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ARTICLE INFO ABSTRACT
Keywords: Background and aims: We investigated the causal relevance of alcohol intake with measures of carotid artery
Alcohol thickness and atherosclerosis in Chinese adults.
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Methods: The study included 22,384 adults from the China Kadoorie Biobank, with self-reported alcohol use at
baseline and resurvey, carotid artery ultrasound measurements, and genotyping data for ALDH2-rs671 and
Carotid intima media thickness ADH1B-1s1229984. Associations of carotid intima media thickness (cIMT), any carotid plaque, and total plaque
Carotid plaque burden (derived from plaque number and size) with self-reported (conventional analyses) and genotype-
Atherosclerosis predicted mean alcohol intake (Mendelian randomization) were assessed using linear and logistic regression
models.

Results: Overall 34.2% men and 2.1% women drank alcohol regularly at baseline. Mean cIMT was 0.70 mm in
men and 0.64 mm in women, with 39.1% and 26.5% having carotid plaque, respectively. Among men, cIMT was
not associated with self-reported or genotype-predicted mean alcohol intake. The risk of plaque increased
significantly with self-reported intake among current drinkers (odds ratio 1.42 [95% CI 1.14-1.76] per 280 g/
week), with directionally consistent findings with genotype-predicted mean intake (1.21 [0.99-1.49]). Higher
alcohol intake was significantly associated with higher carotid plaque burden in both conventional (0.19
[0.10-0.28] mm higher per 280 g/week) and genetic analyses (0.09 [0.02-0.17]). Genetic findings in women
suggested the association of genotype-predicted alcohol with carotid plaque burden in men was likely to due to
alcohol itself, rather than pleiotropic genotypic effects.

Conclusions: Higher alcohol intake was associated with a higher carotid plaque burden, but not with cIMT,
providing support for a potential causal association of alcohol intake with carotid atherosclerosis.
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T. Zhou et al.

1. Introduction

Cardiovascular disease (CVD) is the leading cause of the global dis-
ease burden, affecting >500 million individuals in 2019 [1,2]. Athero-
sclerotic cardiovascular disease (ASCVD) has a prolonged latent period,
and subclinical atherosclerosis can be present long before clinical events
occur [3]. Therefore, screening for subclinical arterial injury and
atherosclerosis in the carotid artery is sometimes used for prediction and
primary prevention of ASCVD [4,5]. Carotid intima media thickness
(cIMT) and carotid plaques are routinely measured using non-invasive
ultrasound examination [6], and are associated with higher risk of
ASCVD [7]. Globally, the prevalence of high ¢cIMT (>1.0 mm) and ca-
rotid plaque was 27.6% and 21.1% in 2020, respectively, an increase of
about 60% for both conditions since 2000, highlighting the substantial
burden of subclinical carotid arterial injury and atherosclerosis and
ASCVD [8].

Alcohol consumption is a major risk factor for the global burden of
disease, with an estimated 47% of adults drinking in the past year in
2017 globally, with rising alcohol use particularly among Chinese men
[9]. Conventional epidemiological studies have consistently reported a
lower risk of CVD associated with moderate alcohol consumption
compared with not drinking, however, the causality of these associa-
tions is uncertain, and the biases of reverse causality and residual con-
founding often affect conventional observational studies of alcohol
intake [10]. Recent large-scale conventional and genetic studies suggest
there is no safe drinking threshold for CVD risk, but the evidence differs
across CVD types [11-13]. Moreover, the associations of alcohol use
with subclinical carotid arterial injury and atherosclerosis remain
controversial, with both positive and J-shaped associations reported in
cross-sectional studies in mainly Western populations [14-22]. Mende-
lian randomization (MR) approaches can help assess the causal effects of
alcohol [23], however, large-scale MR studies assessing the causal as-
sociations of alcohol intake with cIMT or carotid plaque remain limited
[24,25].

Variants in the ALDH2 (G > A, rs671) and ADHIB (G > A,
1s1229984) genes alter alcohol metabolism, and can cause discomfort
after drinking and strongly reduce alcohol intake [26]. These variants,
which are common in East Asian populations [13], can predict large
differences in alcohol intake, and provide a unique opportunity to assess
the causal relevance of alcohol intake for subclinical cardiovascular
outcomes using an MR approach [23].

The aim of this study was to investigate the associations of cIMT and
subclinical carotid atherosclerosis (presence of any carotid plaque, and
total carotid plaque burden) with self-reported alcohol intake using
conventional epidemiological methods, and with genotype-predicted
mean alcohol intake, using data from the China Kadoorie Biobank
(CKB) study.

2. Patients and methods
2.1. CKB study population

The current study was conducted in a subset of 22,384 participants
from the CKB study. The CKB is a prospective cohort study which
recruited 512,726 participants aged 30-79 years at baseline from five
urban and five rural areas of China during 2004-2008 [27]. Details of
the study design and methods have been previously reported [27]. The
baseline survey was conducted using an interviewer-administered
questionnaire which collected information on socio-demographics,
medical history and major lifestyle factors, with physical measure-
ments (e.g. blood pressure, height, weight) taken and a non-fasting
blood sample collected for long-term storage. Two separate resurveys
of ~5% randomly selected surviving participants were conducted in
2008 and 2013-2014, respectively, using similar procedures. The ca-
rotid ultrasound examination was conducted at the 2013-2014 resurvey
(referred to as “resurvey” hereafter), for which the response rate was
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76%. Ethical approval was obtained from local, national and interna-
tional ethical committees. All participants provided written informed
consent.

2.2. Assessment of self-reported alcohol intake

Self-reported past and current alcohol drinking patterns were
recorded using an interviewer-administered questionnaire (details in
Supplementary materials), as previously described [28,29]. Participants
were categorized based on their baseline alcohol drinking status into
four categories: ex-drinkers; non-drinkers; occasional drinkers; and
current drinkers. Current drinkers were grouped according to baseline
reported alcohol intake in grams (g) per week, separately for men
(<140, 140-279, 280-419, and >420 g/week) and women (<70 and >
70 g/week), broadly based on the recommended cut-offs for alcohol
categories by the World Health Organisation [30] and national drinking
guidelines.

Self-reported alcohol consumption was re-assessed during the two
resurveys using the same questionnaire. To account for regression
dilution bias [31], the usual alcohol intake for baseline alcohol cate-
gories was estimated from the average of alcohol intake at the two
resurveys (Supplementary Table 1).

2.3. Carotid artery ultrasonography measurements

At the resurvey, ultrasound examination was performed using a
Panasonic CardioHealth Station in each of the four segments of the ca-
rotid arteries on both sides, including the distal common carotid artery
(CCA), carotid bifurcation, proximal internal carotid artery, and prox-
imal external carotid artery. The cIMT was measured only in the distal 1
cm of the CCA just before the bifurcation at 150° and 120° for right CCA
and at 210° and 240° for left CCA. Mean cIMT was estimated as the mean
of these four measurements. All four segments were screened for the
presence of plaques. Carotid plaque was defined as any focal thickening
or protrusion from the wall into the lumen with cIMT >1.5 mm [32].
Carotid plaque burden was derived by standardizing the plaque number
and maximum size and estimating the average, then multiplying the
average value by the standard deviation (SD) of the maximum plaque
thickness to provide a measure of plaque burden recorded in mm [33,
34]. Details of carotid artery ultrasonography measurements were
described previously [33] and in Supplementary materials.

