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Abstract

Background—The Food and Drug Administration is considering a mandated reduction in the
nicotine content of cigarettes. Clinical trials have been limited by non-study cigarette use
(noncompliance), which could mask compensation. The goal of the present study was to assess
whether compensation occurs when smokers provided with very low nicotine cigarettes cannot
access normal nicotine cigarettes.

Methods—In a within-subjects, crossover design, current smokers (n=16) were confined to a
hotel for two four-night hotel stays during which they were only able to access the research
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cigarettes provided. The hotel stays offered normal nicotine cigarettes or very low nicotine content
(VLNC) cigarettes, in an unblinded design, available for ‘purchase’ via a study bank.

Results—In the context of complete compliance with the study cigarettes (n=16), there was not a
significant increase during the VLNC condition for cigarettes smoked per day, expired carbon
monoxide, or N-acetyl-S-(cyanoethyl)-L-cysteine (cyanoethyl-MA, metabolite of acrylonitrile).
There was a significant nicotine x time interaction on urine N-acetyl-S-(3-hydroxypropyl)-L-
cysteine (hydroxypropyl-MA, metabolite of acrolein), driven by an increase in the VLNC
condition during the first 24-hrs. By the end of the VLNC condition, there was no evidence of
compensation across any measure of smoking or smoke exposure.

Conclusions—Among current smokers who exclusively used very low nicotine content
cigarettes for four days, there was no significant compensatory smoking behavior.

Impact—These data, combined with the larger body of work, suggest that a mandated reduction
in nicotine content is unlikely to result in an increase in smoking behavior to obtain more nicotine.

Trial Registration: clinicaltrials.gov Identifier: NCT03311646

Introduction

In 2009, the Family Smoking Prevention and Tobacco Control Act provided the United
States (U.S.) Food and Drug Administration (FDA) with the authority to regulate tobacco
productst. Because nicotine is the primary addictive constituent in cigarettes, an FDA-
mandated reduction in the nicotine content of cigarettes could reduce the prevalence of
smoking, thereby dramatically improving public health2. In 2018, the FDA released an
Advanced Notice of Proposed Rulemaking formally announcing their interest in a mandated
nicotine reduction policy3. Evidence from clinical trials investigating nicotine reduction is
encouraging. Several studies show that assignment to very low nicotine content (VLNC)
cigarettes reduces the number of cigarettes smoked per day (CPD) and nicotine dependence
and increases attempts to quit smoking#-S.

A critical concern is that smokers might respond by increasing their smoke intake—through
increases in cigarette consumption and/or changes in puffing behavior—to obtain more
nicotine (i.e., compensation). If compensation occurs, corresponding increases in smoke and
toxicant exposure could undermine the positive effects of nicotine reduction®. Prior studies
have shown that when smokers switch to highly ventilated cigarettes that deliver less
nicotine (i.e., light cigarettes), they compensate for the reduction in nicotine yield, largely
maintaining their nicotine exposurel®-13, However, VLNC cigarettes have a much lower
nicotine yield than traditional cigarettes due to large reductions in the actual nicotine content
of the tobacco. Clinical trials using VLNC cigarettes report increased puff volume across the
first few cigarettes’#15 but over a period of several weeks, participants smoke fewer—not
more—CPD and have reduced biomarkers of toxicant exposure4-816.17,

One possible reason that smokers in clinical trials do not compensate for the loss in nicotine
in VLNC cigarettes is the ease of access to normal nicotine content (NNC) cigarettes. In
preceding studies of VLNC cigarettes, most participants were not fully compliant, despite
being given explicit instructions to only smoke the study cigarettes provided by the trial,

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 October 01.


https://clinicaltrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Smith et al.

Page 3

with lower rates of compliance in low nicotine groups than in control groups*18. Non-
compliance during clinical trials may mask compensatory smoking that would occur if NNC
cigarettes were unavailable, as would be the case within an FDA-mandated reduction. The
goal of the present study was to assess compensatory smoking under the context of exclusive
access to VLNC cigarettes using an unblinded, within-subjects design in a naturalistic
setting. Participants were confined to a hotel with access to only experimental cigarettes
(VLNC or NNC).

