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than none or higher consumption in Chinese adults.

Background: Studies regarding whether light to moderate alcohol consumption is associated with a lower risk of
cardiovascular diseases (CVD) have generated mixed results. Further, few studies have examined the potential
impact of alcohol consumption on diverse disease outcomes simultaneously. We aimed to prospectively study the
dose-response association between alcohol consumption and risk of CVD, cancer, and mortality.

Methods: This study included 83,732 adult Chinese participants, free of CVD and cancer at baseline. Participants
were categorized into 6 groups based on self-report alcohol consumption: 0, 1-25, 26-150, 151-350, 351-750,
and > 750 g alcohol/wk. Incident cases of CVD, cancers, and mortality were confirmed by medical records. Hazard
ratios (HRs) for the composite risk of these three outcomes, and each individual outcome, were calculated using

Results: During a median follow-up of 10.0 years, there were 6411 incident cases of CVD, 2947 cancers and 6646
deaths. We observed a J-shaped relation between alcohol intake and risk of CVD, cancer, and mortality, with the
lowest risk at 25 g/wk, which is equivalent to ~ 2 servings/wk. Compared to consuming 1-25 g/wk, the adjusted
HR for composite outcomes was 1.38 (95% confidence interval (Cl):1.29-1.49) for non-drinker, 1.15 (95% Cl: 1.04-
1.27) for 26-150 g/wk,, 1.22 (95% Cl: 1.10-1.34) for 151-350 g/wk, 1.33 (95% Cl: 1.21-1.46) for 351-750 g/wk, and
1.57 (95% Cl: 1.30-1.90) for > 750 g/wk, after adjusting for age, sex, lifestyle, social economic status, and medication

Conclusions: Light alcohol consumption at ~ 25 g/wk was associated with lower risk of CVD, cancer, and mortality
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Introduction

Worldwide in 2016, current drinkers aged 15 years and
over consumed an average of 230 g of alcohol per week
[1]. Although the prevalence of alcohol intake worldwide
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has decreased since 2000, in contrast, China has experi-
enced a decrease in the prevalence of lifetime abstainers
and an increase in total alcohol per capita consumption
[1].

The association between alcohol consumption and
chronic health outcomes is controversial. Early studies
have consistently reported that low to moderate alcohol
consumption (i.e., < ~ 200 g/wk) is associated with lower
risk of cardiovascular disease (CVD) than those who
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consume no alcohol and or have very high consumption
[2-4]. Recently, however, cumulative evidence from
combined perspective studies [5] and genetic epidemio-
logical studies [6, 7] have challenged this traditional J-
shape relationship, reporting a linear positive association
between alcohol intake and CVD risk.

Heavy intake of alcohol has been causally linked to
cancers of the oral cavity, pharynx, esophagus, liver, lar-
ynx, colorectum, female breast, and possibly to cancers
of the pancreas and prostate [8]. In contrast, some ob-
servational studies have suggested that light to moderate
alcohol is associated with lower risk for total cancer and
cancers of lung, cervix, thyroid, and kidney [9].

Although many studies have reported a positive associ-
ation between alcohol intake and fatalities from acci-
dents, intoxication, indulgence or self-harm, and altered
motor function [10], some studies have reported that
consumption of up to 100 g/wk. of alcohol was inversely
associated with all-cause mortality [11]. Currently there
are few available reports on the relationship between al-
cohol intake and site-specific cancer mortality, with little
evidence of a beneficial effect related to low to moderate
alcohol intake [11]. This gap makes it difficult to draw
conclusions on the relationship between alcohol intake
and overall health outcome.

Alcohol consumption, and its impact on chronic dis-
eases and mortality, is heavily influenced by genes, life-
style, and socio-economic status (SES) [2]. Aldehyde
dehydrogenase (ALDH2) deficiency, the lack of a major
enzyme responsible for in vivo alcohol oxidation, is com-
mon among Asian populations, while being rare in
Western populations [12]. Meanwhile, Asian countries
rank high in several alcohol-attributed diseases, included
cancers of liver and esophagus [13]. The high level of
disease risk and genetic predisposition suggests that spe-
cific attention to this population is warranted. To date,
most cohort studies have been conducted in Western
and high-income countries [2-5, 11, 14, 15], leaving
Asian and middle- to low-income countries underrepre-
sented. Further, previous meta-analyses and pooled-
analyses included populations with vast variability in SES
[5, 9, 16-18]. Inclusion of results from a variety of popu-
lations and study designs inevitably introduces hetero-
geneity to the results.