2.4. Genotyping and biochemistry measurements

ALDH2-rs671 and ADH1B-rs1229984 were genotyped using custom
Mlumina Golden Gate or Affymetrix Axiom arrays at BGI, Shenzhen,
among 167,734 CKB participants, which included a randomly selected
subset of 151,035 participants (Supplementary materials).

Non-fasting blood samples collected at resurvey were assayed using
on-site analysers for lipid measurements (including low-density lipo-
protein cholesterol [LDL-C]) and glucose.

2.5. Genotype-predicted mean alcohol intake

Using an approach described previously [13], mean alcohol intake in
men was predicted using a combination of genotype and study area,
both of which were strongly associated with alcohol intake. Briefly, nine
genotype combinations were defined based on the genotypes for the two
variants (each AA, AG, or GG): from AA/AA to GG/GG
(rs671/rs1229984). Mean male alcohol intake was calculated for the
combinations of the nine genotypes across the ten study areas, assigning
an intake of 5 g/week to occasional drinkers and excluding ex-drinkers
from the calculation. Thresholds (at cutoff points of 10, 25, 50, 100, 150
g/week) were applied to group these 90 genotype-area combinations
into six categories (C1-C6) for use in genetic analyses. This allowed a
reliable assessment of the shape and strength of associations with
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outcomes across a wide range of predicted mean male alcohol intake,
while allowing adequate sample size in each category for reliable
comparisons. In this way individual participants were classified only
based on their genotypes and study area, but not on individual
self-reported drinking patterns (which may be subject to confounding
and reverse causation biases). The genetic instrument provided a mea-
sure of mean alcohol intake predicted by genotype and area, and com-
parisons of these six genetic categories can, where analyses are stratified
by area (to adjust for any confounding by study area), be used to esti-
mate the genotypic effects on outcomes (hence referred to as “genoty-
pe-predicted mean alcohol intake” hereafter for simplicity).

For comparison of genotypic effects by sex, women were classified
into the same six categories as men based on their genotypes and study
area, regardless of female drinking patterns.

2.6. Statistical analysis

The present study included 22,384 participants who had complete
data for both genetic variants, self-reported alcohol intake details at
baseline and resurvey, and carotid ultrasound measurements at resurvey
(Supplementary Fig. 1). Since alcohol consumption patterns varied
substantially by sex, all analyses were conducted separately in men and
women.

Mean values and percentages of selected characteristics were
calculated across self-reported drinking categories. General linear
models were used to estimate adjusted means and percentages of
selected characteristics for individual SNP genotypes (AA, AG, GG), and
for genotype-predicted mean male alcohol intake categories (C1-C6),
adjusted for age, ten study areas and 12 genomic principal components
[35]. The associations of variables with individual SNPs were assessed
by an inverse-variance-weighted meta-analysis of the per G-allele effect
across ten study areas. The trend across the six genetic categories was
assessed from the straight line of best fit through the adjusted mean
values and their standard errors and the mean male alcohol intake of
each category within each study area, which were then combined by
inverse-variance-weighted meta-analysis to yield the overall
area-stratified genotypic associations.

Participants with self-reported history of CVD (coronary heart dis-
ease, stroke or transient ischemic attack) at baseline or resurvey (n =
2337) were excluded from conventional epidemiological analyses.
Linear or logistic regression was used to assess the associations of self-
reported drinking patterns with mean cIMT and carotid plaque
burden, or presence of carotid plaque, adjusted for age, ten study areas,
education level (no formal school; primary school; middle/high school;
college/university), household income (<10,000, 10,000-34,999,
35,000+ yuan/year), and smoking status (never, ex-, occasional, current
smokers) at resurvey. To correct for regression dilution bias, the means
or log ORs among current drinkers were plotted against usual alcohol
intake, and the slopes of the lines of best fit were described as the change
in the means or log ORs per 280 g higher usual alcohol intake per week.

To investigate potential confounding or mediation by cardiovascular
risk factors, the regression models were further adjusted for systolic
blood pressure (SBP), body mass index (BMI), and LDL-C measured at
resurvey as continuous variables. The associations of alcohol with ca-
rotid measurements were examined in subgroups defined by age, SBP,
BMI, LDL-C, and random blood glucose level, with the trend across the
slopes of best fitted lines within subgroups assessed using chi-squared
trend tests. Sensitivity analyses included individuals with self-reported
prior CVD.

For the genetic analyses, linear or logistic regression was used to
assess the associations of genotype-predicted mean male alcohol intake
with mean cIMT and carotid plaque burden, or presence of carotid
plaque, without excluding participants with a history of CVD. These
models were adjusted for age, study area and 12 genomic principal
components. The means or log ORs were plotted against the mean male
alcohol intake for each of the six genetic categories. To account for
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potential geographic confounding effects, the slope of the line of best fit
was estimated within each study area (thus each reflecting purely
genotypic effects) and combined by inverse-variance-weighted meta-
analysis to yield the overall area-stratified genotypic associations,
summarized as the change in the means or log ORs per 280 g/week
higher genotype-predicted mean male alcohol intake. Sensitivity ana-
lyses excluded those with self-reported CVD at baseline or resurvey.

Since few women consumed alcohol, any genotypic effects of the six
genetic categories that are mediated by drinking alcohol should be much
smaller in women than in men, but any other pleiotropic genotypic ef-
fects (i.e. genotypic effects not mediated by drinking patterns) should be
similar in both sexes. Hence, similar analyses using the same six genetic
categories were performed in women relating the genotypic effects in
women to the genotype-predicted mean male alcohol intake in each
category, to allow comparison of genotypic effects by sex.

The genotypic associations of individual genetic variants (rs671,
rs1229984) with carotid artery measurements were also assessed. The
age- and genomic principal components-adjusted genotypic effects (GG
vs. AG genotypes) were estimated within each study area and were
combined by inverse-variance-weighted meta-analysis to yield the
overall area-stratified genotypic associations.

For exposure variables involving more than two categories, ORs were
presented with group-specific 95% ClIs calculated using “floating”
standard errors to enable comparison between any two categories rather
than just with the reference category [31]. All analyses were conducted
using SAS (Version 9.4) and figures were produced using R (version
4.0.5) and Stata/SE 16.1 (StataCorp LLC, TX, USA).

2.7. Ethics statement

Ethical approval was obtained from the Ethical Review Committee of
the Chinese Centre for Disease Control and Prevention (Beijing, China,
005/2004) and the Oxford Tropical Research Ethics Committee, Uni-
versity of Oxford (UK, 025-04), and all participants provided written
informed consent.

3. Results

Among the 22,384 study participants, 38% (n = 8503) were men and
the mean age at resurvey was 60.3 (SD 10.4) years in men and 59.1
(10.0) in women (Table 1). At baseline, 34% of men and 2% of women
were current drinkers (Supplementary Table 2), with a corresponding
prevalence of 29% and 2% at resurvey. Among both men and women,
the proportion of current smokers was highest among current drinkers
(Table 1). Ex-drinkers were older and had the highest mean SBP and the
highest prevalence of prior CVD, especially among men (19% in ex-
drinkers vs. 9% in current drinkers).

