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Abstract

The possibility that menthol cigarettes add to the deleterious cardiovascular effects of smoking has
been barely discussed. Although cardiovascular diseases (CVD) are at the forefront of medical
concerns of people living with HIV (PLWH), an important, yet unknown, issue for clinicians and
public health authorities is whether use of menthol-flavored cigarettes heightens CVD risk factors.
Our study aims to assess traditional (10-year risk using the Framingham Risk Model) and
nontraditional CVD risk factors and to contrast the effects of menthol-flavored versus non-
menthol flavored cigarettes on these risk factors. Compared to controls, menthol smokers were
twice as likely to have hypertension. Users of menthol-flavored cigarettes had higher body mass
index values, and increased risk of abdominal obesity. Multivariate analyses indicated that
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menthol smokers doubled the odds of having moderate to high CVD risk. This finding is highly
significant given the widespread use of menthol-flavored cigarettes, particularly among women,

minorities,
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Despite notable improvements in prevention, cardiovascular diseases (CVD) continue to
cause, on average, one death every 39 seconds in the United States (Roger et al., 2012).
Each year, an estimated 1,000,000 Americans will experience new coronary attacks or silent
myocardial infarctions (Roger et al., 2012). For people living with HIV (PLWH), the
situation is even worse, as rates of CVD are approximately two-fold higher than age-
matched people without HIV infection (Das, 2010; Kearney, Moore, Donegan, & Lambert,
2010). Increased rates have been attributed, at least in part, to metabolic problems associated
with antiretrovirals, including hyperlipidemia and glucose-related abnormalities (Das, 2010;
Kearney et al., 2010).

Obesity is increasing rapidly as a health complication for PLWH. Along with aging, obesity
has contributed to major increases in the rates of hypertension, hypercholesterolemia, and
metabolic disorders in PLWH. Of concern, the increased incidence of obesity will overlap
with the smoking epidemic (Miguez, 2012). Recent studies have estimated that, in the era of
antiretroviral therapy (ART), PLWH lose more life-years to smoking than to HIV (Petrosillo
& Cicalini, 2013). The Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D)
study confirmed a two-fold increased odds of myocardial infarctions in current and former
smokers compared to those without these risk factors (Friis-Mgller et al., 2010). While these
studies corroborated a link between smoking and CVD in PLWH, none assessed whether the
type of cigarette smoked had any differential effects.

Data emerging from animal studies and a few human studies have provided evidence that
menthol-flavored cigarettes may directly affect cardiovascular parameters. Ciftci et al.
(2009) assessed the plausible effects of menthol and non-menthol cigarettes on
cardiovascular function and found that menthol-flavored cigarettes exerted detrimental
effects on systolic velocity, isovolumic contraction time, and cardiac performance index
values. These findings are of great concern given that the market share of menthol-flavored
cigarettes has significantly increased in recent years (Giovino et al., 2004). Despite this
evidence, no study has attempted to validate this information for PLWH (Das, 2010;
Kearney et al., 2010).

Our study aims to address this important issue by examining the relationships between use
of menthol-flavored cigarettes and well-defined measures of cardiovascular risk, using
baseline measures obtained in our ongoing Florida International Liaison for
Transdisciplinary and Educational Research on Smoking (FILTERS) cohort. This
information is vitally needed to identify high-risk groups and correlates of risk, and to
enable planning of effective prevention programs.
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Methods

Study Design and Sample

FILTERS is a 3-year longitudinal study based in South Florida. Subjects completed the
consent process and were assigned into one of four socio-demographically-matched groups
based on HIV (positive/uninfected) and smoking (smoker/non-smoker) status. The main goal
of FILTERS is to evaluate biological (cytokines) and behavioral (i.e., use of menthol
cigarettes) mechanisms whereby tobacco use may influence the development of tobacco-
related diseases (TRD, CVD), particularly in certain racial ethnic groups. The recruitment
process started in June 2011 and ended in June 2013 because the Department of Health
closed all studies funded in 2011 for political reasons (Lamendola, 2013). At that time, a
total of 393 subjects had enrolled in the study. Individuals were recruited primarily by
posting study pamphlets with contact information in local clinics. If phone contact suggested
that the candidates knew their HIV status and identified themselves as not using injection
drugs and as not dependent on alcohol or any drugs other than tobacco, they were eligible
for personal interviews. Individuals with baseline histories of liver cirrhosis, myopathies,
malignancies, and immunosuppressive conditions other than HIV were excluded, as were
pregnant women. Once enrolled, computerized assessments were conducted by skilled
interviewers, brief physical examinations were completed, and blood samples were
collected.

