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Little cigars (ie, filtered cigars) and cigaril-
los have been increasing in popularity for 
at least 2 decades,1 counteracting the suc-

cess of tobacco control efforts on cigarette smok-
ing. As of October 2015, little cigars and cigarillos 
are not subject to the same product regulations as 
cigarettes, including warning labels on packages, 
minimum pack size, and prohibition of marketing 
using characterizing flavors other than menthol, 
and they are often taxed at a lower rate.1,2 Little 
cigars are also perceived as being less harmful than 
cigarettes.3 Filtered little cigars in particular are 
practically identical to cigarettes in size, shape, and 
filter style4,5 (Figure 1). To avoid being regulated as 

cigarettes, the small cigar products consist of tobac-
co wrapped in a tobacco leaf or in paper contain-
ing tobacco (cigarettes do not contain tobacco in 
their wrapper), and cigarillos are heavier than the 
weight range that defines cigarettes. In addition, 
the tobacco is of different pH and blend than that 
in cigarettes.6,7 Nonetheless, unlike conventional 
cigars, the smoke from little cigars and cigarillos 
is often inhaled as in cigarette smoking, and sec-
ondhand smoke (SHS) poses hazards to bystanders 
regardless of smoking technique.8 Regulating little 
cigars as strictly as cigarettes would arguably pre-
vent them from simply replacing cigarettes,9-12 but 
the relative lack of knowledge about their smoke 
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Objectives: Little cigars and cigarillos are gaining in popularity as cigarette use wanes, mainly 
due to relaxed regulatory standards that make them cheaper, easier to buy individually, and 
available in a variety of flavors not allowed in cigarettes. To address whether they should be 
regulated as strictly as cigarettes, we investigated whether little cigar secondhand smoke (SHS) 
decreases vascular endothelial function like that of cigarettes. Methods: We exposed rats to SHS 
from little cigars, cigarettes, or chamber air, for 10 minutes and measured the resulting acute im-
pairment of arterial flow-mediated dilation (FMD). Results: SHS from both little cigars and ciga-
rettes impaired FMD. Impairment was greater after exposure to little cigar SHS than by cigarette 
SHS relative to pre-exposure values, although the post-exposure FMD values were not signifi-
cantly different from each other. Conclusions: Exposure to little cigar SHS leads to impairment 
of FMD that is at least equal to that resulting from similar levels of cigarette SHS. Our findings 
support the need to prevent even brief exposure to little cigar SHS, and support tobacco control 
policies that regulate little cigars as strictly as cigarettes.
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composition and their health effects1 makes such 
regulatory expansion difficult to achieve.

Like cigarettes, little cigar smoke contains nico-
tine and the thousands of chemicals that result 
from tobacco combustion, and is particularly rich 
in carbon monoxide, nitrosamines, nitrogen oxides, 
and ammonia.5-8 Cigar smoke is associated with el-
evated risk of oral, lung, and esophageal cancers.8 
The risk of coronary heart disease is 30% higher for 
cigar smokers than non-smokers, and doubles for 
those who inhale the smoke.13 These effects dem-
onstrate the risks associated with long-term use of 
these products, but the case for regulating them as 
equivalents of cigarettes would be strengthened by 
evidence that their immediate health consequences 
are comparable to those of cigarettes.

One of the most acute health consequences of ex-
posure to cigarette smoke is the immediate impair-
ment of vascular endothelial function, measured 
as arterial flow-mediated dilation (FMD). FMD is 
a well-validated marker of cardiovascular risk that 
is chronically impaired in humans by both active 
smoking of cigarettes and conventional cigars and 
by cigarette SHS exposure.14-16 FMD is temporar-
ily impaired in humans by 30 minutes of exposure 
to SHS or aged sidestream smoke at real-world 
SHS levels.17-19 Sidestream smoke is smoke from 
the smoldering tip that comprises ~85% of SHS 

with the rest being exhaled mainstream smoke.20 
Because the sidestream smoke ages in the exposure 
chamber prior to exposure, like real SHS does in 
real exposure scenarios, we refer to it here as SHS. 
Our micro-ultrasound-based approach to measure 
FMD in living rats yields results whose pharmaco-
logical and biophysical effects are similar to those 
observed in humans.21,22 This rat model showed 
that impairment of FMD occurred with one min-
ute of exposure to cigarette SHS.23 We report here 
that brief exposure to little cigar SHS impairs vas-
cular function in rats as least as much as exposure 
to cigarette SHS.