In men, baseline alcohol drinking patterns varied across study areas,
with the prevalence of current drinkers ranging from 11% to 57%, and
mean intake among current drinkers ranging from 180 g/week to 427 g/
week (Supplementary Fig. 2). In women, the prevalence of current
drinkers was low in all study areas (<10%).

Overall, the rs671 A-allele frequency was 21% (range 13%-29%
across areas), and the rs1229984 A-allele frequency was 70% (64%-—
74%) (Supplementary Table 3). In men, the A-alleles for both variants
were associated with lower alcohol consumption, with a stronger effect
of rs671 (adjusted prevalence of current drinkers: 0.3% vs. 17% vs. 46%,
AA vs. AG vs. GG) than rs1229984 (32% vs. 35% vs. 44%, AA vs. AG vs.
GG) (Supplementary Table 4). The six genetic categories strongly pre-
dicted alcohol consumption, with a 30-fold difference in current
drinking prevalence (2% vs. 61%) and a 60-fold difference in mean
alcohol intake (4 vs. 255 g/week) between C1 and C6 at baseline, as
previously described (Table 2) [12]. In women, alcohol consumption
levels remained low across the six genetic categories. Higher
genotype-predicted mean alcohol intake was associated with higher
mean SBP in men at resurvey, but was not associated with smoking or
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Table 1
Characteristics of men and women at resurvey by self-reported baseline alcohol drinking categories.
Overall Ex-drinkers Non-drinkers Occasional drinkers Current drinkers

Men (n = 8503) (n = 680) (n = 1654) (n = 3264) (n = 2905)
Age (SD), year 60.3 (10.4) 63.9 (9.7) 63.6 (10.6) 58.9 (10.4) 59.2 (9.9)
Education >6 years, % 57.3 51.0 44.6 64.0 58.5
Household income >35,000 RMB/year, % 62.6 58.8 60.7 60.0 67.5
Prior CVD history”, % 10.9 19.1 11.7 10.2 9.2
Current smokers, % 50.5 48.1 43.3 47.2 59.0
SBP (SD), mmHg 137.0 (19.7) 141.0 (21.9) 137.4 (20.6) 135.0 (19.0) 138.1 (19.2)
BMI (SD), kg/m? 24.0 3.4) 24.1 (3.9 23.3(3.5) 24.1 (3.3) 24.2 (3.4)
Physical activity (SD), MET-h/day 18.8 (15.0) 15.5 (13.6) 17.5 (15.2) 19.9 (15.8) 19.2 (14.3)
¢IMT, mm (SD) 0.70 (0.16) 0.73 (0.16) 0.73 (0.17) 0.70 (0.16) 0.69 (0.15)
Carotid plaque, % 39.1 48.8 40.3 36.3 39.3
Carotid plaque burden, mm (SD) 0.99 (1.19) 1.24 (1.28) 1.05 (1.22) 0.92 (1.16) 0.98 (1.18)

Women (n =13881) (n =125) (n =9019) (n = 4442) (n = 295)
Age (SD), year 59.1 (10.0) 64.6 (9.3) 59.9 (10.1) 57.4 (9.5) 60.9 (10.3)
Education >6 years, % 41.5 38.4 34.8 55.4 39.0
Household income >35,000 RMB/year, % 58.3 46.4 61.0 53.9 49.2
Prior CVD history*, % 10.2 16.8 9.8 10.6 11.9
Current smokers, % 1.5 6.4 1.0 1.6 14.2
SBP (SD), mmHg 136.5 (21.3) 139.6 (23.8) 137.6 (21.4) 134.1 (20.6) 136.5 (21.7)
BMI (SD), kg/m? 24.3 (3.5) 24.2 (3.5) 24.1 (3.5) 24.6 (3.5) 23.9 (3.7)
Physical activity (SD), MET-h/day 17.6 (12.8) 14.5 (10.1) 17.6 (13.4) 17.6 (11.6) 17.4 (11.3)
¢IMT, mm (SD) 0.64 (0.13) 0.64 (0.13) 0.65 (0.14) 0.64 (0.13) 0.64 (0.12)
Carotid plaque, % 26.5 28.0 26.2 26.7 28.8
Carotid plaque burden, mm (SD) 0.65 (0.99) 0.62 (1.00) 0.65 (0.99) 0.66 (0.99) 0.71 (1.01)

RMB: renminbi; CVD: cardiovascular disease; SBP: systolic blood pressure; BMI: body mass index; MET-h/day: metabolic equivalents of task per hour per day; cIMT:
carotid intima media thickness; SD: standard deviation.
 Self-reported CVD history at baseline or resurvey.

Table 2
Characteristics at resurvey, and baseline drinking patterns, by categories of genotype and study area, in men and women.
Genotype-area categories Ptrend”
C1 c2 C3 c4 C5 c6
Men

Drinking pattemsh (n = 4269) (n = 6353) (n =11,974) (n =13,527) (n =9047) (n = 15,814)
Current drinkers, % 1.7 10.6 15.0 30.2 48.5 61.4 <0.001
Mean alcohol intake (SD), g/week 4.0 (28.5) 18.3 (65.3) 33.5(108.1) 78.3 (160.9) 130.2 (190.6) 255.5 (278.7) <0.001

Resurvey characteristics* (n = 620) (n =991) (n = 1652) (n = 2016) (n =1209) (n = 2015)
Age (SD), year 60.1 (10.2) 60.0 (10.6) 60.2 (10.4) 60.7 (10.6) 59.8 (10.7) 60.5 (10.0) 0.543
Education >6 years, % 56.6 54.4 55.8 56.9 61.4 58.0 0.077
Household income >35000 RMB/year, % 61.3 64.3 63.1 61.6 63.5 62.1 0.913
Prior CVD history“, % 10.7 10.4 10.6 11.6 12.1 9.9 0.877
Current smokers, % 46.2 50.0 51.0 49.4 53.5 51.0 0.145
SBP (SD), mmHg 135.0 (20.2) 135.9 (20.1) 135.9 (19.2) 137.3 (19.5) 138.4 (20.3) 138.0 (19.1) <0.001
BMI (SD), kg/m2 23.9 (3.5) 23.9 (3.3) 23.9 (3.4 24.0 (3.4) 23.9 (3.5) 24.2 (3.3) 0.060
Physical activity (SD), MET-h/day 18.9 (16.3) 18.6 (15.8) 18.6 (15.5) 18.9 (14.5) 19.7 (13.9) 18.6 (14.8) 0.946

Women

Drinking patternsb (n = 6439) (n =9723) (n=17,174) (n = 19,943) (n = 13,051) (n = 23,721)
Current drinkers, % 0.1 0.5 0.5 1.5 3.5 4.0 <0.001
Mean alcohol intake (SD), g/week 0.6 (2.6) 1.9 (3.9) 1.2 (6.1) 3.5(13.4) 5.4 (23.0) 7.8 (41.7) <0.001

Resurvey characteristics* (n =1036) (n = 1636) (n = 2557) (n = 3295) (n =1703) (n = 3654)
Age (SD), year 59.5 (10.2) 59.5 (9.9) 58.8 (10.0) 58.9 (9.8) 58.9 (10.4) 59.5 (9.9) 0.181
Education >6 years, % 43.1 42.6 40.7 41.4 40.3 41.9 0.403
Household income >35000 RMB/year, % 58.6 58.9 60.0 56.6 60.5 57.4 0.330
Prior CVD history“, % 11.0 9.5 9.6 11.1 9.5 10.2 0.782
Current smokers, % 1.2 1.1 1.7 1.3 1.5 1.7 0.885
SBP (SD), mmHg 136.9 (21.7) 136.3 (21.3) 137.3 (21.4) 136.4 (21.4) 136.0 (22.1) 136.2 (20.3) 0.244
BMI (SD), kg/m2 24.3 (3.5) 24.2 (3.5) 24.2 (3.4) 24.3 (3.7) 24.1 (3.5) 24.4 (3.6) 0.153
Physical activity (SD), MET-h/day 16.8 (13.0) 16.8 (11.7) 18.0 (14.5) 17.7 (11.5) 18.1 (12.2) 17.6 (13.0) 0.121

RMB: renminbi; CVD: cardiovascular disease; SBP: systolic blood pressure; BMI: body mass index; MET-h/d: metabolic equivalents of task per hour per day; SD:
standard deviation.

