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Alcohol consumption and risks of more than
200 diseasesin Chinesemen

Received: 16 December 2022 Pek Kei Im®", Neil Wright®’, Ling Yang ®*?, Ka Hung Chan®"?,

Yiping Chen®'?, Yu Guo*, Huaidong Du®'"?, Xiaoming Yang', Daniel Avery®',
Shaojie Wang®, Canging Yu®*”’, Jun Lv®’, Robert Clarke ®", Junshi Chen?,
Published online: 8 June 2023 Rory Collins’, Robin G. Walters®*?, Richard Peto’, Liming Li® 7%°,

Zhengming Chen®"?*2°0 7, lona Y. Millwood ® ***°/< & China Kadoorie Biobank
Collaborative Group*

Accepted: 2 May 2023

% Check for updates

Alcohol consumption accounts for -3 million annual deaths worldwide, but
uncertainty persists about its relationships with many diseases. We investigated
the associations of alcohol consumption with 207 diseases in the 12-year
ChinaKadoorie Biobank of >512,000 adults (41% men), including 168,050
genotyped for ALDH2-rs671 and ADHIB-rs1229984, with >1.1 million ICD-10
coded hospitalized events. At baseline, 33% of men drank alcohol regularly.
Among men, alcoholintake was positively associated with 61 diseases, including
33 not defined by the World Health Organization as alcohol-related, such as
cataract (n =2,028; hazard ratio 1.21; 95% confidence interval 1.09-1.33, per

280 g per week) and gout (n =402;1.57,1.33-1.86). Genotype-predicted mean
alcoholintake was positively associated with established (n=28,564;1.14,
1.09-1.20) and new alcohol-associated (n =16,138;1.06,1.01-1.12) diseases,

and with specific diseases such asliver cirrhosis (n=499;2.30,1.58-3.35),

stroke (n=12,176;1.38,1.27-1.49) and gout (n=338; 2.33,1.49-3.62), but not
ischemicheart disease (n=8,408;1.04, 0.94-1.14). Among women, 2% drank
alcoholresulting in low power to assess associations of self-reported alcohol
intake with disease risks, but genetic findings in women suggested the excess
malerisks were not due to pleiotropic genotypic effects. Among Chinese men,
alcohol consumptionincreased multiple disease risks, highlighting the need to
strengthen preventive measures toreduce alcohol intake.

Alcohol consumption is amajor risk factor for poor physicalandmen- men*?. Among Chinese men, those who reported alcohol con-
tal health, accounting for about 3 million deaths and over 130 million  sumption in the past 12 months increased from 59% to 85% and
disability-adjusted life years worldwide in2016 (ref.1). Sincethe1990s,  yearly per-capita alcohol consumption increased from 7.1to 11.21
alcohol consumption has increased in many low- and middle-income  between 1990 and 2017 and these have been predicted to increase in
countries, including China, where it almost exclusively involves futureyears’.
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Previous epidemiological studies conducted in mainly western
populations have provided consistent evidence about the hazards of
alcohol drinking for several major diseases, including several types
of cancers and cardiovascular diseases (CVDs), liver cirrhosis, infec-
tious diseases (for example tuberculosis and pneumonia) and inju-
ries*”. Large western cohort studies with linkage to hospital records
have alsoinvestigated the associations of alcohol with risks of several
less-common or non-fatal disease outcomes (for example certain
site-specific cancers'®"?, dementia®, falls' and cataract surgery”).
For some (for example stomach cancer), there was suggestive evidence
of weak positive associations with heavy drinking'®", whereas for
others (for example cataract) the limited available evidence has been
contradictory'>'>"*15; however, the evidence from western populations,
even for diseases known to be associated with alcohol, may not be gen-
eralizable to Chinese populations, where the prevalence and types of
alcohol drinking (mainly spirits), patterns of diseases (for example high
stroke rates) and differences in the ability to metabolize alcohol®*'¢
differ markedly from those in western populations*”.

Formany diseases, including those considered by the World Health
Organization (WHO)* to be alcohol-related (for example ischemic heart
disease (IHD) and diabetes), uncertainty remains about the causal rel-
evance of these associations, which can be assessed ingenetic studies
using a Mendelian randomization (MR) approach'®. In such studies,
genetic variants can be used as instruments for alcohol consumption
to investigate the potential causal relevance of alcohol drinking for
diseases, which can limit the biases of confounding and reverse causal-
ity common in conventional observational studies'®. Such studies are
particularly informative in East Asian populations where two common
genetic variants (ALDH2-rs671and ADHIB-rs1229984), which are both
rare in western populations, greatly alter alcohol metabolism and
strongly affectalcohol intake”. Several studies have explored the causal
relevance of alcohol consumption with CVD risk factors and morbid-
ity”? and cancer'® using these genetic variants, yet findings remain
inconclusive for certain diseases (for example IHD) and evidence for
other diseases is sparse.

To address these questions, we conducted analyses using obser-
vational and genetic approachesto evaluate the associations between
alcohol consumption and therisks of awide range of disease outcomes
inthe prospective China Kadoorie Biobank (CKB).

Results

Among the 512,724 participants (Supplementary Fig.1), the mean age
atbaselinewas 52 (s.d.10.7) years, 41% weremenand 56% lived in rural
areas. Among men, 33% reported drinking alcohol regularly (at least
once a week) at baseline (current drinkers), consuming on average
286 g of alcohol per week, mainly fromspirits (Supplementary Tables1
and 2). Non-drinkers and ex-drinkers were older and more likely to
report poor self-rated health or previous chronic diseases, compared
to occasional or current drinkers (Table 1). Compared to moderate
drinkers (<140 g per week), heavier drinkers were more likely to be
rural residents, had received lower education and had more unhealthy
lifestyle factors (for example smoking and infrequent fresh fruit intake),
higher meanblood pressure and longer duration of drinking (Supple-
mentary Table 3). Among male current drinkers, 62% reported drinking
daily and 37% engaging in heavy episodic drinking (Supplementary
Table 2). Among women, only 2% drank alcohol at least weekly (mean
intake 116 g per week), but there were similar associations with other
baseline characteristics (Table 1 and Supplementary Tables 3 and 4)
compared to those in men.

During a median of 12.1 (interquartile range 11.1-13.1) years of
follow-up, 134,641 men (44,027 drinkers) and 198,430 women (4,420
drinkers) experienced at least one reported hospitalization event or
deathatage-at-risk 35-84 years, involving a total of 1,111,495 hospitali-
zation episodes. Among men, there were 333,541 (107,857 in current
drinkers) recorded events from 207 diseases across 17 International

Classification of Diseases Tenth Revision (ICD-10) chapters studied
that had atleast 80 cases eachamong current drinkers (Table 2), while
among women there were 476,986 (11,773) events from 48 diseases
across 18 ICD-10 chapters (Supplementary Table 5).

