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Smoking cessation and carotid atherosclerosis: the
Guangzhou Biobank Cohort StudydCVD

C Q Jiang,1 L Xu,1,2 T H Lam,2 J M Lin,1 K K Cheng,3 G N Thomas3

ABSTRACT
Introduction Smoking has been shown to be associated
with carotid atherosclerosis in cross-sectional and
prospective studies in Western populations. However,
few studies have examined the reversal of risk resulting
from quitting smoking, and the results are conflicting.
Methods 959 men aged 50e85 years were randomly
selected from phase III (2006e2007) of the Guangzhou
Biobank Cohort Study into this cross-sectional study.
Common carotid artery intima-media thickness (CCA-
IMT) was measured by B-mode ultrasonography, and
carotid artery plaques were identified. Major
cardiovascular risk factors, including fasting triglyceride,
low-density and high-density lipoprotein (LDL and HDL)
cholesterol and glucose, and systolic and diastolic blood
pressure, were assessed.
Results CCA-IMT and the number of carotid plaque
increased from never to former to current smokers (both
p#0.001). Among former smokers compared to current
smokers, after adjustment for cigarette pack-years and
other potential confounders, the adjusted ORs (95% CI)
for quitting for 1e9, 10e19 and 20+ years were 0.77
(0.47 to 1.26), 0.45 (0.26 to 0.79) and 0.37 (0.17 to
0.77) for the presence of CCA atherosclerosis, and 0.69
(0.43 to 1.12), 0.47 (0.27 to 0.82) and 0.45 (0.23 to
0.96) for the presence of carotid plaques, respectively.
Longer duration of quitting smoking was also significantly
associated with decreasing risk of the severity of CCA
atherosclerosis and carotid plaques (all p#0.001).
Conclusion Smoking cessation was beneficial in
attenuating the risk of carotid atherosclerosis associated
with cigarette smoking. The short duration of cessation
in earlier studies is a likely explanation for the
inconsistent results.

INTRODUCTION
China is the world’s largest tobacco producer and
consumer. Data from the 1996 National Prevalence
Survey showed that about 30% of the world’s ciga-
rettes were consumed by China’s 350 million
smokers.1 In 2002, the prevalence of current smoking
was 66% inmen and 3.1% inwomen aged 15 years or
older.2 Data from phase I (2003e2004) of the
Guangzhou Biobank Cohort Study (GBCS) showed
that the prevalence of ever smokers in older Chinese
people aged 50 years or abovewas 57.7% and 5.3% in
men and women, respectively.3 Likewise, China has
more attributable tobacco-related deaths than any
other country. There remains comparatively low
awareness of the smoking-related risk of cardiovas-
cular disease among healthcare professionals and the
public. Studies of the health effects, including the
beneficial effects associated with quitting, within
Chinese populations remain limited, yet such

specific data should be of great importance in
increasing awareness and changing population
smoking habits.
Carotid artery plaques and intima-media thick-

ness (IMT), as measured by B-mode ultrasonog-
raphy, are non-invasive quantitative measures of
the presence and severity of carotid atheroscle-
rosis.4 Carotid IMT has been associated with
cardiovascular risk factors as well as cardiovascular
events in cumulative studies, and has been well-
accepted as a marker of subclinical athe-
rosclerosis.5e14 However, the results are not very
robust as most of these studies were in hospitalized
patients and the effect of underlying diseases on
IMT finding was not examined. Methodological
differences in the details of ultrasound examina-
tions, such as the use of maximal or mean IMT or
the measurement of near or far wall IMT, could
affect the results. Furthermore, some studies have
small sample size, which resulted in imprecise
estimates of the risk.
Cross-sectionally, carotid atherosclerosis (thicker

IMT or plaques) is associated with major cardio-
vascular risk factors such as total cholesterol, low-
density lipoprotein (LDL) cholesterol, fasting
plasma glucose, systolic and diastolic blood pres-
sure, and inversely with high-density lipoprotein
(HDL) cholesterol.9e11 Prospectively, these surro-
gate markers predict increased risk of cardiovascular
disease, such as myocardial infarction, coronary
heart disease and stroke.12e14