We aim to assess the relationship between alcohol
consumption and adverse health outcomes, including
cardiovascular diseases, cancers (total and site-specific),
and mortality, in a homogenous population. We used a
composite of CVD, cancer and total mortality as primary
outcomes, to illustrate an overall pattern of alcohol con-
sumption and chronic disease risk, as did previously [19,
20]. As a secondary analysis, associations between alco-
hol intake and each condition were examined. Our hy-
pothesis was that low to moderate alcohol consumption
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would be associated with lower risk of major chronic
diseases and mortality, compared to none or high alco-
hol consumption.

Methods

Study population

The Kailuan Study is an ongoing prospective cohort
based on the Kailuan community in the city of Tang-
shan, northeast China (trial registration number:
ChiCTR-TNRC-11001489) [21]. In brief, 101,510 partici-
pants (81,110 men and 20,400 women, 18 years or older)
were recruited into the study from June 2006 to October
2007 and were followed-up biennially. At baseline and
every follow-up, participants completed a clinical exam-
ination, including physical and laboratory measurements,
and self-administrated questionnaires. In the current
study, we included participants from the 2006-2007
baseline and their follow-up information until 2016-
2017.

Exclusion criteria were 1) not answering questions re-
garding alcohol consumption, or 2) having history of
CVD or cancer at baseline. Out of the 101,510 partici-
pants, 14,316 had missing response to questions regard-
ing alcohol consumption at baseline (2006—2007). A
baseline comparison between these 14,316 excluded par-
ticipants and included participants was presented in
Supplemental Table 1. We further excluded those who
had had cardiovascular disease or cancer (n = 3845) prior
to baseline. Included in the analyses were 83,732 partici-
pants (Supplemental Figure 1).

Assessment of alcohol consumption

A self-administered questionnaire were used to collect
information on alcohol consumption [22]. Questions in-
cluded 1) whether they consumed alcoholic beverages in
the past 12 months, 2) if so, the beverage types (beer,
wine or hard liquor), and 3) the amount and frequency
of intake for each beverage type. Gram (g) of alcohol
consumed per week was calculated by multiplying the
average frequency (times per week) by the amount usu-
ally consumed for each beverage and its average alcohol
content (assumed to be 5.0g for 100 g beer, 12.0g for
100 g wine, and 40.0 g for 100 g hard liquor). Gram of al-
cohol was categorized into 5 groups: 1-25, 26-150,
151-350, 351-750, and > 750 g/wk., based on previous
published cut-off points [5]. Not drinking any alcoholic
beverages in the past 12 months were categorized as 0 g/
wk.

Our previous analysis showed a dose-response rela-
tionship between alcohol consumption and high-density
lipoprotein cholesterol (HDL-C) concentrations in the
Kailuan Study participants [22], which further support
the validity of the self-reported alcohol consumption
data collected as part of the Kailuan study.
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Assessment of outcomes

The primary end point was a composite of CVD, cancer,
and mortality, whichever happened first [19, 20]. Sec-
ondary outcomes were individual diseases/mortality, in-
cluding myocardial infarction, stroke, heart failure and
atrial fibrillation; alcohol-related cancer (including oral
cavity and pharynx, larynx, esophageal, colorectum, anal,
salivary gland, liver, and female breast), and other can-
cers (referred to as “non-alcohol-related cancers”) [9,
23]; and CVD-attributed, cancer-attributed and other-
cause mortality.

Incident cases of CVD, cancer, and death were con-
firmed by review of insurance and medical records, as
detailed elsewhere [21, 24, 25]. Questions related to his-
tory of CVD and cancer were included in the biennial
questionnaire. All participants were linked to the Muni-
cipal Social Insurance Institution and the Hospital Dis-
charge Register for incidence of CVD and cancer, which
covers all the Kailuan study participants. Medical re-
cords from 2006 to 2016 of all patients from the 11 reg-
istered hospitals of Kailuan Study were reviewed by
study physicians, including 3 cardiologists for CVD as-
certainment and 3 oncologists for cancer ascertainment.
Heart failure was diagnosed according to Framingham
criteria [26]. Atrial fibrillation was diagnosed using a
standard 12-lead electrocardiogram [27]. Cancer was di-
agnosed using pathological and imaging diagnosis and
coded by International Classification of Diseases, 10th
version (ICD-10) [28]. Mortality information was col-
lected from provincial vital statistics offices. Blinded cli-
nicians reviewed death certificates and coded cause of
death according to ICD-10 codes [29].

