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Abstract: In this report, we analyze trends in interleukin-6 (IL-6) production in people living
with human immunodeficiency virus (PLWH), as a function of smoking behaviors and race,
using a clinic-based case-control design. Peripheral blood mononuclear cells (PBMCs) were
collected from a multiethnic cohort of 120 PLWH to measure IL-6 in culture supernatant. The
data indicated that stimulated PBMC produced significantly higher levels of IL-6 in smok-
ers than nonsmokers. However, as expected, this relationship was substantially modified by
race. The distinctive production of IL-6 across different racial groups highlights the need for
additional studies and suggests that African American smokers have enhanced production of
IL-6 than other groups. Additional analyses indicate that higher IL-6 levels are related to the
predicted use of mentholated cigarettes, which are more frequently used by African Americans.
These findings warrant further investigation and indicate the critical need for tailored preventive
interventions.
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Introduction
Similar to other inflammatory and immunological diseases implicated in premature
mortality, human immunodeficiency virus (HIV) has had distinctive impacts across
various racial/ethnic groups. Proinflammatory markers, particularly interleukin-6
(IL-6), have been recently linked to an increased risk of all causes of mortality in
models adjusted for well-known confounding variables.' Levels of IL-6 are likely
to be influenced by several behavioral and genetic factors."!! Associations between
common gene variations in IL-6 and race/ethnicity have been examined in several
studies but with inconsistent findings, and these studies did not focus on people
living with HIV (PLWH).** Saijo et al’ studied 347 Japanese individuals; Friedlander
et al® studied 475 Israeli families; and the AIRGENE study targeted Europeans with
myocardial infarct.”10

Also, potential factors associated with IL-6 elevations have been analyzed by Neu-
haus et al'' using three large US cohorts of people with and without HIV. However,
these analyses failed to assess the collective contribution of tobacco and smoking
use behaviors (ie, menthol use) or examine how race/ethnicity may have shaped their
findings.!' Compared with Caucasians, African Americans and Hispanics tend to smoke
mentholated cigarettes. It has been argued and debated that the increased nicotine, tar,
carbon monoxide, and various carcinogenetic compounds in menthol brands could
result in increased medical problems.'*'¢ Specifically, tar and carbon monoxide have
been linked with an increased proinflammatory response including IL-6.!7 Further, this
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national study used either stored serum or plasma, which
are problematic for measuring cytokine levels, that depend
on clearance for accurate assessment. A preferred method
is to assess cytokine production in culture supernatants of
peripheral blood mononuclear cells (PBMC) collected at the
same time of day to obtain the most accurate comparison
across individuals.

Additional evidence also prompts our interest. Vast
epidemiological evidence indicates that meager health and
higher mortality in the general population are associated with
smoking status. Moreover, compared with the general popu-
lation, PLWH are at high risk of developing malignancies
and cardiovascular and kidney diseases, which are related
to smoking.'®2° In this study, in order to add clarity to this
area of research, we have attempted to more comprehensively
assess the relationships between IL-6 and smoking behav-
iors by race in PLWH, while controlling for well-known
confounding factors.

Subjects and methods

Sampling

Participants included 120 men and women regularly treated
at the Jackson Memorial Medical Center, Miami, Florida.
They were consecutively enrolled in the study upon informed
consent and meeting the following inclusion criteria: aged at
least 18 years and confirmed to be infected only with HIV-1
virus. We chose a study population from an open-access public
health system with standard treatment protocols to minimize
possible confounds of results due to lack of treatment, unequal
medical care, and other such factors related to social inequali-
ties. Participants were enrolled regardless of clinical (ie,
symptomatic, asymptomatic, and AIDS) and treatment status
(ie, highly active antiretroviral treatment [HAART] yes/no).
Nevertheless, the distribution of participants across Centers
of Disease Control and Prevention (CDC) categories was well
balanced with almost half (48%) having AIDS and 60% of the
group receiving HAART.

Nonambulatory patients and those with serious comor-
bidities that might affect outcome, such as central nervous
system opportunistic infection, head injury, tumors, major
psychiatric disease, developmental disorders, cirrhosis, severe
malnutrition, or confirmed cardiovascular disease at baseline,
were excluded. Also, excluded were those with a history of
any immune-based disease (ie, malignancies, autoimmune
diseases, arthritis, and viral hepatitis) to further minimize the
possibility that IL-6 was altered by other diseases. Moreover,
we excluded febrile patients or those with acute illness (ie,
cold and respiratory infections) as it may alter cytokine

production. To also reduce confounding due to illicit drugs
and viral hepatitis, exclusion criteria included liver enzymes
with 2 standard deviations above normal values, injection,
and/or daily drug use at the time of enrollment. Those willing
to participate (98%), who provided written informed consent,
were enrolled and followed for 6 months.

