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Abstract:

Despite an increased understanding of nicotine addiction, there is a
scarcity of research comparing the neural correlates of non-drug reward
between smokers and ex-smokers. Long-term changes in reward-related
brain functioning for non-drug incentives may elucidate patterns of
functioning that potentially contribute to ongoing smoking behaviour in
current smokers. Similarly, examining the effects of previous chronic
nicotine exposure during a period of extended abstinence may reveal
whether there are neural correlates responsible for non-drug reward
processing that are different from current smokers. The current study,
therefore, set out to examine the neural correlates of reward and loss
anticipation, and their respective outcomes, in smokers, ex-smokers and
matched controls using a monetary incentive delay task during functional
MRI. Here we report that in the absence of any significant behavioural
group differences, both smokers and ex-smokers showed a significantly
greater activation change in the lateral orbitofrontal/anterior insular cortex
compared to smokers when anticipating both potential monetary gains and
losses. We further report that ex-smokers showed a significantly greater
activation change in the ventral putamen compared to both controls and
smokers, and in the caudate compared to controls during the anticipation
of potential monetary losses only. The results suggest that smoking may
sensitize striato-orbitofrontal circuitry subserving motivational processes
for loss avoidance and reward gain in nicotine addiction.




Page 1 of 34 Addiction Biology



Addiction Biology Page 2 of 34

Reviewer: 2

Comments to the Author

This is a revision of an article detailing brain response differences between smokers, ex-smokers and
non-smokers using the monetary incentive delay task. The authors did a great job addressing
previous concerns and clarifying the analysis methods.

A major limitation of the study is the sample size which could only be addressed by recruiting more
subjects, despite this limitation the study is the first step towards dissociating theoretical models of
reward processing in smokers.

The inclusion of the mask in the supplemental materials is helpful, however, the inclusion of the
whole-brain analysis in the supplemental materials would be helpful (although not necessary). The
exploratory whole brain analysis demonstrates that the ROl approach did not miss any key reward
processing regions.

New Author Response: We have now included the ROI mask as a supplementary figure.
Reviewer: 1

Comments to the Author
Summary

This report titled ‘Smokers and ex-smokers have shared differences in the neural substrates for
potential monetary gains and losses’ tests the neural correlates of reward and loss anticipation and
outcomes via the Monetary Incentive Delay task during fMRI in current cigarette smokers, ex-
smokers, and non-smoking young adults. This reviewer continues to have no major concerns, but
there were some responses that may require further thought and elaboration (outlined below)
before this paper is accepted for publication.

Materials and Methods
fMRI Data Analysis

1. Coregistration and normalization: it is possible that, due to imperfection/imprecision of standard
coregistration and normalization algorithms in standard fMRI statistical packages such as FSL,
activations could appear in lateral OFC, but may actually originate from anterior insula or other areas
in close approximation to lateral OFC. This could have consequences on the interpretation of the
data (see Stoeckel et al., Addiction Biology, 2015) for brief discussion of this point and a suggested
alternative coregistration and normalization approach, which should result in improved
coregistration and normalization). This reviewer is not recommending that it is necessary to use this
approach, but this issue should be addressed in some way — either with additional analyses or in
text.

Author Response: We have reported the peak voxel coordinates that come from a cluster in the OFC
following cluster-based unpaired t-test analyses in FSL when searching for group differences across
the OFC and striatal (caudate, putamen and nucleus accumbens) ROl mask taken from the Harvard-
Oxford atlas. We acknowledge that these OFC clusters also appear to cover the anterior edges of the
insula, which likely comes from the Harvard-Oxford OFC masks partially abutting the anterior insular
cortex. We also now refer to the activations as the OFC and the insula throughout the results and
discussion sections. We used FLIRT (FMRIB's Linear Image Registration Tool), which is a fully
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automated tool for linear (affine) intra- and inter-modal brain image registration in FSL. We also
acknowledge that this method of registration might not be the most optimal for anatomical
localisation. We are happy to acknowledge this as a potential limitation, and mention the anterior
insular cortex as a region where the group differences may also be emerging. We have now inserted
the following text under limitations in the discussion as follows:

“Imperfections of standard coregistration and normalization algorithms in FSL may also mean that
the group differences reported in the lateral OFC may also have included a contribution from the
anterior insular cortex, which is implicated in addiction, particular relapse.”

Reviewer Response: It would be helpful if the authors provided more detail about the implications
for activations originating from lateral OFC vs. anterior insula, as there are quite different functions
in these different networks. For example, anterior insular networks may have special relevance for
nicotine addiction (vs. addiction more broadly). The information in the Discussion should be added
to the Introduction and the paper should be revisited to entertain potential hypotheses for what
would be expected if activation changes were driven by lateral OFC vs. anterior insula networks (or
both). The localization issue is not just a limitation, but may have implications for how these data are
interpreted. More attention and thought should be given to this, especially given this was a concern
raised by both reviewers.