Assessment of covariates
We used questionnaires data for information on SES (eg,
marital status, education level, occupation type, and
household income per capita), medical history, use of
medications (eg, anti-hypertensive, anti-diabetes and
lipid-lowering agents), and lifestyle factors (eg, smoking
status, physical exercise, and salt intake), as detailed else-
where [21, 28, 29]. Marital status was categorized into
single, first marriage, and other; education level was cat-
egorized into elementary school or below, middle or
high school, or college or above; household income per
capita was categorized into <500, 501-1000, or > 1000
Chinese yuan/month; smoking status was categorized
into never, past, and current smoker; physical activity
was categorized into < 1, 1-3, or > 4 times/week; sodium
intake was categorized into < 6, 6-9.9, or > 10 g/day.
Clinical examinations were performed at 7-9 am by
trained nurses. Anthropometry examinations (eg, height
and weight) were conducted. Body mass index (BMI)
was calculated as weight (kg)/height®> (m?). Systolic and
diastolic blood pressure were measured on standard
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desktop mercury sphygmomanometers. Overnight fast-
ing (>8h) blood samples were collected to measure
serum concentrations of fasting blood glucose (FBG)
with the hexokinase/glucose-6-phosphate dehydrogenase
method, HDL-C and low- density lipoprotein cholesterol
(LDL-C) with direct test assay (Mind Bioengineering Co.
Ltd., Shanghai, China), uric acid with commercial kit (Ke
Hua Biological Engineering Corporation, Shanghai,
China), and high sensitive C-reactive protein (hs-CRP)
with high sensitivity nephelometry assay (Cias Latex
CRP-H; Kanto Chemical, Tokyo, Japan), which were an-
alyzed by auto-analyzer (Hitachi 747; Hitachi, Tokyo,
Japan) at the central laboratory of Kailuan hospital [24,
30]. Concentration of hs-CRP was log-transformed for
statistical analysis due to skewed distribution.

Statistical analysis

Baseline characteristics were compared using one-way
Analysis of Variance for continuous variables and chi-
square tests for categorical variables.

We computed the person-year of follow-up for each
participant that contributed to each outcome from 2006
baseline to the date of diagnosis or the end of follow-up
(December 31, 2016), whichever came first.

Hazard ratios (HR) and 95% confidence intervals (CI)
for each alcohol consumption category were calculated
using a Cox proportional-hazards model, adjusting for
age, sex, SES, lifestyle factors, medication history, BMI
and FBG concentration. The group 1-25 g/wk. of alco-
hol consumption was used as reference group. Trends
across groups were assessed in models using the median
alcohol consumption in each group as a continuous vari-
able. To reduce the possibility of reverse-causality, we
further conducted a 2-year lag analysis by excluding in-
cident cases that occurred within the first 2years of
follow-up. The multiplicative interactions were tested
between alcohol consumption and age, sex, smoking sta-
tus, and occupation. Because very low alcohol intake is
unlikely to have a biological effect, and the apparent
benefit in this group could be due to confounding, we
also conducted a sensitivity analysis by excluding partici-
pants with 1-4 g alcohol/wk. (i.e., 1 drink/mo).

We further constructed a restricted cubic spline model
to display the dose-response association with 95% Cls
between continuous alcohol consumption and major
chronic disease. Data were analyzed using SAS version
9.4 (SAS Institute Inc., US).

Results

Of the total 83,732 participants who were included in
the analyses, the mean age was 51.3 + 12.3 years, and 65,
081 (77.7%) were men. Baseline characteristics across
the alcohol consumption groups are shown in Table 1.
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Table 1 Baseline characteristic comparison of 83,732 participants according to alcohol consumption

Alcohol consumption, g/wk 0 1-25 26-150 151-350 351-750 >750
n=>58,706 n=9258 n=5024 n=4520 n=5522 n=702