Materials and Method

Design

In a within-subjects design, all participants completed two four-night hotel stays during
which they were only able to smoke research cigarettes provided to them by study staff. The
two hotel stays were separated by a one-week period during which participants smoked as
normal. During the first stay, the study research cigarettes had 15.8 mg nicotine/g tobacco
(normal nicotine content, NNC week, control condition). During the second stay, the study
research cigarettes had 0.4 mg nicotine/g tobacco (very low nicotine content, VLNC week).
All participants completed the conditions in a fixed order (i.e., NNC week first) because in a
mandated policy, all smokers would transition from NNC to VLNC cigarettes. Participants
completed the procedures as part of one of two cohorts in 2018 (Cohort 1 n=6, Cohort 2
n=10). In order to better model smoking conditions in the real world, participants
“purchased” all cigarettes from a study cigarette store using a study bank. Requiring
participants to purchase cigarettes also reduces the likelihood that participants might smoke
at their maximum rate during both study weeks if there are no restrictions on smoking (i.e., a
ceiling effect). Study cigarettes were matched to participants’ menthol preference. Written
consent was obtained from all participants, and the study was conducted in accordance with
the Belmont Report and approved by the Medical University of South Carolina Institutional
Review Board.

Unblinded design

Participants

Neither participants nor research staff were blind to the nicotine content of the cigarettes,
consistent with the idea that smokers in the U.S. would not be blind to a regulatory
intervention implemented by the FDA. Participants were told the nicotine content of their
assigned cigarette when they arrived at the hotel each week. In the NNC condition,
participants were told “All of the cigarettes provided to you and all other participants during
this hotel stay have a normal nicotine content. The nicotine content is about the same as
what would be available in a typical cigarette purchased on the market today.” In the VLNC
condition, participants were told “All of the cigarettes provided to you and all other
participants during this hotel stay have a very low nicotine content. The nicotine content is
about 97% less than what would be available in a typical cigarette purchased on the market
today.”

Daily smokers were recruited from the Charleston, South Carolina area. Participants were
screened on the phone or via a REDCap survey for initial eligibility before being invited to
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an in-person lab session. Participants provided informed consent and were screened for
eligibility. Inclusion criteria included: a) at least 18 years old; b) smoking at least five
cigarettes daily for the past month (CO>8; if CO<8 ppm, then urine cotinine concentration >
2000 ng/mL (NicAlert test=6)); c) smoking <30 cigarettes daily for the past month (to
ensure participants had the potential to increase their smoking while in the hotel, d)
willingness to stay in a local hotel for two four-night stays during the prearranged dates; €)
no use of illegal drugs excluding cannabis. Exclusion criteria included: a) interest in quitting
smoking in the next two months; b) unwillingness to use research cigarettes as part of the
trial; c) use of non-cigarette tobacco products, binge drinking, or self-reported illicit drug
use > 9 days in the past month; d) pregnant, trying to become pregnant, or breastfeeding; €)
current use of nicotine replacement therapies or other pharmacotherapies for the purpose of
stopping smoking; and f) any medical or psychiatric condition that rendered the participant
unable to fully participate in the study or which posed a safety issue.

Hotel Phase Procedures

Prior to each hotel stay, participants arrived at the research clinic for intake at 11AM on
Monday morning (Day 1) to complete baseline procedures. Participants provided a fresh
urine sample to verify no use of illicit drugs (except cannabis) and non-pregnancy.
Participants were instructed to not bring any tobacco products with them to the hotel and
their belongings were searched for contraband by study staff (i.e., non-study tobacco,
alcohol, illicit drugs, unmarked medications, weapons). Participants were then transported to
the hotel via shuttle service. Participants arrived at the hotel at 2:30 PM Monday (Day 1) and
remained at the hotel until 12:30 PM on Friday (Day 5). Each participant was provided with
their own smoking-friendly hotel room. Departing the hotel for any reason resulted in study
withdrawal. Participants were required to stay at the hotel and could not have visitors.
During the day, participants were allowed to use hotel amenities as they wished (e.g., hotel
pool). At night, a curfew was enacted requiring participants to stay in their rooms
(9:00PM-7:00AM). Lunch and dinner were provided by a catering company, and breakfast
was served by the hotel. Alcohol or illicit drug use was not allowed. Some entertainment
was provided to mitigate boredom (e.g., puzzles, coloring, games), but participants were
encouraged to bring activities (e.g., books, computers) to keep themselves occupied.
Participants were asked to not fraternize with non-study hotel guests. Study staff were on the
hotel premises at all times and regularly patrolled the hotel.