METHODS
Animals

We used male Sprague-Dawley rats, 10 weeks 
old, N = 8 or 9 rats/group. Rats remained anes-
thetized (ketamine 100 mg/kg, xylazine 5 mg/kg) 
throughout the experiment and were euthanized 
immediately afterward. All procedures were ap-
proved by the UCSF Institutional Animal Care 
and Use Committee.

Measurement of Endothelial Function
Flow-mediated dilation was measured in anesthe-

tized (ketamine 100 mg/kg, xylazine 5 mg/kg) rats 

 

 

 

 
 

Figure 1
Cigarettes and Little Cigars Used for this Study

Note.
The UPC code and additional ID numbers on one carton of Swisher Sweets filtered little cigars are shown 
at right, along with the UPC code on individual packs. Little cigars were 100 mm long and needed to be 
trimmed to fit in our machine optimized for the ~80 mm standard cigarettes. All photographs by M.L. 
Springer.
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as we have previously described.22,23 At first, an in-
cision was made to expose the right common iliac 
artery. Then a suture snare was placed loosely around 
the common iliac artery to keep the ends of the snare 
externalized. A baseline ultrasound measurement of 
femoral artery diameter was taken at diastole with 
a 35 MHz ultrasound transducer (Vevo660, Vi-
sualSonics) system. The artery was occluded for 5 
minutes, during which the femoral artery was pre-
vented from moving by a supportive piece of tubing. 
The snare was released to re-establish perfusion with 
a rush of blood flow (hyperemia), and ultrasound 
measurements of femoral artery diameter were per-
formed every 30 seconds for 3 minutes with ad-
ditional measurements at 4 and 5 minutes. FMD 
was calculated as % change: (peak diameterpostischemia 
− diameterbaseline)/diameterbaseline×100.

Exposure to Smoke
Little cigars were Swisher Sweets brand (20/pack) 

and cigarettes were Marlboro Red brand, neither of 
which was flavored (Figure 1). We were only able to 
obtain the little cigars at 100 mm in length (slight-
ly longer than the length of the Marlboro cigarettes 
typically used in our system, ~80 mm), so their 
non-filter ends were trimmed to enable them to be 
lit by our system’s fixed-position automatic lighter 
coil. The Swisher Sweets product was 1.22 g/stick, 
or 2.69 lb per thousand sticks, falling within the 
US Federal Government’s tax definition of a little 
cigar (maximum of 3 lb per 1000 count).24

Our modified cigarette smoking machine23 uses 
a single chamber to collect sidestream smoke; the 
anesthetized rat is exposed by placing its head 

 

 

 

 

 

Figure 2
Comparable Impairment of FMD from 30 and 10 Minutes of Exposure to 

Declining Levels of Cigarette SHS

Note.
Decline of particle concentrations during (a) 30-minute and (b) 10-minute exposure are shown for each rat. (c) 
FMD response to 30-minute exposure. (d) FMD response to 10 minute exposure. Lines correspond to individual 
rats; colors track individual animals through smoke and FMD graphs. Thin lines underneath p values denote the 
data pair being compared.
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through a gasket into the chamber. For each ex-
periment, a cigarette or little cigar was pre-humid-
ified overnight by placement over 16% glycerol in 
distilled water and then was lit and smoked for 
3 minutes under well-established research condi-
tions (ISO Standard 3308:2012, one 35 ml puff of 

2 sec duration once per minute) and extinguished. 
Respirable suspended particles <2.5 µm (RSP) 
were measured with a TSI Sidepak AM510 moni-
tor sampling and returning air from the chamber 
once per minute. The AM510 was factory calibrat-
ed and was then specifically calibrated for tobacco 

 

 

 

Figure 3
Impairment of FMD from Exposure to Little Cigar SHS

Note.
(a) Particle kinetics and quantitation for comparison of cigarette and little cigar sidestream smoke. Each line rep-
resents particle measurements over 10 minutes for each rat; errors are SD. (b) Impairment and recovery of FMD 
after 10 minutes of exposure to air, cigarette SHS, and little cigar SHS. (c) Lack of effects on baseline arterial diam-
eter (pre-occlusion). p > .44 for all sequential diameter measurements unless otherwise noted. Lines correspond to 
individual rats; colors track individual animals through panels a, b, and c. Thin lines underneath p values denote 
the data pair being compared.
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smoke particles in our laboratory by gravimetric 
sampling of smoke from the exposure chamber, 
resulting in a calibration factor of 0.3 applied 
to the raw data. Due to particle adsorption and 
deposition, particle concentration falls over time 
(Figures 2 and 3). Particle concentration in the ex-
posure chamber was adjusted by venting until the 
desired starting concentration was reached. Our 
target starting concentration was 600 µg/m3 RSP, 
representative of smoke levels found in restaurants 
where smoking is allowed,25,26 and similar to the 
conditions of our earlier study of cigarette SHS.23 
The cigarette or little cigar was extinguished, and 
an individual anesthetized rat, after baseline FMD 
measurement (denoted as “pre”), was exposed for 
the specified duration (which was determined in a 
preliminary experiment; see beginning of Results 
section) and was then returned to the ultrasound 
system for post-smoke FMD measurement. Due 
to technical limitations, the initial post-smoke 
FMD measurement (“post”) took place roughly 
10 minutes after the end of exposure. FMD was 
measured a third time 30 minutes later to assess 
recovery (ie, 40 minutes after end of exposure; 
“recovery”). Exposure to air in the cleaned expo-
sure chamber without tobacco product provided a 
negative control.