Cardiovascular Outcomes

Each FILTERS participant received a brief medical examination that included vital signs
and anthropometric measurements. After the participant had rested at least 5 minutes,
systolic and diastolic measurements were registered as the first and fifth Korotkoff sounds.
Subjects were considered to be hypertensive if they were taking antihypertensive
medications, self-reported to being diagnosed with hypertension (yes/no), and/or registered
systolic pressures 140 mmHg or higher or diastolic pressures equal to 90 mmHg or higher.
They were then stratified in the Framingham Risk Model and had a Framingham Risk Score
(FRS) assessed. The Framingham Heart risk assessment tool predicts a person’s chance of
having a heart attack in the next 10 years and higher scores imply greater risk (main study
outcome) (National Heart, Lung, and Blood Institute, 2004). The risk was calculated based
on smoking status (yes/no), current drug prescription to treat high blood pressure (yesno),
blood pressure, and lipids obtained at baseline.

Since the FRS does not consider obesity, which has been associated with an enhanced risk
for CVD, we decided to collect anthropometric measures along with elements of the
metabolic profile. Basic body composition indices using standardized instruments were
obtained, including weight and height to calculate body mass index (BMI; weight [Ibs]/
height [inches]? x 703). Participants were classified as thin if BMI was less than18.5 kg/m?,
eutrophic if BMI was 18.5 to 24.9 kg/m?, overweight if BMI was 25 to 29.9 kg/m?, and
obese if BMI was 30 kg/m? or higher. In accordance with national guidelines, abdominal
obesity was defined as a waist circumference greater than 102 centimeters (40 inches) in
males and 88 centimeters (35 inches) in females.
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The lipid profile encompassed direct measurements of triglycerides and total, high density
(HDL), and low density (LDL) cholesterol levels. Subjects were considered to have
dyslipidemia if they reported current use of lipid-lowering medications or if they had
hypercholesterolemia (> 200 mg/dL), and/or HDL-cholesterol less than 40 mg/dL in men
and less than 50 mg/dL in women, and/or triglycerides 150 mg/dL or higher, and/or LDL-
cholesterol 160 mg/dL or higher (Roger et al., 2012).

The FRS was calculated based on vital signs, lipid profiles, and medical history. The FRS
was selected for use in our study because it is accepted as a reference method and has been
validated in the U.S. population (Grundy et al., 2004). While more precise, HI\VV-specific risk
algorithms were based on European cohorts and, therefore, not reflective of our study
sample.

Smoking Behaviors

The Fagerstrom Test for Nicotine Dependence (FTND) was used to obtain operational
measures of smoking (Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991). In addition to
the FTND, we used a smoking history that included core questions related to tobacco
prevalence and consumption, cessation, second-hand smoke, media and advertising
exposure, and economics. In the first section, participants were asked questions regarding
age of initiation, number of years smoking, type of tobacco used, and total number of
cigarettes smoked every day. Following national guidelines, a participant was classified as a
current smoker if s/he reported smoking at a minimum of 100 cigarettes in his or her lifetime
and currently smoked every day or some days (Centers for Disease Control and Prevention,
1994).

Use of Menthol-Flavored Cigarettes

Covariates

This variable was based on self-reports (yes/no) and the participant’s preferred brands.
Smokers were dichotomized as menthol users or not menthol users.

Computerized questionnaires were used to obtain socio-demographic information and drug
use and medical histories, including history of ART. Based on self-reports, subjects were
categorized as African American, White non-Hispanic (Caucasian), or Hispanic. Age was
stratified as 18 to 29, 30 to 40, or 41 or more years. Annual income was categorized as $0 to
$11,000, $11,001 to $20,000, $20,001 to $49,999, or more than $50,000. Education level
was assigned a code between 1 and 16, representing each year of schooling through college
or vocational training.

Statistical Analyses

During the study design, a Monte Carlo simulation was used to determine the power to
detect a difference between study groups. We had 90% power to detect differences between
menthol flavored and non-flavored groups and 80% power to detect differences between
people living with and without HIV. Analyses were performed using SPSS 19 (IBM Inc.,
Chicago, IL) for Windows. Correlations between the main variables of interest (i.e., FRS,
CDA4+ T cell counts, lipid levels, ART, smoking, and menthol use) were examined with
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Pearson correlation coefficients. Chi-square, student's t-test, and ANOVA were used to
evaluate differences in risk factors between groups (smokers of menthols = 1, non-menthol
smokers = 2 and nonsmokers = 3 or 0 in the quantitative variables). Regression models were
employed to examine potential predictors of Framingham risks (nominal below or above 10
years). Covariates also included cigarettes per day (continuous), a squared term for
cigarettes per day, menthol, age, sex, race, anthropometrics, and HIV status. The criterion
for statistical significance was a = .05.