Observational associations of alcohol with disease risks
Among men, alcohol drinking was significantly associated with higher
risks of 61 disease outcomes from 15 ICD-10 chapters based on two
separate analyses, (1) comparing ever-regular versus occasional
drinkers and (2) dose-response among current drinkers (Table 2
and Extended Data Fig. 1). In each of the analyses in men, there were
significant associations of alcohol consumption with 42 diseases
(or outcomes), of which 23 were significant in both analyses and the
remainder were directionally consistent with one exception (tran-
sient cerebral ischemic attacks, ICD-10 code G45) (Fig. 1). In further
analyses covering all alcohol consumption categories, there were
typical U-shaped or J-shaped associations, with excess risks in male
ex-drinkers and non-drinkers compared to occasional or moderate
drinkers for most of these diseases (Supplementary Table 6). Among
male ex-drinkers, the overall excess morbidity risks were more consider-
ableforalcohol-associated diseases than for other diseases, but these
excessrisks were lower with increasing duration after stopping drinking
(Extended DataFig. 2).

Of the 61 diseases positively associated with alcoholintake in male
participants, 28 were considered by the WHO to be alcohol-related
diseases, including tuberculosis (A15-A19 and B90), six site-specific
cancers including cancers in the larynx (C32), esophagus (C15), liver
(C22), colon (C18), rectum (C19 and C20) and lips, oral cavity and
pharynx (C00-C14), diabetes (E10-E14), epilepsy (G40 and G41),
several hypertensive diseases (110 and I11) and cerebrovascular dis-
eases (161,163, 165, 166, 167, 169 and G45), chronic IHD (I125), cardio-
myopathy (142), pneumonia (J12-J18), alcoholic liver disease (K70) and
liver cirrhosis (K74), pancreatitis (K85 and K86) and external causes
including self-harm (X60-X84), falls (W00-W19), transport acci-
dents (VO1-V99) and other external causes (rest of V-Y) (Fig. 1 and
Extended Data Fig. 3). Of these 28 diseases, 22 showed significant
dose-response associations with alcohol intake. The hazard ratios
(HRs) per 280 g per week higher intake for the aggregated WHO
alcohol-related diseases were 1.22 (95% confidence interval (CI)
1.19-1.25) (Supplementary Table 7 for detailed outcome classifica-
tion), ranging from 1.12 (1.05-1.20) for pneumonia to 1.97 (1.80-2.15)
for esophageal cancer.

The 33 other diseases showing false discovery rate (FDR)-adjusted
significant positive associations with alcohol drinking inmenincluded
lung (C34) and stomach (C16) cancers, cataract (H25 and H26), six
digestive diseases such as gastroesophageal reflux disease (K21) and
gastric ulcer (K25), three musculoskeletal conditions, including gout
(M10), three fracture types (522, S42 and S72), and the aggregates of
less-common psychiatricand behavioral conditions and circulatory dis-
eases (Fig.1and Extended Data Fig. 4). Of these 33 diseases, 22 showed
significant dose-response associations, with HRs per 280 g per week
higher intake ranging from 1.16 (95% CI1.04-1.30) for lung cancer to
1.94 (1.43-2.63) for purpura and other hemorrhagic conditions (D69)
and 1.20 (1.16-1.24) for the aggregated CKB new alcohol-associated
diseases. In contrast, three diseases showed FDR-adjusted significant
inverse associations with alcohol drinking (other nontoxic goiter (E04),
hyperplasia of prostate (N40) and inguinal hernia (K40)). Overall,
for all-cause morbidity, the HR per 280 g per week higher intake was
1.12(1.10-1.14) in male current drinkers.

Supplementary Figs. 2-4 show the dose-response associations
for all disease outcomes investigated in male current drinkers. For
alcohol-associated diseases and for total morbidity, the dose-response
associations were unaltered after additional covariate adjustments or
excluding participants with poor baseline health conditions (Supple-
mentary Fig.5and Supplementary Table 8). Moreover, the associations
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Table 1| Baseline characteristics by alcohol consumption status, in men and women

Current drinkers

Overall Non-drinkers  Ex-drinkers Occasional All current <140 140-279 280-419 2420 (men)
drinkers drinkers (men)/<70 (men) (men) /2140 g per week
(women) g /70-139 (women)g
per week (women)g perweek
per week
Men, n (%) 210,205 42,779 (20%) 18,295 (9%) 79,231(38%) 69,900 (33%) 25,093 (12%) 18,907 (9%) 12,832(6%) 13,068 (6%)
Sociodemographic characteristics
Mean age, years (s.d.) 52.8(10.9) 57.0(11.1) 56.8(10.3) 51.0(10.8) 51.5(10.2) 51.3(10.9) 51.9(10.2) 51(9.6) 50.7(9.5)
Urban, % 435 31.2 411 441 50.0 58.6 527 48.5 31.2
Education >6 years, % 578 545 56.7 60.5 576 63.9 60.1 59.6 55.7
Household income > 45.6 42.0 44.9 46.7 46.8 531 51.3 49.6 50.4
20,000 yuan per year, %
Lifestyle risk factors
Current smokers, % 61.1 52.3 60.4 56.9 7 64.6 721 76.1 79.6
Infrequent fresh fruit 770 751 74.7 74.8 78.9 72.0 78.0 81.1 83.6
intake, %
Physical activity, mean 22.0(15.3) 211(15.1) 20.3 (14.5) 22.5(15.6) 22.2 (15) 22.6 (14.5) 23.1(14.9) 23.1(15.4) 22.5(15.2)
MET-h/d (s.d.)
Mean systolic blood 132.8 (20) 132 (21.5) 1341(21.5) 131(18.8) 134.3 (19.8) 131.8 (18.9) 134.3(19.8) 136 (20) 1377 (20.7)
pressure, mm Hg (s.d.)
Mean body massindex, 23.4(3.2) 23.3(3.2) 23.9(3.4) 23.4(3.2) 23.4(3.2) 237(3.2) 237(3.2) 237(3.2) 23.8(3.2)
kgm?(s.d.)
Self-reported medical history, %
Poor self-reported 8.9 12.8 171 77 5.9 6.5 6.4 6.1 71
health
Previous chronic 22.6 273 378 21.2 17.9 19.8 18.0 17.3 17.5
disease®
Women, n (%) 302,519 192,333 (64%) 2,657 (1%) 101,285 (33%) 6,244 (2%) 3,224 (1%) 1,587 (0.5%) 1,433 (0.5%)
Sociodemographic characteristics
Mean age, years (s.d.) 51.5(10.5) 527 (10.7) 55.2(9.4) 49.3(9.9) 52.9 (10.3) 53(10.7) 53.3(10.1) 51.6 (9.5)
Urban, % 446 427 30.2 481 46.5 60.9 34.4 235
Education >6years,%  43.3 41.2 46.5 49.0 48.2 49.6 45.4 43.5
Household income > 407 38.0 44.8 44.2 470 2.1 36.7 36.6
20,000 yuan per year, %
Lifestyle risk factors
Current smokers, % 24 1.9 5.4 2.8 79 10.0 15.6 25.8
Infrequent fresh fruit 68.2 70.0 56.4 63.1 60.9 55.8 63.0 66.1
intake, %
Physical activity, mean 20.4(12.8) 201(13.3) 20.2 (1) 20.6 (11.7) 20.5(11.6) 20 (11.5) 19.7 (11.8) 19 (1.5)
MET-h/d (s.d.)
Mean systolic blood 129.9 (22) 130.8 (22.5) 1291(23.2) 127.9(20.5) 127.8 (21.6) 1275 (20.9) 128.2 (21.8) 1287 (22.5)
pressure, mm Hg (s.d.)
Mean body massindex, 23.8(3.5) 23.9(3.5) 24 (3.5) 23.8(3.4) 23.7(3.4) 23.8(3.4) 23.6 (3.3) 23.6(3.4)
kgm?(s.d.)
Self-reported medical history, %
Poor self-reported 1n.4 12.6 21.5 9.6 8.0 10.8 9.8 101
health
Previous chronic 221 23.2 327 20.8 19.8 23.8 22.2 211

disease®

MET-h/d, metabolic equivalent of task per hour per day. Means and percentages are adjusted for the age and study area structure of the CKB population for the four main drinking groups, and
of the CKB drinker population for the weekly intake groups, using direct standardization separately by sex. °Chronic diseases included self-reported history of coronary heart disease, stroke,
transient ischemic attack, diabetes, tuberculosis, emphysema/chronic bronchitis, liver cirrhosis/chronic hepatitis, peptic ulcer, gallstone/gallbladder disease, kidney disease, rheumatoid

arthritis and cancer.