Each hotel stay comprised approximately four 24-hour periods. Participants reported four
times per day—8AM, 12PM, 4PM, and 8PM for study check-ins. Participants were required
to collect all of their urine in 24-hr urine containers (returned at 12PM check in each day),
and to collect their first void urine separately (returned at 8AM check in each day). At each
check-in participants provided an expired breath CO sample (CoVita Miro+pro Smokerlyzer
Monitor) and had the opportunity to purchase cigarettes within the “cigarette store”. At
select check-in visits, participants completed self-report surveys via REDCap. Participants
collected all of their used cigarette butts (returned at 122PM on Days 2-5, 4 collections/
week). Participants who completed all aspects of the study could earn $885.
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30 days after participants’ second hotel stay, participants completed a follow-up call. The
primary purpose of these calls was to ask participants whether they used any non-study
tobacco products while at the hotel. Participants had already received payment and staff
emphasized that participant responses would not impact their compensation or participation
in any way.

Cigarette Store

Measures

Spectrum research cigarettes were provided by the National Institute on Drug Abuse?. Each
week, participants were provided with a $72.00 account balance for purchasing cigarettes,
which could be purchased one pack at a time at any check in. Each pack “cost” $6.00,
representing a price similar to the national average!®. Thus, the starting account balance
provided enough funds for participants to purchase up to three packs of cigarettes per day,
and participants could purchase no more than three packs in 24-hours. Participants were
instructed not to share their cigarettes with anyone else. At the end of each week,
participants returned any unused cigarettes for $0.30/cigarette, and any remaining account
balance was provided to the participants as additional compensation.

The primary outcomes were: 1) CPD; and 2) expired CO. The primary CPD assessment
utilized the returned cigarette butts from each participant, but a secondary analysis utilized
the total number of cigarettes purchased by each participant after subtracting those that were
returned at the end of the week (divided by 4 to standardize ‘per day’). Secondary outcomes
include urinary smoke exposure biomarkers, nicotine exposure biomarkers (urinary total
nicotine equivalents [TNES]), the 15-item Minnesota Nicotine Withdrawal Scale (MNWS), a
modified Questionnaire of Smoking Urges2? which assessed craving to smoke the study
cigarettes (QSU) (both assessed on Hotel Days 2-5 at 8AM), and a modified version of the
Cigarette Evaluation Scale (CES)?1, assessed at the first check in after participants received
the study cigarettes (Hotel Day 1, 8PM) and on the final day (Hotel Day 5, 8AM). TNEs
were calculated as the molar sum of nicotine, cotinine, hydroxycotinine, and nicotine-1’N-
oxide. Both QSU factors were analyzed (Factor 1: desire and intention to smoke; Factor 2;
relief from negative affect or withdrawal)22. The CES was analyzed using five empirically-
derived subscales as previously described?!. Urinary metabolites, including free and
glucuronide conjugated forms of nicotine metabolites as well as volatile organic compounds,
were measured by an isotope dilution high performance chromatography/tandem mass
spectrometric method (HPLC- or UPLC-MS/MS)23:24. The main text includes analysis of
two urinary smoke exposure biomarkers: acrolein metabolite N-acetyl-S-(3-hydroxypropyl)-
L-cysteine (hydroxypropyl-MA), and acrylonitrile metabolite N-acetyl-S-(cyanoethyl)-L-
cysteine (cyanoethyl-MA). Data for other urinary biomarkers of smoke exposure are
included in eTablel. Urinary analyses combined the 24-hr sample and first void sample to
report the total biomarker excreted during each 24-hr period (umol/day, 4 samples/
condition). Urinary analyses were completed at the Centers for Disease Control and
Prevention. Adverse events were assessed each morning or when spontaneously reported.
Adverse events were monitored at subsequent check-ins until resolved, or participants were
encouraged to follow-up with a primary care physician after the study. A licensed medical
professional was available for consult regarding adverse events when needed.
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Statistical Analyses