2 p-trend is from the straight line of best fit through the age- and genomic principal component-adjusted mean values and their standard errors and the mean male
alcohol intake across the six genetic categories within each study area, which were then combined by inverse-variance-weighted meta-analysis to yield the overall area-
stratified genotypic associations.

b prevalence of current drinkers and mean alcohol intake at baseline were unadjusted and were calculated in a sample of 60,984 men and 90,051 women in CKB with
genotype information as previously described (Millwood et al., 2019 Lancet 393:1831-1842) [13]. The genetic instrument strength in men was F-statistic 1752 (range
by area 43-783), variance in alcohol intake explained () 13.6% (1.2%-22.5%).

¢ Means and prevalences of resurvey characteristics were adjusted for age, study area and genomic principal components as appropriate.

4 Self-reported CVD history at baseline or resurvey.
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Conventional epidemiological analyses
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Fig. 1. Associations of carotid measurements with self-reported alcohol consumption and with genotype-predicted mean alcohol intake, in men.

Conventional epidemiological analyses (A-C) of baseline self-reported drinking patterns with cIMT (A), presence of carotid plaque (B), and carotid plaque burden (C)
in men without prior cardiovascular disease. The reference group was non-drinkers and results were adjusted for age, area, education, income, and smoking. The
means or odds ratios for current drinkers were plotted against usual alcohol intake, with a fitted line giving the mean change or odds ratio (95% CI) per 280 g per
week higher usual alcohol intake. Genetic epidemiological analyses (D-F) of genotype predicted mean alcohol intake with cIMT (D), presence of carotid plaque (E),
and carotid plaque burden (F) in all men. Results were adjusted for age, area, and genomic principal components. The means or odds ratios were plotted against
genotype-predicted mean alcohol intake, with the mean change or odds ratio (95% CI) per 280 g per week higher genotype-predicted mean alcohol intake calculated
within study areas and combined by inverse variance-weighted meta-analysis. The area of each square is inversely proportional to the variance of the least square
mean in (A, C, D, F), and the variance of the log odds in (B, E). The group-specific 95% ClIs, calculated from this variance, are shown by error bars. cIMT: carotid
intima media thickness; CI: confidence interval.

Table 3
Adjusted associations of carotid measurements with self-reported alcohol intake in male current drinkers.

Male current drinkers, n = 2905 Effect per 280 g/week usual alcohol (95% CI) p-value

¢IMT, mm
Main model 0.001 (—0.012, 0.013) 0.930
+SBP —0.006 (—0.018, 0.006) 0.340
-+SBP and BMI —0.006 (—0.017, 0.006) 0.361
+SBP, BMI and LDL-C —0.002 (—0.015, 0.012) 0.799
Main model including prior CVD 0.002 (—0.015, 0.010) 0.696

Carotid plaque (OR)
Main model 1.42 (1.14, 1.76) 0.002
-+SBP 1.32 (1.06, 1.64) 0.013
-+SBP and BMI 1.32 (1.06, 1.64) 0.013
+SBP, BMI and LDL-C 1.49 (1.16, 1.91) 0.002
Main model including prior CVD 1.37 (1.11, 1.68) 0.003

Carotid plaque burden, mm
Main model 0.19 (0.10, 0.28) <0.001
+SBP 0.15 (0.07, 0.24) <0.001
-+SBP and BMI 0.15 (0.06, 0.24) <0.001
+SBP, BMI and LDL-C 0.20 (0.10, 0.30) <0.001
Main model including prior CVD 0.18 (0.09, 0.27) <0.001

Main model was adjusted for age, area, education, household income, and smoking, and participants with self-reported history of cardiovascular disease at baseline or
resurvey were excluded. Participants with missing LDL-C data were excluded from models adjusted for LDL-C.

cIMT: carotid intima media thickness; SBP: systolic blood pressure; BMI: body mass index; LDL-C: low-density lipoprotein cholesterol; OR: odds ratio; CI: confidence
interval.
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Table 4
Associations of carotid measurements with genotype-predicted alcohol intake, and with ALDH2-rs671 and ADH1B-rs1229984 genotypes, in men and women.
Effect per 280 g/week genotype-predicted  p-value  phe’ ALDH2-rs671 GG vs AG pvalue  ppet” ADH1B-1s1229984 GG vs AG  p-value  phet’
mean male” alcohol intake (95% CI) Effect (95% CI) Effect (95% CI)
¢IMT, mm
Men —0.008 (—0.018, 0.003) 0.148 —0.002 (—0.009, 0.004) 0.508 0.003 (—0.008, 0.013) 0.631
Women —0.004 (—0.011, 0.002) 0.186 0.589 —0.004 (—0.008, 0.001) 0.090 0.738 0.004 (—0.003, 0.011) 0.267 0.855
Carotid plaque, OR
Men 1.21 (0.99, 1.49) 0.061 1.03 (0.92, 1.16) 0.573 1.06 (0.87, 1.28) 0.572
Women 0.98 (0.81, 1.17) 0.806 0.120 0.93 (0.84, 1.03) 0.160 0.178 0.97 (0.83, 1.15) 0.740 0.518
Carotid plaque burden, mm
Men 0.09 (0.02, 0.17) 0.018 0.05 (0.01, 0.10) 0.027 —0.02 (—0.10, 0.06) 0.591
Women —0.01 (-0.06, 0.03) 0.600 0.022 —0.02 (—0.05, 0.01) 0.195 0.010 —0.03 (—0.08, 0.02) 0.247 0.883

Analyses were adjusted for age, and genomic principal components within each study area, and then combined by inverse-variance-weighted meta-analysis to yield the
overall area-stratified genetic associations. The genetic instrument strength was assessed in 60,984 men with genotype information: Main genetic instrument F-statistic
1752 (range by area 43-783), variance in alcohol intake explained (%) 13.6% (1.2%-22.5%); ALDH2-rs671 F-statistic 3267 (31-891), r? 10.5% (1.0%—22.6%);

ADH1B-rs1229984 F-statistic 191 (4-43), r* 0.7% (0.1%-1.4%).