were similar across various male population subgroups, but seemed to

be strongerinyounger men, urbanresidents and higher socioeconomic
groups for new alcohol-associated diseases (Supplementary Fig. 6).

Among male current drinkers, drinking daily, heavy episodic
drinking and drinking spirits were each associated with higher
risks for alcohol-related diseases, but most of these associations
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Table 2| Summary of number of diseases associated with alcohol consumption by ICD-10 chapter, in men

Ever-regular versus Dose-response Total®
occasional drinking associations among
current drinkers
ICD-10 chapter No. of Totalno.of  No.of events Positive Negative Positive Negative Positive Negative
diseases events in current
drinkers
| Infectious and parasitic 7 8,010 2,501 1 0 1 0 1 0
I Neoplasms 27 26,064 9,437 9 0 5) 0 10 0
Il Blood and immune-related 1,596 527 0 0 2 0 2 0
IV Endocrine, nutritional and 6 15,645 5,227 1 1 2 0 2 1
metabolic
V Psychiatric and behavioral 3 1,683 587 o] 0 1 o] 1 0
VI Nerve-related 7 7649 2,574 2 0 1 0 2 0
VIl Eye and adnexa 7 10142 3,240 o] 0 1 0 1 0
VIIl Ear and mastoid process 3 2,131 667 o] 0 0 0 0 0
IX Circulatory 26 101,913 30,784 9 o] 10 0 14 0]
X Respiratory 23 42,993 13,233 3 6] 1 0 3 (]
X| Digestive 29 39,118 13,624 6 0 6 1 9 1
Xl Skin and subcutaneous 4 2,241 789 0 0 1 0 1 0
tissue
Xl Musculoskeletal 15 21,240 6,892 3 0] 2 0 0
XIV Genitourinary 15 18,422 5,419 (0] 1 1
XVIII Other symptoms, signs 16 19,881 7,191 2 0 0
and abnormal findings
XIX Injury, poisoning and other 12 12,509 4,402 3 (0] 1 6] 4 0
external causes
XX External causes 4 2,304 763 3 0] 4 0 4 o]
Total 207 333,541 107,857 420 1 42° 2 614 3

°Included disease associations from Cox regression analyses either significant (P<0.05 for diseases classified as alcohol-related by the WHO, FDR-adjusted P<0.05 for other diseases;
two-sided) from the comparison of ever-regular versus occasional drinking or dose-response association analyses within current drinkers. "Of the 42 diseases showing significant positive
associations with ever-regular versus occasional drinking, 23 diseases were classified as alcohol-related by the WHO. °Of the 42 diseases showing significant positive dose-response
associations among current drinkers, 22 diseases were classified as alcohol-related by the WHO. “Of the 61 diseases showing significant positive associations with alcohol, 28 diseases were
classified as alcohol-related by the WHO (of which 25 diseases passed FDR significance at FDR-adjusted P<0.05 and 3 diseases were nominally significant at P<0.05).

were attenuated to the null after adjusting for total alcohol intake
(Extended DataFig. 5); however, for agiven total alcohol intake among
male current drinkers, drinking daily was associated with 30-40%
higher risks of alcohol-related cancers (1.30, 1.17-1.45) and liver cir-
rhosis (1.39, 1.13-1.72), compared to non-daily drinking. Similarly,
heavy episodic drinking was associated with higher risks of diabetes
(1.23,1.12-1.34) and IHD (1.11,1.03-1.19), whereas drinking outside of
mealswasassociated with49% (1.49,1.19-1.86) higher risk of liver cirrho-
sis than drinking with meals. The risks of all major alcohol-associated
diseases were higher with longer duration of alcohol consumptionin
men (Extended Data Fig. 6).

Among women, due to few reported current drinkers there was
alack of statistical power to detect any associations of self-reported
alcohol intake with disease risks (Supplementary Table 5, Extended
Data Fig.7 and Supplementary Fig. 7).

Genetic associations of alcohol with disease risks
Ageneticinstrument for alcohol intake was derived using ALDH2-rs671
(G>A)and ADH1B-rs1229984 (G > A) genotypes. The overall A-allele
frequency was 0.21 for ALDH2-rs671 and 0.69 for ADH1B-rs1229984,
with both A-alleles being more common in southern than northern
study areas (Supplementary Table 9). Both ALDH2-rs671 and, to alesser
extent, ADH1B-rs1229984 were strongly associated with alcohol drink-
ing in men, but much less so in women (Supplementary Table 10). In
men, the derived genetic instrument predicted a >60-fold difference
(range 4-255 g per week, C1to C6) in mean alcohol intake, whereas
inwomen mean alcohol intake remained low (<10 g per week) across
genetic categories (Supplementary Table 11). Both variants and the
derived instrument were not associated with smoking or other major
self-reported baseline characteristics, except for asmall differencein
fresh fruit intake by ALDH2-rs671 genotype in men.

Fig.1| Adjusted HRs for specific diseases showing significant associations
with alcohol consumption by ICD-10 chapters, in men. Cox models (a)
comparing ever-regular drinkers with occasional drinkers or (b) assessing the
dose-response per 280 g per week higher usual alcohol intake within current
drinkers, were stratified by age at risk and study area and were adjusted for
education and smoking. Each solid square represents HR with the areainversely
proportional to the variance of the log HR. The horizontal lines indicate 95%
Cls. Diseases considered to be alcohol-related by the WHO are indicated with
‘W’ under the 'WHO’ column. The individual diseases listed included all that
showed FDR-adjusted significant associations with alcohol (FDR-adjusted

P<0.05, indicated with ‘Y’ under the ‘FDR sig.’ column) and WHO alcohol-related
diseases that showed nominally significant associations with alcohol (P < 0.05).
All Pvalues are two-sided. T Included less-common ICD-10 codes within the
corresponding ICD-10 chapter that were not individually investigated in the
present study. ‘Less-common psychiatric and behavioral conditions’ consisted
of ICD-10 codes FOO-F99, excluding F32, F33 and F99. ‘Less-common circulatory
diseases’ consisted of ICD-10 codes 100-199, excluding 110, 111, 120, 121, 124,
125,127,142, 146, 148-151,160-167,169, 170,180 and 183. ‘Less-common injury,
poisoning and other external causes’ consisted of ICD-10 codes SO0-T98,
excluding S06,S09, 522,532,542, S52,562,572,582,592 and T14.
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Among men, genotype-predicted mean alcohol intake was
positively associated with higher risks of CKB WHO alcohol-related
(HR per 280 g per week higher genotype-predicted mean male alco-
hol intake: 1.14, 95% C11.09-1.20) and CKB new alcohol-associated