Sociodemographics

Table 1 shows the descriptive characteristics of the total sample by smoking status. No
significant differences were found between the groups for income or general health
(albumin, liver enzymes, CD4+ T cell counts). Groups differed only in race and gender, as
menthol users were more likely to be African American. Although no significant gender
differences in smoking rates were observed (61% of males and 57% of females smoked), of
the 91 female smokers, 22% used non-mentholated cigarettes while the remaining 78% were
menthol users. On the other hand, of the 149 males smokers, 34% smoked non-mentholated
cigarettes versus 66% menthol users (Odds Ratio [OR] = 1.8, 95%; Confidence Interval
[CI]: 1-2.9, p=.03).

Smoking by HIV Status

Most participants had been diagnosed with HIV for more than a decade (13.9 * 8 years).
Although all enrolled participants were prescribed ART (mostly Truvada® [44%] or
Atripla® [22%], alone or in combination with ritonavir [32%)] or lopinavir/ritonavir [13%]),
5% of the subjects decided not to start a prescribed regimen or had discontinued ART
because of side effects. CD4+ T cell counts were indicative of reasonably good
immunologic status as a result of ART. Overall, the mean CD4+ T cell count was higher,
and the mean log viral load lower, in non-smokers.

In the sample, PLWH had smoked for more years than people living without HIVV (PLWOH,;
25 £+ 9 versus 19.8 + 10 years, p = .001). However, PLWH smoked, on average, a similar
number of cigarettes per day (13 = 9 vs. 12 £ 8) and had comparable FTND scores (4.4 + 2.4
vs. 4 £ 2.6) to PLWOH. PLWH preferred menthol-flavored brands (70%) more than
PLWOH did (60%).

Smoking and Lipid Profile

Across most domains, CVD risk profiles for PLWH (both smokers and nonsmokers) were
significantly different than PLWOH, including both traditional and nontraditional CVD risk
factors. PLWH exhibited higher rates of hypertriglyceridemia (33% vs. 1%),
hypercholesterolemia (30% vs. 8%), low high-density lipoprotein (HDL) cholesterol (35 %
vs. 9%), and high blood pressure (28% vs. 25%). Compared to controls (non-smoker,
uninfected), PLWH who smoked menthol cigarettes had higher rates of hypertension (54%
vs. 38%) and hypertriglyceridemia (33% vs. 1%). As depicted in Table 2, PLWH who were
menthol cigarette smokers exhibited higher total cholesterol, low-density lipoproteins
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(LDL), and glucose levels, but decreased levels of HDL cholesterol. Overall, the menthol
cigarette smokers had higher FRS values (5.2 + 4.5 vs. 3.2 + 4.3). While the differences in
HDL, triglycerides, and glucose did not reach statistical significance, the consistency and
direction of these CVD risk measures suggest that menthol has a global deleterious effect.

Smoking and Obesity

Of concern, more than two thirds of the sample was overweight (35%) or obese (38%), and
BMI scores were similar between PLWH and PLWOH (30 + 7 vs. 29 + 7). However, the
waist/hip ratio was larger for PLWH (PLWH: 0.94 £ 0.07 vs. PLWOH: 0.92 £ 0.07, p=.
014). Despite similar albumin levels, dietary intake, and exercise patterns, PLWH who
smoked menthol-flavored cigarettes had significantly higher BMI scores than non-menthol
smokers (31 = 7.5 vs. 27.4 £ 5.3, p=.02). A similar trend was also observed in PLWOH (29
+7vs. 27.3+5, p=.05). Indeed, compared to smokers of non-menthol-flavored cigarettes,
menthol cigarette smokers exhibited a 40% increased risk of abdominal obesity (OR = 1.4,
95%; Cl: 1-1.6, p = .05), and a 20% increased risk when compared to the nonsmoking
controls (OR = 1.2, 95%; CI: 1-1.5, p = .07).

