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Ethnic differences in both physiological response to and
health consequences of tobacco smoking-some of which
have been attributed to ethnic preferences for menthol cig-
arettes-have been described in the literature. We com-
pared acute physiological responses to smoking in African-
American and European-American adolescent menthol
cigarette smokers seeking smoking cessation treatment.
One-hundred- twenty-eight adolescents (32%o African-Amer-
ican, 71% female; mean age 15.16 ± 1.32 years, mean
Fagerstr6m Test of Nicotine Dependence (FTND) score 6.73
± 1.53, cigarettes per day (CPD) 16.9 ± 2.64) participated in
an experimental session during which they smoked one
menthol cigarette of their usual brand. Blood pressure, heart
rate, and exhaled carbon monoxide (CO) concentrations
were measured before and after smoking; mean puff vol-
ume (mL), puff duration (sec) and maximal puff velocity
(mL/sec) during smoking were also determined. Two sample
t-tests were performed to assess ethnic differences in smok-
ing topography; analysis of covariance was used to deter-
mine whether heart rate and blood pressure after smoking
one menthol cigarette varied by ethnicity, after controlling
for baseline physiological measures. No significant ethnic
differences were observed in either smoking topography or
acute cardiovascular response to smoking. These prelimi-
nary findings warrant extension to a broader group of non-
treatment-seeking adolescent smokers of both ethnicities.
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INTRODUCTION
Compared to other ethnicities in the United States,

African Americans incur disproportionate deleterious
health consequences oftobacco smoking evidenced by
higher rates of mortality due to tobacco-related dis-
eases, such as coronary heart disease, stroke, and possi-
bly respiratory cancers.'-3 While ethnic differences in
nicotine and cotinine metabolism," tobacco-use trajec-
tory (i.e. onset and progression of smoking behavior)7
and African-American preference for menthol smok-
ing have been reported,8 the reasons for this health dis-
parity have not yet been fully elucidated. This excess in
mortality is preventable and largely attributable to
tobacco addiction,9 which typically begins in youth.'0

As such, a better understanding of ethnic differ-
ences in smoking behavior among adolescents is
critically needed."-3 Young smokers, like adults,
maintain smoking behavior for pharmacological rea-
sons, such as reinforcement from nicotine.'4 Total
puff volume per cigarette determines blood levels of
smoke constituents'5 and is linked to health conse-
quences of smoking'6 in adult smokers. Several stud-
ies have established a relationship between cigarette
smoking and cardiovascular disease.'7"8 A large-
scale population-based study showed that increase in
carboxyhemoglobin (COHb) saturation was associ-
ated with increased mortality from heart disease,
lung cancer, and chronic obstructive lung disease.'9
COHb is directly related to exhaled CO in the
absence of obstructive respiratory disease.20

However, relatively little is known about qualita-
tive and quantitative aspects of smoking behavior
(topography) and their pathophysiological correlates
in teenage smokers. Furthermore, the few studies that
have examined such responses have not focused on
African-American participants.2"22 Compared to
adults in other studies, mean puff volume and CO
boosts in teenagers who smoke only a few cigarettes
per day were similar, but teenagers had higher
increases in HR.2' As biobehavioral responses that
represent both progression along the addictive cycle
and potential correlates of the toxic effects oftobacco
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constituents,21 such physiologic responses to smoking
warrant ethnic comparison during the early phases of
smoking, before decades ofexposure to toxins.

The aim of this study was thus to record acute
changes in cardiovascular parameters as potential
precursors of both increased vulnerability to ongo-
ing addiction and consequent future health risk in a
biethnic group ofdependent adolescent menthol cig-
arette smokers requesting treatment. It is important
to study adolescents who smoke daily, since they
comprise a group at higher risk of experiencing the
negative health effects because of long-term,
dependence-related smoking. Because adult men-
thol smokers had significantly larger puff volume
and cotinine (primary metabolite of nicotine) con-
centrations than those who smoked regular non-
mentholated cigarettes,23 ethnic differences in physi-
ological responses to smoking can be obscured by
ethnic preferences for mentholated cigarettes. These
observations, along with the resurgence of menthol
smoking among teenagers in our area,24 prompted us
to limit the current analysis to menthol smokers
only. We hypothesized that smoking would induce
higher increases in HR and blood pressure (BP), car-
bon monoxide (CO) boost, and greater puff topogra-
phy in African-American adolescent smokers com-
pared to European Americans.