(1.06,1.01-1.12) diseases (Fig. 2), both of which were slightly weaker
than the conventional associations. For certain diseases, however,
the genetic associations were stronger, with HRs of 1.38 (1.27-1.49)
for stroke, 2.30 (1.58-3.35) for liver cirrhosis and 2.33 (1.49-3.62)

a Ever-regular versus b Among current drinkers,
No. of occasional drinking No. of Per 280 g per week
events FDR events FDR
WHO (Ever-regular HR (95% CI) dig. (current) HR (95% CI) dig,
. . /occasional)
I Infectious and parasitic
A15-A19, B0 tuberculosis W 777/575 - 1.15 (1.07, 1.25) 555 —— 1.37(1.16, 1.62) Y
Il Neoplasms
C32 Larynx cancer W 139/42 —_ 219(1.82,2.64) Y 13 —_— 1.96 (1.54,2.49) Yy
C15 Oesophageal cancer w 1,011/689 - 1.61(1.50, 1.73) Y 803 = 1.97(1.80,2.15) Y
C22 Liver cancer w 1,058/661 - 1.34(1.25, 1.43) Y 743 - 1.49 (1.30, 1.71) Y
D38 Uncertain neoplasm (middle ear/respiratory/intrathoracic) 230/146 —_ 1.33 (1.15, 1.54) Y 182 —_— 1.04 (0.73,1.48)
€18 Colon cancer w 534/328 - 1.29 (1.17,1.41) Y 387 —_— 110 (0.86, 1.39)
C34 Lung cancer 212111074 = 1.26 (1.20, 1.32) Y 1,564 - 116 (1.04,1.30) Y
C19-C20 Rectal cancer w 571/335 - 1.23(1.13,1.35) Y 429 4 1.18 (0.95, 1.46)
C80 Other cancer 853/434 - 1.23(1.15,1.32) Y 645 —— 1.20 (1.01,1.43)
COO0-C14 Lip, oral cavity & pharynx cancer w 265/168 - 1.20 (1.05, 1.37) 201 —_— 1.60 (1.31, 1.94) Y
C16 Stomach cancer 1,238/868 - 1.17 (1.10, 1.25) Y 934 Jm— 1.08 (0.93, 1.26)
Il Blood and immune-related
D64 Other anaemias 293/139 = 1.17 (1.04, 1.33) 197 _— 1.47 (113, 1.91) Y
D69 Purpura and other hemorrhagic conditions 135/84 —_ 0.98 (0.81,1.19) 96 _— 1.94(1.43,2.63) Y
IV Endocrine, nutritional and metabolic
E88 Other metabolic disorders 142/39 —_ 1.35(1.13, 1.62) 100 1.61(1.17, 2.20) Y
E10-E14 Diabetes mellitus w 5,786/3,957 a 1.05 (1.02, 1.08) 4,073 ] 112(1.05,1.21) Y
EO04 Other nontoxic goiter 144/149 — 0.70(0.59,0.84) Y 12 ¢&——— 0.71(0.41,1.22)
V Psychiatric and behaioral
Less-common psychiatric and behaioral conditions combinedt 521/387 - 1.08 (0.99, 1.19) 384 —_— 1.44(119,1.75) Y
VI Nerve-related
G40-G41 Epilepsy W 221144 —_ 1.37 (119, 1.59) Y 157 _— 1.61(1.21, 2.15) Y
G45 Transient cerebral ischemic attacks W 1,807/1,388 - 1.10 (1.04, 1.15) 1,405 —- 0.93(0.81,1.08)
VIl Eye and adnexa
H25-H26 Cataract 2,784/2,01 B 1.08 (1.03,1.12) 2,028 E 1.21(1.09, 1.33) Y
IX Circulatory
180 Phlebitis and thrombophlebitis 175/118 —_ 1.42(1.21,1.67) Y 134 —_— 112 (0.75, 1.67)
142 Cardiomyopathy W 217124 —_ 1.37(1.18, 1.60) Y 138 —_— 1.07(0.73,1.55)
161 Intracerebral hemorrhage w 2,667/1,851 = 1.36 (1.31,1.42) Y 1,779 = 1.42(1.30,1.56) Y
169 Sequelae of cerebrovascular disease W 1,677/1,264 L] 1.32(1.25,1.39) Y 1,015 —-— 1.35(1.18,1.54) Y
111 Hypertensive heart disease w 334177 - 1.31(1.16, 1.48) Y 196 _— 1.41(1.06, 1.87)
110 Essential (primary) hypertension w 6,434/4,340 [ -] 1.21(1.17,1.24) Y 4,529 [—] 1.21(1.13,1.30) Y
163 Cerebral infarction W 10,321/8,460 - 1.18 (116, 1.21) Y 73N = 1.24 (117,1.31) Y
151 Complications of heart disease 497/350 - 118 (1.07,1.29) 333 —_— 1.34(1.07,1.69) Y
164 Stroke, not specified 526/311 - 1.17 (1.07,1.28) 357 —_— 1.47 (117,1.84) Y
166 Occlusion and stenosis of cerebral arteries W 498/377 - 1.15 (1.04, 1.26) 324 —_— 1.52(1.20,1.92) vy
165 Occlusion and stenosis of precerebral arteries W 195/78 — 1.14 (0.98, 1.34) 125 — 1.42 (1.01, 2.00)
167 Other cerebrovascular diseases w 5,553/4,553 E 1.08 (1.05, 1.11) Y 4,027 1.00 (0.92, 1.09)
125 Chronic IHD W 7,833/6,084 1.07 (1.05, 1.10) Y 5,409 1.05 (0.98, 1.13)
Less-common circulatory diseases combinedt 1,123/785 - 112 (1.05, 1.20) 769 —-— 1.23(1.05,1.43) Y
X Respiratory
J42 Unspecified chronic bronchitis 1,783/898 [ ] 1.18 (113, 1.24) Y 1,096 1.03(0.90, 1.18)
J44 Other chronic obstructive pulmonary disease 3,832/1,919 1.10 (1.06, 1.13) Y 2,368 1.05 (0.96, 1.15)
J12-)18 Pneumonia W 6,478/4,407 E 1.06 (1.03, 1.09) 4,598 = 112 (1.05, 1.20) Y
XI Digestive
K70 Alcoholic liver disease W 272/21 —9.05(7.87,10.42) Y 242 - 1.87(1.68,2.08) Y
K74 Fibrosis and cirrhosis of liver W 582/340 - 1.46 (1.33, 1.60) Y 47 - 1.92(1.69,2.18) Y
K75 Other inflammatory liver diseases 212/133 —_ 1.41(1.22,1.64) Y 157 —_— 1.07 (0.72,1.58)
K61 Abscess of anal and rectal regions 356/202 —-— 1.31(1.16, 1.47) Y 304 —_— 1.11(0.85, 1.45)
K21 Gastroesophageal reflux disease 138/100 — 1.22 (1.01,1.48) 89 —_— 1.52(1.12, 2.08) Y
K25 Gastric ulcer 610/370 - 1.21(1.10, 1.33) Y 463 —a— 1.24 (1.03, 1.50)
K92 Other diseases of digestive system 1,164/762 - 1.21(1.13,1.29) Y 850 - 1.44(1.26,1.64) Y
K76 Other diseases of liver 443/208 - 1.17 (1.06, 1.30) 331 — 1.64(1.36,1.99) Y
K85-K86 Pancreatitis W 452/298 - 1.09 (0.99, 1.21) 340 —— 1.25 (1.01,1.55)
K40 Inguinal hernia 1,657/1,327 L] 0.96 (0.91,1.01) 1,246 —-— 0.81(0.71,0.93) Yy
XII Skin and subcutaneous tissue
LO8 Other local infections (skin/subcutaneous tissue) 251/138 — 1.07 (0.93,1.22) 183 —_— 1.49 (1.16,1.90) Y
XIll Musculoskeletal
M87 Osteonecrosis 181/75 —_ 1.89 (1.61, 2.22) Y 155 —_— 1.83(1.44,2.34) Y
M10 Gout 551/250 - 1.77 (1.62, 1.94) Y 402 — 1.57(1.33,1.86) Y
M19 Other arthrosis 913/653 - 1.16 (1.07,1.24) Y 685 —— 1.20 (1.02, 1.42)
XIV Genitourinary
N40 Hyperplasia of prostate 1,532/1,260 - 0.91(0.86, 0.96) 1,000 —=— 0.64 (0.54,0.76) Y
XVIIl Other symptoms, signs and abnormal findings
R94 Abnormal results of function studies 200/72 —_ 1.74(1.50,2.03) Y 161 —_— 1.72 (1.31, 2.26) Y
R53 Malaise and fatigue 116/52 1.19 (0.99, 1.43) 82 1.63(1.18,2.26) Y
R99 Other ill-defined/unspecified mortality causes 155/120 — 1.16 (0.97,1.37) 108 —_— 2.08(1.57,2.75) Y
R69 Unknown/unspecified morbidity causes 4,673/2,047 -] 1.10 (1.07,1.13) Y 3,319 [ ] 115 (1.06,1.24) Y
XIX Injury, poisoning and other external causes
S42 Fracture of shoulder and upper arm 347/199 —_ 1.28 (1.14,1.43) Y 283 —— 1.19 (0.95, 1.49)
S72 Fracture of femur 498/294 - 1.27 (1.16, 1.40) Y 359 —— 1.27 (1.03, 1.58)
S22 Fracture of rib(s)/sternum/thoracic spine 538/274 - 1.19 (1.09, 1.31) 433 — 1.42(1.20,1.68) Y
Less-common injury, poisoning and other external causes combined* 1,401/1,031 - 119 (112, 1.26) Y 1,104 - 1.14 (1.01,1.29)
XX External causes
X60-X84 Intentional self-harm w m/76 e 1.47 (119, 1.82) Y 83 —_— 1.63 (1.23, 2.14) Y
WOO0-W19 Falls W 154/127 — 1.21(1.02, 1.43) 107 _— 1.76 (1.26,2.46) Y
VO1-V99 Transport accidents w 417/296 - 119 (1.07,1.32) Y 327 — 1.46 (1.22, 1.76) Y
Rest of V-Y w 327/217 - 1.45 (1.28,1.63) Y 246 —_— 1.55 (1.27, 1.89) Y
" T T | —
0.5 1.0 2.0 4.0 10.0 0.5 1.0 2.0 4.0
HR (95% ClI) HR (95% CI)
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Genetic epidemiological analyses
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Fig.2|Associations of alcohol-related diseases and overall morbidity with
self-reported alcohol intake and with genotype-predicted mean alcohol
intake, inmen. Each box represents HR with the area inversely proportional to
the variance of the group-specific log hazard within subplot. The vertical lines
indicate group-specific 95% Cls. Conventional epidemiological analyses relate
self-reported drinking patterns to risks of diseases (reference group is occasional
drinkers), using Cox models stratified by age at risk and study area and adjusted
for education and smoking. Within current drinkers, HRs were plotted against
usual alcoholintake and were calculated per 280 g per week higher usual alcohol
intake. Genetic epidemiological analyses relate genetic categories to risks of
diseases (reference group is the genotype group with lowest genotype-predicted
mean male alcohol intake), using Cox models stratified by age at risk and study
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area and adjusted for genomic principal components. The HR per 280 g per week
higher genotype-predicted mean male alcohol intake was calculated from the
inverse-variance-weighted mean of the slopes of the fitted lines in each study
area. The corresponding slopes in women were summarized in text and the
slopes of the fitted line by sex were compared and assessed for heterogeneity
using chi-squared tests (indicated by Pfor heterogeneity by sex). All Pvalues are
two-sided. Analyses of these aggregated outcomes were based on first recorded
event of the aggregate during follow-up and participants may have had multiple
events of different types of diseases. ‘All alcohol-related diseases’ includes
the firstrecorded event from ‘CKB WHO alcohol-related diseases’ or ‘CKB new
alcohol-associated diseases’ during follow-up.