A baseline assessment included standardized research
questionnaires on tobacco, alcohol, and drug use supple-
mented by a past and present medical history, physical
examination, and laboratory testing. Our definition of
HAART for analytical purposes was guided by the published
recommendations of the Panel on Antiretroviral Guidelines
for Adults and Adolescents of 2008.?!

Tobacco exposure

Information on tobacco use (cigarettes, cigars, and pipes)
included duration of tobacco use (years), the estimated
number of cigarettes, cigars, and/or pipes per day, the age at
which smoking began, cigarette brand, and details regarding
filter and mentholated cigarette use.

Participants were categorized as nontobacco users (ie,
never smoked) and current tobacco users (ie, reported present,
regular cigarette smoking). Tobacco use was quantified as fol-
lows: 0 =never, 1 =once/last 30 days, 2 = once/week, 3 =3-4
times per week, 4 = daily. As per World Health Organization
recommendations (WHO), heavy smoker was defined as a
smoker with a daily consumption of more than 20 cigarettes.
To quantify cumulative lifetime use, current smokers were
asked at what age they began smoking, and ex-smokers were
asked at what age they started and quit smoking. Number of
years of smoking was calculated as follows: for smokers,
current age minus age at which participant began smoking,
and for ex-smokers, age at which participant quit smoking
minus age at which participant began smoking.

Interleukin-6

Sterile, heparinized vacutainer tubes were used to collect
blood samples, kept at room temperature after collection, and
transported to the laboratory for culture within 4 hours.

Stimulants

To test their capacity to secrete IL-6, PBMCs 103/mL were
stimulated with 10 pg/mL plate-bound anti-CD3 mAb
plus 1 pg/mL soluble anti-CD28 mAb for 24 hours. We
used 10 puL/well for a final concentration of 5 ug/mL in
Royal Park Memorial Institute medium 1640 with L-glu-
tamine (Gibco BRL®, Gaithersburg, MD), penicillin, and
streptomycin.
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Procedure

Each well of a 24-well plate was added with 100 uL of
blood; 900 uL medium with antibiotics; and with or without
anti-CD3 was added to each well. A 48 hours, plates were
removed from the incubator and centrifuged, and 800 UL of
supernatant fluid was collected from each well and frozen
at =70°C.

Controls
A control well (growth medium without stimulant) was
included for each blood sample.

Calculations

Levels of IL-6 in the culture supernatant fluids were mea-
sured by commercial enzyme-linked immunosorbent assays
(Beckman/Coulter Corporation, Miami, FL) in which stan-
dard curves using recombinant cytokines were generated.
These assays were appropriately quality controlled with dif-
ferent known sources of recombinant and natural cytokines
(including National Institute for Biological Standards and
Control/WHO reference standards) and throughout different
patient categories. The number of lymphocytes in each assay
was obtained from the complete blood count, and levels of
cytokines in supernatant fluids were normalized to 1,00,000
lymphocytes (10°).

Virological and immunological

assessments

To determine immune status and HAART effectiveness,
CD4 and CDS8 lymphocyte subsets were determined by
flow cytometry as per National Institute of Allergy and
Infectious Diseases laboratory protocols. HIV viral loads
were obtained by polymerase chain reaction (COBAS®
Amplicor Analyzer; Roche Molecular Diagnostics,
Pleasanton, CA). The definition of HAART used for
analyses was guided by the published recommendations
of the Panel on Antiretroviral Guidelines for Adults and
Adolescents of 2008.%!

Race/ethnicity

Data on race/ethnicity were categorized in accord with the
1997 Office of Management and Budget Directive 15. We
used the following mutually exclusive categories and par-
ticipant self-reports to categorize them as Caucasian (white
non-Hispanic), African American, and Hispanics (whites).
Participants from other racial ethnic groups were excluded
from the analyses because of being insufficient numbers to
produce meaningful results.

