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attributable to the toxicants that smokers of cigarettes inhale, 
including the dependence-producing drug nicotine, gases like 
carbon monoxide (CO; Lakier, 1992), and carcinogens like 
tobacco-specific nitrosamines (Hecht & Hoffmann, 1989). Cigar 
smoking is also linked to cancer and other health disorders,  
and cigar smoke contains many of the same toxicants as  
cigarette smoke (Shanks & Burns, 1998). Despite these health 
concerns, cigar smoking is often mistakenly believed to be less 
lethal than cigarette smoking (Baker, Dye, Denniston, & Ain-
sworth, 2001). Additionally, unlike cigarette smoking, cigar 
smoking rates have not declined in recent years (U.S. Depart-
ment of Health and Human Services, 2008). In fact, the use of a 
certain type of cigar—the cigarillo—has increased substantially 
during the past 10 years (Maxwell, 2009). Cigarillos are gener-
ally 100–110 mm in length and 10–12 mm in diameter, and dis-
tinguished from other cigar products based on their tobacco 
content weight: 3–10 lbs/1,000 for cigarillos versus <3 lbs/1,000 
for little cigars and >10 lbs/1,000 for large cigars (Centers for 
Disease Control and Prevention, 2007). While the prevalence of 
these products increases, science lags behind: Little is known 
about cigarillo smoke toxicant exposure and effects. Prelimi-
nary findings (Pickworth et al., 2010) suggest that cigarillo 
smoking is associated with more CO but less nicotine than ciga-
rette smoking. No study, however, has examined the direct 
product effects or withdrawal suppression ability of cigarillo 
smoking. It was hypothesized that cigarillo smoking would pro-
duce increases in plasma nicotine, heart rate, and CO, as well as 
a variety of subjective effects, relative to a sham smoking con-
trol.

Methods
Participants
Ten men (six non-White) and six women (five non-White) 
completed this institutional review board–approved study.  
Participants were recruited from the greater Richmond com-
munity by advertisements and word of mouth. Participants 
were aged 18–55 years (M ± SD = 27.7 ± 10.8) and reported 
smoking five or more Black & Mild (B&M) cigarillos per month 
(1.9 ± 2.5 cigarillos/day) for 6 or more months (3.4 ± 3.5 years). 
Nine participants reported concurrent use of cigarettes, with an 
average of 11.7 ± 7.9 cigarettes/day for 8.3 ± 8.0 years for this 
subgroup. Cigarette smokers and nonsmokers did not differ  
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on any demographic characteristic, including race, gender, age, 
education level, frequency of B&M use, and other drug use  
(Fs < 3.2 and c2 < 6.9, ps > .05). Exclusion criteria included 
chronic health or psychiatric conditions, use of alcohol or mar-
ijuana more than 20 days in the past 30 days, use of any other 
illicit drugs, regular use of medications (except vitamins or birth 
control), and pregnancy or breast feeding.

Study Design and Procedures
Participants completed two counterbalanced 2-hr sessions: lit 
(ACTIVE) or unlit (SHAM) B&M, smoked twice per session 
with 60 min separating the two bouts. Sessions were separated 
by 48 or more hours and preceded by 12 or more hours of  
tobacco abstinence. Following verification of overnight absti-
nence (CO ≤ 10 ppm), a catheter was inserted into a forearm 
vein and recording of physiological measures commenced. 
Thirty minutes later, baseline subjective effects were rated, CO 
was measured, and 7 ml of blood was sampled. Next, partici-
pants were administered a condition-assigned B&M of their 
preferred flavor (9 = regular, 7 = wine) and tip type (9 = wood, 
7=plastic). The B&M was smoked over 5 min according to a 
standardized procedure: 10 puffs, 30-s interpuff intervals (IPIs). 
At 5, 15, 30, and 45 min post-smoking, subjective measures were 
assessed and blood and breath sampled. Sixty minutes after the 
first product use, this same pattern of events was repeated: ciga-
rillo administration with pre- and post-smoking assessment of 
subjective, CO, and blood measures. At the end of session, the 
catheter was removed and participants were paid $125.