for gout, in men (Fig. 3 and Extended Data Fig. 8). For individual
genetic variants, the associations were directionally consistent
(Extended DataFigs. 9 and 10). Conversely, there were no significant
dose-response genotypic associations with IHD, inguinal hernia
or hyperplasia of prostate in men. For other alcohol-associated
diseases, higher genotype-predicted mean male alcohol intake was
significantly associated with higher risks of esophageal cancer,
cataract, occlusion and stenosis of cerebral arteries, sequelae of
cerebrovascular disease, essential primary hypertension and frac-
tures of ribs, sternum or thoracic spine. There were also suggestive
positive genotypic associations with several digestive tract cancer
types (liver, colon and stomach) and circulatory and digestive dis-
eases, and significantinverse associations with lung cancer and other
chronic obstructive pulmonary disease (J44) in men (Extended Data

Figs.8-10). Sensitivity analyses using different analytical methods to
adjust for confounding by study area, or atwo-stage least-squares MR
approach, did not alter the main genetic findings in men (Supplemen-
tary Table 12). In contrast, genotypes that increased alcohol intake
in men were not adversely associated with most alcohol-related
disease risks among women (for example HR 1.00 (0.97-1.04) for
allmorbidity among female non-drinkers; Supplementary Fig. 7 and
Extended Data Figs. 8-10).

Hospitalizations associated with alcohol drinking

Amongmen, ever-regular drinkers had higher numbers of hospitaliza-
tions for any causes than occasional drinkers, particularly for cancer
hospitalizations, and these differences increased with increasing age
atrisk, except for CVD hospitalizations (Supplementary Fig. 8).