For each experiment, rats from each group were 
exposed in a random order, and arterial diameter 
measurements were obtained by an investigator 
unaware of the experimental condition.

Statistics
To evaluate differences in FMD or baseline di-

ameter versus times or exposure conditions, we 
fit a 2-factor (exposure condition and time) re-
peated measures ANOVA to all data at once us-
ing a linear mixed model estimated with restricted 
maximum likelihood estimation, then tested for 
differences over time and across exposure condi-
tions using contrasts and pairwise comparisons, 
adjusted for multiple comparisons using the Šidák 
method using Stata 13.1. Time was modeled as a 
repeated effect and the residual covariance struc-
ture was independent. Variability in the data are 
reported as standard error of the mean (SEM) 
for paired analyses of FMD and diameter results, 
and standard deviation (SD) for smoke particle 
concentrations.

RESULTS
Exposure to Cigarette SHS for 30 minutes or 10 
minutes Impairs FMD to Comparable Extents

To determine an appropriate exposure time for 
our primary purpose of studying brief exposure to 
little cigar SHS, we first validated a hypothesis that 
a 10-minute exposure would be sufficient in the 
context of cigarette SHS, with which we had ex-
tensive experience. We showed previously that one 
minute of exposure to cigarette SHS impairs FMD 
significantly but modestly, and that exposure for 30 
minutes substantially impairs FMD, but most of 
the exposure occurs during the first 10 minutes due 
to the decline in particle concentration over time 
in our smoke system.23 Therefore, we directly com-
pared FMD impairment after 30 minutes versus 10 
minutes of exposure to cigarette SHS (Figure 2). 
For 30 minutes: mean starting concentration was 
655±53.4 µg/m3, mean concentration over time 
was 253±59.4 µg/m3, total exposure (area-under-
curve) was 7493±1804 µg/m3•min; for 10 minutes: 
mean starting concentration was 644±23.5 µg/m3, 
mean concentration over time was 396±27.2 µg/
m3, total exposure was 3921±279 µg/m3•min.

Flow-mediated dilation declined after a 10-min-
ute exposure from a mean of 8.0±1.0% to 5.2±0.9% 
(p < .0005) and after a 30-minute exposure declined 
from 7.8±0.5% to 5.5±0.7% (p = .003). Recovery 
of FMD after an additional 30 minutes of expo-
sure (to clean air) in each group reached 7.5±0.5% 
and 7.1±0.4% in the 10 and 30 min groups (p = 
.003 and p = .064, respectively, relative to the ini-
tial post-exposure values). There was no significant 
difference between the initial mean post-exposure 
impaired FMD values between the 2 exposure time 
conditions (p = .759), nor between the subsequent 
mean recovery values (p = .682). This result indi-
cates that exposure to the low levels of smoke re-
maining during the last 20 minutes of a 30-minute 
exposure did not decrease FMD further after the 
higher level exposure during the first 10 minutes. 
Therefore, a 10-minute exposure to declining SHS 
levels was used as the standard exposure time for 
the subsequent experiment comparing SHS from 
cigarettes and little cigars.

Comparable Impairment of FMD by SHS from 
Cigarettes and Little Cigars

We performed a direct comparison between little 



Liu et al

Tobacco Regulatory Science. 2016;2(1):56-63 61 DOI:   http://dx.doi.org/10.18001/TRS.2.1.6

cigar and cigarette SHS, both at starting smoke 
RSP concentrations of ~670 ug/m3 declining over 
10 minutes, with chamber air as a negative con-
trol (Figure 3). For air, mean starting concentra-
tion was 3±4 µg/m3, mean concentration over time 
was 1.7±1.3 µg/m3, total exposure was 17±13 µg/
m3•min; for cigarettes, mean starting concentration 
was 682±20 µg/m3, mean concentration over time 
was 449±14 µg/m3, total exposure was 4461±138 
µg/m3•min; for little cigars, mean starting concen-
tration was 670±19 µg/m3, mean concentration 
over time was 441±10 µg/m3, total exposure was 
4380±104 µg/m3•min.