@ As women consumed little alcohol, the same six genotypic-area categories in women were used to estimate the genotypic effects in the same way as in men, in order
to evaluate potential pleiotropic effects by comparing effects in men (who drank alcohol) with women.

b p-value for heterogeneity between men and women.

other self-reported socio-economic or lifestyle factors in either men or
women (Table 2).

At resurvey, the mean cIMT was 0.70 mm among men and 0.64 mm
among women, and 39% of men and 27% of women had carotid plaque
(Table 1). The mean burden of carotid plaque was 0.99 mm among men
and 0.65 mm among women. Among men, mean cIMT was similar across
self-reported drinking categories (Supplementary Table 5). Moreover,
among current drinkers there was no significant dose-response associ-
ation between mean cIMT and self-reported usual alcohol intake
(change in cIMT [mm]: 0.001, 95% CI [—0.012, 0.013], per 280 g/week
higher usual alcohol intake) (Fig. 1A). For carotid plaque, the odds of
having plaque was higher in ex-drinkers compared with non-drinkers,
and increased in a dose-response relationship with alcohol intake
amount among current drinkers, with 42% (OR = 1.42; 95% CI 1.14,
1.76) higher odds per 280 g/week higher usual alcohol intake (Fig. 1B).
The association was similar in shape for carotid plaque burden, with
each 280 g/week higher usual alcohol intake associated with 0.19 (95%
CI 0.10, 0.28) mm higher carotid plaque burden (Fig. 1C). The dose-
response associations of carotid plaque and plaque burden were atten-
uated but remained significant after adjusting for SBP, and did not
change materially after further adjusting for BMI, but appeared slightly
stronger after further adjusting for LDL-C (Table 3).

The associations of usual alcohol intake with cIMT and carotid pla-
que were similar across subgroups defined by major CVD risk factors
(Supplementary Table 6). For carotid plaque burden, the association
with usual alcohol intake tended to be stronger in men with higher SBP
(p for trend = 0.029), but was otherwise similar across subgroups.

Including men with prior CVD did not materially alter the associa-
tions of alcohol with carotid measurements (Supplementary Table 5).

Among women, there were no clear dose-response associations of
usual alcohol intake with carotid measurements, although mean cIMT
and plaque burden were somewhat lower among ex-drinkers than non-
drinkers (Supplementary Table 7).

In genetic analyses, among men genotype-predicted mean alcohol
intake was not associated with ¢cIMT (—0.008 [95% CI -0.018, 0.003]
mm per 280 g/week). Higher genotype-predicted mean alcohol intake
was associated with significantly higher plaque burden (0.09 [0.02,
0.17] mm per 280 g/week) and showed a trend, although non-
significant, towards higher odds of carotid plaque (OR 1.21 [0.99,
1.49] per 280 g/week) (Fig. 1, Table 4). Excluding men with prior CVD
did not materially alter the associations (Supplementary Table 8).

Among women, there were no associations between the six genetic
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categories and the three carotid measurements (Table 4, Supplementary
Table 9). The genotypic associations for carotid plaque burden were
significantly different between men and women (p for heterogeneity =
0.022), suggesting the effects on plaque burden in men were likely to be
largely due to alcohol itself and not to pleiotropic effects of the studied
genotypes.

In separate analyses of the two individual genetic variants, men with
ALDH2-rs671 GG genotype (associated with higher alcohol intake) had a
significantly higher mean carotid plaque burden (mean difference 0.05
mm, 95% CI 0.01, 0.10) compared to those with the AG genotype
(Table 4). There was no association of carotid plaque burden with
ALDH2-rs671 in women (P for heterogeneity = 0.010 between men and
women). No differences in the three carotid measurements were
observed for ADH1B-rs1229984 genotypes in either men or women.

4. Discussion

Using conventional and genetic approaches, this study assessed the
causal relevance of alcohol intake with carotid artery thickness and
plaque in a large Chinese population (Fig. 2). In both conventional and
genetic analyses, higher alcohol intake was associated with a higher
carotid plaque burden among men. However, no clear associations were
observed between alcohol intake and cIMT in either conventional or
genetic analyses. Among women, very few drank alcohol and there were
no associations of the genetic instruments with any of the three carotid
measurements, suggesting that the genetic associations for carotid pla-
que burden among men were likely to be chiefly due to alcohol intake
rather than pleiotropic genotypic effects.

Observational studies involving predominantly Western populations
have examined the associations of alcohol intake and cIMT, with con-
flicting results. However, evidence from these studies were limited by
relatively small sample size (N < 5500) [16,21,36], cross-sectional study
design [16,22,37], or failing to separate former drinkers from long-term
non-drinkers [16,22] which would introduce “sick-quitter” bias [15,19,
21]. A study involving two British cohorts (n = 5403) found no differ-
ences in cIMT between non-drinkers and stable moderate drinkers but an
increased cIMT among consistent heavy drinkers [21], whereas another
European longitudinal study (n = 3703) reported an inverse association
of moderate alcohol consumption with cIMT [36]. Existing studies on
the relationship between alcohol drinking and carotid plaque are limited
[38]. With a larger sample size than previous studies, our conventional
analyses in men showed overall J-shaped associations of self-reported
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Alcohol intake is associated with higher carotid plaque burden in Chinese men
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Fig. 2. Alcohol intake is associated with higher ca-
rotid plaque burden in Chinese men.

Conventional and genetic epidemiological methods
were used to assess the associations of alcohol intake
with cIMT, presence of carotid plaque, and carotid
plaque burden, in 22,384 adults from the China
Kadoorie Biobank study. Among men, higher alcohol
intake was associated with higher carotid plaque
burden in both the conventional and the genetic
analyses.

Genetic findings
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alcohol consumption with carotid plaque and plaque burden, and clear
dose-response associations of self-reported alcohol intake with carotid
plaque and plaque burden among current drinkers, but no association
with cIMT.

Cardiovascular risk factors, such as age, smoking, SBP, and lipid
levels might confound or mediate the observed associations of alcohol
intake with subclinical carotid atherosclerosis [8,15,16,19,20]. We
found that the association of alcohol with carotid plaque attenuated
after adjusting for SBP and was stronger in men with higher SBP levels,
and became slightly stronger with adjustment for LDL-C. These findings
suggest that SBP and plasma lipid levels may potentially play a role in
mediating or modifying the relationship between alcohol intake and
subclinical atherosclerosis.

Reverse causation bias and residual confounding remain major issues
even in well-designed conventional epidemiological analyses. The two
genetic variants, rs671 and rs1229984, which are strongly associated
with alcohol intake in East Asian populations, can be used to assess the
causal effects of alcohol intake [13]. The association of rs671 with
subclinical carotid atherosclerosis has been assessed in two small genetic
association studies each involving 300-400 East Asian men and women
[24,25]. Individuals with rs671 GG genotype had higher plaque score
compared with AA genotype in one study [24], but had a lower cIMT
compared with AA/AG genotype in another study [25]. Using a genetic
instrument derived from both rs671 and rs1229984 that predicts a wide
range of alcohol intake, while not associated with conventional con-
founders such as smoking, we have previously reported a causal asso-
ciation of alcohol drinking with stroke risk [13]. In the present study we
extended the investigation into carotid atherosclerosis and found a
significant, although modest, dose-response relationship between
genotype-predicted mean alcohol intake and carotid plaque burden,
which corroborated the conventional analyses, with directionally
consistent genetic associations with presence of carotid plaque, but no
associations with cIMT. Our analyses of individual variants showed that
the association between genotype-predicted mean alcohol intake and
carotid plaque burden was likely to be mainly driven by rs671, which
may reflect the stronger influence on alcohol intake of rs671 compared
with rs1229984. The null genetic findings in women, who rarely drank
alcohol despite their genotypes, provide further support for the associ-
ations for carotid plaque burden seen in men being potentially due to the
causal effects of alcohol intake.