New Author Response: We have now inserted the following information into the introduction:

“Previous and sustained substance use may also have a sensitizing effect in regions connected to,
but outside, the striatum, such as the insular and orbitofrontal cortices, that represent
motivational drive (Goldstein et al., 2007) and emotional and interoceptive states (Critchley et al.,
2004; Terasawa et al., 2013).”

We have also entered the updated the discussion to include the following:

“Activations originating in the anterior insular cortex (versus the lateral OFC) may further suggest
that there is a disproportionate weighting of interoception in response to cues that signal non-
drug rewards. This weighting may represent a sensitization of the lateral insular cortex by previous
nicotine exposure, which through its connections with the OFC, represents a heightened
motivational drive (Goldstein et al., 2007) and emotional and interoceptive state (Critchley et al.,
2004; Terasawa et al., 2013) during non-drug reward expectancy.”

2. Motion parameters: there is no mention of whether groups were compared on motion
parameters or other outlier volumes in the fMRI data that could differ by groups. Please discuss.

New Author Response: The groups did not differ with respect to motion. We have inserted the
following text in the results section as follows:

“Finally, we did not observe any differences in motion (mean absolute displacement in millimetres)
between the groups (F=1.4; df=37, 2; p=0.3; control 0.21 *+ 0.03; smoker 0.28 + 0.05; ex-smoker
0.29 + 0.03) when acquiring the MID images.”
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Results

1. FTND scores are roughly equivalent between current and ex-smokers. This must be a mistake as
ex-smokers should not have an FTND score mean ~3. Please discuss.

Author Response: The FTND score in ex-smokers is a retrospective score acquired during screening
that reflects the dependence level of the ex-smokers when they were active smokers. We thought
that it was important to match smokers and ex-smokers on this measure in order to allay concerns
regarding the influence of former dependence levels on any potential neural differences that
emerged between the two groups. We have now reported this rationale in the methods section
(under questionnaires) as follows:

“We also administered the FTND to ex-smokers, retrospectively, in order to match their previous
levels of nicotine dependence (when they were active smokers) to current smokers. The rationale
for this was to eliminate previous dependency levels in ex-smokers as a potential contributing factor
to neural differences with smokers.”

Reviewer Response: The authors should also acknowledge the limitations of a retrospective
reporting of FTND in ex-smokers, and should list (if the information is available) the mean and range
in years since the last cigarette (to provide the reader with some sense for how much
“remembering” was needed to report retrospective FTND). It is possible that these reports are quite
inaccurate.

New Author Response: Information about average abstinence (time since last cigarette) is in table
1. We have also calculated the range of nicotine abstinence and entered this information into the
results section (under demographics) as follows:

“The ex-smoker group had been abstinent from nicotine, on average, nearly 85 weeks (range: 52-
180 weeks) at the time of testing.”

We acknowledge that there may be some limitations to retrospectively recording a FTND score
(i.e. inaccuracies in remembering in the ex-smoker); although as we state, the rationale was to
match ex-smokers on their previous levels of nicotine dependence (when they were active
smokers) to current smokers, and this was the only viable way in which to do so. We have,
however, now inserted the following text under limitations in the discussion as follows:

“There may also have been a limitation of retrospectively recording previous dependency in our
ex-smoker sample, given the large range of abstinence, potentially contributing to some
inaccuracies in remembering.”

2. FTND scores are in the low to moderate dependence range for current smokers, possibly due to
the mean age of this group (young adults). This should be addressed in the Discussion section,
especially how this may limit generalizability to more dependent and/or older smokers.

Author Response: We have discussed this as a limitation in the discussion as follows:
“The levels of dependency, for example, may reflect the young age of the smoker and ex-smoker

groups, where a modest exposure to nicotine may have a sensitizing effect on brain circuitry
subserving motivational and reward processes. These relatively modest levels of dependency,
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therefore, may curtail the generalizability of the current findings to greater levels of nicotine
dependence that are observed in older adults.”

Reviewer Response: The authors should also add that this may curtail generalizability of the current
findings to more dependent smokers in addition to “older” smokers (i.e., there is a confound
between age and nicotine dependence).

New Author Response: We have now modified the previous insertion as follows:

“The levels of dependency, for example, may reflect the young age of the smoker and ex-smoker
groups, where a modest exposure to nicotine may have a sensitizing effect on brain circuitry
subserving motivational and reward processes. These relatively modest levels of dependency,
therefore, may curtail the generalizability of the current findings to greater levels of nicotine
dependence that are observed in older adults (i.e. the confound between age and nicotine
dependence).”

