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Effects of Timing and Extent of Smoking, Type of
Cigarettes, and Concomitant Risk Factors on the Association

Between Smoking and Subclinical Atherosclerosis
Damiano Baldassarre, PhD; Samuela Castelnuovo, Biol Sci; Beatrice Frigerio, Biol Sci;

Mauro Amato, PhD; José P. Werba, MD; Arienne De Jong, PhD; Alessio L. Ravani, Biol Sci;
Elena Tremoli, PhD; Cesare R. Sirtori, MD, PhD

Background and Purpose—The purpose of this study was to evaluate the effects of timing and extent of smoking, type
of cigarettes, and concomitant vascular risk factors (VRFs) on the association between smoking and carotid
intima-media thickness (C-IMT) in a lipid clinic population.

Methods—1804 patients (869 men, age 21 to 85 year) participated in the study. Smoking habits were recorded and C-IMTs
were measured by B-mode ultrasound. The associations of C-IMT with smoking status (never, former, and current) and
with the cigarettes’ content of tar, nicotine, and carbon monoxide (alone or combined to define “light” or “regular”
cigarettes) as well as the interactions between smoking status, gender, and VRFs were evaluated before and after
adjustment for confounders.

Results—C-IMT was highest in current smokers, lower in former, and lowest in never smokers. C-IMT of former and
current smokers differed only after data adjustment for variables describing the extent and timing of smoking exposure.
C-IMT was positively related to the number of pack-years (number of cigarettes smoked per day [cigarettes/d]
multiplied by number of years smoked/20) in both former and current smokers. There were no differences in C-IMT
between smokers of cigarettes with high or low nicotine, tar, or carbon monoxide content. Both diabetes and
hypertension interacted positively with smoking in determining C-IMTs.

Conclusions—In the present cross-sectional observational investigation, carried out in a cohort of patients attending a lipid
clinic, consumption of light cigarettes does not reduce the atherogenic effect of smoking on C-IMT. The number of
pack-years, cigarettes/d, and years of smoking are relevant covariates in evaluating the effects of smoking on vascular health.
The presence of diabetes or hypertension strengthens the association between smoking and cardiovascular risk. (Stroke. 2009;
40:1991-1998.)
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The harmful effect of smoking on atherosclerosis and
cardiovascular health is well established1,2; nevertheless,

many people continue or even start to smoke.
Carotid intima-media thickness (C-IMT), a marker of

subclinical atherosclerosis, has been used as a surrogate end
point to investigate the effects of cigarette smoking.3–12 Some
studies have failed to report a difference in C-IMT between
former and current smokers,6,12 which suggests that the effect
of smoking on vascular walls is irreversible; yet, categoriza-
tions that do not take into account the extent and timing of
smoking may yield misleading conclusions. For example, an
individual with a 40-year history of cigarette smoking who
stopped smoking 1 year ago is classified as a former smoker,
but his/her C-IMT may well not differ from that of a current
smoker. Conversely, a current smoker is included in this

category even if he/she started smoking only a few months
ago with an effect of smoking still negligible.

Other factors potentially modifying the effect of smoking on
the arterial walls are the cigarette contents of tar, nicotine, and
carbon monoxide (CO) as well as the possible interactions with
other common vascular risk factors (VRFs). To the best of our
knowledge, these issues have not been fully investigated until now.

We aimed to investigate: (1) the effects of chronic use of
“light” or “regular” cigarettes (as defined by the tar/nico-
tine/CO content declared on the pack) on C-IMT; (2) to what
extent variables such as the number of years of smoking and
the number of cigarettes smoked per day (cigarettes/d)
modify the effect of smoking on C-IMT; and (3) whether
there is a synergy between smoking, gender, and conven-
tional VRFs in patients at high risk of cardiovascular disease.
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Materials and Methods
Patients
Consecutive patients (n�1804, 869 men, age-range 21 to 85 years),
attending for the first time the University Centre for Dyslipidemias - E.
Grossi Paoletti (Niguarda Hospital, Milan, Italy) had their C-IMT
measured by B-mode ultrasound. Patients attend this Lipid Clinic
either spontaneously or referred by general practitioners.

Data from medical history, physical examination, and laboratory
determinations were collected. Subjects were carefully questioned
face-to-face about smoking habits, including the year when smoking
began (and ended, for former smokers), number of cigarettes/d, and
the unique or predominant cigarette brand used. Data about ciga-
rettes’ content of tar, nicotine, and CO were collected from the
information reported on the pack. For former smokers, years elapsed
since smoking cessation (YESSC) was calculated. The extent of
cigarette exposure, referred as “pack-years,” was calculated as:
number of cigarettes smoked per day multiplied by number of years
smoked/20.