Previous analyses in CKB only showed moderate correlation between
cIMT and carotid plaque burden (correlation coefficient 0.51), with
somewhat weaker correlation in individuals with carotid plaque (cor-
relation coefficient 0.36) [33,34]. Although cIMT and carotid plaque
share similar risk factors [8,39], the natural history and clinical signif-
icance of these measurements differ. Carotid plaque is considered to be
an indicator of early atherosclerotic disease [40], and compared to
cIMT, may be more strongly influenced by levels of SBP and diabetes
[41,42]. The differing associations of alcohol with cIMT and with ca-
rotid plaque in the present study may reflect the distinct role of cIMT

0
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from carotid plaque in carotid atherosclerosis. Nevertheless, the precise
mechanisms through which alcohol may influence different aspects of
carotid arterial injury and atherosclerosis are not fully understood and
further investigations are warranted to understand the underlying
pathophysiological mechanisms.

This is the first genetic epidemiological study using rs671 and
rs1229984 in addition to self-reported drinking patterns to assess the
causal associations between alcohol intake and three different carotid
artery measurements in a large Chinese population. In the present an-
alyses, ex-drinkers could be distinguished from others based on infor-
mation acquired for past drinking, and repeated alcohol measurements
allowed us to estimate usual alcohol intake over an 8-year period and
account for regression dilution bias in our analyses. Furthermore, with a
strong genetic instrument that predicted a wide range of alcohol intake
in men, and the ability to assess potential pleiotropy among women who
drank little alcohol, the study was able to assess potential casual re-
lationships. However, our study also had several limitations. First, the
periodic resurvey can only include surviving participants and the
response rate among eligible surviving participants was around 80%,
suggesting that survival bias might exist and those who had a poor
health status and very heavy/problem drinkers might have been reluc-
tant or unable to attend the resurvey, leading to a potential underesti-
mation of the associations. Second, our study only had carotid artery
measurements at one time point and was unable to assess progression of
subclinical atherosclerosis. In future investigations, measurements of
progression of cIMT and carotid plaque would allow the relationships
between alcohol intake and carotid arterial injury and subclinical
atherosclerosis, and with CVD outcomes, to be more thoroughly
explored. Third, although our study was the largest to date using a
strong genetic instrument, it was limited to a subset of the CKB popu-
lation. Future well-powered genetic epidemiological studies are war-
ranted to further clarify the causal effects of alcohol on cIMT and carotid
plaque.

In summary, genetic epidemiological analyses suggest that alcohol
consumption may be causally associated with a higher burden of carotid
plaque but not with cIMT in this Chinese population. The findings of the
present study provide no evidence for a causal protective effect of
moderate alcohol intake on carotid atherosclerosis. This study provides
evidence to support the strategy of lowering alcohol consumption to
prevent atherosclerosis and subsequent ASCVD.

Financial support

The CKB baseline survey and the first re-survey were supported by
the Kadoorie Charitable Foundation in Hong Kong. The long-term
follow-up has been supported by Wellcome grants to Oxford Univer-
sity (212946/7/18/Z, 202922/Z/16/Z, 104085/Z/14/Z, 088158/Z/
09/Z) and grants from the National Natural Science Foundation of China
(82192901, 82192904, 82192900) and from the National Key Research
and Development Program of China (2016YFC0900500). DNA



T. Zhou et al.

extraction and genotyping was supported by grants from Glax-
oSmithKline and the UK Medical Research Council (MC-PC-13049, MC-
PC-14135). The UK Medical Research Council (MC_UU_00017/1,
MC_UU_12026/2, MC_U137686851), Cancer Research UK (C16077/
A29186; C500/A16896) and the British Heart Foundation (CH/
1996001/9454) provide core funding to the Clinical Trial Service Unit
and Epidemiological Studies Unit at Oxford University for the project.
Pek Kei Im was supported by an Early Career Research Fellowship from
the Nuffield Department of Population Health, University of Oxford.

Author contributions

Tianyu Zhou and Pek Kei Im analysed the data. Tianyu Zhou, Pek Kei
Im and Iona Millwood drafted the manuscript. Tianyu Zhou, Pek Kei Im,
Parisa Hariri, Zhengming Chen and Iona Millwood contributed to the
conception of this paper, interpretation of the results and the revision of
manuscript. Iona Millwood, Zhengming Chen, Huaidong Du, Robin
Walters and Liming Li designed the study and contributed to data
acquisition. All authors critically reviewed the manuscript and approved
the final submission.

Data availability statement

The China Kadoorie Biobank (CKB) is a global resource for the
investigation of lifestyle, environmental, blood biochemical and genetic
factors as determinants of common diseases. The CKB study group is
committed to making the cohort data available to the scientific com-
munity in China, the UK and worldwide to advance knowledge about the
causes, prevention and treatment of disease. For detailed information on
what data is currently available to open access users and how to apply
for it, visit: https://www.ckbiobank.org/data-access.

Researchers who are interested in obtaining the raw data from the
China Kadoorie Biobank study that underlines this paper should contact
ckbaccess@ndph.ox.ac.uk. A research proposal will be requested to
ensure that any analysis is performed by bona fide researchers and -
where data is not currently available to open access researchers - is
restricted to the topic covered in this paper.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Tianyu Zhou completed this work while at the University of Oxford.
Currently Tianyu Zhou is currently an employee of Roche China. The
sponsors and Roche have no role in the design, analysis, interpretation
or drafting of this manuscript.

Acknowledgements

The chief acknowledgment is to the participants, the project staff,
and the China National Centre for Disease Control and Prevention (CDC)
and its regional offices for assisting with the fieldwork. We thank Judith
Mackay in Hong Kong; Yu Wang, Gonghuan Yang, Zhengfu Qiang, Lin
Feng, Maigeng Zhou, Wenhua Zhao, Yan Zhang and Zheng Bian in China
CDC; Lingzhi Kong, Xiucheng Yu, and Kun Li in the Chinese Ministry of
Health; and Sarah Clark, Martin Radley, Mike Hill, in the CTSU, Oxford,
for assisting with the design, planning, organization, and conduct of the
study. Members of the China Kadoorie Collaborative Group are listed in
the Supplementary Material.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.atherosclerosis.2023.06.012.