Smoking has been shown to be associated with
carotid atherosclerosis in cross-sectional4 15 16 and
prospective studies17 18 in Western populations.
However, few studies have examined the reversal of
risk resulting from quitting smoking, and the
results are conflicting.17 19 20 Similarly, only two
cross-sectional studies describing Chinese subjects
can be found in the literature. A study from Taiwan
found that age, systolic blood pressure and fasting
blood glucose were independent risk factors for
carotid IMT and plaques, but smoking was not.21

Thomas et al11 included Chinese from Hong Kong,
Macau, San Francisco and China, and found that
smoking was associated with adverse levels of the
vascular disease surrogate markers, IMT and endo-
thelial function. Neither of the above-mentioned
studies examined risk reversal from quitting.
Interventional studies showed that smoking cessa-
tion, as one lifestyle modification, can slow the
progression of coronary atherosclerosis.22e25

However, whether lifestyle intervention such as
smoking cessation can reverse the progression of
carotid atherosclerosis is still controversial.26 27

We present here the first report in a Chinese
population exploring thedoseeresponse relationships
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between the presence and severity of common carotid artery
(CCA) atherosclerosis and plaques and smoking and quitting.

MATERIALS AND METHODS
The GBCS is a three-way collaboration among Guangzhou
Number 12 People’s Hospital, China, University of Hong Kong
and University of Birmingham, UK. The study aims to examine
environmental and occupational factors, and genetic and life-
style determinants of common chronic diseases. A community
social and welfare association, “The Guangzhou Health and
Happiness Association for the Respectable Elders,” aligned with
the municipal government was chosen as a sampling frame. It is
a large organisation with branches throughout Guangzhou, and
its membership is open to anyone for a nominal discretionary fee
of 48 Yuan (US$6) per year. It has a citywide network with
around 107 000 members, 95% of whom are permanent resi-
dents, approximately 7% of the Guangzhou population of that
age strata. During 2003e2007, we have recruited about 30 000
older subjects aged 50 years or above from Guangzhou in
southern China. Details of participant recruitment and methods
in the GBCS have been reported previously.28

In a more detailed substudy on cardiovascular disease and
diabetes, 1996 subjects were randomly selected from a list of
eligible subjects during the phase III of GBCS (November
2006eDecember 2007).29 A standardized questionnaire was used
to assess occupational exposure; family and personal disease
history; cognitive function and lifestyle, including smoking,
drinking status and physical activity (International Physical
Activity Questionnaire).30

Resting seated blood pressure was measured three times using
an automated sphygmomanometer (Omron 705CP) that had
been previously validated by comparison with the manual
mercury sphygmomanometer,31 and the last two measurements
were averaged for analysis. Height and weight were measured
using a standardized procedure that had been described else-
where.29 Fasting parameters including plasma glucose and lipids
(triglyceride, total, LDL, and HDL cholesterol) were measured in
the Clinical Laboratory of the Guangzhou Number 12 Hospital
using standardized procedures.

Of the 992 men, 959 had a carotid B-mode colour ultrasono-
graphic examination using ALT HDI 3000 mainframe with
a high-resolution, linear array scanner (medium frequency
7.5 MHz) performed by a specialist physician. The operators
were registered ultrasound doctors who had a professional
certificate for colour Doppler ultrasound measurement awarded
by the Ministry of Health of China. All scans were performed
following a predetermined, standardized scanning protocol for
the right and left carotid arteries using images of the far wall of
the distal 10 mm of the common carotid arteries. Three scanning
angles, with the image focused on the posterior wall, were
recorded from the angle showing the greatest distance between
the lumeneintima interface and the mediaeadventitia interface.
Carotid IMT measurements were performed off-line with the
use of automated image analysis software. All scans were
analysed by the same physician, blinded to subjects’ informa-
tion. When thicker IMTor carotid plaque was observed, at least
two physicians, including one chief physician, discussed and
made the final decision. Details on the procedure used in this
study and its reproducibility have been published elsewhere.29

The presence of CCA atherosclerosis was diagnosed if one or
both of the left or right CCA-IMT was $1.0 mm or with
a diameter stenosis $20%.14 32 The severity of the CCA-IMT
was graded into three categories (grade 0 for CCA-IMT <1.0
mm or no observable CCA plaque; grade 1 for CCA-IMT from