Physiological Measures
Expired-air CO levels were measured via a BreathCo monitor  
(Vitalograph, Lenexa, KS). Blood samples were centrifuged and 
the plasma separated and stored at −70° C. Plasma was analyzed 
for nicotine using liquid chromatography-tandem mass spec-
trometry (modified version of Naidong, Shou, Chen, & Jiang, 
2001; see Breland, Kleykamp, & Eissenberg, 2006, for details). HR 
was measured every 20 s via noninvasive computerized equip-
ment (Model 507E; Criticare Systems).

Subjective Measures
Items for all subjective measures are presented in Table 1. Three 
questionnaires consisted of Visual Analog Scale (VAS) items: 
Hughes and Hatsukami (1986); Direct Effects of Nicotine Scale 
(DENS) assesses incidence of nicotine-related side effects: Evans 
et al. (2006); and Direct Effects of Tobacco Scale (DETS) assesses 
cigarette smoking effects: Foulds et al. (1992) word “cigarette” 
replaced with “B&M”). VAS items are presented as a word or 
phrase centered above a horizontal line that ranges from 0 (not 
at all) to 100 (extremely). Participants’ score is the distance of 
the vertical mark placed on the line from the left anchor, ex-
pressed as a percentage of total line length. The Tiffany–Drobes 
Questionnaire of Smoking Urges: Brief Form (Cox, Tiffany, & 
Christen, 2001) consists of 10 items rated on a 7-point scale 
(strongly disagree to strongly agree), collapsed into two factors: 
“intention to smoke” (Factor 1) and “anticipation of relief from 
withdrawal” (Factor 2).

Smoking Topography Measures
An adapted mouthpiece was used to fit the wider circumference 
of a cigarillo, as well as the plastic or wood tip. Specifically, par-
ticipants’ usual tip type was placed on the proximal end of the 

mouthpiece (for direct contact with smokers’ lips) and the ciga-
rillo was placed on the distal end. The mouthpiece was also was 
connected to a pressure transducer via tubing; inhalation-in-
duced pressure changes were amplified, digitized, and sampled 
at 1,000 Hz. Software (Borgwaldt, Richmond, VA) converts sig-
nals to air flow (ml/s) and integrates these data, producing mea-
sures of puff number, volume, duration, and IPIs.

Data Analysis
Due to human error or device malfunctioning, HR and topog-
raphy data are based on n = 14 participants. Plasma values be-
low the limit of quantification were replaced with 2.0 ng/ml. For 
each B&M bout, HR data were averaged into bins: 5 min prior 
to product administration (baseline), the first (+2.5) and last 
(+5) 2.5 min during smoking, and the first (+10) and second 
(+15) 5-min periods post-smoking. For subjective, CO, and 
blood measures, the timepoints were baseline and 5 (except 
CO), 15, 30, and 45 min post-administration for each smoking 
bout. These data were analyzed using a condition (2; ACTIVE 
and SHAM) by time (levels varied depending on measure) re-
peated measures analysis of variance. Topography data were 
averaged within each session to obtain a single value for each 
variable and analyzed using condition and bout (1, 2) as the 
within-subject factors. Huynh–Feldt corrections were used to 
adjust for violations of the sphericity assumption (Huynh & 
Feldt, 1976). Differences between means were examined using 
Tukey’s Honestly Significant Difference (HSD; Keppel, 1991) 
test. Comparisons for which p < .05 are reported as significant.

Results
Statistical analysis results for all measures are displayed in Table 1.

Physiological Measures
Carbon monoxide (Figure 1A) did not differ across timepoints 
for SHAM, but increased significantly at every timepoint for 
ACTIVE (p < .05, Tukey’s HSD), relative to baseline. Specifical-
ly, for SHAM, average (±SEM) CO levels were 4.9 ± 0.5 ppm at 
baseline and 4.2 ± 0.4 ppm by the end of session. For ACTIVE, 
CO levels were 4.3 ± 0.6 ppm at baseline but increased at 
15 min following the first (13.4 ± 1.7 ppm) and second (20.1 ± 
2.3 ppm) smoking bouts (all ps < .05, Tukey’s HSD). Average 
CO for ACTIVE was significantly higher than for SHAM at all 
timepoints (p < .05, Tukey’s HSD).