Nature Medicine | Volume 29 | June 2023 | 1476-1486

1481


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-023-02383-8

Conventional epidemiological analyses

IHD Stroke Liver cirrhosis Gout Inguinal hernia Hyperplasia of prostate
n=21,258 n=29,325 n=1,441 n=1,010 n=3,808 n=3782
4.0 - 4.0 4.0 4.0 - 4.0 4.0 4
HR per 280 g per week HR per 280 g per week HR per 280 g per week+ HR per 280 g per week HR per 280 g per week HR per 280 g per week
1.08 (1.01-1.15) 1.28 (1.22-1.34) 1.86 (1.70-2,03) g 1.57 (1.33-1.86) 0.81(0.71-0.93) 0.64 (0.54-0.76)
P=0.016 P=85x10" P=35x10" P=14x10" P=0.003 P=55%10
201 _ 201 201 _ 201 + _ 20 _ 20
o () ) + s} ki o s}
N N » N ; N R N
g " 8 4+ 8 8 1 8 8
z m e m e 23 23 2 2
g p s g / g g L
104 Mg -t 01 @ 104 1 1.0 - q] 1.0 4 +H§D ++++ 104 Mg
05 05 05 - 05 05 05

T T T T il
00 200 300 400 500

¥ “Usual alcohol (g per week)

T
00 200 300 400 500

¥ “Usual alcohol (g per week) “¥“Usual alcohol (g per week)

Genetic epidemiological analyses

IHD Stroke Liver cirrhosis
n=8,408 n=12,176 n =499
4.0 4.0 4.0
HR per 280 g per week HR per 280 g per week HR per 280 g per week
1.04 (0.94-1.14) 1.38 (1.27-1.49) 2.30 (1.58-3.35)
P=0.457 P=6.8x10" P=15x10"
_ 204 _ 204 _
o o o
32 32 32
in o o
2 2 )
I I o
T T T
10 fpy+—+ 1.0 4 W/
Slope women: 1.00 (0.92-1.08) P = 0.907 Slope women: 0.97 (0.91-1.05) P=0.498 Skope women: 0.83 (0.54-1.26) P =0.383
05 P for heterogeneity by sex = 0.521 05 Pfor heterogeneity by sex = 6.4x10"* 0.5 ] Pforheterogenaity by sex - ax10™

" T T T T |

0 100 200 300 400 500

Genotype predicted alcohol
(g per week) (g

T T T T T |
0 100 200 300 400 500
Genotype predicted alcohol
per week)

— T
0 100 200 300 400 500

Genotype predicted alcohol
(g per week)

Fig. 3| Associations of selected alcohol-related diseases with self-reported
alcohol intake and with genotype-predicted mean alcohol intake, in men.
Eachbox represents HR with the area inversely proportional to the variance

of the group-specific log hazard within subplot. The vertical lines indicate
group-specific 95% Cls. Conventional epidemiological analyses relate self-
reported drinking patterns to risks of diseases (reference group is occasional
drinkers), using Cox models stratified by age at risk and study area and adjusted
for education and smoking. Within current drinkers, HRs were plotted against
usual alcoholintake and were calculated per 280 g per week higher usual alcohol
intake. Genetic epidemiological analyses relate genetic categories to risks of
diseases (reference group is the genotype group with lowest genotype-predicted
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mean male alcohol intake), using Cox models stratified by age at risk and study
area and adjusted for genomic principal components. The HR per 280 g per week
higher genotype-predicted mean male alcohol intake was calculated from the
inverse-variance-weighted mean of the slopes of the fitted lines in each study
area. The corresponding slopes in women were summarized in text and the
slopes of the fitted line by sex were compared and assessed for heterogeneity
using chi-squared tests (indicated by Pfor heterogeneity by sex). All Pvalues are
two-sided. Corresponding ICD-10 codes, IHD (120-125); stroke (160, 161, 163 and
164); liver cirrhosis (K70 and K74); gout (M10); inguinal hernia (K40); hyperplasia
of prostate (N40).

Discussion

This prospective study provides a comprehensive assessment of
the impact of alcohol consumption on a very wide range of disease
outcomes in Chinese adults. Among men, alcohol consumption was
associated with significantly higher risks of 61 diseases, including 33
not previously reported as alcohol-related diseases by the WHO, and
higher risks of hospitalizations for any causes. For agiven totalamount,
drinking daily, heavy episodic drinking and drinking outside of meals
exacerbated therisks of four major diseases in Chinese men. Moreover,
most of these associations in Chinese men were confirmed in genetic
analyses, at least when assessed collectively, and are likely toreflect the
effects alcohol consumptionitself rather than any pleiotropic effects
of the genetic instruments.

Based primarily on observational findings in western popula-
tions, alcohol consumption has been considered by the WHO* and
the Global Burden of Disease (GBD) study?® to be related to about 20
distinct disease categories, involving chronic diseases and cancers
largely in the gastrointestinal system, several CVD types, infectious
diseases and injuries. The observational analyses largely confirmed
these known associations (Supplementary Table 13), but also pro-
vided insights into additional hazards of certain drinking patterns
suggested by previous studies®****, Moreover, this study discovered
33 additional alcohol-associated diseases across various body systems
in Chinese men that had not been previously reported by the WHO.
For these 33 disease outcomes, their associations with alcohol intake
were confirmed in genetic analyses, at least collectively as well as for

certainspecific diseases (for example gout), as was the case for asimilar
number of WHO alcohol-related diseases. The somewhat smaller rela-
tive (but not absolute) risks of alcohol drinking with major diseases
at older than younger age in men from observational analyses were
consistent with previous studies of other risk factors (for example
blood pressure®® and smoking®), which could be driven by a number
of factors such as selection bias?” and comorbidities.

For certain major WHO alcohol-related diseases, particularly IHD
andischemicstroke, observational studies, including this study, have
consistently reported J-shaped associations, with those who drank
moderately (for example 1-2 units aday) having the lowest risks®**; how-
ever, these apparent protective effects of moderate drinking probably
largely reflect residual confounding (for example non-drinkers having
worse health and socioeconomic profiles than occasional drinkers)
and uncontrolled reverse causation (for example sick-quitter effect
where pre-existing poor health or changes in health conditions lead
to alcohol cessation), including the difficulty in defining abstainers
(for example ex-drinkers may be reported as non-drinkers) as the
reference group in many previous studies®”. In this study, we used
occasional drinkers rather than non-drinkers as the reference group,
which, together with separate dose-response analyses among current
drinkers, helped to reduce but not eliminate any such biases, which
could largely be mitigated in genetic analyses using an MR approach.

To date the existing MR studies for alcohol have focused mainly
on CVD types®*? and cancers® ™, with limited data for other dis-
eases. Moreover, previous studies mainly involved European-ancestry
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populations and hence were constrained by availability of relatively
weak genetic instruments. Using genetic instruments specific to East
Asian populations that predicted >60-fold difference in alcohol con-
sumption, we previously reported evidence for the causal relevance
and apparent dose-response effects of alcohol consumption on
upper-aerodigestive tract cancers'® and stroke”. These findings were
further corroborated by subsequent European ancestry-based MR
studies®****® and the analyses presented in this study with additional
follow-up data. In contrast to stroke, we found no reliable genetic evi-
denceforacardioprotective, nor harmful, effect of moderate drinking
onrisk of IHD in men, consistent with findings in other MR studies®***.
The present study also demonstrated a log-linear genetic association
ofalcohol withliver cirrhosis and suggestive positive associations for
several WHO alcohol-related digestive tract cancers in men. Moreover,
separate genetic analyses among women suggests that the excess
risks observed among men were due chiefly to alcohol per se rather
thanto potential pleiotropic effects of the alcohol-related genotypes.
Furtherlarger genetic studies are required to confirmand elucidate the
potential causal relevance for each of the other WHO alcohol-related
diseases individually.