1.0 to 1.2 mm; grade 2 for CCA-IMT >1.2 mm or with a diam-
eter stenosis $20%). The presence of a plaque was defined as
a distinct area protruding $1.2 mm into the vascular lumen of
the carotid artery.33 Participants with one or more plaques in the
CCA, internal carotid arteries or bifurcations of carotid arteries,
on the right or left side were categorized as having carotid
plaques. The severity of carotid plaque was assessed by the total
number of plaques located in carotid and classified as none, one,
two or more plaques.
Well-trained interviewers collected the smoking history using

a standardized questionnaire. Smoking was defined as having
smoked at least one cigarette per day or seven cigarettes per
week for at least half a year. “Current smoker” was defined by
answering “yes” to the question, “Do you smoke cigarettes
now?” “Former smoker” was defined as “used to smoke but not
smoking currently”. Information on duration of quitting
smoking (years) was collected. The reliability of the question-
naire was tested in 200 subjects with k values of 0.88 and 0.96
for the two questions about smoking status, respectively.3

The study was funded by an NSFC/RGC (No 30518001;
HKU720/05) grant and received ethical approval from the
Guangzhou Medical Ethics Committee of the Chinese Medical
Association, Guangzhou, China. All participants gave written,
informed consent before participating in the study.
All data analysis was conducted using Stata/SE 8.0. Statistical

significance was set at a two-tailed p<0.05. c2 test and analysis of
variance were used to assess the association between smoking
status and categorical variables and continuous variables, respec-
tively, and analysis of covariance was used for the adjustment of
covariates. Binary logistic regressionmodelswere used to calculate
ORs of presence of carotid plaques and CCA atherosclerosis
without and then with adjustment for multiple cardiovascular
risk factors. The p value for trend was derived by linear regression
models. Potential confounders assessed included age (years), body
mass index (kg/m2), education (primary or below, middle school,
college or above), physical activity (physically active, moderate
and inactive),30 blood pressure (systolic and diastolic, mm Hg),
fasting plasma glucose (mmol/l), total cholesterol (mmol/l), HDL
cholesterol (mmol/l), LDL cholesterol (mmol/l) and triglyceride
(mmol/l). Associations with discrete ordinal variables were tested
by using the OLOGIT procedure, which performed multivariate
logistic regression allowing for linear modelling of an ordinal
dependent variable havingmore than two levels. Thismethodwas
chosen because of the ordinal natural of the severity of carotid
plaque and CCA atherosclerosis.

RESULTS
Of the 959 subjects, 25.7% (95% CI 22.9% to 28.5%) were
former smokers and 35.2% (95% CI 32.2% to 38.4%) were
current smokers. Among the former smokers, the median
(interquartile range) pack-years for those quitting for 1e9,
10e19 and 20+ years were 32 (18e45), 25 (14e39) and 14
(6e26), respectively; 41.3% (38.2e44.5%) had CCA atheroscle-
rosis and 33.8% (30.8%e36.9%) had at least one carotid plaque.
Table 1 shows that the mean (SD) age increased from current
smokers to never smokers to former smokers (p<0.001).
Compared to never smokers, current smokers and former
smokers tended to have a lower education level and be less
physically active. Table 2 shows that the mean of the left and
right CCA-IMT and the number of carotid plaques increased
from never to former to current smokers (all p#0.001). After
adjusting for age, education, physical activity, body mass index,
systolic and diastolic blood pressure, the mean CCA-IMT
increased from 726 mm in the never smokers to 767 mm in the
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former smokers, and 781 and 775 mm in the current smokers
with a pack-years of 1e39 and 40+, respectively (p<0.001;
table 2). Table 3 shows that the presence and severity of CCA
atherosclerosis and carotid plaques were associated with
smoking status. Significant trends were observed from never
smokers to former smokers to current smokers. Significant
trends were also found for number of cigarettes smoked per day
and years of smoking and pack-years of smoking, with the latter
showing the greatest gradient (data not shown). The adjusted
ORs (95% CI) for the presence of CCA atherosclerosis and
carotid plaque in current smokers (pack-years 40+) was 2.47
(1.44 to 4.23) and 2.43 (1.45 to 4.05), respectively (all p for trend
<0.001). Analysis using ordinal logistic regression (model B)
showed similar results.