41

Atherosclerosis 377 (2023) 34-42

References

[1] GBD Collaborators, Global burden of 369 diseases and injuries in 204 countries and
territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study
2019, Lancet (London, England) 396 (10258) (2020) 1204-1222.
G.A. Roth, G.A. Mensah, C.O. Johnson, G. Addolorato, E. Ammirati, L.M. Baddour,
et al., Global burden of cardiovascular diseases and risk factors, 1990-2019: update
from the GBD 2019 study, J. Am. Coll. Cardiol. 76 (25) (2020) 2982-3021.
H.C. McGill Jr., C.A. McMabhan, E.E. Herderick, G.T. Malcom, R.E. Tracy, J.
P. Strong, Origin of atherosclerosis in childhood and adolescence, 1307s-15s, Am.
J. Clin. Nutr. 72 (5 Suppl) (2000).
F. Mach, C. Baigent, A.L. Catapano, K.C. Koskinas, M. Casula, L. Badimon, et al.,
2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid
modification to reduce cardiovascular risk, Eur. Heart J. 41 (1) (2020) 111-188.
S. Aktaa, B. Gencer, E. Arbelo, C.H. Davos, I. Désormais, M. Hollander, et al.,
European society of cardiology quality indicators for cardiovascular disease
prevention: developed by the working group for cardiovascular disease prevention
quality indicators in collaboration with the European association for preventive
cardiology of the European society of cardiology, European journal of preventive
cardiology 29 (7) (2022) 1060-1071.
J.H. Stein, C.E. Korcarz, R.T. Hurst, E. Lonn, C.B. Kendall, E.R. Mohler, et al., Use of
carotid ultrasound to identify subclinical vascular disease and evaluate
cardiovascular disease risk: a consensus statement from the American Society of
Echocardiography Carotid Intima-Media Thickness Task Force. Endorsed by the
Society for Vascular Medicine, J. Am. Soc. Echocardiogr. : official publication of
the American Society of Echocardiography 21 (2) (2008) 93-111, quiz 89-90.
D.H. O’Leary, J.F. Polak, R.A. Kronmal, T.A. Manolio, G.L. Burke, S.K. Wolfson Jr.,
Carotid-artery intima and media thickness as a risk factor for myocardial infarction
and stroke in older adults. Cardiovascular Health Study Collaborative Research
Group, N. Engl. J. Med. 340 (1) (1999) 14-22.
P. Song, Z. Fang, H. Wang, Y. Cai, K. Rahimi, Y. Zhu, et al., Global and regional
prevalence, burden, and risk factors for carotid atherosclerosis: a systematic
review, meta-analysis, and modelling study, Lancet Global Health 8 (5) (2020)
e721-e729.
J. Manthey, K.D. Shield, M. Rylett, O.S.M. Hasan, C. Probst, J. Rehm, Global
alcohol exposure between 1990 and 2017 and forecasts until 2030: a modelling
study, Lancet (London, England) 393 (10190) (2019) 2493-2502.
N. Sattar, D. Preiss, Reverse causality in cardiovascular epidemiological research:
more common than imagined? Circulation 135 (24) (2017) 2369-2372.
M.V. Holmes, C.E. Dale, L. Zuccolo, R.J. Silverwood, Y. Guo, Z. Ye, et al.,
Association between alcohol and cardiovascular disease: Mendelian randomisation
analysis based on individual participant data, BMJ (Clinical research ed) 349
(2014) g4164.
A.M. Wood, S. Kaptoge, A.S. Butterworth, P. Willeit, S. Warnakula, T. Bolton, et al.,
Risk thresholds for alcohol consumption: combined analysis of individual-
participant data for 599 912 current drinkers in 83 prospective studies, Lancet
(London, England) 391 (10129) (2018) 1513-1523.
LY. Millwood, R.G. Walters, X.W. Mei, Y. Guo, L. Yang, Z. Bian, et al., Conventional
and genetic evidence on alcohol and vascular disease aetiology: a prospective study
of 500 000 men and women in China, Lancet (London, England) 393 (10183)
(2019) 1831-1842.
J. Kauhanen, G.A. Kaplan, D.E. Goldberg, R. Salonen, J.T. Salonen, Pattern of
alcohol drinking and progression of atherosclerosis, Arterioscler. Thromb. Vasc.
Biol. 19 (12) (1999) 3001-3006.
K.J. Mukamal, R.A. Kronmal, M.A. Mittleman, D.H. O’Leary, J.F. Polak,
M. Cushman, et al., Alcohol consumption and carotid atherosclerosis in older
adults: the Cardiovascular Health Study, Arterioscler. Thromb. Vasc. Biol. 23 (12)
(2003) 2252-2259.
U. Schminke, J. Luedemann, K. Berger, D. Alte, R. Mitusch, W.G. Wood, et al.,
Association between alcohol consumption and subclinical carotid atherosclerosis:
the Study of Health in Pomerania, Stroke 36 (8) (2005) 1746-1752.
M. Juonala, J.S. Viikari, M. Kahonen, T. Laitinen, L. Taittonen, B.M. Loo, et al.,
Alcohol consumption is directly associated with carotid intima-media thickness in
Finnish young adults: the Cardiovascular Risk in Young Finns Study,
Atherosclerosis 204 (2) (2009) e93—e98.
Y.H. Lee, M.H. Shin, S.S. Kweon, S.W. Choi, H.Y. Kim, S.Y. Ryu, et al., Alcohol
consumption and carotid artery structure in Korean adults aged 50 years and older,
BMC Publ. Health 9 (2009) 358.
X. Xie, Y.T. Ma, Y.N. Yang, Z.Y. Fu, X. Ma, D. Huang, et al., Alcohol consumption
and carotid atherosclerosis in China: the cardiovascular risk survey, European
journal of preventive cardiology 19 (3) (2012) 314-321.
M.K. Kim, J. Shin, S.S. Kweon, D.H. Shin, Y.H. Lee, B.Y. Chun, et al., Harmful and
beneficial relationships between alcohol consumption and subclinical
atherosclerosis. Nutrition, metabolism, and cardiovascular diseases, Nutr. Metabol.
Cardiovasc. Dis. 24 (7) (2014) 767-776.
A. Britton, R. Hardy, D. Kuh, J. Deanfield, M. Charakida, S. Bell, Twenty-year
trajectories of alcohol consumption during midlife and atherosclerotic thickening
in early old age: findings from two British population cohort studies, BMC Med. 14
(1) (2016) 111.
A.R. Britton, D.E. Grobbee, H.M. den Ruijter, T.J. Anderson, M. Desvarieux,
G. Engstrom, et al., Alcohol consumption and common carotid intima-media
thickness: the USE-IMT study, Alcohol Alcohol 52 (4) (2017) 483-486.
G. Davey Smith, G. Hemani, Mendelian randomization: genetic anchors for causal
inference in epidemiological studies, Hum. Mol. Genet. 23 (R1) (2014) R89-R98.

[2]

[3]

[4]

[5]

[6]

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]


https://www.ckbiobank.org/data-access
mailto:ckbaccess@ndph.ox.ac.uk
https://doi.org/10.1016/j.atherosclerosis.2023.06.012
https://doi.org/10.1016/j.atherosclerosis.2023.06.012
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref1
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref1
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref1
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref2
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref2
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref2
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref3
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref3
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref3
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref4
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref4
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref4
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref5
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref5
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref5
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref5
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref5
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref5
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref6
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref6
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref6
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref6
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref6
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref6
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref7
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref7
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref7
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref7
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref8
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref8
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref8
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref8
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref9
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref9
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref9
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref10
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref10
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref11
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref11
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref11
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref11
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref12
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref12
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref12
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref12
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref13
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref13
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref13
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref13
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref14
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref14
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref14
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref15
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref15
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref15
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref15
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref16
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref16
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref16
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref17
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref17
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref17
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref17
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref18
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref18
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref18
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref19
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref19
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref19
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref20
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref20
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref20
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref20
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref21
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref21
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref21
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref21
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref22
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref22
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref22
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref23
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref23

T. Zhou et al.

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

M. Narita, K. Kitagawa, Y. Nagai, H. Hougaku, H. Hashimoto, M. Sakaguchi, et al.,
Effects of aldehyde dehydrogenase genotypes on carotid atherosclerosis,
Ultrasound Med. Biol. 29 (10) (2003) 1415-1419.