A significant interaction was observed for plasma nicotine 
(Figure 1B). Nicotine concentration for SHAM was 2.0 ± 0.0 ng/
ml at all timepoints (relative to baseline, all ns, Tukey’s HSD). 
Plasma nicotine for ACTIVE increased at every timepoint, rela-
tive to baseline, with the greatest increases observed 5 min after 
Bouts 1 (5.3 ± 0.8 ng/ml) and 2 (4.9 ± 0.9 ng/ml; p < .05, Tukey’s 
HSD). Additionally, nicotine levels at both 5-min post-smoking 
timepoints were significantly different between ACTIVE and 
SHAM (p < .05, Tukey’s HSD).

A significant interaction was also observed for HR. For 
SHAM, HR remained stable relative to baseline (71.1 ± 2.2 
bpm) at every timepoint (ns, Tukey’s HSD). For ACTIVE, how-
ever, HR increased significantly from baseline (70.3 ± 2.1 bpm) 
at 5 (80.7 ± 2.3 bpm) and 10 (79.2 ± 2.1 bpm) min following 
Bout 1 administration and at 5 (77.6 ± 2.6 bpm) min following 
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Table 1. Statistical Analysis Results for All Outcome Measures

Conditiona Timeb Condition × Time

F P F p F p

Physiological measures
 Plasma nicotinec 19.3 <.001 4.4 <.01 4.4 <.01
 Heart rated 14.2 <.01 16.3 <.001 10.0 <.001
 Carbon monoxidee 31.8 <.001 41.4 <.001 53.4 <.001
Subjective measuresc

 QSU Brief
  Factor 1 5.0 <.05 1.6 ns 4.5 <.01
  Factor 2 5.3 <.05 0.9 ns 2.8 ns
 Hughes–Hatsukami withdrawal scale
  Urges to smoke a B&M 5.1 <.05 1.1 ns 6.2 <.001
  Irritability/frustration/anger 2.1 ns 2.0 ns 3.4 <.05
  Anxious 2.3 ns 3.8 <0.5 1.8 ns
  Difficulty concentrating 0.3 ns 0.8 ns 0.5 ns
  Restlessness 2.7 ns 1.1 ns 1.0 ns
  Hunger 6.9 <.05 4.0 <.05 2.1 ns
  Impatient 3.1 ns 1.6 ns 2.9 <.05
  Craving a B&M 3.7 ns 1.3 ns 5.3 <.01
  Drowsy 5.2 <.05 1.3 ns 5.2 <.01
  Depression/feeling blue 1.7 ns 1.9 ns 1.3 ns
  Desire for sweets 2.3 ns 2.0 ns 1.4 ns
 Direct Effects of Nicotine
  Nauseous 1.7 ns 1.7 ns 1.5 ns
  Dizzy 5.6 <.05 1.0 ns 0.9 ns
  Lightheaded 5.5 <.05 1.7 ns 1.4 ns
  Nervous 1.0 ns 1.0 ns 0.8 ns
  Sweaty 0.0 ns 0.7 ns 0.5 ns
  Headache 1.0 ns 0.3 ns 1.3 ns
  Salivation 0.4 ns 0.8 ns 0.6 ns
  Heart pounding 1.8 ns 0.5 ns 0.2 ns
  Confused 0.0 ns 1.5 ns 1.2 ns
  Weak 0.4 ns 0.5 ns 0.6 ns
 Direct Effects of Tobacco
  Was the B&M satisfying? 9.2 <.01 14.6 <.001 4.9 <.001
  Was the B&M pleasant? 8.0 <.05 16.6 <.001 4.3 <.01
  Did the B&M taste good? 7.5 <.05 16.2 <.001 3.5 <.01
  Did the B&M make you dizzy? 6.9 <.05 2.1 ns 1.8 ns
  Did the B&M calm you down? 8.5 <.05 10.1 <.001 3.5 <.01
  Did the B&M help you concentrate? 5.7 <.05 6.3 <.001 2.5 <.05
  Did the B&M make you feel more awake? 4.3 ns 10.9 <.001 2.9 <.05
  Did the B&M reduce your hunger for food? 4.6 <.05 4.1 <.01 3.4 <.05
  Did the B&M make you sick? 1.2 ns 0.8 ns 1.0 ns
  Did the product taste like your own brand of B&M? 7.1 <.05 19.6 <.001 2.8 ns
  Did the product feel like your own brand of B&M? 8.6 <.05 17.5 <.001 3.8 <.05
  Did the product feel as harsh as your own brand of B&M? 2.7 ns 9.1 <.001 1.3 ns
  Did the product feel as mild as your own brand of B&M? 3.5 ns 12.5 <.001 1.3 ns
  Would you like to smoke another B&M right now? 1.4 ns 24.9 <.001 3.7 <.01
Smoking topographyf