Table 4 shows that, for former smokers compared to current
smokers, there were decreasing trends of the adjusted ORs by
increasing years of quitting (p#0.001 for both the presence and
severity of CCA atherosclerosis and carotid plaque). After
adjusting for pack-years (model A III), the beneficial effects of
quitting smoking remained unchanged, and the adjusted ORs
(95% CI) for quitting for 1e9, 10e19 and 20+ years were 0.77
(0.47 to 1.26), 0.45 (0.26 to 0.79) and 0.37 (0.17 to 0.77),
respectively (p for trend <0.001) for the presence of CCA
atherosclerosis, and 0.69 (0.43 to 1.12), 0.47 (0.27 to 0.82) and
0.45 (0.23 to 0.96), respectively (p for trend 0.002) for the
presence of carotid plaques. Those who had quit for 20 years or
more had a one-half to two-thirds reduction in risk. Ordinal
logistic regression (model B I and B II), with or without
adjustment for pack-years smoked, showed similar results.

DISCUSSION
Our study shows a reduction of risk for carotid atherosclerosis
among former smokers, with the risk decreasing with increasing
duration of smoking cessation, after adjusting for many poten-
tial confounders. We were also able to demonstrate the reduction
of risks resulting from quitting, after adjustment of pack-years
of cigarette smoke exposure. We confined our results to men, as
few Chinese women smoke.28 34 Although the levels of most of
the measured cardiovascular disease risk factors in the former
smokers resembled those in never smokers, which may have
contributed to the observed improvements in CCA-IMT,
a number of those parameters were significantly worse than
those in the smokers, namely body mass index and blood pres-
sure, which would have offset some of the benefits of quitting
smoking. To address potential confounding of these concomi-
tant changes, these parameters were adjusted as covariates in
the analyses. Given data from Western populations, our results,
although cross-sectional in nature, can provide strong evidence
that smoking cessation can lead to regression of carotid
atherosclerosis rather than being a result of a smaller number of
pack-years of cigarettes smoked in former smokers.
We found only two studies describing the effects of cigarette

smoking on IMT in Chinese populations. Thomas et al11 found
in 616 healthy Chinese volunteers that ever smokers compared
to never smokers had a thicker IMT and worse endothelial
function. Their multiple linear regression analysis showed that,
among others, male gender and pack-years of smoking were
associated with carotid IMT thickness, although the smoking-

Table 1 Demographic characteristics of 959 older Chinese men

Smoking status

Never
(n[375)

Former
(n[246)

Current
(n[338)

Age, mean (SD), years 62.1 (6.8) 63.6 (7.0)y 60.8 (6.3)z {

Education, n (%)

Primary or below 62 (16.5) 73 (29.7) 106 (31.4)

Middle school 216 (57.6) 145 (58.9) 195 (57.7)

College or above 97 (25.9) 28 (11.4) 37 (10.9)x

Physical activity, n (%)*

Active 205 (55.7) 147 (59.8) 154 (48.4)

Moderate 134 (36.4) 77 (31.3) 121 (38.1)

Inactive 29 (7.9) 22 (8.9) 43 (13.5)**

BMI, mean (SD), kg/m2 24.0 (2.9) 23.9 (2.9) 23.1 (3.1)z {
TG, mean (SD), mmol/l 1.91 (1.6) 1.95 (1.4) 1.93 (1.7)

HDL, mean (SD), mmol/l 1.45 (0.4) 1.47 (0.3) 1.43 (0.4)

LDL, mean (SD), mmol/l 3.20 (0.59) 3.30 (0.64) 3.20 (0.64)

Total cholesterol, mean (SD), mmol/l 5.55 (0.99) 5.72 (1.03) 5.57 (1.06)

SBP, mean (SD), mm Hg 132.1 (19.9) 132.5 (19.5) 126.9 (20.5)z {
DBP, mean (SD), mm Hg 76.7 (10.7) 76.2 (9.9) 74.3 (10.8){
FPG, mean (SD), mmol/l 5.64 (1.1) 5.64 (1.2) 5.57 (1.7)

*Participants with missing data were not included here only.
yp<0.05 versus never smoker.
zp<0.01 versus former smoker.
xp<0.01 for c2 test.
{p<0.01 versus never smoker.
**p<0.05 for c2 test.
BMI, body mass index; TG, triglyceride; HDL, high-density lipoprotein cholesterol; LDL, low-
density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure;
FPG, fasting plasma glucose.