Results

Participants

CPD

An intended sample size of 20 smokers was chosen based on the expectation that it would
provide 80% power to detect an effect size of 0.65, corresponding to a 20% increase in
smoke and toxicant exposure, which would be consistent with compensatory increases in
smoking observed when smokers switch to ventilated cigarettes with reduced nicotine yield
(i.e., light cigarettes)10:25.26_ Data were analyzed using R (version 3.4.2)27. A linear mixed-
model was used. The model included terms for cigarette nicotine content (VLNC and NNC),
time, cohort, a random effect for subject, and a nicotine content x time interaction. A
significant nicotine content x time interaction indicates that the impact of using VLNC
cigarettes changed across the hotel week. If the nicotine content x time interaction was
significant at the a.=0.05 level, the pairwise VLNC versus NNC contrast was reported
separately for each timepoint. Otherwise, the interaction term was dropped from the model
and a single main effect for nicotine content was reported. For most outcomes, the time
variable is synonymous with day (CPD, urinary biomarkers, MNWS), but in some cases
there are more assessments (CO, 16 check-ins/week) or fewer assessments (CES, 2
assessments/week). Urinary biomarkers were log transformed prior to analyses and the
effect of nicotine content was summarized by the ratio of geometric means (RGM=VLNC/
NNC). Otherwise, the effect of nicotine content was reported as mean difference (MD) in
the outcome between conditions (VLNC-NNC). Because the purpose of this research was to
examine the potential for an unintended negative consequence of nicotine reduction, we
considered it more important to avoid Type Il error than Type 1 error. Thus, we did not
correct for multiple comparisons (a=0.05).

Figure 1 shows a CONSORT diagram of participant flow; Table 1 shows relevant
demographic and baseline smoking characteristics of the final sample. One participant
experienced chest pain during the NNC week. The participant was transferred to an
emergency room for evaluation but was given a diagnosis of indigestion and discharged
home. Because the participant left the hotel, they were withdrawn, and their data were
excluded from analyses. The final sample includes 16 participants.

There was no significant effect of nicotine content (MD=1.13, 95% C1=-0.41, 2.66, p=0.15),
and no nicotine content x time interaction on cigarettes smoked per day (0=0.23, Figure 2).
A secondary analysis compared the NNC and VLNC conditions for average CPD as
measured by total cigarettes purchased, and also did not indicate a significant effect of
nicotine content (MD=1.3, 95% Cl=-2.05, 4.64, p=0.42).

Smoke and Toxicant Exposure

There was no significant effect of nicotine content (MD=0.07, 95% Cl=-1.27, 1.4, p=0.92),
and no nicotine content x time interaction on expired CO (p=0.27, Figure 3). There was a
significant nicotine x time interaction on hydroxypropyl-MA (p=0.02). Follow up tests
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revealed that hydroxypropyl-MA was significantly increased during the VLNC condition for
the first 24-hr sample (RGM=1.53, 95% CI=1.01, 2.33, p=0.046), but not 24-hr samples 2-4
(RGM: 0.88, 95% C1=0.58,1.33, p=0.54; 1.35, 95% CI=0.90, 2.02, p=0.15; 0.68, 95%
Cl=0.46,1.03, p=0.07). There was no significant effect of cigarette nicotine content or
nicotine x time interaction on the 24-hr sample for cyanoethyl-MA (RGM=1.10, 95%
ClI=0.87, 1.39, p=0.45, interaction p=0.25). Data from other smoke exposure biomarkers are
reported in eTablel.

Nicotine Exposure and Compliance

Withdrawal,

The VLNC condition was associated with the expected decrease in nicotine exposure. There
was a significant nicotine content x time interaction on urinary TNEs (p<0.001). In follow-
up analyses, there was a significant decrease in the VLNC condition compared to the NNC
condition for 24-hr samples 2-4 (RGM: 0.34, 95% CI1=0.25, 0.46; 0.18, 95% CI1=0.13, 0.24;
0.08, 95% CI1=0.06, 0.11, ps<0.001).

All of the participants self-reported that they were 100% compliant with the study cigarettes
while staying in the hotel. In a previously published paper, cutoffs were established for
classifying study participants as completely compliant with VLNC cigarettes using estimates
of the 95t percentile for the distribution of urinary TNEs and urinary cotinine for compliant
individuals?8. For two of the 16 participants, the final 24-hr sample in the VLNC week
exceeded both of these cutoffs (TNEs and cotinine). A sensitivity analysis for all outcomes
was conducted after excluding these two participants, and the pattern of results is the same.
Results for the primary outcomes from this sensitivity analysis are shown in eTable3.