METHOD

Participants
Candidates for this study were a sample of con-

venience of male and female adolescent smokers
who enrolled in a smoking cessation study between
September 1999 and May 2003. Participants were
recruited through radio, print, and television adver-
tisements broadly directed at Baltimore-area teenage

smokers, with some ethnic-specific channels. Study
eligibility required that participants be in general
good health and report smoking at least 10 cigarettes
per day (CPD) in addition to having a score of at
least five on the Fagerstrom Test ofNicotine Depen-
dence (FTND).25 In this analysis, only teenagers who
reported mentholated cigarettes as their usual/pre-
ferred brand and who self-identified as African-
American or European-American were included.

Procedures
Adolescents and their parents were required to

give written informed assent and consent for partici-
pation. All participants were compensated for their
time and travel costs. The protocol was approved by
the NIH/NIDA Intramural Research Program Insti-
tutional Review Board.

Smoking History
Prior to randomization to the treatment condition,

participant smoking histories, including age of
onset, CPD, and number of prior quit attempts were
obtained through both self-report questionnaires and
a structured screening interview.

Smoking Topography
Smoking measures were obtained for each partic-

ipant in a specialized smoking laboratory during an
initial screening visit. The topography unit (Clinical
Research Support System, Plowshare Technologies,
Baltimore, MD) was placed in a ventilated smoking
chamber, and a nurse was present at all times during
the session. Participants were asked to smoke a sin-
gle cigarette of their own usual brand (mean Federal
Trade Commission yields for all brands = approxi-
mately 1.2 mg nicotine) through a plastic mouth-
piece connected to a converter by a plastic tube. The

Table 1. Demographic and Smoking Characteristics of Study Participants

Entire Sample African Americans European Americans

(128) (41) (87)
Gender (% female) 71.1% 63.4% 74.7%
Age (years) 15.16 1.32 15.2 ± 1.15 15.1 ± 1.41
Age first cigarette (years) 11.4 ± 1.99 12.1 ± 1.75 11.1 ± 2.04
Age daily smoking (years)* 12.6 ±1.47 13.0 ± 1.35 12.5 ± 1.51
Cigarettes per day 16.9 ± 2.64 16.8 ± 2.56 17.0 ± 2.69
FTND+ 6.73 ± 1.53 6.40 ± 1.52 6.86 ± 1.52
Prior quit attempts** 2.82 ± 2.32 2.20 ± 1.45 3.12 ± 2.59
Puff volume (mL) 38.9 ± 12.0 36.6 ± 11.1 39.9 ± 12.3
Puff velocity (mL/sec) 50.4 ± 15.8 47.3 ± 15.2 51.9 ± 16.0
Puff duration (sec) 1.17 ± 0.47 1.21 ± 0.42 1.15 ± 0.49

*Difference between African Americans and European Americans showed a trend toward significance
(t=1.86, df=122, p=0.065); **Difference between African Americans and European Americans was
statistically significant (t=-2.56, df= 122, p=0.01 17); + Fagerstrom Test of Nicotine Dependence
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mean puff volume, puff duration, and maximum
puff velocity were measured and recorded.26 Topog-
raphy measures were obtained by averaging the
measures from five representative artifact-free puffs
(volumes over 12 mL), as previously reported.27

Physiological Measures
HR, systolic blood pressure (SBP), and diastolic

blood pressure (DBP) were obtained through the use
of an automated cardiovascular monitor (Datascope,
Paramus, NJ). Exhaled CO was measured by a Vita-
lograph machine (Lenexa, KS). All physiological
measures and CO were measured and recorded
before and immediately after smoking.

Data Analysis
Baseline characteristics (demographics and

smoking history variables) and smoking topography

variables were compared using two sample t-tests
for continuous variables and Chi-square tests for
dichotomous variables. The effect of ethnicity on
cardiovascular response to smoking and CO boost
was determined using analyses of covariance
(ANCOVA). In ANCOVA models, dependent vari-
ables were measures assessed after smoking (SBP
and DBP, HR, CO). The main effect was ethnicity,
and the covariate was the corresponding cardiovas-
cular or CO measure assessed prior to smoking.
Associations were considered statistically signifi-
cant if p<0.05. All analyses were conducted using
SAS version 8.1 (SAS Institute, Cary, NC).