Table 2 Comparison of CCA-IMT by smoking status in men

Never Former

Current (pack-years)

p
1e39 40+

(n[375) (n[246) (n[245) (n[93)

Left CCA-IMT, mean (SD), mm 748.5 (159) 813.2 (187) 794.7 (175) 808.7 (186) <0.001

Right CCA-IMT, mean (SD), mm 749.9 (154) 782.4 (174) 768.8 (161) 782.6 (174) 0.07

Mean of left and right CCA-IMT,
mean (SD), mm

749.2 (134) 797.8 (154) 781.2 (144) 795.6 (156) <0.001

Demographic* 731.2 (7.6) 770.5 (9.2) 780.4 (9.0) 771.8 (15.6) <0.001

Demographic plus BMI* 728.4 (7.5) 766.5 (9.1) 784.8 (8.9) 777.3 (15.3) <0.001

Demographic plus BP* 725.6 (7.6) 766.5 (9.1) 780.6 (8.9) 775.2 (15.4) <0.001

Carotid plaque, n (%)

0 266 (70.9) 163 (66.3) 155 (63.3) 47 (51.1) 0.001

1 81 (21.6) 53 (21.5) 61 (24.9) 23 (25.0)

2+ 28 (7.5) 30 (12.2) 29 (11.8) 22 (23.9)

*Mean of left and right CCA-IMT adjusted for demographic characteristics including age, education and physical activity; BMI; BP
including systolic and diastolic blood pressure, mean (SEM).
BMI, body mass index; BP, blood pressure; CCA-IMT, common carotid artery intima-medial thickness.
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related IMT changes did not reach significance in male-only
analyses, probably because their participants were younger and
were apparently healthy. However, the more sensitive endo-
thelial function measures were significantly worse in smokers,
including in the male-only analyses.11 These detrimental effects
were significant despite the use of “ever” smokers rather than
separating current and former smokers. Pooling former smokers
with current smokers into ever-smokers would under-estimate

the OR. The other study of 1781 Taiwanese Chinese showed no
significant association between smoking and carotid IMT and
plaques, but the authors did not specify whether former smokers
were classified as ever-smokers or non-smokers.21

Our results on the association between smoking and CCA
atherosclerosis are consistent with most studies in Western
populations, which have shown that cigarette smoking is asso-
ciated with increased CCA-IMT.4 15 16 35 36 A prospective study

Table 3 ORs for CCA atherosclerosis and carotid plaques by smoking status in men

Smoking status

Current (pack-years)

Never Former 1e39 40+ p for Trend

CCA atherosclerosis

No with CCA atherosclerosis (%) 139 (37.1) 103 (41.9) 102 (41.6) 52 (56.5) d

Crude OR 1.00 1.22 (0.88 to 1.70) 1.21 (0.87 to 1.68) 2.21 (1.39 to 3.50)*** 0.004

Model A I 1.00 1.09 (0.77 to 1.54) 1.56 (1.10 to 2.20)* 2.08 (1.28 to 3.37)** 0.001

Model A IIy 1.00 1.05 (0.73 to 1.50) 1.69 (1.17 to 2.44)** 2.47 (1.44 to 4.23)*** <0.001

Model By 1.00 1.03 (0.73 to 1.47) 1.66 (1.16 to 2.37)** 2.47 (1.47 to 4.14)*** <0.001

Carotid plaque

No with carotid plaques (%) 109 (29.1) 83 (33.7) 90 (36.7) 45 (48.9) d

Crude OR 1.00 1.24 (0.88 to 1.76) 1.42 (1.01 to 2.01)* 2.25 (1.43 to 3.54)*** <0.001

Model A I 1.00 1.14 (0.80 to 1.62) 1.71 (1.20 to 2.44)** 2.15 (1.35 to 3.42)*** <0.001

Model A IIy 1.00 1.13 (0.78 to 1.63) 1.81 (1.25 to 2.64)** 2.43 (1.45 to 4.05)*** <0.001

Model By 1.00 1.21 (0.84 to 1.73) 1.91 (1.33 to 2.75)*** 2.55 (1.56 to 4.18)*** <0.001

Model A I: binary logistic regression model for CCA atherosclerosis (yes/no)/presence of carotid plaques (yes/no) with adjustment for age; model A II: binary logistic regression model for CCA
atherosclerosis (yes/no)/presence of carotid plaques (yes/no) with adjustment for age, education, physical activity, body mass index, fasting triglyceride, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, total cholesterol and glucose, systolic and diastolic blood pressure; model B: ordinal logistic regression for CCA atherosclerosis grade/number of carotid
plaques with adjustment for all factors above.
*p<0.05; **p<0.01; ***p<0.001.
yAfter excluding 27 participants with missing data on physical activity.
CCA, common carotid artery.