Patients were classified according to their smoking status as never,
former, and current smokers. Never smokers (n�1113) were defined
as those who had never smoked any cigarette in their lifetime.
Current smokers (n�315) were defined as those who were smokers
at enrollment and had a pack-years �0.6. Former smokers (n�376)
were defined as those who had a pack-years �0.6 but had not
smoked for at least 1 year before their interview. Smokers of cigars
and other tobacco products, cigarette consumers with a pack-years
�0.6, or those who had stopped smoking throughout the year preceding
the interview were excluded because equivocally classifiable.

Patients were considered hypercholesterolemics or hypertriglyc-
eridemics if plasma concentrations of LDL-cholesterol or triglycer-
ides were �4.14 and 1.71 mmol/L, respectively, or when they were
being treated with lipid-lowering drugs; hypoalphalipoproteinemic if
HDL-C levels were �1.04 mmol/L (in males) or �1.3 mmol/L (in
females); hypertensive if systolic or diastolic blood pressure were
�140 and 95 mm Hg, respectively, or when they were on treatment
with antihypertensive drugs; and diabetics if blood glucose concen-
trations were �7.01 mmol/L or they were being treated with insulin
or oral hypoglycemic drugs.

The study complies with the Declaration of Helsinki and was
approved by the Hospital Institutional Review Board. Informed
consent was obtained from all patients.

B-Mode Ultrasound Examinations
C-IMT was measured in real-time using the electronic caliper of the
ultrasonic device. The ultrasonic standardized protocol, the intra- and
interobserver repeatability, and the rationale for using this clinically
applicable approach rather than an automated edge-detection system
were described previously.13 Scanning was performed by trained
sonographers unaware of the data on smoking. The ultrasonic
protocol requires the visualization of the near and far walls of the
right and left carotids in 3 different projections: anterior, lateral, and
posterior (approximately 30 carotid segments per patient). The
ultrasonic variables used in the statistical analyses were the mean
IMT of common carotids (CC-IMTmean), bifurcations (Bif-IMTmean),
internal carotid arteries (ICA-IMTmean), and of the whole carotid tree
(IMTmean). The highest IMT value among the 30 segments was
defined as the Maximal IMT (IMTmax).

Lipids
Fasting total cholesterol, HDL-cholesterol, and triglycerides were
determined in fresh serum by enzymatic methods.14,15 LDL-choles-
terol was calculated by the Friedewald formula.16

Statistical Analysis
Continuous and categorical data are expressed as mean�SD and
number (percentage), respectively. Variables were tested for normal
distribution using Kolmogorow-Smirnov test and those with a
skewed distribution (ie, triglycerides and C-IMT) were log trans-
formed. Group comparisons for continuous and categorical variables

were performed by ANOVA and �2 test, respectively. Correlations
were assessed by Pearson analysis. Multiple regression analysis was
used to confirm the independence of the relationships between
variables related to timing/extent of smoking and C-IMT.

Covariance analysis (General Linear Models) was used to adjust
for confounding factors and to evaluate interactions between smok-
ing habits, gender, and VRFs.

To compare C-IMTs of high/low-tar, high/low-CO, and high/low-
nicotine cigarette consumers, 4 models were run using IMTmean or
IMTmax as dependent variables and possible confounders as inde-
pendent variables. The first model was run without any adjustment;
the second by adjusting for age and gender (the variables most
consistently associated with C-IMT13); the third by adding, among
covariates, variables related to the amount of cigarettes smoked
(years of smoking, cigarettes/d); and the fourth by adding all possible
confounders.

Statistical significance was assumed if 2-tailed P was �0.05. Data
were analyzed using SPSS version 13.0.

Results
Table 1 shows the characteristics of subjects stratified accord-
ing to smoking habits. Age- and gender-adjusted C-IMTs in
both current and former smokers were significantly larger
than in never-smokers, whereas the difference between
former and current smokers was not significant (Table 1).
When analyses were adjusted for confounding factors (listed
in the figure legend), C-IMTs turned out to be significantly
higher in current than in former smokers (Figure 1).

Effect of Cigarette Smoking According to Extent
and Timing of Exposure
To determine whether the atherogenic effect of smoking is
dose-dependent, C-IMT was plotted against pack-years (Fig-
ure 2). Carotid IMTmean increased with pack-years in both
former and current smokers; no interaction was found be-
tween pack-years and whether the smoking status was
“former” or “current.” Similar findings were obtained when
C-IMTmax (r�0.34 and r�0.37 for former and current smok-
ers, respectively; both P�0.0001) or single-segment ultrasonic
variables (CC-IMTmean, Bif-IMTmean and ICA-IMTmean) were
considered (lowest r�0.32; all P�0.0001).