Other risk factors

To investigate risk factors associated with increased levels of
IL-6, potentially confounding variables, such as, age, gender,
smoking, or drug use, were assessed. Drug use habits were
assessed using standardized questionnaires. Considering that
malnutrition, a feature observed in PLWH and in alcohol
abusers, could affect IL-6 production, nutritional status was
assessed using albumin and anthropometrics. Weight was
measured to the nearest 0.1 kg on a balance beam scale,
with the participant dressed in indoor clothing without shoes.
Height was measured to the nearest 0.1 cm using a wall-
mounted stadiometer. Body mass index (BMI) was calculated
as weight in kilograms divided by height in meters squared.
Additionally, a detailed current and past medical history
was obtained on each participant. Each variable was first
analyzed as a continuous variable and then, dichotomized
to facilitate analyses.

Alcohol consumption assessments included widely used
standardized and validated brief screening questionnaires.
The WHO’s Alcohol Use Disorders Identification Test has
three alcohol consumption questions, three drinking behav-
ior and dependence questions, and four questions on the
consequences or problems related to drinking.?> The Alcohol
Dependence Scale is a widely used research and clinical tool
that quantitatively measures alcohol-dependence severity.?
Its 25 items cover alcohol withdrawal symptoms, impaired
control over drinking, awareness of a compulsion to drink,
increased tolerance to alcohol, and salience of drink-seeking
behavior. Based on criteria established by National Institute
on Alcohol Abuse and Alcoholism and American Association
guidelines, men who reported more than 14 drinks per week
and women who reported more than 7 drinks per week were
classified as hazardous drinkers, whereas those reporting
fewer drinks were classified as nonhazardous drinkers.*

Statistical analyses
Data were analyzed using SAS (v. 8.1; SAS Institute, Cary,
NC) and SPSS (v. 17; SPSS, Inc., Chicago, IL) software.
Associations between the salient variables were exam-
ined with Pearson’s correlation coefficient analyses. 1L-6
(pg/10° Lym) differences between Hispanics, Caucasians,
and African Americans were compared using analysis of
variance after logarithmic (log) transformation.
Multivariate regression analysis was used to describe the
associations between IL-6 elevations with race and smoking
behaviors, although controlling for all variables that were
statistically significant in the univariate analyses. Multiple
logistic regression analyses were used to evaluate the effects
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of race/ethnicity, tobacco, and other potential risk factors
on IL-6 levels. The initial model was constructed with age,
socioeconomic status, BMI, CD4 cell counts, gender, viral
loads, illicit drugs, alcohol, and HAART as predictive vari-
ables. These factors were selected because either they were
recognized risk factors or they were significant (P =0.05) in
the univariate analysis. Nonsignificant variables (P = 0.05)
were excluded, beginning with the least significant variables,
until the final full model was determined. For this analysis,
we used IL-6 quantiles rather than a convenient value. Using
quantiles is particularly helpful when there are no clear clini-
cal cut-offs available. Moreover, it avoids a direct assumption
that there is a linear relationship between selected variables
and IL-6. Regression output was reported as adjusted odds
ratio (OR), accompanied by 95% confidence intervals (CI).

Results

Sociodemographic characteristics

With an overall 98% participation rate, 120 participants with
complete data were included in the analyses. Table 1 shows
baseline sociodemographics and clinical characteristics
of the study population. Consistent with the matching
strategy, the smoking and nonsmoking groups were very
similar with the exception of racial/ethnic distribution.
Table 2 shows these parameters by racial/ethnic groups.

IL-6 by clinical stage and HAART

Induction of IL-6 by PBMC after stimulation varied from
8 to 24,293 levels in picograms (pg/10° Lym). The Pearson
coefficients for their correlations with log viral load were
0.23 (P < 0.05). IL-6 and CD4 counts were moderately
intercorrelated (Pearson correlation coefficient: 0.30;

Table | Sociodemographics according to smoking status

Variable Smokers Non-smokers P value
N=90 N=30

Age 445+ 10 42+97 NS

Men 65% 61% NS

Women 35% 39%

Black 37% 25% 0.06

Hispanic 56% 65%

White 7% 10%

Income < $20,000 89% 87% NS

HAART 21% 19% -

Albumin 40+0.2 40+0.5 NS

Hazardous alcohol use 40% 27% NS

Notes: Values are mean + standard deviation or percentages. The data represent
descriptive statistics and comparisons of baseline key variables between smokers
and non-smokers. Subgroups only tended to be dissimilar in race/ethnicity.
Abbreviations: NS, nonsignificant; HAART, highly active antiretroviral treatment.