Forthe newalcohol-associated diseasesidentified inthis study, the
available prospective epidemiological evidence has been sparse and
mostly confined to western populations. For gout, previous western
prospective studies have reported positive associations”** and an MR
study of 8,000 Korean men has also reported positive associations
of alcohol consumption with hyperuricemia, a risk factor for gout™.
The present study provides genetic evidence that alcohol drinking
increases therisk of gout. Consistent with the present study, previous
European-ancestry-based observational studies'®* and one MR study**
alsoreported positive associations of alcohol intake with risks of sev-
eralfracture types. The available prospective evidence onassociations
between alcohol drinking and risk of cataract has been conflicting'>**
and one European-ancestry-based MR study reported no genetic asso-
ciations**. We found asignificant dose-response association between
alcohol andrisk of cataractamong Chinese menin observational analy-
ses, which was supported by the present genetic analyses.

For several other diseases (for example gastroesophageal reflux
disease and gastric ulcer), the observational findings provide addi-
tional evidence to the existing literature®**, but the supporting
genetic evidence s still constrained by limited statistical power. Simi-
larly, our observational findings for lung and stomach cancers were
generally consistent with evidence provided by previous prospective
studies”*%*°; however, the causal relevance of these associations
remains to be elucidated in future larger MR studies with appropri-
ate consideration of the potential gene-environment interactions
between ALDH2-rs671and alcohol intake (the effect of alcohol intake on
cancer risks being modified by ALDH2-rs671 genotype due to excessive
acetaldehyde)™ and other aldehyde exposures® in cancer risks, which
might similarly affect the genetic associations for respiratory diseases
and other potential acetaldehyde-related diseases. In observational
analyses, we found significantinverse associations for inguinal hernia,
prostate hyperplasia and other nontoxic goiter, but not for several
other diseases previously inversely associated with alcohol drinking,
including non-Hodgkin lymphoma*®, kidney cancer*®, thyroid cancer*®
and gallstones®. The genetic analyses, albeit with limited power, did
notprovidereliable evidence supporting the inverse associations with
these outcomes. Future well-powered genetic investigations are war-
ranted for less-common diseases in different populations.

The strengths of this study include the prospective design, large
sample size, detailed information on alcohol consumption and drink-
ing patterns, completeness of follow-up and a wide range of morbidity
outcomes analyzed. We were also able to assess the potential causal
relevance of the associations using two powerful East Asian genetic
variants. Moreover, the extremely low drinking prevalence in women

(regardless of their genotypes) enabled assessment for potential plei-
otropy, further supporting the genetic findings among men.

Nevertheless, the study also has limitations. First, itis still possible
that heavy drinking was under-reported, which could have underes-
timated the hazards of heavy episodic drinking. Second, as in many
population-based cohort studies, extreme problematic drinkers and
certainalcohol-related disease events may be under-represented, but
this should not affect the assessment of the associations of alcohol
with most disease outcomes. Third, while the repeated measures of
alcohol consumption available in the re-survey subsets allowed us
to estimate long-term usual mean alcohol intake at the group level
to account for regression dilution bias, we were unable to study the
effects of longitudinal alcohol drinking trajectories on health. Fourth,
we were unable or underpowered to study diseases that do not nor-
mally require hospitalization (for example dementia and depres-
sion), nor alcohol-related diseases only affecting women, given the
low proportion of female drinkers (for example <70 cases of breast
cancer in female drinkers). While the low female drinking prevalence
in CKB was consistent with findings in a nationwide survey®, it is
possible that women may be more likely to under-report drinking
than men for cultural and social reasons. Hence our null findings in
women should be interpreted with caution and not be taken as a lack
of alcohol-related harms in women in general, especially in the con-
text of rising alcohol consumption among Asian women?, Fifth, as
spirits were the main beverage type and our genetic instrument did
not distinguish between beverage types, we were unable to assess
beverage-specific effects on diseaserisks, including wine consumption,
which is uncommon in China"” and has been proposed as potentially
cardioprotective due to other non-alcoholic components in red wine*.
Sixth, although our genetic analyses allowed comparison of the overall
genetic effects of negligible, moderate and high mean alcohol intake
levels for major and overall morbidities, we had limited power to confi-
dently clarify any small threshold effectsin the low consumption end,
especially for individual diseases. Finally, the genetic analyses lacked
statistical power to assess the associations with several individual
alcohol-associated diseases so these findings should still be viewed as
hypothesis-generating.

In recent decades, several studies have estimated the
alcohol-attributable disease burden, involving predominantly WHO
alcohol-related diseases. These estimates were based mainly on obser-
vational evidence and included the potentially biased U- or J-shaped
associations with IHD and ischemic stroke"****, We have demonstrated
in both conventional and genetic analyses that alcohol drinking is
associated with hazardsinadose-response manner withamuch wider
range of disease outcomes than previously considered by the WHO* and
the GBD study?* and do not find any evidence for protective effects for
IHD or stroke, suggesting that the actual alcohol-attributable disease
burdenis likely to be much greater than widely believed.

Overall, the present study demonstrated substantial hazards
of alcohol consumption with a wide range of disease outcomes
among Chinese men. The findings reinforce the need to lower popu-
lation mean levels of alcohol consumption as a public health prior-
ity in China. Future estimation of the alcohol-attributable disease
burden worldwide and in specific regions should incorporate new
genetic evidence from the present and any future studies about the
likely causal relevance of alcohol consumption for a broad range of
disease outcomes.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
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Methods

Study population

Details of the CKB study design and methods have been previously
reported®. Briefly, 512,724 adults aged 30-79 years were recruited
from ten geographically diverse (five rural and five urban) areas
across China during 2004-2008. At local study assessment clinics,
trained health workers administered a laptop-based questionnaire
recording sociodemographic factors, lifestyle (for example alcohol
drinking, smoking, diet and physical activity) and medical history;
undertook physical measurements (for example blood pressure and
anthropometry); and collected a blood sample for long-term stor-
age. Two resurveys of ~5% randomly selected surviving participants
were subsequently conducted in 2008 and 2013-2014 using similar
procedures.

Ethics approval

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,
University of Oxford (UK, 025-04). All participants provided written
informed consent.

Assessment of alcohol consumption

Detailed questionnaire assessment of alcohol consumption has been
described previously*"*°. In the baseline questionnaire, participants
were asked how often they had drunk alcohol during the past 12 months
(never or almost never, occasionally, only at certain seasons, every
month but less than weekly or usually at least once aweek). Those who
had notdrunkalcohol atleast weekly in the past 12 months were asked
whether there was a period of atleast a year before that when they had
drunksomealcohol atleast once aweek. Based ontheir past and current
drinking history, participants were classified into: non-drinkers (had
never drunk alcohol in the past year and had not drunk in most weeks
in the past); ex-drinkers (had not drunk alcohol in most weeks in the
past year but had done so in the past); occasional drinkers (had drunk
alcohol butless thanweekly inthe past year and had not drunk alcohol
inmost weeks inthe past); and current drinkers (had drunk alcohol on
aweekly basis (regularly) in the past year).

Currentdrinkers were asked further questions about their drink-
ing patterns, including frequency, beverage type (beer, grape wine, rice
wine, weak spirits with <40% alcohol content and strong spirits with
>40% alcohol content) and amount consumed on a typical drinking
day, mealtime drinking habits, age started drinking in most week and
their experience of flushing or dizziness after drinking.