Craving, and Cigarette Subjective Effects

There was a significant increase in total MNWS scores associated with the VLNC condition
(MD=3.19, 95% CI1=1.77, 4.60, p<0.001), but the interaction with time was not significant
(p=0.95). However, there was no significant effect of nicotine content, or nicotine content x
time interaction on the QSU total score (MD=0.02, 95% CI=-0.2, 0.25, p=0.84, interaction
p=0.94), QSU Factor 1 (MD=-0.07, 95% CI1=-0.36, 0.23, p=0.65, interaction p=0.75), or
QSU Factor 2 (MD=0.12, 95% CI=-0.07, 0.30, p=0.22, interaction p=0.75).

For the CES, the VLNC cigarettes were rated significantly lower than the NNC cigarettes on
the Satisfaction (MD=-1.8, 95% CI=-2.31, —1.3, p<0.001), Enjoyment of the Sensations in
the Respiratory Tract (MD=-1.59, 95% Cl=-2.18, —-1.01, p<0.001), and Craving Relief
subscales (MD=-1.87, 95% Cl=-2.66, —1.09, p<0.001). For the Psychological Reward
subscale, there was a significant nicotine content x time interaction (p=0.02), and the VLNC
cigarettes were rated significantly lower than the NNC cigarettes on Day 1 (MD=-1.31,
95% CI=-1.85, —0.78), but not Day 5. The interaction between nicotine content and time
was not significant for any of the other subscales. There was no effect of nicotine content or
significant interaction for the Aversion subscale.

Adverse Events

There were no serious adverse events reported by any of the participants. There were seven
adverse events reported during the NNC condition, and 18 reported during the VLNC
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condition. The most commonly reported adverse events were also frequently reported events
in other nicotine reduction clinical trials® (e.g., cough, sore throat). There were no adverse
events rated severe by study staff. See eTable3 for a frequency table of all AEs reported.

Discussion

The data from this trial provide critical information about the impact of nicotine reduction
on compensation in the context of complete compliance with VLNC cigarettes (i.e., when no
other cigarettes are available). Prior studies examining the effects of nicotine reduction have
relied on self-determined participant compliance with use of reduced nicotine cigarettes and
have shown non-compliance with instructions*—6:8:16.29 The present study, using an
unblinded within-subjects design, sequestered smokers in a local smoking-friendly hotel and
allowed exclusive access to study cigarettes. There was no significant compensatory
smoking as measured by CPD or expired CO. Similarly, the majority of smoke exposure
biomarkers did not significantly increase during VLNC smoking. Across most outcomes,
treatment effects were in the direction of a slight increase during the VLNC condition (e.g.,
1.13 CPD increase in VLNC condition), and in Figures 2-4, it is clear that these small effect
sizes are driven by increases in smoking behavior and smoke exposure early in the hotel
phase (CPD, 2"d 24-hr collection; CO, Hotel Days 2-3). However, across all measures, by
the end of the hotel phase there was no evidence of compensatory smoking across any
measure of smoking or toxicant exposure. In sum, these data indicate that any compensatory
increases in smoking behavior are temporary, and within 96 hours, there is no evidence of
compensatory smoking.

There was a significant increase in withdrawal symptoms associated with the VLNC
condition, consistent with some®-30, but not all*16:31 clinical trials investigating nicotine
reduction. The study design would be expected to generate higher levels of withdrawal than
observed in clinical trials, and potentially greater withdrawal than would be seen following
implementation of a mandated policy because smokers in this study were unable to use non-
cigarette nicotine products (e.g., nicotine replacement, e-cigarettes). Importantly, no
participants left the hotel during the VLNC week due to withdrawal (or for any reason), and
the increase in total withdrawal symptoms was small (3.19-point increase on 0-60 scale),
indicating that withdrawal was mild. Participants also rated VLNC cigarettes as significantly
less satisfying, an effect which has been reported elsewhere32-34,