Table 4 ORs of CCA atherosclerosis and carotid plaque from smoking cessation in men

Quitting duration (years)

Current smoker 1e9 10e19 20+ p for Trend

No of participants 338 108 88 48 d

No with CCA atherosclerosis gradez
Grade 1, n (%) 24 (7.1) 6 (5.6) 7 (8.0) 3 (6.3) d

Grade 2, n (%) 130 (38.5) 45 (41.7) 26 (29.6) 14 (29.2) d

Crude OR 1.00 1.07 (0.69 to 1.65) 0.72 (0.44 to 1.16) 0.66 (0.35 to 1.23) 0.10

Model A I 1.00 0.90 (0.57 to 1.43) 0.51 (0.30 to 0.85)** 0.34 (0.17 to 0.69)** <0.001

Model A IIy 1.00 0.79 (0.48 to 1.28) 0.43 (0.25 to 0.75)** 0.33 (0.16 to 0.68)** <0.001

Model A IIIy 1.00 0.77 (0.47 to 1.26) 0.45 (0.26 to 0.79)** 0.37 (0.17 to 0.77)** <0.001

Model B Iy 1.00 0.84 (0.53 to 1.35) 0.40 (0.23 to 0.69)*** 0.32 (0.16 to 0.66)** <0.001

Model B IIy 1.00 0.83 (0.52 to 1.34) 0.41 (0.24 to 0.71)** 0.35 (0.17 to 0.71)** <0.001

No with carotid plaque

One (%) 84 (24.9) 26 (24.1) 17 (19.3) 10 (20.8) d

Two or more (%) 51 (15.1) 15 (13.9) 9 (10.2) 6 (12.5) d

Crude OR 1.00 0.92 (0.59 to 1.44) 0.63 (0.38 to 1.05) 0.75 (0.40 to 1.42) 0.098

Model A I 1.00 0.80 (0.51 to 0.127) 0.49 (0.29 to 0.84)** 0.48 (0.25 to 0.96)* <0.001

Model A IIy 1.00 0.70 (0.43 to 1.14) 0.45 (0.26 to 0.79)** 0.43 (0.21 to 0.88)* 0.001

Model A IIIy 1.00 0.69 (0.43 to 1.12) 0.47 (0.27 to 0.82)** 0.45 (0.23 to 0.96)* 0.002

Model B Iy 1.00 0.71 (0.45 to 1.13) 0.46 (0.27 to 0.78)** 0.42 (0.21 to 0.84)* 0.001

Model B IIy 1.00 0.70 (0.44 to 1.12) 0.47 (0.27 to 0.80)** 0.45 (0.22 to 0.90)* 0.001

Model A I: binary logistic regression model for CCA atherosclerosis or presence of carotid plaques (yes/no) with adjustment for age; model A II: binary logistic regression model for CCA
atherosclerosis or presence of carotid plaques (yes/no) with adjustment for age, education, physical activity, body mass index, fasting triglyceride, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, total cholesterol and glucose, systolic and diastolic blood pressure; model A III: binary logistic regression model for CCA atherosclerosis or presence of carotid
plaques (yes/no) with adjustment for all factors above plus pack-years; model B I: ordinal logistic regression for CCA atherosclerosis grade or number of carotid plaques (0, 1, $2) with
adjustment for all factors above; model B II: ordinal logistic regression for CCA atherosclerosis grade or number of carotid plaques (0, 1, $2) with adjustment for all factors above plus pack-
years.
*p<0.05; **p<0.01; ***p<0.001.
yAfter excluding 27 participants with missing data on physical activity.
zGrade 0 for CCA-IMT <1.0 mm or no observable CCA plaque; grade 1 for CCA-IMT $1.0 mm and #1.2 mm; grade 2 for CCA-IMT $1.2 mm or with a diameter stenosis $20%.
CCA, common carotid artery.
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by Diez-Roux et al18 with a follow-up of 12e14 years also
showed that passive and active smoking was associated with
thickening of the CCA-IMT. However, none of the cross-
sectional or cohort studies described above examined for the
association between quitting smoking and CCA atherosclerosis.