P < 0.01). To further assess the impact of disease status on
IL-6 production, participants were dichotomized as those
with more or less CD4 counts of 200 cells/mm? and as using
or not using HAART. We observed increased IL-6 produc-
tion in stimulated PBMC in those with more than 200 CD4
cell counts, with a loss of upregulation in individuals with
AIDS (3.7 £0.57 vs 2.8 £ 1.35 log, P = 0.01). IL-6 values
differed between treated and nontreated individuals, with
HAART recipients having significantly higher IL-6 values
(3.6 +0.68 vs 2.8 £ 1.5 log, P =0.001). Thus, it is probable
that IL-6 is regulated differently with respect to HAART
and disease state.

IL-6 and cigarette smoking

Ninety-three percent of the tobacco users were daily smokers
(95% CI: 89.8-95.7), 10% of the participants were heavy
smokers (smoked more than 20 cigarettes/d), 19% were
moderate smokers (10-19 cigarettes/d), and more than half
(71%) were light smokers (less than 10 cigarettes/d). We
assessed trends in smoking prevalence by two measures of
socioeconomic status—Ilevel of education and occupational
class—within race, but no significant effects were evident.

As Figure 1 displays, Caucasians showed the highest smok-
ing rate (67%), followed by Hispanics (40%), and African
Americans (31%). These rates are strikingly higher than those
observed among the general population being seen at Jackson
Memorial Medical Center (Caucasian 18%, African American
14%, and Hispanic 17%). Most African Americans (80%) and
20% of Hispanics, but only 1 HIV infected white, reported using
mentholated cigarettes, which reflects national distribution
patterns of smoking behavior. Daily consumption of cigarettes
ranged from 1.8 £ 1.3 for whites to 8.0 & 1.8 for African Ameri-
cans, and to 8.5 = 1.2 for Hispanics. There were significant
differences in the number of years of smoking between African
American (18.8 + 2.1 years), Hispanic (16.1 £ 3 years), and
Caucasian subjects (7.1 = 3.9 years, P =0.04).

The most interesting finding appears when menthol
and race/ethnicity are considered together; please note that
Caucasians have been excluded in this analysis because of
their limited numbers. African American menthol users
were 3 times more likely to be in the heavy use category of
cigarette consumption than Hispanic participants (95% CI:
1.0-14.5, P = 0.04). Similarly, Hispanics have higher rates
of smoking when their brand of choice contains menthol
(9.3 £ 0.6 cigarettes/d). Furthermore, compared with
Hispanics nonmenthol users, Hispanics menthol users were
more likely to smoke more than a pack per day (OR=2;95%
CIL: 1-4.65, P =0.03).
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Table 2 Baseline sociodemographic information for HIV-infected participants by race/ethnicity

Hispanic white Non-Hispanic Non-Hispanic P value
white black

Age 434% 10 479+9 42694 0.1
Men 63% 70% 60% 0.7
Women 37% 30% 40%

Income < 20,0007y 93% 80% 91% 0.8
CD4 cell 276.6 + 56 336+ 105 2789 £33 0.5
counts

Viral load 1,31,510 £ 41,523 2,32,083 + 1,53,895 1,45,278 + 49,849 0.6
HAART 31% 20% 25% 0.7
Albumin 4£0.1 42+03 39+£0.2 0.3

Abbreviations: HIV, human immunodeficiency virus; HAART, highly active antiretroviral treatment.

In PLWH, IL-6 levels were higher in smokers in
comparison with nonsmokers (3.6 £ 0.8 vs 3.3 = 1 log).
IL-6 levels in culture supernatants differed between African
Americans and Hispanics (1,773 £ 618 vs 2,905.4 =454 log).
The interaction term essentially separates African American
menthol cigarette smokers from Hispanics and recomputes
their risk for being in higher levels of IL-6 production.
Smokers were twice as likely to have more than 2,5 log than
nonsmokers (95% CI: 1.1-15, P = 0.05).

When analyses were stratified by CD4 counts, African
Americans with more than 200 CD4 cell counts tended to
have higher IL-6 levels than Hispanics (3,925 £ 1454 vs
3,453+ 1618 log, P=0.05). However, as illustrated in Figure 2,
African Americans with less than 200 CD4 cells who smoked
mentholated cigarettes have significantly higher IL-6 values
(4.7£0.8 vs 3,453 £ 1618 log, P =0.03).