 Total volume 0.5 ns 4.5 ns 1.9 ns
 Volume 0.2 ns 5.2 <.05 1.9 ns
 Duration 0.0 ns 8.7 <.05 0.7 ns
 Interpuff interval 0.2 ns 0.2 ns 0.1 ns

Note. B&M = Black & Mild; QSU = Questionnaire of Smoking Urges.
aCondition factors: active, sham.
bTime factors: levels vary according to measure.
cdf

condition
 = (1, 15); df

time
 = (9, 135); df

cond×time
 = (9, 135).

ddf
condition

 = (1, 13); df
time

 = (9, 117); df
cond×time

 = (9, 117).
edf

condition
 = (1, 15); df

time
 = (6, 90); df

cond×time
 = (6, 90).

fdf
condition

 = (1, 14); df
time

 = (1, 14); df
cond×time

 = (1, 14).
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Figure 1. Mean data (± 1 SEM) for expired-air carbon monoxide (A), plasma nicotine (B), Hughes–Hatsukami item “Urges to smoke a B&M,” 
and Direct Effects of Tobacco Scale item “Was the B&M satisfying?” Arrows indicate product administration; filled symbols, a significant difference 
from baseline; and asterisks, a significant difference between ACTIVE and SHAM conditions at that timepoint (p < .05, Tukey’s Honestly Significant 
Difference). B&M = Black &Mild.

Bout 2 administration (p < .05, Tukey’s HSD). Relative to 
SHAM, HR for ACTIVE was significantly faster at the 5- and  
10-min timepoints of both bouts (p < .05, Tukey’s HSD).

Subjective Measures
Several Hughes–Hatsukami items revealed a significant con-
dition by time interaction (see Table 1). Figure 1C displays 
data for “urges to smoke a B&M,” the item with the largest  
F value. Average ratings did not differ across timepoints for 
SHAM (ns, Tukey’s HSD), but for ACTIVE, decreased by 
45 min post-smoking Bout 2 (33.5 ± 10.2), relative to base-
line (61.9 ± 9.1; p < .05, Tukey’s HSD). Average ratings at 
5, 15, 30, and 45 min following Bout 2 were significantly dif-
ferent across conditions (p < .05, Tukey’s HSD). For “craving 
a B&M,” ratings did not differ across timepoints within  
ACTIVE or SHAM but were significantly different between 
conditions at 5 (37.8 ± 9.7 for ACTIVE vs. 69.0 ± 9.5 for 
SHAM) and 45 (34.6 ± 9.7 for ACTIVE vs. 67.1 ± 9.7 for 
SHAM) minutes following Bout 2. The other three items 
(“irritability/frustration/anger,” “impatient,” and “drowsy”) 
presented a similar pattern of results: no differences across 
timepoints for SHAM, decreased ratings relative to baseline 
for ACTIVE, and lower scores for ACTIVE relative to SHAM. 
Nonetheless, post-hoc tests did not reveal any significant dif-
ferences across timpoints or between conditions (ns, Tukey’s 
HSD). 

A significant main effect of time was revealed for “anx-
ious” and “hunger.” For “anxious,” average ratings (collapsed 
across condition) decreased from 24.8 ± 5.7 at baseline to 
17.0 ± 4.9 by 45 min post-smoking (ns, Tukey’s HSD). Aver-

age “hunger” ratings (collapsed across condition) increased 
from 41.8 ± 5.5 at baseline to 56.0 ± 7.6 at 45 min post-
smoking (ns, Tukey’s HSD). The item “hunger” also revealed 
a main effect of condition: 36.6 ± 3.0 for ACTIVE and 57.6 ± 
2.8 for SHAM.