Age,y 5212+123 464+133 485+123 545+123 504+9.1 505+87

Men, % 69.3 94.4 98.6 99.7 99.9 100.0

Socio-economic status

Marriage, %

Single 12 53 1.9 03 03 03
First marriage 95.2 90.9 93.8 952 95.1 94.7
Other 36 38 43 45 46 50
Education, %
Elementary school or below 9.2 89 1.7 18.5 14.3 17.2
Middle or high school 86.0 735 732 783 82.1 79.1
College or above 4.8 176 15.1 32 36 37
Occupation type, %
Coal miner 204 48.7 483 536 59.2 532
Blue-collar worker 739 403 41.0 419 372 434
White-collar worker 57 11.0 10.7 4.5 36 34
Household income per capita, %
<500 CNY/month 21.8 40.1 371 433 457 477
501-1000 CNY /month 735 479 50.0 50.2 466 423
> 1000 CNY /month 4.7 120 129 65 7.7 100
Lifestyle
Beverage types, %
Wine - 04 0.07 0.01 0.00 0.00
Beer - 44.2 174 1.3 0.7 1.0
Hard liquor - 533 822 99.8 100.0 100.0
Smoking status, %
Never 820 309 204 16.6 1.1 10.0
Past 37 96 89 70 55 47
Current 14.3 59.5 70.7 764 834 85.3

Physical exercise, %

< 1 times/week 52 14.0 159 149 19.8 227
1-3 times/week 825 67.0 65.0 56.2 62.7 51.8
> 4 times/week 123 19.0 19.1 289 17.5 255

Sodium intake, %

<6g/day 70 139 129 130 12.5 10.1

6-9.9 g/day 86.3 70.0 69.1 66.3 65.1 574

> 10 /day 6.7 16.1 18.0 20.7 224 325
Medication

Anti-hypertension drugs 93 11.2 13.1 138 130 16.5

Anti-diabetes drugs 24 22 23 19 14 14

Lipid-lowering drugs 0.7 13 13 0.7 08 09

Clinical measurements
Body mass index, kg/m? 250+36 250+34 255+35 248+32 251+32 252+33
Systolic blood pressure, mmHg 13121 126+19 129+ 20 136+ 21 135+ 20 134+ 21
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Table 1 Baseline characteristic comparison of 83,732 participants according to alcohol consumption (Continued)

Alcohol consumption, g/wk 0 1-25 26-150 151-350 351-750 >750

n=>58,706 n=9258 n=5024 n=4520 n=5522 n=702

Diastolic blood pressure, mmHg 83+12 82+ 11 83+12 86+ 12 87+12 86+ 12

Fasting blood glucose, mmol/L 548175 539+147 552+163 550+ 148 556+ 1.52 561+1.57

HDL-C, mmol/L 1.56 £ 040 147 +£037 151+£038 159+ 041 162+ 041 1.58 £ 040

LDL-C, mmol/L 2.28+£0.89 248£0.79 2.52+£0.86 251090 2.56£0.90 259+ 091

Uric acid, mmol/L 275+79 307 +82 318+ 86 31687 318+88 324+ 86

hs-CRP, mg/L 0.80(0.30,220) 071 (0.30,1.72)  0.80(030,1.90)  0.79 (0.31,1.90)  0.72(0.30,1.80)  0.89 (0.39, 2.01)

Values are mean * standard deviation, median with interquartile range, or frequency (percent)
CNY Chinese yuan, SBP systolic blood pressure, DBP diastolic blood pressure, FBG fasting blood glucose, HDL-C high-density lipoprotein cholesterol, LDL-C low-

density lipoprotein cholesterol, hs-CRP high-sensitivity C-reactive protein

Alcohol and CVD, cancer, and mortality

During a mean 10.0 year of follow-up period (interquar-
tile range 9.7 to 10.2 years), there were 6411 CVD cases,
2947 cancer cases and 6646 deaths. Incident case of de-
veloping any composite major chronic diseases (CVD
and cancer) or mortality was 9485 events. Compared to
consuming 1-25g alcohol/wk., the adjusted HR was
1.15 (95% CI: 1.04-1.27) for 26-150 g/wk., 1.22 (95% CI:
1.10-1.34) for 151-350 g/wk., 1.33 (95% CI: 1.21-1.46)
for 351-750 g/wk., and 1.57 (95% CI: 1.30-1.90) for >
750 g/wk. Non-drinkers were associated with higher
composite CVD, cancer, and mortality risk (adjusted
HR =1.38; 95% CIL: 1.29-1.49, Fig. 1). Consistently, the
restricted cubic spline model resulted in a J-shape asso-
ciation with the lowest risk at ~ 25 g/wk. of alcohol in-
take (p for nonlinearity <0.001, Supplemental
Figure 2a).