Differences on IL-6 according

to alcohol consumption

To extend existing studies in the search for IL-6 modifiers
in PLWH, we examined hazardous alcohol use as a potential
contributor. This factor proved to be significant with IL-6

PLWOH [@ PLWH

African
American

Caucasian Hispanic

Figure | Prevalence of smoking by HIV status and race/ethnicity.

Notes: Data are prevalence of tobacco by HIV status and race/ethnicity. PLWH had
significantly higher rates of tobacco (31%—-67%) than PLWOH (14%-18%, P = 0.001).

Abbreviations: HIV, human immunodeficiency virus; PLWOH, people living without HIV.

levels significantly increased in hazardous drinkers com-
pared with nonhazardous drinkers (3,6 £ 0.6 vs 3,1 + 1.3
log, P = 0.04). To assess the potential effects of nutritional
parameters in altering IL-6 results, we examined IL-6 inter-
actions with dietary intake, albumin, and BMI, but there
was none. Moreover, the observed interaction between IL-6
production and alcohol remained significant after controlling
for these potential confounders.

Multivariate regression analyses

In multivariate logistic regression, smoking mentholated
cigarettes, race, and hazardous alcohol use remained inde-
pendently associated with IL-6 levels more than 75 per-
centile, after adjusting for gender, HAART, CDC stage of
HIV disease, and BMI (Table 3). Of interest, smoking was
borderline significant, but smoking mentholated brands were
a significant predictor of IL-6 levels.

W Hispanics

CD4 > 200

CD4 <200

Figure 2 IL-6 by race and CD4 in PLWH who used mentholated cigarettes.
Notes: Data represent the logarithm of IL6 levels in the supernatant of stimulated
PBMC and evident differences in the production between Hispanics and African
Americans, particularly those with less than 200 CD4 cell counts (P = 0.03).
Abbreviations: IL-6, interleukin-6; PLWH, people living with HIV; PBMC,
peripheral blood mononuclear cells.
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Table 3 Multivariate analyses for elevated IL-6 values

Model Predictors of high IL-6 levels
Multivariate RR  95% CI P value

Hazardous 8.4 1.3-25 0.03

liquor use

Race/ethnicity 9.5 2.2-40 0.002

Black versus Hispanic

plus non-Hispanic whites

Thrombocytopenia 4.6 1.4-14.1 0.01

Use of mentholated 2.6 1.0-10.3 0.04

cigarettes

Notes: RR represents the final logistic regression model predicting having IL-6
values more or less than 75% percentile. Significance was set at 0.05. Model statistics
computed include adjusted OR, 95% ClI, and their corresponding P values. All
variables were set as dichotomous variables.

Abbreviations: IL-6, interleukin-6; Cl, confidence interval; OR, odds ratio.

Discussion

To date, there are no published studies examining the poten-
tial effects of mentholated cigarette smoking in relation to
ethnic differences and HIV infection. Our findings provide
information that menthol, an additive found in many Ameri-
can cigarette brands, is a modifiable risk for abnormal IL-6
production. Although a previous HIV-national study failed to
analyze the effect of smoking on IL-6 levels,!! our data sug-
gest that the increased use of mentholated cigarettes among
African Americans and Hispanics may be enhancing proin-
flammatory responses. These findings have important public
health implications when considering that approximately
two-thirds of PLWH in the United States are either African
Americans or Hispanics. They also highlight the importance
of carefully analyzing racial/ethnic differences in PLWH and
obtaining detailed behavioral information.

It has been repeatedly reported in the literature that
minority populations, particularly African Americans, are
more vulnerable than Caucasians to several tobacco-related
diseases.”®?” When infected with HIV, a recent report from
Flexible Initial Retrovirus Suppressive Therapies (FIRST)
concluded that African Americans and Hispanics have
lower health outcomes, lower rates of viral suppression,
and less CD4" cell count.”’” We examined socioeconomic,
behavioral, and racial differences as potentially confound-
ing factors related to the observed differences. In agree-
ment with previous studies in the general population, our
data have suggested racial differences on IL-6 levels.*>*
Consistent with prior reports, differences in IL-6 production
were evident between non-Hispanic Caucasians, Hispanics,
and African Americans, with African Americans exhibiting
the lowest IL-6 levels.?? More critically, however, our study
extends earlier findings by showing, for the first time, that
using mentholated cigarettes may impose additional burdens