RESULTS

Sample Characteristics
One-hundred-fifty-four teenagers participated in

Figure 1. Adolescent Heart Rate, Blood Pressure, and Carbon Monoxide Responses to Cigarefte Smoking
(Mean + SD)
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the smoking cessation trial, four ofwhom were neither
African-American nor European-American. Addition-
ally, 20 participants who did not smoke menthol ciga-
rettes were excluded from this analysis, as well as two
participants without available cardiovascular data, leav-
ing a total of 128 participants for the present analysis.
Table 1 provides smoking history data for the sample.
Of these participants, 41 were African-American
(32%; 63% female) and 87 European-American (68%;
75% female). The mean ages ofboth groups were simi-
lar (African-American: 15.2 + 1.15 years; European-
American: 15.1 +1.41 years), and participants started
daily smoking at a similar age (African Americans:
13.0 + 1.35 years; EuropeanAmericans: 12.5 ± 1.51
years). African-American participants reported fewer
previous quit attempts than European Americans (2.20
+ 1.45 vs. 3.12 + 2.59; p=0.017) as previously found.28
No other ethnic differences in demographic character-
istics, smoking histories, or body mass index were sta-
tistically significant in this sample (p<0.05).

Smoking Topography
Puff volume, maximum puff velocity, and puff

duration for the entire sample and for African-
American and European-American participants are
shown in Table 1. Mean values for the two ethnic
groups were similar and not statistically different.

Physiological Responses
Pre- and postsmoking physiological measures are

shown in Figure 1. Baseline-adjusted means for post-
smoking physiological measures were: SBP 123.8 mm
Hg for African Americans vs. 124.6 mm Hg for Cau-
casians; DBP 74.3 mm Hg for African Americans vs.
73.5 mm Hg for European Americans; HR 97.8 bpm
for African Americans vs. 97.4 bpm for European
Americans; CO 19.9 ppm for African Americans vs.
20.0 ppm for European Americans. None of these dif-
ferences were statistically or clinically significant.

DISCUSSION
The present study found no statistically or clini-

cally significant differences to support the hypothe-
ses of early ethnic differences in acute physiological
responses to menthol cigarette smoking and puff
topography measures among teenage smokers seek-
ing cessation treatment. Adolescent puff volumes
found in the current study were similar to those
reported by others.2'22 Higher CO in our population
seeking cessation treatment may reflect heavier
dependence-related smoking. Alternatively, while
higher CO in this group of all menthol smokers did
not appear to be due to higher puff volume than in
previous studies, anesthetizing and cooling effects
of menthol may have influenced other puff topogra-
phy variables (e.g., depth of inhalation) to allow

greater smoke exposure. 23,2429

Ethnic differences in smoking topography and
physiological response to smoking can be obscured by
ethnic differences in preference for menthol cigarettes.
This study of all menthol smokers clarified these rela-
tionships by controlling for menthol preference. The
overwhelmingly high prevalence of menthol smoking
in both ethnic groups of adolescents is consistent with
other data that report targeted marketing ofmentholat-
ed cigarettes.30 Given the resurgence ofmenthol smok-
ing among both African-American and European-
American teenagers and the higher-than-average mean
nicotine content of menthol cigarettes in the current
study,3' we suggest that future research extend these
findings by evaluating ethnic differences in smoking
topography and physiological responses to smoking in
a 2-x-2 factorial experimental design that includes
adolescents who smoke both menthol and nonmenthol
cigarettes on a regular basis.

However, these findings are preliminary and suf-
fer limitations of generalizability. By studying a
self-selected, treatment-seeking sample of highly
addicted menthol smokers, we may have minimized
differences observable in a larger, more diverse sam-
ple of adolescent smokers. The use of data from a
single smoking session in this sample of conven-
ience may also have led to less generalizable results,
although a recent study among adult smokers in our
laboratory supports it validity.32 Cardiovascular
responses are influenced by degree of nicotine deliv-
ery,33 which was not measured in the current study;
however, the lack of differences in puff topography
and CO measures suggests similar exposure to nico-
tine by both groups. Finally, teenagers may smoke
differently in naturalistic settings outside the labora-
tory where physiological measures were recorded,
thus, these findings may not reflect ethnic differ-
ences operating in daily life. Further study is war-
ranted to replicate and extend these findings to ado-
lescent smokers who are not treatment-seeking and
not physically dependent on tobacco.