Effect of “Light” and “Regular” Cigarettes
(Individual Effects of Tar, Nicotine, and CO)
To evaluate whether the atherogenic effect of smoking
depends on the tar, nicotine, or CO content of the cigarettes
smoked, current smokers were stratified into consumers of
high/low-tar, high/low-nicotine, and high/low-CO cigarettes.
Cigarettes were classified as low-tar when the tar content
reported on the pack was �7 mg, as low-nicotine when the
nicotine content was �0.7 mg, and as low-CO when the CO
content was �7 mg.

Table 2 shows the results of covariance analyses of the use
of high/low-tar, high/low-nicotine, and high/low-CO ciga-
rettes on C-IMT. For each of these stratifications, 4 models
were calculated using IMTmean or IMTmax as dependent
variables and possible confounding factors as independent
variables. No differences in IMTmean were detected between
high/low-tar or high/low-CO consumers. Differences in IMT-

max between users of high/low-tar cigarettes became statisti-
cally significant after adjustment for age and gender, years of
smoking, and cigarettes/d (Table 2, lines 2 and 3), but
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differences were again not significant after adjusting for other
possible confounders (line 4).

Significant differences in IMTmean and IMTmax were ob-
served when high- and low-nicotine cigarettes users were
compared (Table 2, line 5); however, after adjustment for
confounders, the differences in IMTmean lost statistical
significance, whereas those in IMTmax remained close to
statistical significance in each model considered (Table 2,
lines 6 to 8). Similar results were obtained when analyses

were performed for pooled current and former smokers,
and also when YESSC was added to covariates (data not
shown).

The last 3 lines in Table 2 show the analyses of C-IMT
differences between smokers of low-tar or low-nicotine or
low-CO cigarettes and never smokers. In these models,
C-IMTs of never smokers were always significantly smaller
than those of smokers, even of the supposedly less toxic
cigarette brands. Statistical significances were much greater

Table 1. Characteristics of Subjects Stratified Into Never, Former, and Current Smokers

P for Multiple Comparisons
(Bonferroni)

Never Smokers
(n�1113)

Former Smokers
(n�376)

Current Smokers
(n�315)

P by ANOVA
or by �2*

Never vs
Former

Never vs
Current

Former vs
Current

Gender (female/male), n 755/358 78/298 102/213 0.0001* 0.0001* 0.0001* 0.001*

Age, y 56.6�14.0 56.7�11.5 50.7�11.8 �0.0001 n.s. �0.0001 �0.0001

BMI, kg/m2 24.3�3.5 26.0�3.5 24.9�3.2 �0.0001 �0.0001 0.016 �0.0001

Systolic blood pressure, mm Hg 131�16 132�17 126�15 �0.0001 n.s. �0.0001 �0.0001

Diastolic blood pressure, mm Hg 81�9 81�9 79�9 0.112 n.s. n.s. n.s.

Blood serum concentrations

Total cholesterol, mmol/L 6.53�1.48 6.04�1.37 6.35�1.42 �0.0001 �0.0001 n.s. 0.017

HDL-cholesterol, mmol/L 1.42�0.36 1.27�0.34 1.24�0.39 �0.0001 �0.0001 �0.0001 n.s.

LDL-cholesterol, mmol/L 4.40�1.40 3.99�1.30 4.22�1.35 �0.0001 �0.0001 n.s. 0.064

Triglycerides, mmol/L 1.31�1.87 1.76�1.25 2.09�2.39 �0.0001† n.s.† �0.0001† 0.074†

Blood glucose, mmol/L 5.23�1.00 5.51�1.17 5.12�0.95 �0.0001 �0.0001 n.s. �0.0001

Pharmacological treatments

Hypoglycemic drugs, n (%) 24 (2.2) 21 (5.6) 14 (4.4) 0.002 0.001 0.026 0.308

Antihypertensive, n (%) 99 (8.9) 47 (12.5) 22 (7) 0.034 0.029 0.169 0.011

Resins, n (%) 71 (7.6) 17 (5.8) 6 (2.2) 0.006 0.178 �0.0001 0.026

Fibrates, n (%) 98 (10.5) 52 (17.7) 51 (19) 0.000 0.001 �0.0001 0.388

Statins, n (%) 227 (24.4) 83 (28.3) 59 (22) 0.206 0.101 0.237 0.052

Years of statins therapy 3.3�2.7 3.7�3.3 3.9�3.5 0.333† 0.998† 0.524† 0.999†

Smoking variables

Years of smoking // 24.6�11.5 31.4�12.3 // // // �0.0001

Cigarettes/d // 22.6�14.4 16.4�9.6 // // // �0.0001

Pack-years // 29.5�27.9 26.6�21.3 // // // 0.046

Tar, mg/cigarette // 9.9�2.3 8.0�3.0 // // // �0.0001

Nicotine, mg/cigarette // 0.86�0.19 0.68�0.26 // // // �0.0001

Carbon monoxide, mg/cigarette // 9.5�2.2 8.2�2.8 // // // �0.0001

YESSC, y // 14�10 // // // // //

Alcohol variables

Wine consumers, n (%) 483 (43.6) 223 (60.1) 148 (47.3) �0.0001 �0.0001 0.251 0.001