Studies investigating quitting are scarce with only one cross-
sectional16 and three prospective studies, but none showed
risk reversal from quitting and all were of short follow-up
duration.17 19 20 A prospective study from the Netherlands found
that 2 years of smoking cessation did not result in a slower
progression or a regression in carotid IMT.19 However, given the
underpowered nature of the study, which included only 33 quit-
ters and had a short duration of smoking cessation, such obser-
vations are not surprising. Data from Fan’s 3-year follow-up study
of the Los Angeles Atherosclerosis Study of utility workers
suggested a similar level of progression in former as current
smokers, although male former smokers had lower basal carotid
IMT levels.20 However, the difference between former and never
smokers was inconsistent, with the text suggesting that the
progression of thickening of the IMT in former smokers was
greater than that in never smokers (p¼0.006 for women, and
p<0.0001 formen), which is supported by their data that smokers
progress more rapidly than never smokers. However, the tabu-
lated data suggested no difference in progression between
the groups.20 The Atherosclerosis Risk in Communities Study in
the USA found that current smokers (50%) and past smokers
(25%) showed more progression in carotid IMT than never
smokers after a 3-year follow-up. However, after controlling for
pack-years, no difference in the rate of progression of IMT
thickening was found between past and current smokers.17 In
contrast, our data clearly shows that the benefits of quitting with
regards to CCA atherosclerosis improved with duration of absti-
nence. However, such risk reduction is only likely to be identified
if the duration of quitting is over 10 years, whichwas not the case
in any of the previous studies.16 17 19 20 Given that CCA athero-
sclerosis is an independent predictor of vascular disease
mortality,37 and the benefits of quitting smoking in reducing
mortality is clear,38 our observations are likely to be valid.

STRENGTHS AND LIMITATIONS
Our study has several limitations. First, our cross-sectional results
cannot provide definitive evidence for causation or risk reversal,
but they are in accordance with prospective studies in Western
populations that do provide causal evidence between smoking and
quitting and cardiovascular disease. Prospective studies of smoking
cessation in Chinese are rare, and we plan to follow-up our
participants to longitudinally assess changes in atherosclerosis.
Second, our sample size was not large enough so that we did not
have sufficient number of ever smokers in women. Our results
cannot be generalized to women, although there are no reasons to
believe that smoking will not increase atherosclerosis in women.
The small sample size also limited the precision of the risk esti-
mates. Third, our participants are relatively healthy survivors.
However, as smoking promotes progression, those who continue
to smoke would have increasingly thicker CCA-IMT, even if
quitting does not result in regression. As those with CCA
atherosclerosis are more likely to die prematurely, the absence of
a survivor effect would result in mean CCA-IMT or diameter
stenosis levels being even greater, further emphasizing the benefits
of quitting. Therefore, the risk estimates and benefits for quitters
that we present are likely to be under-estimates. Finally, as
smoking status was self-reported, we cannot rule out recall bias in
these participants. However, as the participants did not know the
studyhypothesis or results of their ultrasound, and therewas good

reproducibility in self-reporting for this variable, strong recall bias
is unlikely. Moreover, the diagnostic bias was unlikely as the
physician performing the ultrasound measurements was blinded
to the smoking status of the participants. Despite the cross-
sectional nature of the study, our results are consistent and
coherent with previous studies in other populations and are
biologically plausible, and support early smoking cessation, which
can reverse the risks of many smoking-related diseases, probably
including carotid atherosclerosis, in this population. Smoking
cessation may be accompanied by other lifestyle changes.
Although we have adjusted for lifestyle factors, further studies on
the effects of other lifestyle changes and their interaction with
quitting are warranted.

CONCLUSIONS
Smoking cessation is beneficial in attenuating the risk of carotid
atherosclerosis associated with cigarette smoking. The short
duration of cessation in earlier studies is a likely explanation for
the inconsistent results.
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