While not examined in the current study, the possi-
bility remains that factors other than acute physiologi-
cal responses to smoking contribute to ethnic differ-
ences in population-based, tobacco-attributable
mortality. Indirect rather than direct factors, such as the
impact of the social and societal stress of ethnic dis-
crimination34'35 and its resulting effects (e.g., immune
and neuroendocrine responses) that mediate the devel-
opment of disease entities may be more relevant than
acute responses to longer-term consequences of
decades of exposure to tobacco. Alternatively, for as-
yet undocumented reasons, African-American smokers
may not be accessing effective quitting aids, such as
over-the-counter nicotine replacement therapy prod-
ucts (i.e., nicotine patch and gum) at the same rate,28'36
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resulting in less successful quit attempts and longer
exposure to tobacco. As such, longitudinal, population-
based, and laboratory studies in a broader sample of
young smokers are needed to better understand the
mechanisms underlying ethnic differences in tobacco-
related health outcomes.

ACKNOWLEDGEMENTS
We are grateful to the dedicated staff of the Teen

Tobacco Addiction Treatment Research Clinic in
Baltimore, MD. This research was supported by
NIDA Intramural funds.

REFERENCES
1. The 1998 Report of Tobacco Use Among U.S. Racial/Ethnic Minority
Groups: A Report of the Surgeon General, National Center for Chronic
Disease Prevention and Health Promotion, Office on Smoking and
Health. Washington, DC: Centers for Disease Prevention and Control.
1998. U.S. Dept of Health and Human Services.
2. Neaton JD, Kuller LH, Wentworth D, et al. Total and cardiovascular
mortality in relation to cigarette smoking, serum cholesterol concentra-
tion, and diastolic blood pressure among black and white males fol-
lowed up for five years. Am Heart J. 1984;1 08:759-769.
3. Hoyert DL, Arias E, Smith BL, et al. Deaths: final data for 1999. Natl
Vital Stat Rep. 2001;49:1-1 13.
4. Benowitz NL, Perez-Stable EJ, Fong 1, et al. Ethnic differences in N-
glucuronidation of nicotine and cotinine. J Pharmacol Exp Ther.
1999;291:1 196-1203.
5. Caraballo RS, Giovino GA, Pechacek TF, et al. Racial and ethnic dif-
ferences in serum cotinine levels of cigarette smokers: Third National
Health and Nutrition Examination Survey. JAMA. 1998;280:135-139.
6. Wagenknecht LE, Cutter GR, Haley NJ, et al. Racial differences in
serum cotinine levels among smokers in the Coronary Artery Risk
Development in (Young) Adults Study. Am J Public Health.
1 990;80:1 053-1056.
7. McGrady GA, Ahluwalia JS, Pederson LL. Smoking initiation and ces-
sation in African Americans attending an inner-city walk-in clinic. Am J
Prev Med. 1998;1 4:130-137.
8. Kabat GC, Morabia A, et al. "Comparison of smoking habits of
blacks and whites in a case-control study." Am J Public Health.
1991;81:1483-1486.
9. Henningfield JE, Fant RV, Shiffman S, et al. Tobacco dependence:
Scientific and public health basis of treatment. The Economics of Neu-
roscience. 2000;2:42-46.
10. The 1989 report on reducing the health consequences of smok-
ing-25 years of progress. A report of the Surgeon General (DHHS Pub-
lication No. (CDC) 89-841 1). Washington DC: U.S. Government Printing
Office; 1989. U.S. Department of Health and Human Services.
11. Centers for Disease Control and Prevention, DHHS. Trends in ciga-
rette smoking among high school students-United States, 1991-2001.
MMWR. 2002;51:409-412.
12. Moolchan ET, Berlin 1, Robinson ML, et al. Characteristics of African-
American teenage smokers who request cessation treatment: impli-
cations for addressing health disparities. Arch Pediatr Adolesc Med.
2003; 157:533-538.
13. Moolchan ET, Ernst M, Henningfield JE. A review of tobacco smok-
ing in adolescents: treatment implications. J Am Acad Child Adolesc
Psychiatry. 2000;39:682-693.
14. McNeill AD. The development of dependence on smoking in chil-
dren. BrJ Addict. 1991;86:589-592.
15. Bridges RB, Combs JG, Humble JW, et al. Puffing topography as a