Beer consumers, n (%) 24 (2.2) 15 (4.0) 21 (6.7) �0.0001 0.051 �0.0001 0.115

Spirits consumers, n (%) 15 (1.4) 8 (2.2) 15 (4.8) 0.001 0.284 �0.0001 0.057

Ultrasonic variables, mm

CC-IMTmean 0.85�0.23 0.93�0.33 0.95�0.21 �0.0001† �0.0001† �0.0001† n.s.†

Bif-IMTmean 1.07�0.38 1.22�0.47 1.27�0.37 �0.0001† �0.0001† �0.0001† n.s.†

ICA-IMTmean 0.87�0.34 0.99�0.41 0.98�0.33 �0.0001† �0.0001† �0.0001† n.s.†

IMTmean 0.93�0.27 1.05�0.34 1.07�0.25 �0.0001† �0.0001† �0.0001† n.s.†

IMTmax 1.64�0.70 1.87�0.81 1.90�0.66 �0.0001† �0.0001† �0.0001† n.s.†

Data are means�SD. †P value obtained after log-transformation; *P values obtained by �2. BMI indicates body mass index; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; YESSC, years elapsed since smoking cessation; CC, common carotid; Bif, bifurcation; ICA, internal carotid artery; IMT, intima-media thickness;
P values of ultrasonic variables are adjusted for age and gender.
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than those observed in the high/low-tar, high/low-nicotine,
and high/low-CO comparisons.

Effect of “Light” and “Regular” Cigarettes
(Combined Effects of Tar, Nicotine, and CO)
Cigarettes were defined as “light” or “regular” on the basis of
the simultaneous presence of the 3 components (tar, nicotine,
and CO) below or above the selected respective thresholds (7,
0.7, and 7 mg). No difference in C-IMTs between smokers of
light or regular cigarettes was detected (all P�0.05). Similar
results were obtained when the data were analyzed for
moderate (pack-years �30) or heavy (pack-years �30)
smokers separately (all P�0.05).

To ensure that between-group differences in the extent of
smoking exposure had not introduced a bias in these results,
a further analysis was performed by comparing C-IMT
between 71 smokers of light cigarettes and 71 smokers of
regular cigarettes matched for age, gender, and pack-years
(Figure 3). Again, no differences between-groups were found
either before or after adjustment of the analysis for all
possible confounders considered (listed in the figure legend).
Being these differences are not significant, a power analysis
was performed to quantify type II error. In this analysis, our
sample size of 71 patients per group allowed a 70% power of

detecting as significant (with an alpha error of 0.05) a
difference in IMTmean of 0.095 mm, assuming a standard
deviation of 0.27 mm.

All detected differences between light and regular ciga-
rettes consumers, even those closest to the statistical signifi-
cance, were negligible compared with those between smokers
(either current or former) and never-smokers.

Multiple Regression Analyses
In 5 multivariate models performed by entering each one of
the 5 ultrasonic variables considered as dependent variable,
and the variables listed in Table 1 as independent (excluding
pack-years because of colinearity with cigarettes/d and years
of smoking), cigarettes/d was the only variable retaining
statistical significance (P�0.0001 in all the models) after the
stepwise selection of the multivariate model, whereas all the
others, including tar, nicotine, and CO, did not.

Interaction Between Smoking Habits, Gender, and
Vascular Risk Factors
To investigate whether smoking habits affect C-IMT by
interacting with gender or other VRFs, we stratified never and
current smokers according to gender or the presence of
hypertension, diabetes, hypertriglyceridemia, and hypoal-

Figure 1. Intima-media thickness (IMT;
means�SEM) in former and current
smokers after analyses were adjusted for
age, gender, BMI, log-triglycerides, HDL-
cholesterol, LDL-cholesterol, blood glu-
cose, uric acid, blood pressure, pack-
years, tar, nicotine, CO, alcohol
consumption (wine, beer, and spirit con-
sumption), and pharmacological treat-
ments (statins, resins, fibrates, hypogly-
cemic and antihypertensive drugs). CC
indicates common carotid; Bif, bifurca-
tion; ICA, internal carotid artery.