A strength of our study is that we captured multiple measures of smoke and toxicant
exposure. Additional strengths were the high degree of experimental control, naturalistic
setting provided by the hotel, use of a study bank for purchasing cigarettes, and the
unblinded design which mimics the real-world conditions following a mandated nicotine
reduction policy. However, there were several weaknesses that deserve attention. First, the
sample size was smaller than originally planned (n=20) because of the challenges associated
with recruiting for an inpatient study. However, the sample size is consistent with other lab-
based and within-subject design studies of smoking behaviorl%13, Furthermore, the
treatment estimates consistently show no effect by Day 4 across multiple measures of
smoking behavior and smoke exposure, and the confidence intervals are relatively small,
suggesting that a larger sample size is unnecessary (eFigurel). For example, by Day 4, there
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was a 1.19 cigarette decrease in CPD in the VLNC condition (95% confidence interval: 4.24
cigarette decrease, 1.87 cigarettes increase). Second, while the hotel setting provides a more
naturalistic research setting than a residential facility or other in-patient environment, it is
still somewhat artificial in comparison to the real-world setting of clinical trials that utilize
field trial methodology. Finally, we recognize that our study sample may not generalize to a
wider smoking population (e.g., limited racial diversity). In order to participate, participants
needed to be able to be sequestered from family, friends, and work for two four-night hotel
stays. This may have limited the representativeness of the final sample as many smokers
would have other obligations that made inclusion impossible.

In this trial, there was no evidence of compensatory smoking after four days of exclusive
VLNC cigarette use. These data are consistent with data from one previous trial showing
that smokers who exclusively received VLNC cigarettes over 11 days did not compensate3L.
There are a variety of differences between this trial and the previous one (between-subjects
design, double-blind, no study cigarette bank, setting)3!. However, both utilized a high
degree of experimental control and failed to find evidence of sustained compensation, which
provides reassuring replication across designs. These data are also consistent with those
from a variety of clinical trials which have not shown increases in CPD or smoke/toxicant
exposure associated with VLNC cigarettes®~716.29 Together, this trial and the body of work
surrounding nicotine reduction suggest that increased smoke and toxicant exposure as a
result of compensatory increases in smoking behavior is unlikely following a reduction in
nicotine to very low levels.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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408 Screened by Telephone or
Online
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54 Signed Informed Consent Form

154 Eligible but declined
155 Ineligible
51 Failed to Complete Screener

17 Initiated Hotel Phase

23 Ineligible
5 Withdrew for Personal Reasons
5 Lost to Follow Up
4 Withdrawn at Lab on Hotel Day 1
for Positive Drug Screen

1 Withdrawn for Chest Pain

16 Completed NNC Hotel Week

16 Completed VLNC Hotel Week

16 Completed 30-day Follow Up Call

Figure 1.

CONSORT diagram. One participant was withdrawn during the NNC week because they left
the hotel to be evaluated for chest pain. Analyzed sample included 16 participants.
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Figure2.
Cigarettes smoked per day during both conditions of hotel phase

A) Average cigarettes smoked per day during both conditions of the hotel phase. Each day
was calculated as the total number of cigarettes butts returned by the participants at the
12PM check in on Days 2-5. B) Mean change in average cigarettes per day during VLNC
week (VLNC-NNC, + 95% confidence interval)
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Figure 3.

Expired carbon monoxide for each check in during both conditions of hotel phase

A) Mean of expired carbon monoxide at each check in during both conditions of the hotel
phase. B) Mean change in average expired carbon monoxide during the VLNC week
(VLNC-NNC, £ 95% confidence interval). Breaks in the data indicate separate hotel days.
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Table 1.

Demographic and Baseline Smoking Characteristics n=16

Variable Level/Unit

Age Years, M (range) 38.87 (26-63)

Gender Male, n (%) 8 (50%)

Race White, n (%) 14 (88%)
Black, n (%) 1 (6%)

Ethnicity Hispanic, n (%) 2 (12.5%)

Education Some college or more, n (%) 8 (50%)

Menthol Status Menthol, n (%) 7 (44%)

CPD M (range) 14.75 (7-30)

Smoking I nitiation

Daily smoking age, M (range)

16.50 (10-19)

TNE nmol/mL, Geometric M (range) | 63.10 (29.5-169.8)
CcO ppm, M (range) 28.66 (12-63)
FTND M (range) 5.06 (2-10)
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