Flow-mediated dilation in the group exposed to 
little cigar SHS declined from 9.4±0.8% before 
exposure to 4.4±1.0% and recovered to 7.5±1.1% 
by 30 minutes later. FMD in the group exposed 
to cigarette SHS declined from 8.5±0.7% before 
exposure to 5.2±0.9% initially after exposure and 
recovered to 8.0±1.4% by 30 minutes later. FMD 
in the air group did not change significantly. Base-
line (pre-occlusion) diameters were not affected by 
smoke exposure and were comparable for all groups 
from pre- to post-exposure (p > .5), although for 
cigarettes only, there was a slight but significant (p 
= .005) reduction in diameter between the initial 
post-exposure and recovery values, for reasons that 
remain unknown. The difference between abso-
lute values of post-exposure FMD measurements 
for the cigarette and little cigar groups did not ap-
proach significance (p = .948). We conclude that 
exposure to little cigar SHS leads to impairment of 
FMD that is at least comparable to that resulting 
from the same level of cigarette SHS.

DISCUSSION
A limitation is that the extent of acute endothe-

lial functional impairment was based on response 
to equivalent smoke particle concentrations from 
the 2 products, whereas the amount of SHS liber-
ated from each product during real-world use may 
vary. However, when Swisher Sweets little cigars 
(100 mm) and Marlboro cigarettes (85 mm) were 
smoked to completion using laboratory smoking 
conditions standardized for each product, the little 
cigars produced roughly 150% as much tar, 250% 
as much CO, and 350% as much nicotine as the 
cigarettes,7 indicating that toxicity of little cigar 
SHS may be even greater relative to that of ciga-

rettes than we have reported here.
We used Marlboro Red cigarettes and Swisher 

Sweet little cigars because they are representative of 
commonly-used brands of each product, because 
we have used Marlboro Red cigarettes in our pre-
vious studies,23 and because of the earlier report 
mentioned above7 that compared the smoke com-
position from these brands. Given the similarity of 
effects from exposure to SHS from these 2 prod-
ucts, it is unlikely that other cigarette or little cigar 
brands would be fundamentally different in terms 
of effects of SHS on vascular endothelial function.

We conclude that differences between tobacco 
and rolling paper composition in cigarettes and 
little cigars do not translate into differences in 
acute endothelial toxicity. Exposure to little cigar 
SHS leads to impairment of vascular function that 
is at least comparable to that resulting from similar 
levels of cigarette SHS. Our findings support the 
need to prevent even brief exposure to little cigar 
secondhand smoke.

IMPLICATIONS FOR TOBACCO 
REGULATION

Cardiovascular toxicity is a major consequence of 
active and passive smoking alike,27 and tobacco use 
causes over 140,000 cardiovascular deaths annually 
in the United States.28 Cardiovascular toxic effects 
are rapid and result in increased risk of myocar-
dial infarction and stroke.26,29 Repeated exposure 
to SHS causes lasting reduction in FMD14 and 
exposure to SHS during childhood correlates with 
lower FMD during adulthood.30 For these reasons, 
acute vascular toxicity is a relevant and important 
consequence by which to evaluate harmful effects 
of SHS from little cigars. In our direct comparison 
of vascular response to similar levels of SHS from 
little cigars and cigarettes, we observed greater de-
crease in FMD after exposure to little cigar SHS.

Santo-Tomas et al16 reported that FMD is im-
paired by active smoking of conventional cigars. 
Our results extend those findings to passive expo-
sure to SHS from little cigars. The potential public 
health impact of demonstrating comparable acute 
harm to vascular function from little cigar and cig-
arette SHS demonstrates the need not only for reg-
ulation but also education about the health effects 
of little cigars, which are viewed by some smok-
ers as less dangerous than cigarettes.3 These results 
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contribute to tobacco regulation objectives both by 
countering this impression, and by strengthening 
the scientific basis for regulatory decisions regard-
ing little cigars. Policies that protect people from 
even brief exposure to little cigar SHS are well-jus-
tified. Little cigars should be regulated like ciga-
rettes and, in the absence of specific evidence to the 
contrary, regulators should apply knowledge of the 
cardiovascular effects of cigarettes to little cigars.
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