Alcohol and CVD

Light to moderate alcohol consumption (1-150 g/wk),
but not heavy consumption (>150g/wk), was signifi-
cantly associated with lower risk of CVD, relative to
non-drinkers (Fig. 1). Alcohol consumption was in-
versely associated with myocardial infarction and heart
failure in a dose-response manner (Py.nq < 0.001, Fig. 2).
In contrast, there was a J-shape association between al-
cohol intake and stroke risk -- consumption of alcohol
1-150 g/wk. was significantly associated with lower
stroke risk and > 350 g/wk. was associated with higher
risk (Fig. 2). No significant association between alcohol
intake and atrial fibrillation risk was observed (Fig. 2).

Alcohol and cancer

Individuals consuming 1-25 g alcohol/wk. had the low-
est risk compared to other groups (p < 0.05 for all, Fig.
1). Alcohol drinkers had marginally significant to signifi-
cant higher risk of alcohol-attributed site-specific can-
cers (oral cavity, pharynx, larynx, esophageal,
colorectum, anal, salivary gland, liver, and female breast)
compared to non-drinkers (Pyenq=0.009, Fig. 2). In

contrast, risk of non-alcohol-related cancers was signifi-
cantly higher in non-drinkers, compared to individuals
consuming 1-25 g/wk. alcohol (HR =1.37; 95% CI, 1.14—
1.66, Fig. 2).

Alcohol and mortality

Non-drinkers and alcohol consumption > 25 g/wk. was
associated with higher risk of all-cause mortality com-
pared to 1-25g/wk. (Fig. 1). Restricted cubic spline
modeling resulted in a J-shape association (Supplemental
Figure 2d). Similar patterns were observed for cause-
specific mortality (Fig. 2).

Secondary analyses

We found a significant interaction between alcohol and
smoking (p for interaction < 0.001, Table 2), but not age,
sex, and occupation, in relation to the composite CVD,
cancer, and mortality risk. Due to small number of par-
ticipants in > 750 g/wk. category, we combined this cat-
egory with 351-750 g/wk. category in subgroup analyses.
The association between alcohol intake and CVD, can-
cer, and mortality was stronger for never smokers and
past smokers than current smokers (Table 2). For lung
cancer specifically, individuals consuming 1-25g alco-
hol/wk. had the lowest risk (p <0.05 compared to other
groups).

The 2-year lag analyses and analyses after excluding
former drinkers or very light drinkers (1-4 g/wk) did not
significantly change the result (Supplemental Table 2—
4). Results of other interaction tests (age, sex, and occu-
pation) and subgroup analyses are presented in Supple-
mental Tables 5-8. Analyses of different alcoholic
beverage types and by cohort-specific tertiles of alcohol
consumption are presented in Supplemental Tables 9 &
10.

Discussion

In this large-scale prospective study including approxi-
mately 100,000 Chinese adults, we found that partici-
pants who reported consuming 1-150 g/wk. of alcohol



Zhang et al. Nutrition Journal

(2021) 20:13

Page 6 of 10

Alcohol consumption (g/wk)

Composite CVD, cancer, and mortality

0 17.3 (9485) . 1.38(1.29, 1.49)
1-25 10.4 (927) . 1 (ref)

26-150 13.6 (652) e 1.15 (1.04, 1.27)
151-350 19.0 (804) P —e— 1.22 (1.10, 1.34)
351-750 16.0 (838) S—— 1.33 (1.21, 1.46)
>750 18.9 (124) e s 1.57 (1.30, 1.90)
Cardiovascular disease

0 8.50 (4676) P —e— 1.33(1.20, 1.47)
1-25 5.58 (498) . 1

26-150 6.88 (329) e 1.06 (0.92, 1.22)
151-350 9.73 (412) f—— 1.18 (1.03, 1.35)
351-750 8.30 (434) | — 1.25 (1.10, 1.43)
>750 9.40 (62) - 1.41 (1.08, 1.84)
Cancer

0 3.79 (2133) e 1.32(1.13, 1.54)
1-25 2.34 (212) + 1

26-150 3.56 (173) P 1.38 (1.12, 1.69)
151-350 4.50 (196) | —— 1.35 (1.10, 1.64)
351-750 3.66 (196) e — 1.35(1.11, 1.65)
>750 5.49 (37) . »  1.98(1.39, 2.83)
All-cause mortality

0 8.88 (5061) — 1.54 (1.39, 1.71)
1-25 4.65 (425) . 1

26-150 6.52 (321) e 1.22 (1.05, 1.41)
151-350 8.93 (394) P — 1.20 (1.04, 1.38)
351-750 7.19 (389) P e 1.36 (1.18, 1.57)
>750 8.17 (56)