Smoking and Hypertension

We also examined whether smoking, particularly of menthol cigarettes, had detrimental
effects on systolic and diastolic pressure. Among PLWH, data demonstrated a progressive
increase in systolic blood pressure from nonsmokers to smokers of regular cigarettes to
smokers of menthol-flavored cigarettes (118 + 7 vs. 120 + 11 vs. 124 + 13 mmHg, p = .05).
Diastolic pressure measurements for PLWH were lower among nonsmokers (73 = 8), with
progressive increases observed in non-menthol smokers (76 £ 6) and menthol smokers (77 £
9 mmHg; p = .04). A similar trend was observed for PLWOH, but differences did not reach
statistical significance (mean non-menthol smokers: 119/74 vs. menthol smokers: 121/76
mmHg). Additional analyses for PLWH indicated that users of menthol-flavored cigarettes
were twice as likely to have hypertension as non-menthol smokers (OR = 1.7, 95%; CI:
9-3.3, p = .05). Smokers of menthol-flavored cigarettes more commonly used
antihypertensive medications (p = .05).

Cardiovascular Risk Factors

Overall, the mean 10-year risk for coronary events according to FRS was 6.4 £ 0.5. In total,
62% of PLWH and 77% of PLWOH were categorized as being at low risk for CVD (< 10%
see Figure 1). The remaining 25% of PLWH and 19% of PLWOH had either moderate (10—
20%) or high (> 20%) 10-year risk for CVD, respectively (13% of PLWH vs. 4% of
PLWOH). We could not confirm prior observations of a direct relationship between higher
CD4+ T cell counts with higher cardiovascular risk estimates. Additional analyses indicated
that PLWH who smoked menthol-flavored cigarettes were twice as likely to have moderate
to high CVD risk (> 10%) when compared to non-menthol users (OR = 2.5; 95% CI: 1-6, p
=.02). Among uninfected people, only 1% had a high CVD risk, and all were menthol users.

J Assoc Nurses AIDS Care. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Miguez-Burbano et al.

Page 7

Final Analyses

Multivariate analyses indicated that abdominal obesity predicted CVD risks (Framingham
10 year-risk below/above) beyond BMI. Of greatest importance, use of menthol-flavored
cigarettes was strongly associated with FRS (see Table 3). Notably, when menthol was
included in the model, HIV, race, and gender became insignificant predictors of FRS. Age
was the only variable that remained significant among those used in the calculation of FRS.

Discussion

Our large study of ambulatory PLWH receiving regular HIV care and PLWOH
demonstrated a striking discordance in the prevalence of CVD risks by type of cigarettes.
Data indicated that menthol added an incremental adverse effect beyond smoking to the
CVD risk profile. Of concern, a sizable portion of our study population (70%) used menthol
cigarettes. Particularly remarkable was the strong relationship with obesity, which has
emerged as a critical risk factor for CVD in PLWH (Amorosa et al., 2005). The dangers of
tobacco products and the excessive rates of menthol use are disquieting when considering
that PLWH age at a rapid pace and experience diseases associated with aging 10 to 20 years
earlier than in their non-infected peers (EI-Sadr et al., 2006; Newman et al., 2009). We
provide additional evidence regarding the risks of menthol cigarettes. Collectively, these
findings further justify the need for more studies to closely monitor this public health threat.

While tobacco companies have portrayed menthol as causing innocuous cold sensations, our
findings indicated that use of menthol-flavored cigarettes was associated with overall higher
prevalence of hypertension. Increases in blood pressure readings were likely the result, at
least in part, of excess nicotine levels found in menthol users. In addition to its direct effects
on the sympathetic system, the identification of transient receptor potential cation channel
subfamily M member 8 (TRPMS8; also known as the cold and menthol receptor 1) as a
regulator of Ca2+-permeable channel expressed in the vasculature has opened a new
pathway to explain the vasopressor effects of menthols (Johnson et al., 2009). Neunteufl et
al. (2002) further supported our findings that acute exposure to menthol cigarettes was
associated with impaired endothelial function. This finding is highly relevant, considering
that hypertension can affect a number of other co-morbid conditions, including metabolic
syndrome, lipid abnormalities, CVD, and diabetes.

The most striking difference in CVD risk factors was the much higher frequency of obesity
in menthol users compared to non-menthol users, both in HIV-infected and uninfected
groups. Differences in weight were probably related to the appetite-enhancing properties of
menthols. The rates of obesity are of concern, given that associated hormonal signals lead to
endocrine alterations and enhanced production of pro-inflammatory cytokines (Amorosa et
al., 2005). In addition, the high frequency of abdominal obesity among menthol users
represents a major challenge because this fat distribution pattern may play a significant role
in modulating CVD risks beyond obesity (Dervaux, Wubuli, Megnien, Chironi, & Simon,
2008). Although body composition assessments were limited to anthropometric measures,
our findings indicate the need for future studies to determine the mechanism mediating these
observations. Strategies should be developed to improve overall health of PLWH by
reducing both smoking and obesity because these are interlinked epidemics.