on the body’s regulation of inflammatory response among
African Americans and Hispanics living with HIV. These
increases in IL-6 parallel the CD4 and viral outcomes in
those receiving HAART and, consequently, may help explain
the findings from the FIRST multisite trial.”” The implica-
tions of these results may be important regarding morbidity,
particularly, since high IL-6 levels have been associated with
cognitive impairment, kidney damage, and cardiovascular
diseases.’*3? Most alarming, in the Strategies for Manage-
ment of Anti Retroviral Therapy (SMART) study, is that
the IL-6 elevations after HAART initiation were associated
with an increased risk of all cause-mortality.** Thus, it is
likely that by avoiding smoking, significant reductions of
IL-6 can be achieved, enhancing the life expectancy of the
populations.

With regards to behavioral factors, our findings indicate
that menthol itself may compound the risk of tobacco’s
proinflammatory effects. Menthol is a cigarette additive
that probably increases health risk by enhancing exposure
to tobacco smoke toxins.'*!® Menthol use predicts heavy
smoking, depresses respiratory activity, and increases risk
of respiratory infections.® Because there is little data evaluat-
ing its potential immune effects, mechanistic studies would
seem important for directly assessing possible menthol risks,
given that patients with chronic inflammation constitute a
major clinical hurdle, due to the threat of disease progres-
sion, medical complications, and increased mortality risks.
Although data regarding the deleterious effects of menthol
have been inconsistent, there have been repeated indications
in the literature that ethnic minorities, particularly African
Americans, face greater difficulties in achieving smoking
cessation if they use mentholated cigarettes.'>'> Qur data
also indicated that hazardous alcohol use may increase this
chronic proinflammatory state reinforcing the urgency of
preventive strategies tailored to African Americans and
Hispanics and aimed at their specific risks.

Finally, in contrast to studies relating health disparities
to socioeconomical variables, our findings did not attribute
health disparities to sociodemographic unbalances. Similar
to our findings in HIV-infected active military personnel
and veterans, populations with few barriers to care have also
found disparities in outcomes by race/ethnicity.>

Our findings may be limited in several ways. A longitu-
dinal study, instead of a case-control, may provide a more
precise estimate of true values, and because of the correlative
nature of this study, causality cannot be definitely inferred.
The strictest association between smoking, particularly men-
tholated use and IL-6 regulation, and the persistence of the
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relationship after controlling for confounders indicate that
they are closely related. However, our findings are limited
to patients seen at Jackson Memorial Medical Center, and
our power necessarily limited our analyses. Our analyses
pertained to Caucasians, Hispanics, and African Americans,
so the ability to generalize to other race/ethnic groups is
uncertain. Therefore, larger studies, with longer follow-up
times, are recommended.

Race/ethnic differences in association with inflammatory
markers and diseases have important clinical and public
health implications, as well as complexities, in relation to
structural health disparities.! *!! These have been reviewed by
Barnes* who emphasizes the value of fully explaining these
differences, including the genetic contribution, in reinforcing
our priorities on eliminating health disparities. The role of
host genomic factors on HIV pathogenesis has long been doc-
umented.* Links to persistent ethnic differences and racial
disparities have also emerged but remain complex.*” Yet, the
cumulative evidence of ethnic differences in inflammatory
response has been evident and highlights the importance of
tailored investigations and preventive interventions, which
have been repeatedly emphasized in HIV sociobehavioral
and structural prevention research.’® As Cohen et al* illus-
trated, the most surprising and fundamental characteristic of
the HIV epidemic have been the persistent heterogeneity of
its impact and distribution across populations and regions.
Diverse presenters at the CROI 2010 (17th Conference on
Retroviruses and Opportunistic Infections) were united in
the recognition of this point and the need for combination
prevention strategies, which take a comprehensive account of
both the biomedical (including genetic) and sociobehavioral
dimensions of risks in future research and customized inter-
ventions. Our study highlights the importance of incorporat-
ing consideration of racial/ethnic differences in specifying the
risk behaviors of vulnerable populations. It also reinforces the
need for tailored preventive services in reducing modifiable
health risks, such as tobacco and alcohol use, to eliminate
health disparities among at-risk populations.
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