Figure 2. Correlation between log
C-IMTmean and log pack-years in current
and former smokers. Interaction was cal-
culated by ANCOVA analyses adjusted
for gender, age, BMI, SBP, LDL-choles-
terol, tar, nicotine, CO, and (for former
smokers) YESSC.
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phalipoproteinemia (frequencies in supplemental Table I,
available online at http://stroke.ahajournals.org). The interac-
tion with hypercholesterolemia was not investigated be-
cause most patients were hypercholesterolemic. Covari-
ance analyses using C-IMT as the dependent variable and
hypertension and smoking as independent variables
showed that smoking habit and hypertension were both
independent determinants of C-IMT, with a significant
interaction between hypertension and smoking habit (Figure
4, top panel). Similar results were obtained when subjects
were stratified according to presence or absence of diabetes

(Figure 4, bottom panel). No interaction with smoking habit
was observed when patients were stratified according to
gender, hypertriglyceridemia, or hypoalphalipoproteinemia
(all P�0.05).

Discussion
The major finding of the present study is that no relevant
difference in C-IMT is detectable between consumers of
“light” and “regular” cigarettes. In some analyses, C-IMT
seems to be slightly higher in regular cigarette consumers,
but differences were not significant and negligible com-

Table 2. Tar, Nicotine and Carbon Monoxide (CO) as Determinants of Carotid IMTmean and IMTmax in Current Smokers (n�315)

IMTmean IMTmax

Adjustment B SE P (95% CI) B SE P (95% CI)

TAR �7 (n�65) vs TAR �7 (n�250)

None �0.013 0.046 0.773 (�0.103; 0.076) �0.129 0.114 0.257 (�0.352; 0.095)

Age, gender �0.046 0.036 0.206 (�0.117; 0.025) �0.214 0.094 0.023 (�0.398; �0.029)

Age, gender, years of smoking, cigarettes/d �0.039 0.035 0.272 (�0.108; 0.031) �0.202 0.093 0.031 (�0.386; �0.018)

Full model �0.016 0.068 0.820 (�0.149; 0.118) �0.220 0.184 0.231 (�0.581; 0.141)

Nicotine �0.7 mg (n�130) vs Nicotine �0.7 mg (n�185)

None �0.098 0.037 0.008 (�0.171; �0.026) �0.274 0.092 0.003 (�0.455; �0.092)

Age, gender �0.044 0.029 0.136 (�0.101; 0.014) �0.148 0.076 0.052 (�0.298; 0.001)

Age, gender, years of smoking, cigarettes/d �0.039 0.029 0.174 (�0.095; 0.017) �0.140 0.076 0.065 (�0.289; 0.009)

Full model �0.013 0.045 0.781 (�0.102; 0.077) 0.038 0.123 0.756 (�0.204; 0.28)

CO �7 mg (n�63) vs CO �7 mg (n�252)

None �0.002 0.046 0.963 (�0.088; 0.093) �0.084 0.115 0.466 (�0.310; 0.142)

Age, gender �0.005 0.047 0.923 (�0.088; 0.097) �0.084 0.117 0.471 (�0.315; 0.146)

Age, gender, years of smoking, cigarettes/d �0.004 0.037 0.911 (�0.07; 0.078) �0.085 0.099 0.388 (�0.280; 0.109)

Full model 0.101 0.064 0.115 (�0.025; 0.227) 0.160 0.174 0.358 (�0.182; 0.503)

Never smokers (n�1113) vs TAR �7 mg �0.133 0.033 �0.0001 (�0.198; �0.069) �0.174 0.089 0.051 (�0.349; �0.000)

Never smokers (n�1113) vs Nicotine �0.7 mg �0.117 0.024 �0.0001 (�0.165; �0.069) �0.197 0.067 0.003 (�0.327; �0.066)

Never smokers (n�1113) vs CO �7 mg �0.147 0.033 �0.0001 (�0.212; �0.082) �0.223 0.090 0.014 (�0.400; �0.046)

The last 3 rows of the table refer to low-tar, low-nicotine, and low-CO cigarette consumers vs never smokers.
B indicates non-standardized coefficient; SE, standard error of B.
Full models are adjusted for: age, gender, tar, or nicotine or CO, BMI, log-triglycerides, HDL-cholesterol, LDL-cholesterol, blood glucose, uric acid, systolic blood

pressure, alcohol consumption (wine, beer and spirit consumption), years of smoking, cigarettes/d, and pharmacological treatments (statins, resins, fibrates,
hypoglycemic and antihypertensive drugs). The last 3 analyses were adjusted for the same covariates with the exclusion of those related to timing and extent of
smoking (tar or nicotine or CO, years of smoking, cigarettes/d).