Fig. 1 Associations between alcohol consumption and cardiovascular disease, cancer, and all-cause mortality among 83,732 participants, adjusted
for age, sex, marriage (single, first marriage, other), education (elementary school or below, middle or high school, college or above), household
income per capita (500, 501-1000, > 1000 Chinese yuan/month), smoking status (never, past, current),moderate/vigorous physical activity (< 1,
1-3, 24 times/week), sodium intake (< 6, 6-9.9, 210 g/day), body mass index (kg/mz), fasting blood glucose (mmol/L), anti-hypertension drugs

Incident rate (case no.)

i

Hazard ratio (95% Cl)

. 1.61(1.21, 2.13)

cardiovascular diseases

1

(yes, no), anti-diabetes drugs (yes, no), and lipid-lowering drugs (yes, no). The reference category is zero consumption. Diamonds represent
hazard ratios (referenced to 1). Horizontal lines represent 95% confidence intervals. Incidence rate is calculated as per 1000 person-years. CVD,

1.2 1.4 1.6 1.8 2 2.2 2.4

had lower risk for CVD, cancer, and mortality, relative
to non-drinkers and heavy drinkers. This amount of al-
cohol intake is equivalent to approximately no more
than 10 servings of alcohol/wk. The range identified is
consistent with most global dietary guidelines for low-
risk drinking cutoffs (100 to 300 g/wk) [31]. However, in
this Chinese cohort the lowest risk was observed among
those with ~25g/wk., equivalent to ~2 servings per
week. Because the mechanism for each CVD disorder or
site-specific cancer is different, both individual and com-
posite outcomes should be taken into consideration
when developing dietary policy. Currently in China,

there is no national policy on alcohol sales restrictions
and no dietary guidelines for alcohol containing bever-
ages. This study provides evidence for recommending
light consumption of alcohol.

Our study in an Asian cohort supports prior observa-
tions of a J-shaped association between alcohol con-
sumption and CVD [3, 17]. We found an overall lower
CVD risk at consuming 1-150 g alcohol/wk. In second-
ary analyses, we identified different patterns for specific
CVD. A J-shaped curve was found for stroke and an al-
most linear inverse association was found for myocardial
infarction and heart failure. As previously suggested,
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Alcohol consumption (g/wk) Incident rate (case no.) Hazard ratio (95% Cl)

Cardiovascular disease
Myocardial infarction

0 1.47 (835) , e 1.66 (1.30, 2.13)
125 0.91(83) ’ 1 (ref)

26-150 1.51(74) —— 1.42 (1.03, 1.96)
151-350 1.44 (63) —— 1.12 (0.80, 1.57)
351-750 0.95 (51) e 0.87 (0.61, 1.24)
>750 0.88 (6) S S 0.83 (0.36, 1.90)
Stroke H

0 4.58 (2563) p—— 1.27 (1.11, 1.45)
125 3.16 (285) 4 1

26-150 3.64 (177) —— 1.01(0.83, 1.22)
151-350 6.08 (262) p—— 1.31(1.10, 1.55)
351-750 5.68 (301) i R — 1.47 (1.24, 1.74)
>750 7.05 (47) G — 1.83 (1.34, 2.50)
Heart failure :

0 2.03 (1149) D — 1.44 (1.16, 1.79)
1-25 1.13 (103) 4 1

26-150 1.29 (63) — 0.96 (0.70, 1.32)
151-350 1.60 (70) —— 0.96 (0.71, 1.31)
351-750 1.10 (59) i 0.88 (0.63, 1.21)
>750 0.58 (4) —.— 0.35(0.11, 1.11)
Atrial fibrillation ]

0 1.25 (708) —— 1.00 (0.78, 1.28)
1-25 0.89 (81) ’ 1

26-150 0.90 (44) e 0.89 (0.61, 1.29)
151-350 1.32(58) —:0— 1.02 (0.72,1.43)
351-750 1.10 (59) N — 1.24 (0.88, 1.75)
>750 1.17 (8) i 1.40 (0.67, 2.91)
Cancer i
Alcohol-related cancer i

0 1.34 (760) R R 1.21 (0.94, 1.58)
1-25 0.80 (73) + i

26-150 1.26 (62) E—o— 1.44 (1.02, 2.02)
151-350 1.69 (74) f———— 1.55 (1.11, 2.15)
351-750 1.45 (78) | ——— 1.54 (1.11, 2.14)
>750 1.76 (12) : . 1.76 (0.93, 3.33)
Non-alcohol-realted cancer !