determinant of smoke exposure. Pharmacol Biochem Behav.
1990;37:29-39.
16. Rieben FW. Smoking behavior and increase in nicotine and car-
boxyhaemoglobin in venous blood. The Clinical Investigator.
1992;70:335-342.
17. Newby DE, McLeod AL, Uren NG, et al. Impaired coronary tissue plas-
minogen activator release is associated with coronary atherosclerosis
and cigarette smoking: direct link between endothelial dysfunction and
atherothrombosis. Circulation. 200 1; 1 03:1936-194 1.
18. Villablanca AC, McDonald JM, Rutledge JC. Smoking and cardio-
vascular disease. Clin Chest Med. 2000;21:159-172.
19. Wald NJ, Watt HC. Prospective study of effect of switching from
cigarettes to pipes or cigars on mortality from three smoking related
diseases. BrMed J. 1997;314:1860-1863.
20. Togores B, Bosch M, Agusti AG. The measurement of exhaled car-
bon monoxide is influenced by airflow obstruction. Eur Respir J.
2000;15:177-180.
21. Corrigall WA, Zack M, Eissenberg T, et al. Acute subjective and
physiological responses to smoking in adolescents. Addiction.
2001;96:1409-1417.
22. Zack ML, Belsito R, Scher, et al. "Effects of abstinence and smoking
on information processing in adolescent smokers." Psychopharmacol-
ogy. 2001 ;1 53:249-257.
23. Ahijevych K, Parsley LA. Smoke constituent exposure and stage of
change in black and white women cigarette smokers. Addict Behav.
1999;24:1 15-120.
24. Moolchan ET. Adolescent menthol smokers: will they be a harder
target for cessation? Supplement on Menthol: Setting the Research
Agenda. Nic Tob Res. 2004;6 Suppl 1:S93-S95.
25. Heatherton TF, Kozlowski LT, Frecker RC, et al. The Fagerstr6m test for
nicotine dependence: a revision of the Fagerstr6m tolerance ques-
tionnaire. BrJ Addict. 1991;86:1119-1127.
26. Eissenberg T, Adams C, Riggins Ill EC, et al. Smokers' sex and the
effects of tobacco cigarettes: subject-rated and physiological meas-
ures. Nic Tob Res. 1999;1:317-324.
27. Aung AT, Pickworth WB, Moolchan ET. History of marijuana use and
cigarette smoking topography in tobacco-dependent adolescents.
Addict Behav (in press).
28. Moolchan ET, Schroeder JR. Quit Attempts among African-Ameri-
can Teenage Smokers Seeking Treatment: Gender Differences. Prev
Med. (in press)
29. Eccles R. Menthol and related cooling compounds. J Pharm Phar-
macol. 1994;46:618-630.
30. Coultas DB, Stidley CA, Samet JM. Cigarette yields of tar and nico-
tine and markers of exposure to tobacco smoke. Am Rev Respir Dis.
1 993; 1 48:435-440.
31. Cummings KM, Morley CP, Horan JK, et al. Marketing to America's
youth: evidence from corporate documents. Tob Control.
2002;21 1S1:I118-31.
32. Lee EM, Malson JL, Moolchan ET, et al. Smoking topography: validi-
ty and reliability in dependent smokers. Nic Tob Res. 2003;5:673-679.
33. Pickworth WB, Fant RV, Rohrer MS, et al. Pharmacodynamic effects
of new denicotinized cigarettes. Nic Tob Res. 1999;1:357-364.
34. Clark R, Anderson NB, Clark VR, et al. Racism as a stressor for
African Americans. A biopsychosocial model. Am Psychol. 1999;54:
805-816.
35. Romano PS, Bloom J, Syme SL. Smoking, social support, and hassles
in an urban African-American community. Am J Public Health.
199 1;81:415-422.
36. Thorndike AN, Biener L, Rigotti NA. Effect on smoking cessation of
switching nicotine replacement therapy to over-the-counter status.
Am J Public Health. 2002;92:437-442. a

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION VOL. 96, NO. 6, JUNE 2004 771