Figure 3. C-IMTs (mean�SEM) in 71
smokers of “light” cigarettes and 71
smokers of “regular” cigarettes matched
for age, gender, and pack-years. Light
and regular cigarettes were defined by
the simultaneous presence of tar, nico-
tine, and CO below or above the selected
thresholds (7 mg for tar, 0.7 mg for nico-
tine, and 7 mg for CO), respectively. Anal-
yses were adjusted for BMI, log-triglycer-
ides, HDL-cholesterol, LDL-cholesterol,
blood glucose, uric acid, blood pressure,
alcohol consumption (wine, beer, and
spirit), YESSC, cigarettes/d, years of
smoking, and pharmacological treatments
(statins, resins, fibrates, hypoglycemic
and antihypertensive drugs).
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pared with those observed between smokers and never
smokers.

A posteriori estimates of statistical power are meaningful
only when based on a specific alternative hypothesis, such as
an effect size thought to be biologically significant. We have
assumed as biologically significant a C-IMT difference be-
tween light and regular cigarettes consumers equal to at least
50% of the difference observed between regular cigarette
consumers and never smokers. The sample size of 71 patients
per group allowed a 70% power to detect as significant a
difference in IMTmean of 0.095 mm, a value equivalent to the
53% of the difference observed between regular cigarettes
consumers and never smokers. Consequently, our results do
not support the hypothesis that light cigarettes have a less
unfavorable effect than regular cigarettes. As far as we know,
the present study is the first to provide detailed findings on
this issue. Although previous reports showed that switching
from regular to light cigarettes does not reduce tobacco-
related cardiovascular morbidity,17,18 mistaken beliefs about
the possible benefits of light cigarettes are still widespread
even in countries where considerable efforts have been made
to educate people about the misconception of “light.”19 For
example, one study showed that many smokers use light
cigarettes in the belief that this may reduce the risks of
smoking or as a first step toward stopping smoking; in the
same study, however, most participants declared that they

would much more probably have stopped smoking if they had
known that light cigarettes confer the same risk as regular
ones.20 Information herein reported comparing the athero-
genic effect of light and regular cigarettes is thus not only of
scientific interest but provides strong support for health-
promoting programs.

Another important finding of the present study is that the
inclusion in the analyses of covariates related to lifelong
smoking exposure (pack-years, cigarettes/d, years of smok-
ing, and YESSC) unmask differences between former and
current smokers, thus explaining, at least in part, the lack of
differences in C-IMT between current and former smokers
reported by others.6,12

The present report also indicates that diabetes or hyperten-
sion, but not hypertriglyceridemia or hypoalphalipoproteine-
mia, interact with smoking in determining C-IMT. The
interaction of smoking with diabetes is apparently in contrast
to the study of Kong et al,21 who showed no differences in
C-IMTs between smoking and nonsmoking type 2 diabetics.
It must be emphasized, however, that in Kong’s study former
smokers were classified as nonsmokers, irrespective of
YESSC or smoking duration, and this may have considerably
influenced results.21 Our findings, by contrast, are in line with
those reported in the ARIC study,22 which showed that the
effect of cigarette smoking on C-IMT progression rate in
diabetic patients was almost twice that observed in nondia-

Figure 4. C-IMTs (mean�SEM) in never
and current smokers after patients’ strati-
fication according to hypertension or dia-
betes. Analyses were adjusted for age,
gender, BMI, blood pressure, LDL-choles-
terol, HDL-cholesterol, log-triglycerides
and blood glucose, alcohol consumption
(wine, beer, and spirit consumption), and
pharmacological treatments (statins, res-
ins, fibrates, hypoglycemic and antihyper-
tensive drugs). NIDDM indicates noninsu-
lin dependent diabetes mellitus.
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betic patients. Regarding the interaction between cigarette
smoking and hypertension, the present data agree with those
of Liang and coworkers.7

Thus, the identification of atherogenic interactions war-
rants intensified efforts to promote smoking cessation in
patients with diabetes or hypertension.

Finally, we observed that age- and sex-adjusted C-IMTs
increase with the number of pack-years, in both former and
current smokers, thus confirming a direct dose-dependent
relationship between smoking and C-IMT.7,10,23–26 It has also
been suggested that the relation between smoking and C-IMT
may be different for each carotid segment,8 but in our study
pack-years correlated well with C-IMT in each carotid
segment considered.

With regard to possible gender-specific effects, 2 studies
suggested that pack-years are predictive for C-IMT only in
men,27–29 but in these studies men had a higher lifetime
exposure to smoking than women and data were not adjusted
for other smoking variables. In the present study, after data
stratification for pack-years, the atherogenic effect of smok-
ing was equally strong in both sexes (Ptrend �0.0001 for both
men and women after adjustment for all variables included in
Table 1) without any interaction between tertiles of pack-
years and gender (P�0.12).