0 2.43 (1373) [ 1.37 (1.14, 1.66)
1-25 1.53 (139) Iy 1

26-150 2.27 (111) :—0— 1.34 (1.04, 1.73)
151-350 2.79 (122) e 1.25 (0.97, 1.60)
351-750 2.20(118) o 1.26 (0.98, 1.61)
>750 3.68 (25) P ————————— 209(136,321)
All-cause mortality !

CVD-attributed death H

0 2.25 (1285) b —— 1.54 (1.24,1.91)
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>750 3.07 (21) ! ——+———  2.40(1.48,3.90)
Other-cause death i
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1
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Fig. 2 Associations between alcohol consumption and specific chronic diseases and cause-specific mortality among 83,732 participants, adjusted
for age, sex, marriage (single, first marriage, other), education (elementary school or below, middle or high school, college or above), household
income per capita (<500, 501-1000, > 1000 Chinese yuan/month), smoking status (never, past, current), moderate/vigorous physical activity (< 1,
1-3, 24 times/week), sodium intake (< 6, 6-9.9, 210 g/day), body mass index (kg/mz), fasting blood glucose (mmol/L), anti-hypertension drugs
(yes, no), anti-diabetes drugs (yes, no), and lipid-lowering drugs (yes, no). The reference category is zero consumption. Diamonds represent
hazard ratios (referenced to 1). Horizontal lines represent 95% confidence intervals. Incidence rate is calculated as per 1000 person-years. CVD,
cardiovascular diseases
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Table 2 Association of alcohol consumption and CVD, cancer and mortality in different smoking status

Alcohol 0 1-25 26-150 151-350 >350 Pyrend Pinteraction

;‘/’V’;f(“mpt'°“' n=50,291/8379  n=3748/5501  n=1470/3549  n=1066/3449  n=1014/5200

Composite CVD, cancer, and mortality <0.001
Non-smoker 143 (1.28,1.59) 1 (ref) 115(097,136)  1.16(097,139)  1.19(098,145 003
Smoker 131 (118, 1.44) 1 114(101,129)  122(109,137)  137(1.23,153) 0002

VD <0001
Non-smoker 139 (1.20, 1.62) 1 104 (081,133)  1.17(091,150) 124 (094,162 020
Smoker 122 (1.07, 1.40) 1 105(089,125  1.16(099,136)  126(1.08,146) 009

Cancer 0.05
Non-smoker 127 (1,01, 1.59) 1 159 (1.14,223)  121(083,177) 103 (066,161) 0005
Smoker 127 (1.03, 1.56) 1 128(099,166)  133(1.05 169  148(1.18,186) 0005

Mortality <0.001
Non-smoker 155 (1.33,1.81) 1 123(097,156)  1.15(090,147) 109 (081,146)  <0.001
Smoker 150 (1.30, 1.74) 1 121(101,146)  122(103,146)  145(1.23,171) 035

Values are hazard ratio and 95% confidence intervals. Numbers of non-smoker/smoker were listed for each category

Adjusted for age, sex, marriage (single, first marriage, other), education (elementary or below, middle or high school, college or above), household income per
capita (<500, 501-1000, > 1000 Chinese yuan/month), moderate/vigorous physical activity (< 1, 1-3, >4 times/week), sodium intake (< 6, 6-9.9, >10 g/day), body
mass index (kg/m?), fasting blood glucose (mmol/L), anti-hypertension drugs (yes, no), anti-diabetes drugs (yes, no), and lipid-lowering drugs (yes, no)

CVD cardiovascular diseases

alcohol could impact CVD risk via its favorable effects of
raising HDL-C concentration and reducing inflamma-
tion, and its unfavorable effect of increasing blood pres-
sure [6]. However, the impact of these risk factors on
different CVDs (i.e, myocardial infarction vs stroke)
could be different, thus potentially mediating their asso-
ciation with alcohol consumption. For example, the as-
sociation of HDL-C and myocardial infarction could be
stronger than its association with stroke [5, 32, 33]. Fur-
ther, high blood pressure has consistently been identified
as the strongest risk factor for stroke risk [32]. These
factors may contribute to the different patterns in the
associations between alcohol and myocardial infarction
or heart failure, vs stroke.