Factor 1 was significant for a condition by time interaction. 
In the ACTIVE condition, average scores at baseline were 21.1 ± 
2.4, and decreased to 15.8 ± 2.7 at 5 min, 16.9 ± 2.7 at 15 min, 
17.1 ± 2.4 at 30 min, and 18.6 ± 2.7 at 45 min after the first 
smoking bout (ns, Tukey’s HSD). Also relative to baseline, 
scores decreased to 13.7 ± 2.9 at 5 min, 13.5 ± 3.0 at 15 min, 12.9 
± 3.0 at 30 min, and 12.9 ± 2.9 at 45 min after the second smok-
ing bout (ns, Tukey’s HSD). In the SHAM condition, however, 
scores were increased relative to baseline (18.8 ± 3.0) at every 
timepoint (ns, Tukey’s HSD) following the first smoking bout 
(22.2 ± 2.3 at 5 min, 22.4 ± 2.3 at 15 min, 22.1 ± 2.3 at 30 min, 
and 22.1 ± 2.4 at 45 min), as well as following the second 
smoking bout (22.6 ± 2.3 at 5 min, 22.6 ± 2.3 at 15 min, 22.4 ± 
2.4 at 30 min, and 22.1 ± 2.4 at 45 min). Scores at all timepoints 
following Bout 2 were significantly different between conditions 
(p < .05, Tukey’s HSD). For Factor 2, a main effect of condition 
was observed such that scores were significantly lower for  
ACTIVE (6.8 ± 0.6) than for SHAM (10.3 ± 0.6).

Two DENS items were significant for a main effect of condi-
tion; average ACTIVE scores were significantly higher than 
SHAM scores for “dizzy” (4.8 ± 1.0 vs. 1.1 ± 0.2) and “light-
headed” (6.5 ± 1.3 vs. 1.2 ± 0.3).

Significant dose by time interactions were revealed for 
most DETS items. Some of these items assessed sensory 
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characteristics of B&M smoking (e.g., taste, satisfy). Figure 1D 
presents the responses to one such item, “Was the B&M satisfy-
ing?” (item with the largest F value). Generally speaking, scores 
on this item were increased at every timepoint relative to base-
line for both conditions, although to a greater degree in the AC-
TIVE condition. For instance, ratings for SHAM were 0.1 ± 0.1 
at baseline, 18.8 ± 6.3 at 5 min, 26.2 ± 8.3 at 15 min, 26.4 ± 9.0 
at 30 min, and 27.6 ± 9.1 at 45 min following Bout 1, and 20.7 ± 
7.8 at 5 min, 18.2 ± 8.0 at 15 min, 21.0 ± 8.2 at 30 min, and 20.3 
± 7.5 at 45 min following Bout 2 (ns, Tukey’s HSD). Ratings for 
ACTIVE were 0.3 ± 0.1 at baseline, 62.0 ± 10.3 at 5 min, 62.9 ± 
9.2 at 15 min, 57.9 ± 10.8 at 30 min, and 48.6 ± 10.5 at 45 min 
following bout 1, and 66.1 ± 9.8 at 5 min, 59.4 ± 10.1 at 15 min, 
51.3 ± 10.4 at 30 min, and 51.2 ± 10.3 at 45 min following Bout 
2 (all ps < .05, Tukey’s HSD). Consequently, ratings for AC-
TIVE were significantly higher than those for SHAM at every 
post-smoking timepoint except 45 min following Bout 1. This 
same pattern of results (nonsignificant increases from baseline 
for SHAM, significant increases from baseline for ACTIVE, and 
significant differences between ACTIVE and SHAM at most 
post-smoking timepoints) was observed for the items assessing 
“pleasant,” “taste good,” “calm,” and “awake.” A similar pattern 
was also observed for the items assessing “concentrate” and “re-
duce hunger,” though few significant differences between con-
ditions were observed.