Discussion

1. There is no direct comparison of drug and non-drug reward and loss anticipation and outcome.
This may limit how these data can inform the relative importance of drug vs. non-drug reward
alterations related to nicotine addiction. This is also a relatively low-to-moderately dependent
sample, which also limits interpretation of these data. This should be discussed.

Author Response: We have now discussed the low-moderate nicotine dependence levels of the
smoker and ex-smoker samples under limitations in the manuscript (also see above). A previous
study comparing 13 current cigarette smokers, 10 ex-smokers and 13 controls (Nestor et al., 2011)
did examine neural responses to drug cues (i.e. cigarette images). That study showed that exsmokers
had significantly less BOLD activation change compared to smokers (but not controls) in the ventral
striatum while viewing smoking images. These are the same subjects, apart from two additional
volunteers recruited into the smoker and control groups. While we cannot make a direct comparison
of drug and non-drug rewards in this study, we can speculate the same ten ex-smokers appeared to
have a neural shift in the attribution of incentive salience between “drug” and non-drug reward. The
inclusion of a drug condition, whereby cigarettes could also have been received as rewards (i.e. drug
rewards), we believe, would not have been appropriate or ethical in the abstinent

(ex-smoker) group. Therefore, we have inserted the following text in the discussion to address the
reviewer’'s comment:

“Interestingly, this same sample of ex-smokers demonstrated reduced activation changes in the
ventral striatum compared to smokers while viewing smoking stimuli (Nestor et al., 2011),
suggesting a neural shift in the attribution of salience between drug and non-drug predictive cues in
the striatum during abstinence.”

Reviewer Response: Again, given there is no direct comparison with non-drug reward, it is not clear
to this reviewer that this conclusion can be made. In addition, this language does not clearly
differentiate what is added by the current study (vs. the cited Nestor et al., 2011 study) in this area.
It is this reviewer’s opinion that this should clearly be stated as a limitation (vs. making a speculative
statement not based in data). If there are data to support this contention, the case needs to be
made more clearly.
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Figure 3. Mean BOLD signal change in the control, ex-smoker and smoker showing that a) ex-smokers (**p<0.01) and smokers (*p<0.05) had
greater activation changes in the orbitofrontal/insular cortex compared to controls; b) ex-smokers had greater activation changes in the
putamen compared to both controls (*p<0.001) and smokers (*p<0.05); c) ex-smokers (*p<0.05) had greater activation changes in the caudate
compared to controls during the loss anticipation condition and d) ex-smokers and smokers had greater activation changes in the
orbitofrontal/anterior insular cortex compared to controls (*p<0.05) during the gain anticipation condition. Data were analyzed using a one-way
analysis of variance. Data are expressed as means + SEM.
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Table 1. Mean and SEM for the control, ex-smoker and smoker groups on demographic, smoking
and alcohol use history (Tdenotes score prior to abstinence).

Control Ex-smoker Smoker
(n=15) (n=10) (n=15)

Age 23.8+1.2 254+1.6 233+1.2
Years of Education 18.1+0.4 17.9+0.9 16.5+0.5
Verbal Intelligence Score (NART) 123.4+1.1 123.2+1.0 121.5+1.0
Females/Males 7/8 7/3 9/6
Years of Alcohol Use 74+1.2 9.0+15 76+1.1
Alcohol Use in the Last Month (no. days) 8.1+1.6 6.6 +1.6 83+12
Alcohol Use Age Onset (Years) 155+1.2 16.4+0.6 158+ 0.6
Years of Nicotine Use 71+1.7 71+13
Pack-Years 59+15 6.2+1.5
Number of Cigarettes/Day 16.0 + 2.5 16.0+1.2
Nicotine Abstinence (wks) 84.8 +13.6 0.0+0.0
Subscales of Shiffman/Javik Withdrawal Scale

Craving 34+0.2 3.5+0.3
Physical Symptoms 20+0.3 1.6+0.2
Psychological Symptoms 34+01 3.0+0.2
Sedation 3.8+0.2 3.0+0.2
Appetite 2.0+0.3 3.7+04
Total Score 144 +0.7 149+0.8
Fagerstrom Score 34+ 0.1" 3.5+0.2
Urge to Smoke Score 12.3+1.1 39.4+42

Expired Carbon Monoxide (ppm) 3.0+0.0 3.0+0.0 15.2+0.8"
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Regions of Interest (ROI) Mask

Supplementary figure 1. Striatal and orbitofrontal regions taken from the Harvard-Oxford cortical and subcortical structural atlas, grouped
together into one ROI mask. Higher-level (between-group) analyses were conducted using FLAME (FMRIB's Local Analysis of Mixed Effects).
Significant clusters in this ROl mask of a priori regions were determined by thresholding at Z>2.3 with a corrected (FWE) cluster significance
threshold of p<0.05.