J Assoc Nurses AIDS Care. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Miguez-Burbano et al. Page 8

The finding that menthol may be associated with alterations of the lipid profile is new to the
smoking literature. However, in the pharmacotherapy field, researchers have been using the
disruptive properties of menthol over lipids to accelerate the absorption of other medications
(Watanabe, Obata, Ishida, & Takayama, 2009). The discovery that PLWH have excessive
CVD risk confirms the findings of previous studies that showed that both HIV and
antiretrovirals could exacerbate CVD risks (Das, 2010; Kearney et al., 2010). However, we
could not confirm reports of a linear association between CD4+ T cell counts and CVD risks
(Ho, et al., 2012).

Our findings need to be analyzed in the context of some limitations. Our study design did
not allow inference of causation. It was conducted in South Florida and included a limited
number of White participants; results may differ by geographic region or race/ethnicity.
Despite these cautions, consistency across separate studies in the direction of association,
and the existence of a plausible biological mechanism, strengthen the support of our
observations.

We have added to the body of scientific evidence that describes the deleterious effects of
menthol-flavored cigarettes above and beyond smoking. Public health professionals should
develop campaigns aimed at reducing or eradicating the use of menthol-flavored cigarettes,
particularly in PLWH. Strategies should be developed to improve overall health by reducing
both smoking and obesity because these are interlinked epidemics for PLWH.
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Figure 1.
Cardiovascular risks by smoking status
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Table 1

Sociodemographic Information by Smoking Group (n = 393)

Variables Non- Smokers of Smokers of p
Smokers Non-mentholated | Mentholated | value
(n =153) Cigarettes Cigarettes
(n=70) (n=170)
Age 39.3+9 40.4+85 40.8+85 0.7
Gender
* Male 49% (75) 72% (50) 58% (99) .03
* Female 51% (78) 28% (20) 42% (71)

Race/Ethnicity

« Black 57% (87) 17% (12) 68% (116) .006
« Hispanic 40% (61) 71% (50) 25% (42)
« White 3% (5) 12% (8) 7% (12)
Income
* Less than $11,000 15% (23) 6% (4) 6% (10) 2
« $11,001-$20,000 | 80% (122) 91% (64) 92% (157)
« $20,001-$49,000 3% (5) 0% (0) 2% (3)
« > $50,000 2% (3) 3% (2) 0%
HIV
* Yes 65% (99) 52% (36) 57% (97) 1
«No 35% (54) 48% (34) 43% (73)
Albumin 42+05 42+04 41+0.6 9

Liver Enzymes

* AST 38+22 45+ 22 36+18 0.6
*ALT 35+25 41+39 35+19 .8
CD4+ T cell counts | 508.9 + 311 | 462.6 £ 299 | 470 £ 322 | A4
Viral Load Log | 24+1.4 | 26+13 | 25+1.2 | 1

Note. Values are means + SD or percentages with exact n in the parenthesis.
Note. Significant racial and gender differences were found between groups.

Note: AST = Aspartate transaminase also called glutamic oxaloacetic transaminase (SGOT); ALT= alanine aminotransferase also called glutamic
pyruvic transaminase (SGPT).
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Table 2

Cardiovascular Risk Factors by Type of Cigarettes (n = 240)

Variables Mean | Standard | pvalue
Deviation
Framingham
Menthol Flavored | 5.2 45
Non-Menthol | 3.2 43 .002

Total Cholesterol mg/dL
Menthol Flavored | 195.69 | 46.43
Non-Menthol | 177.81 | 38.92 .02

High Density Cholesterol mg/dL
Menthol Flavored | 48.92 46.43
Non-Menthol | 52.70 38.92 2

Low Density Cholesterol mg/dL
Menthol Flavored | 115.40 | 41.75
Non-Menthol | 99.79 36.85 .003

Triglycerides mg/dL
Menthol Flavored | 162.70 | 108.43
Non-Menthol | 191.8 177.14 4

Glucose
Menthol Flavored | 99.80 61.37
Non-Menthol | 90.67 24.68 .16

Note. Significant differences were found between menthol and non-menthol groups on mean Framingham risk scores, total cholesterol, and LDL.
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