For the items “Did the product feel like your own brand of 
B&M?” and “Would you like to smoke another B&M right 
now?” ratings increased significantly from baseline for both 
conditions, although no significant differences between condi-
tions were observed (ns, Tukey’s HSD). For the item assessing 
“feel like own brand,” ratings for ACTIVE were 81.5 ± 8.2, 77.6 
± 9.0, 69.2 ± 10.6, and 62.8 ± 11.3 from 5 to 45 min following 
Bout 1, relative to 0.1 ± 0.1 at baseline (all ps < .05, Tukey’s 
HSD). At these same timepoints following Bout 2, ratings for 
ACTIVE were 80.4 ± 7.6, 75.6 ± 9.4, 69.2 ± 10.2, and 67.1 ± 10.4, 
relative to baseline (all ps < .05, Tukey’s HSD). Average ratings, 
relative to baseline (0.0 ± 0.0), for SHAM were 51.4 ± 10.9 at 5 
min, 42.9 ± 10.7 at 15 min, 39.7 ± 9.8 at 30 min, and 39.4 ± 9.9 
at 45 min following Bout 1, and 45.7 ± 10.7 at 5 min, 40.8 ± 10.4 
at 15 min, 34.3 ± 10.3 at 30 min, and 35.0 ± 10.2 at 45 min fol-
lowing Bout 2 (all ps < .05, Tukey’s HSD).

Smoking Topography Measures
A significant effect of time was observed for duration and vol-
ume. Collapsed across conditions, the average volume for Bout 
1 was 92.6 ± 7.4 ml and for Bout 2 was 123.0 ± 16.6 ml. Col-
lapsed across condition, average puff durations for Bouts 1 and 
2 were 2.0 ± 0.1 and 2.4 ± 0.2 s, respectively.

Discussion
This study is among the first to evaluate of the effects of cig-
arillos. Under the controlled conditions reported here, ciga-
rillo smoking delivers nicotine that is measurable via blood 
plasma and in doses that are physiologically active as indi-
cated by increased heart rate. Mean peak nicotine concentra-
tion for ACTIVE was 6.0 ± 0.9 ng/ml after the first bout and 
5.3 ± 0.9 ng/ml after the second bout. HR increased signifi-
cantly for ACTIVE, with an average maximum change of 
10.7 ± 1.2 bpm for Bout 1 and 11.0 ± 1.7 for Bout 2. By way 

of comparison, 12 puffs from a cigarette results in mean  
peak plasma concentrations of 14.3 ng/ml and a mean peak 
HR change of 26.0 ± 9.0 bpm (Benowitz, Porchet, Sheiner, & 
Jacob, 1988).

In this study, users were exposed to considerable amounts 
of CO; average boosts for ACTIVE were 9.1 ± 1.3 ppm for the 
first bout and 7.8 ± 1.1 ppm for the second bout. In contrast, 
eight puffs from a cigarette increase average CO levels by 5.6 ± 
0.6 ppm and 5.8 ± 1.1 after two consecutive smoking bouts 
(Breland, Buchhalter, Evans, & Eissenberg, 2002). The physio-
logical effects demonstrated here are similar to other work, 
where ad lib cigarillo smoking increased plasma nicotine con-
centration, heart rate, and expired air CO (Pickworth et al., 
2010).

For subjective effects, neither condition reliably reduced 
withdrawal symptoms typically observed following a period of 
nicotine/tobacco abstinence (few significant differences pre- to 
post-smoking within condition). In contrast, a variety of posi-
tive effects related to product sensory characteristics (e.g., “taste 
good,” “pleasant”) were produced by ACTIVE but not SHAM. 
Overall, the pattern of results observed here (i.e., delivery  
of physiologically active nicotine concentrations, increases in  
direct product effects without withdrawal symptom alleviation) 
may reflect the relatively low frequency of tobacco use in our 
sample (50% smoke <2 cigarillos/day and ≤6 cigarettes/day). 
Nonetheless, the nicotine delivery profile suggests that cigarillo 
smoking may support tobacco/nicotine dependence, especially 
in individuals who also smoke cigarettes (e.g., concurrent use 
may lead to increased plasma nicotine exposure as compared  
with cigarillo use alone). Unfortunately, very little is known 
about the dependence level and smoking behavior of cigarillo 
users. This lack of information makes determining the general-
izability of our results difficult and also highlights a growing 
need for national tobacco use surveillance programs.
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