Study Limitations
The present study included patients attending a Lipid Clinic
mostly exposed to dyslipidemia and a variety of other risk
factors and risk-reducing interventions. Hence, despite the
low prevalence of patients treated with lipid lowering drugs
(an issue probably related to the fact that they attended the
clinic for the first time), no conclusions can be drawn from
this study about the effect of light or regular cigarettes
smoking on C-IMT among normolipidemics or subjects from
the general population. Other potential limitations are the
cross-sectional nature of the study (which implies that the
results are based on indirect evidences; ie, self-reported data)
and the inclusion of drug therapies in the statistical analyses
as binary variables (yes/no at the time of assessment) without
taking into account the duration, doses, and efficacy of
therapies. In addition, because the study is focused on carotid
arteries, it does not provide any information about the effect
of light or regular cigarettes consumption on the extent of
atherosclerosis in other vascular districts. Finally, lack of data
about individual socioeconomic status, which was reported to
be associated with both smoking habits30 and C-IMT,31 does
not allow to exclude a potential confounder effect of this
variable on the results reported.

Summary
Having established that smoking is dose-dependently associ-
ated with subclinical carotid atherosclerosis, this study also
shows that the consumption of light cigarettes does not
reduce the atherogenic effect of smoking on C-IMT. Pack-
years, cigarettes/d, years of smoking, and YESSC are impor-
tant covariates that should be taken into account to properly
evaluate in clinical studies the effects of smoking on health.
Finally, both diabetes and hypertension strengthen the asso-
ciation between smoking and atherosclerosis, so that partic-

ular efforts to stop smoking should be made for patients with
these conditions.

Sources of Funding
Research reported in this study was partially supported by Philip
Morris USA Inc and Philip Morris International.

Disclosures
None.

References
1. Chen Z, Boreham J. Smoking and cardiovascular disease. Semin Vasc

Med. 2002;2:243–252.
2. Szczech R, Hering D, Narkiewicz K. Smoking and cardiovascular risk:

New mechanisms and further evidence for a ‘guilty’ verdict. J Hypertens.
2004;22:31–34.

3. Bhuiyan AR, Srinivasan SR, Chen W, Paul TK, Berenson GS. Correlates
of vascular structure and function measures in asymptomatic young
adults: The bogalusa heart study. Atherosclerosis. 2006;189:1–7.

4. Fine-Edelstein JS, Wolf PA, O’Leary DH, Poehlman H, Belanger AJ,
Kase CS, D’Agostino RB. Precursors of extracranial carotid atheroscle-
rosis in the framingham study. Neurology. 1994;44:1046–1050.

5. Howard G, Burke GL, Szklo M, Tell GS, Eckfeldt J, Evans G, Heiss G.
Active and passive smoking are associated with increased carotid wall
thickness. The atherosclerosis risk in communities study. Arch Intern
Med. 1994;154:1277–1282.

6. Karim R, Buchanan TA, Hodis HN, Li Y, Mack WJ. The association of
smoking and subclinical atherosclerosis in type 2 diabetes: Modification
by duration of diabetes. Diabet Med. 2005;22:81–87.

7. Liang YL, Shiel LM, Teede H, Kotsopoulos D, McNeil J, Cameron JD,
McGrath BP. Effects of blood pressure, smoking, and their interaction on
carotid artery structure and function. Hypertension. 2001;37:6–11.

8. Poredos P, Orehek M, Tratnik E. Smoking is associated with dose-related
increase of intima-media thickness and endothelial dysfunction.
Angiology. 1999;50:201–208.

9. Raitakari OT, Juonala M, Kahonen M, Taittonen L, Laitinen T, Maki-
Torkko N, Jarvisalo MJ, Uhari M, Jokinen E, Ronnemaa T, Akerblom
HK, Viikari JS. Cardiovascular risk factors in childhood and carotid
artery intima-media thickness in adulthood: The cardiovascular risk in
young finns study. JAMA. 2003;290:2277–2283.

10. Tell GS, Polak JF, Ward BJ, Kittner SJ, Savage PJ, Robbins J. Relation
of smoking with carotid artery wall thickness and stenosis in older adults.
The cardiovascular health study. The cardiovascular health study (CHS)
collaborative research group. Circulation. 1994;90:2905–2908.

11. Weber F. Risk factors for subclinical carotid atherosclerosis in healthy
men. Neurology. 2002;59:524–528.

12. Gariepy J, Denarie N, Chironi G, Salomon J, Levenson J, Simon A.
Gender difference in the influence of smoking on arterial wall thickness.
Atherosclerosis. 2000;153:139–145.

13. Baldassarre D, Amato M, Bondioli A, Sirtori CR, Tremoli E. Carotid
artery intima-media thickness measured by ultrasonography in normal
clinical practice correlates well with atherosclerosis risk factors. Stroke.
2000;31:2426–2430.

