study groups

FU

Inclusion criteria

FU change: -5.7

NRT patch (mental illness/

Secondary analysis of the

O’Brien et al. [45],

+63/-74+7

FU change: -9.9

no mental illness)

ASCEND trial
>18 y, motivated to quit

2015, New
Zealand

NA

NA

35/260

Electronic cigarette (mental

+7/-94+71

FU change: -4.7

illness/no mental illness)

NA

NA

12/61

Placebo electronic cigarette

+3.5/-8.3
+59

(mental illness/no mental

iliness)

Abbreviations: BL, baseline; CO, carbon monoxide; CPD, cigarettes per day; COPD, chronic obstructive pulmonary disease; DSM-1V, Diagnostic and Statistical Manual of Mental Disorders Fourth Edition; FU,
follow-up; IQR, interquartile range; NA, not available; NRT, nicotine replacement therapy; QD, quit date; UK, United Kingdom; USA, United States of America; VLNC, very low nicotine content; w, weeks; y,

years.

sSAL =

exposures is most relevant. Hence, review findings are likely general-
izable to people who actually use NRT for preloading or smoking
reduction after being offered these interventions. Funnel plots sug-
gest that for CPD and exhaled CO outcomes, small studies with either
positive or negative findings might be missing. However, in recent
years, mandatory trial registration means that most started trials are
published, negating the likelihood of any publication bias markedly
affecting findings. Another criticism, which can be levelled both at
included RCTs and analyses that aggregate their findings, is that of
having limited external validity. However, as relatively consistent find-
ings were reported across studies set in different health systems, gen-
eralisability may be reasonably robust. Finally, as included RCTs NRT
only used patches and gum, findings cannot necessarily be extrapo-
lated to other modes of NRT administration. As nicotine dosage varies
with the mode of NRT administration, so other nicotine delivery sys-
tems, like NRT inhalators or e-cigarettes, might have different effects
on exposure to tobacco smoke or nicotine [47].

Study strengths are that we used a systematic approach so that
for the first time, short-term, but relevant impacts of NRT used for
preloading and smoking reduction are summarised together. Cochrane
reviews have evaluated the effectiveness of NRT preloading [7] and
smoking reduction [46] on smoking abstinence, but this is the first
review to systematically investigate effects of these cessation strate-
gies on tobacco smoke and nicotine exposures. The Cochrane review,
which investigated NRT preloading focussed primarily on abstinence
outcomes and did not report any of the outcomes we sought [7]. The
review of reduction-orientated studies did include CPD and CO out-
comes, reporting that people using NRT for smoking reduction were
more likely to report smoking 50% or 75% fewer cigarettes at follow-
up (RR, [95% CI] = 1.75 [1.08-2.83]) [46]. However, this only included
two studies reporting exhaled CO concentrations, and these could not
be aggregated, so no validation of self-reported CPD data through
meta-analysis of CO concentrations was possible. Neither previous
review included body fluid concentration of either nicotine or cotinine
as outcomes.

Our finding that reported lighter smoking with NRT was validated
by lower CO concentrations for NRT used as preloading, but not for
cutting down smoking is novel, as is our narratively reported observa-
tion that when NRT was used as preloading or for smoking reduction,
there was no evidence of increased nicotine exposure. Studies gener-
ally offered NRT for smoking reduction to people who had previously
failed to stop smoking, whereas preloading NRT was offered to peo-
ple preparing to quit, so motivational differences in trial participants
could explain the apparently greater impact of preloading NRT on
heaviness of smoking. Another potential explanation for this is the dif-
ferent instructions about NRT use given in preloading and reduction
studies. When preloading, people were mostly advised to use NRT
instead of some cigarettes before a quit date, whereas in many
‘reduction’ studies, participants were told to ‘smoke as normal’. A
caveat is that, when NRT was used as preloading, although reported
heaviness of smoking was reduced in all three meta-analysed studies,
the reduction in exhaled air CO concentrations was observed in only

one [32]. Although this study was large and well conducted, it remains
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14
ADDICTION

NRT no NRT Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
1.1.1 reduction studies
Chan, 2011 -104 157 928 .81 148 226 151% -4.30[-6.48,-212)
Claire, 2019 6 95 146 -6 102 122 133%  0.00[-2.38,238) —_—
Etter, 2002 -108 112 265 -87 10 269 196% -2.20[-4.00,-0.40) —_—
Hanson, 2008 63 78 67 62 81 36 81% -0.10[-3.34314) —_—
Joseph, 2007 -84 207 78 -54 176 74 26% -3.00[9.10,3.10) —
Rennard, 2006 141 164 177 -134 158 154 72% -0.70[4.17,277) ———
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FIGURE 2 Forest plot of the mean difference between the baseline and follow-up in the number of cigarettes smoked per day.
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Total (95% CI) 2207 1451 100.0% .0.58[.2.18,1.03)

difference between the baseline and

4 3 | + "

Heterogeneity: Tau*= 1,87, Chi*= 11,08, df= 6 (P = 0.09), "= 46%
Testfor overall effect: Z=0.70 (P = 0.48)
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that biochemical validation of lighter smoking reported in the three
studies is driven by this sole study. More data from future studies are
required for greater certainty.

This review provides reassurance for using NRT alongside smok-
ing as a means of smoking reduction or cessation; findings suggest
that NRT administered in these ways is more likely to decrease than
increase either tobacco smoke or nicotine exposures in the immediate
period after use commences. Although it was not possible to meta-
analyse cotinine data, and no studies reported increased concentra-
tions following intervention, it seems highly unlikely that either use of
NRT would lead to dangerous overexposure to nicotine. Most people
who receive support to help them stop smoking are not successful;
however, these data emphasise that clinician’s fears about harming
quitters who fail should not deter them from suggesting NRT as pre-
loading or for smoking reduction to assist cessation, even for people
whom they suspect have slim chances of becoming abstinent.

Study findings could help facilitate trials of either NRT preloading
or NRT for smoking reduction in pregnancy. In pregnancy, heavier
maternal smoking causes greater fetal harm; for example, there is

- - } 4
Favours NRT Favours no NRT

4 follow-up in the exhaled carbon

monoxide (CO) concentrations.

growing evidence for a dose-dependent association between maternal
smoking and fetal weight [48, 49]. Animal studies suggest nicotine
exposure is harmful [50], although human studies have found no evi-
dence that nicotine from NRT is more harmful to the foetus than
smoking [51]. However, as neither tobacco smoke nor nicotine expo-
sure was increased by either use of NRT, trials of both strategies to

help pregnant smokers should be considered ethical.

CONCLUSIONS

People report smoking less when they use NRT, and this seems to
occur without a concomitant increase in nicotine exposure. When
people use NRT as ‘preloading’, to prepare for a quit date, reported
lighter smoking is reflected in lower exhaled CO concentrations.
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