X.X. Ma, S.Z. Zheng, Y. Shu, Y. Wang, X.P. Chen, Association between carotid
intima-media thickness and aldehyde dehydrogenase 2 Glu504Lys polymorphism
in Chinese han with essential hypertension, Chinese Med J 129 (12) (2016)
1413-1418.

H.J. Edenberg, T. Foroud, Genetics and alcoholism, Nat. Rev. Gastroenterol.
Hepatol. 10 (8) (2013) 487-494.

Z. Chen, J. Chen, R. Collins, Y. Guo, R. Peto, F. Wu, et al., China Kadoorie Biobank
of 0.5 million people: survey methods, baseline characteristics and long-term
follow-up, Int. J. Epidemiol. 40 (6) (2011) 1652-1666.

1.Y. Millwood, L. Li, M. Smith, Y. Guo, L. Yang, Z. Bian, et al., Alcohol consumption
in 0.5 million people from 10 diverse regions of China: prevalence, patterns and
socio-demographic and health-related correlates, Int. J. Epidemiol. 42 (3) (2013)
816-827.

P.K. Im, I.Y. Millwood, Y. Guo, H. Du, Y. Chen, Z. Bian, et al., Patterns and trends of
alcohol consumption in rural and urban areas of China: findings from the China
Kadoorie Biobank, BMC Publ. Health 19 (1) (2019) 217.

World Health Organization, International Guide for Monitoring Alcohol
Consumption and Related Harm, World Health Organization, Geneva, 2000.

M. Plummer, Improved estimates of floating absolute risk, Stat. Med. 23 (1) (2004)
93-104.

P.J. Touboul, M.G. Hennerici, S. Meairs, H. Adams, P. Amarenco, N. Bornstein, et
al., Mannheim carotid intima-media thickness and plaque consensus (2004-2006-
2011). An update on behalf of the advisory board of the 3rd, 4th and 5th watching
the risk symposia, at the 13th, 15th and 20th European Stroke Conferences,
Mannheim, Germany, 2004, Brussels, Belgium, 2006, and Hamburg, Germany,
2011, Cerebrovasc. Dis. 34 (4) (2012) 290-296.

R. Clarke, H. Du, O. Kurmi, S. Parish, M. Yang, M. Arnold, et al., Burden of carotid
artery atherosclerosis in Chinese adults: implications for future risk of
cardiovascular diseases, Eur J Prev Cardiol 24 (6) (2017) 647-656.

42

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Atherosclerosis 377 (2023) 34-42

S. Parish, M. Arnold, R. Clarke, H. Du, E. Wan, O. Kurmi, et al., Assessment of the
role of carotid atherosclerosis in the association between major cardiovascular risk
factors and ischemic stroke subtypes, JAMA Netw. Open 2 (5) (2019), e194873.
R.G. Walters, 1.Y. Millwood, K. Lin, D. Schmidt Valle, P. McDonnell, A. Hacker, et
al., Genotyping and population structure of the China Kadoorie Biobank, medRxiv
(2022). https://doi.org/10.1101/2022.05.02.22274487.

F. Laguzzi, D. Baldassarre, F. Veglia, R.J. Strawbridge, S.E. Humphries,

R. Rauramaa, et al., Alcohol consumption in relation to carotid subclinical
atherosclerosis and its progression: results from a European longitudinal
multicentre study, Eur. J. Nutr. 60 (1) (2021) 123-134.

J. Demirovic, A. Nabulsi, A.R. Folsom, M.A. Carpenter, M. Szklo, P.D. Sorlie, et al.,
Alcohol consumption and ultrasonographically assessed carotid artery wall
thickness and distensibility. The Atherosclerosis Risk in Communities (ARIC) Study
Investigators, Circulation 88 (6) (1993) 2787-2793.

D.H. Sinn, G.Y. Gwak, J. Cho, H.J. Son, Y.H. Paik, M.S. Choi, et al., Modest alcohol
consumption and carotid plaques or carotid artery stenosis in men with non-
alcoholic fatty liver disease, Atherosclerosis 234 (2) (2014) 270-275.

O.H. Del Brutto, V.J. Del Brutto, R.M. Mera, A.F. Costa, R. Penaherrera,

E. Penaherrera, et al., The association between aortic arterial stiffness, carotid
intima-media thickness and carotid plaques in community-dwelling older adults: a
population-based study, Vascular 28 (4) (2020) 405-412.

J.D. Spence, Measurement of intima-media thickness vs. carotid plaque: uses in
patient care, genetic research and evaluation of new therapies, Int. J. Stroke :
official journal of the International Stroke Society 1 (4) (2006) 216-221.

S.H. Juo, H.F. Lin, T. Rundek, E.A. Sabala, B. Boden-Albala, N. Park, et al., Genetic
and environmental contributions to carotid intima-media thickness and obesity
phenotypes in the Northern Manhattan Family Study, Stroke 35 (10) (2004)
2243-2247.

S. Moskau, A. Golla, C. Grothe, M. Boes, C. Pohl, T. Klockgether, Heritability of
carotid artery atherosclerotic lesions: an ultrasound study in 154 families, Stroke
36 (1) (2005) 5-8.


http://refhub.elsevier.com/S0021-9150(23)03400-7/sref24
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref24
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref24
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref25
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref25
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref25
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref25
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref26
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref26
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref27
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref27
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref27
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref28
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref28
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref28
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref28
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref29
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref29
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref29
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref30
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref30
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref31
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref31
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref32
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref32
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref32
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref32
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref32
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref32
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref33
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref33
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref33
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref34
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref34
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref34
https://doi.org/10.1101/2022.05.02.22274487
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref36
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref36
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref36
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref36
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref37
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref37
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref37
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref37
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref38
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref38
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref38
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref39
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref39
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref39
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref39
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref40
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref40
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref40
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref41
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref41
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref41
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref41
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref42
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref42
http://refhub.elsevier.com/S0021-9150(23)03400-7/sref42

	Associations of alcohol intake with subclinical carotid atherosclerosis in 22,000 Chinese adults
	1 Introduction
	2 Patients and methods
	2.1 CKB study population
	2.2 Assessment of self-reported alcohol intake
	2.3 Carotid artery ultrasonography measurements
	2.4 Genotyping and biochemistry measurements
	2.5 Genotype-predicted mean alcohol intake
	2.6 Statistical analysis
	2.7 Ethics statement

	3 Results
	4 Discussion
	Financial support
	Author contributions
	Data availability statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