14. Bucolo G, David H. Quantitative determination of serum triglycerides by
the use of enzymes. Clin Chem. 1973;19:476–482.

15. Roschlau P, Bernt E, Gruber W. [Enzymatic determination of total cho-
lesterol in serum (author’s transl)]. Z Klin Chem Klin Biochem. 1974;12:
403–407.

16. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concen-
tration of low-density lipoprotein cholesterol in plasma, without use of the
preparative ultracentrifuge. Clin Chem. 1972;18:499–502.

17. Palmer JR, Rosenberg L, Shapiro S. “Low yield” cigarettes and the risk
of nonfatal myocardial infarction in women. N Engl J Med. 1989;320:
1569–1573.

18. Negri E, Franzosi MG, La Vecchia C, Santoro L, Nobili A, Tognoni G.
Tar yield of cigarettes and risk of acute myocardial infarction. Gissi-efrim
investigators. BMJ. 1993;306:1567–1570.

19. Borland R, Yong HH, King B, Cummings KM, Fong GT, Elton-Marshall
T, Hammond D, McNeill A. Use of and beliefs about light cigarettes in
four countries: Findings from the international tobacco control policy
evaluation survey. Nicotine Tob Res. 2004;6 Suppl 3:S311–S321.

Baldassarre et al Cigarette Smoking Features and Carotid IMT 1997

 at UniversitÃ  degli Studi di Milano on June 15, 2012http://stroke.ahajournals.org/Downloaded from 

http://stroke.ahajournals.org/


20. Kozlowski LT, Goldberg ME, Yost BA, White EL, Sweeney CT, Pillitteri
JL. Smokers’ misperceptions of light and ultra-light cigarettes may keep
them smoking. Am J Prev Med. 1998;15:9–16.

21. Kong C, Nimmo L, Elatrozy T, Anyaoku V, Hughes C, Robinson S,
Richmond W, Elkeles RS. Smoking is associated with increased hepatic
lipase activity, insulin resistance, dyslipidaemia and early atherosclerosis
in type 2 diabetes. Atherosclerosis. 2001;156:373–378.

22. Howard G, Wagenknecht LE, Burke GL, Diez-Roux A, Evans GW,
McGovern P, Nieto FJ, Tell GS. Cigarette smoking and progression of
atherosclerosis: The atherosclerosis risk in communities (ARIC) study.
JAMA. 1998;279:119–124.

23. de Waart FG, Smilde TJ, Wollersheim H, Stalenhoef AF, Kok FJ.
Smoking characteristics, antioxidant vitamins, and carotid artery wall
thickness among life-long smokers. J Clin Epidemiol. 2000;53:707–714.

24. Dempsey RJ, Moore RW. Amount of smoking independently predicts
carotid artery atherosclerosis severity. Stroke. 1992;23:693–696.

25. Willeit J, Kiechl S, Oberhollenzer F, Rungger G, Egger G, Bonora E,
Mitterer M, Muggeo M. Distinct risk profiles of early and advanced
atherosclerosis: Prospective results from the Bruneck study. Arterioscler
Thromb Vasc Biol. 2000;20:529–537.

26. Csanyi A, Egervari A, Nagy Z. Influence of hypertension and smoking as
the single vascular risk factors on the intima-media thickness. Eur J
Epidemiol. 2001;17:855–861.

27. Crouse JR III, Tang R, Espeland MA, Terry JG, Morgan T, Mercuri M.
Associations of extracranial carotid atherosclerosis progression with
coronary status and risk factors in patients with and without coronary
artery disease. Circulation. 2002;106:2061–2066.

28. Davis PH, Dawson JD, Mahoney LT, Lauer RM. Increased carotid
intimal-medial thickness and coronary calcification are related in young
and middle-aged adults. The muscatine study. Circulation. 1999;100:
838–842.

29. Gariepy J, Salomon J, Denarie N, Laskri F, Megnien JL, Levenson J,
Simon A. Sex and topographic differences in associations between large-
artery wall thickness and coronary risk profile in a French working
cohort: The AXA study. Arterioscler Thromb Vasc Biol. 1998;18:
584–590.

30. Harwood GA, Salsberry P, Ferketich AK, Wewers ME. Cigarette
smoking, socioeconomic status, and psychosocial factors: Examining a
conceptual framework. Public Health Nurs. 2007;24:361–371.

31. Lynch J, Kaplan GA, Salonen R, Cohen RD, Salonen JT. Socioeconomic
status and carotid atherosclerosis. Circulation. 1995;92:1786–1792.

1998 Stroke June 2009

 at UniversitÃ  degli Studi di Milano on June 15, 2012http://stroke.ahajournals.org/Downloaded from 

http://stroke.ahajournals.org/