We found J-shaped association between alcohol con-
sumption and cancer, especially non-alcohol-related can-
cers. The causal pathway of alcohol is not fully
understood for all cancer types. For female breast can-
cer, for example, alcohol could increase risk by altering
levels of estrogen and estrogen receptors [34]. Hence,
the inverse association between light alcohol intake (<
25 g/wk) and overall cancer risk was likely driven by the
lower risk of non-alcohol-related cancer. However, lim-
ited statistical power due to small number of individual
non-alcohol-related cancer cases precluded us from ad-
dressing this hypothesis.

Our result showed that light to moderate alcohol in-
take was consistently associated with lower risk of total
mortality and CVD- and cancer-specific mortality. The
former observation is consistent with the result from a
recent meta-analysis of 87 studies which found that
compared to non-drinkers or high alcohol intakes, low-

volume alcohol consumers (9.1-174 g alcohol/wk) had
14% lower risk of overall mortality [35].

In our Chinese cohort the association between alcohol
consumption and major chronic disease risk was modi-
fied by smoking status. Because alcohol consumption
and smoking are common addictive behaviors and co-
vary, smoking could mask the effect of alcohol alone on
health status [36—38]. As expected, although the protect-
ive association of light-to-moderate alcohol to CVD,
cancer, and mortality was significant in both smokers
and non-smokers, it was stronger in non-smokers. How-
ever, even for lung cancer, light alcohol consumption
still showed lowest risk, compared to non-drinkers and
heavy drinkers.

The potential biological mechanism of the overall
beneficial effect of alcohol consumption is not fully
understood, but may include altering cholesterol con-
centrations, especially HDL-C and triglyceride concen-
trations [22, 39], improving insulin sensitivity [39],
decreasing the inflammatory process during cell signal-
ing, decreasing platelet aggregation and blood clotting
[40], and interaction with genetic variation in alcohol de-
hydrogenase polymorphism [41]. Although recent gen-
etic epidemiological studies suggested that drinkers with
ALDH2 deficiency had a more favorable profile for CVD
risk factors, independent of alcohol consumption [6, 7],
no relation was reported in non-drinkers.

This study was based on a large, community-based
prospective Chinese cohort, with 16,044 incident events.
Details on both exposures and outcomes were available,
which enabled appropriate model adjustment and a rela-
tive comprehensive understanding of outcomes. The
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work is not without limitations. Potential confounders,
such as diet quality, were not measured. To address this
limitation, we adjusted for salt intake and other
nutrition-related factors such as BMI, FBG, and lipid
profiles to control of variation caused by residual con-
founding. In our previous cross-sectional analysis based
on Kailuan Study 2014, salt intake was highly correlated
with overall diet quality [21]. Alcohol consumption was
calculated based on self-report frequency and usual
amount of drinking. This could introduce measurement
error, which might attenuate or magnify the association.
However, drinking habits and amounts are common
conversations with family and friends in many areas of
China (e.g., Tangshan city) [42]. Therefore, self-reported
consumption could be an acceptable measurement of
the true intake with low risk of systematic bias, as sup-
ported by a significant correlation between self-report al-
cohol and longitudinal HDL-C concentration in the
Kailuan Study. Of note, HDL-C concentration has been
widely used for the validation study of self-report alcohol
intake [22, 43]. Binge drinking was not measured in this
study. Genetic variation in ALDH2, and consequent
metabolic response to alcohol (e.g., skin flash) were not
available. The participants of the Kailuan Study lived in
a traditional Chinese industrial community, which limits
its generalization to other populations. However, the
homogenous nature of the study population reduced
variance in potential confounding and enhanced internal
validity. Finally, due to the nature of Kailuan cohort,
women were underrepresented (22.3%), and most
women (96.7%) did not report consuming any alcoholic
beverages, which is consistent with Chinese national nu-
tritional survey and other reports [42]. This limited our
capability to report sex-specific results as primary find-
ings. Because women might be more vulnerable to alco-
hol due to pregnancy and risk of breast cancer than men
[44], and data from a large scale prospective studies on
Asian women are lacking on this topic.

Conclusions

Light to moderate alcohol consumption was associated
with an overall beneficial outcome for CVD, cancer, and
mortality compared to non-drinkers and heavy con-
sumption. Individuals who consumed ~ 25 g alcohol per
wk. had the lowest risk of CVD, cancer, and mortality,
relative to their peers.
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