Alcohol intake level was estimated based on the reported fre-
quency (taken as the median of the reported frequency intervals;
1.5for 1-2 d per week, 4 for 3-5 d per week, 6.5 for 6-7 d per week),
beverage type and amount consumed, assuming the following alcohol
content by volume (v/v) typically seen in China: beer 4%, grape wine
12%, rice wine 15%, weak spirits 38% and strong spirits 53%"". Among
current drinkers, men were grouped into four consumption catego-
ries (<140, 140-279, 280-419 and 420+ g per week) and women into
three categories (<70,70-139 and 140+ g per week), broadly based on
the recommended cutoffs for alcohol categories by the WHO*® and
national drinking guidelines. Heavy episodic drinking was defined
as consuming >60 g of alcohol on atypical drinking occasion for men
and >40 g per occasion for women*®. Drinking outside of meals was
defined as usually drinking between or after meals or having noregular
patterns (versus usually drinking with meals). Duration of drinking
was derived by the difference in years between age at baseline and
age started drinking.

Ex-drinkers were asked how long (in years) ago they had stopped
drinking inmost weeks. Ex-drinkers were grouped with current drink-
ersas ‘ever-regular drinkers’.

Follow-up for mortality and morbidity

The vital status of participants was obtained periodically from local
deathregistries, supplemented by annual active confirmation through
local residential, health insurance and administrative records. Addi-
tional information on morbidity was collected through linkage with
diseaseregistries (for cancer, stroke, IHD and diabetes) and the national
healthinsurance system, which record any episodes of hospitalization
and almost has universal coverage. All events were coded with ICD-10
codes, blinded to the baseline information. By 1 January 2019, 56,550
(11%) participants had died, 311,338 (61%) were ever hospitalized, but
only 4,028 (<1%) were lost to follow-up.

Outcome measures

To enable a ‘phenome-wide’ investigation, all recorded diseases
and injuries (referred to as ‘diseases’ for simplicity) coded by
three-character ICD-10 codes were reviewed. ICD-10 codes were
combined (where appropriate) based on disease characteristics and
their potential relationships with alcohol consumption**'* Disease
end points were curated based on diseases considered to be causally
impacted by alcohol by the WHO*** and major diseases previously
shown to be related to alcohol in CKB and other large prospective
cohort studies®'°, while retaining maximal granularity. Diseases with
at least 80 cases recorded during follow-up among current drinkers,
separately by sex, were analyzed individually to capture awide range of
specific conditions while ensuring reasonable statistical power (around
60-80% power to detect aHR of 2.00 per 280 g per week higher usual
alcoholintake at P< 0.01and P < 0.05, respectively). Within each ICD-10
chapter, diseases with <80 events were grouped into a ‘less-common’
category. Several ICD-10 chapters considered not directly relevantin
this population (for example perinatal-origin diseases (chapter XVI)
and congenital conditions (XVII); pregnancy-related diseases (XV)
inmen) were excluded.

Major diseases defined by the WHO as likely to be causally related
with alcohol consumption®, including several cancers (mouth and
throat, esophagus, colon-rectum, liver and female breast), diabetes
mellitus, IHD, stroke, liver cirrhosis and external causes, were also
selected a priori for detailed analyses of associations with drinking
patterns (daily drinking, heavy episodic drinking, mealtime habit,
spiritdrinking and drinking duration). Similarly, diseases that were sig-
nificantly and adversely associated with alcoholin the ‘phenome-wide’
investigations (either with ever-regular versus occasional drinking or
in dose-response associations with amounts consumed) were fur-
ther categorized as ‘CKB WHO alcohol-related diseases’and ‘CKB new
alcohol-associated diseases’ respectively for genetic investigation
of causality. Detailed outcome classifications are reported in Sup-
plementary Table 7.

Genotyping and alcohol genetic instruments
ThetwoEastAsiangeneticvariants (ALDH2-rs671and ADH1B-rs1229984)
were genotyped in 168,050 participants (151,347 randomly selected,
16,703 selected as part of nested case-control studies of CVD and
chronic obstructive pulmonary disease, which were only included in
analyses of relevant outcomes; Supplementary Fig. 1) using Affymetrix
Axiom (n=100,396) or custom Illumina GoldenGate (n = 93,125) arrays
at BGI (Shenzhen, China), with some overlap between them. Among
25,471 participants genotyped with both arrays, the concordance was
>99.9% for both variants. Where discordant, genotypes obtained from
the Affymetrix Axiom array were used.

The geneticinstrument for alcohol was derived from ALDH2-rs671
and ADHI1B-rs1229984 and ten study areas from the random genotyped
subset of male participants to avoid potential selection bias, using a
previously developed method in CKBY. Briefly, nine genotype combi-
nations were defined based on the genotypes for each of the two vari-
ants (each AA, AG or GG). As alcohol use varies greatly by study area,
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among men, mean alcoholintake was calculated for each of these nine
genotype across ten study areas (that is a total of 90 genotype-area
combinations) to reflect awide range of alcohol consumption, assign-
ing an intake of 5 g per week to occasional drinkers and excluding
ex-drinkers from the calculation. Ex-drinkers were excluded from
the calculation of mean alcohol intake as their baseline intake did not
reflect their long-termintake; nevertheless, they wereincluded in sub-
sequent genetic analyses once they had been assigned a genetic group.
These 90 combinations were then grouped into six categories (C1-C6)
accordingto their corresponding meanintake values, at cutoff points
0f10,25,50,100 and 150 g per week, selected to facilitate investigation
of the causal effects of alcohol across a wide range of mean alcohol
intakes while allowing adequate sample size in each category for reli-
able comparisons. Inthis way participants (including ex-drinkers) were
classified only based on their genotypes and study area, but not on
individual self-reported drinking patterns. Comparisons of these six
genetic categories can, where analyses are stratified by area, be used
to estimate the genotypic effects on disease risks.

To facilitate the comparison of genotypic effects between sexes
(pleiotropic effects), women were classified into the same six catego-
ries as men based on their genotypes and study area, regardless of
female alcohol intake. This allowed comparison of genotypic effects
between men (where genotype were strongly associated with alcohol
intake) and women (where alcohol intake was low in all genotypic
categories) (Supplementary Tables 10 and 11).

Statistical analysis

Given the extremely low alcohol use among women®”, the analyses
were conducted separately by sex but focused chiefly on men. All
CKB participants and the genotyped subset with genomic principal
components (PCs; derived from genome-wide genotyping array data
and were informative for CKB population structure)®® were included
in conventional and genetic analyses, respectively (Supplementary
Fig.1). Means and percentages of baseline characteristics were calcu-
lated by self-reported alcohol consumption patterns and by genotype
categories, adjusted for age (in10-year intervals), ten study areas and
(for genetic analysis) genomic PCs*° to control for differencesin genetic
distribution due to population stratification, as appropriate.

For conventional observational analyses, Cox proportional hazard
models were used to estimate HRs for individual diseases associated
with differentalcohol consumption categories (in three broad catego-
ries: occasional drinkers, ever-regular drinkers, non-drinkers; and in
6-7 detailed categories: occasional drinkers, ex-drinkers, non-drinkers,
3-4 further current drinker groups defined by alcohol intake level)
and among current drinkers with continuous levels of alcohol intake
(per 280 g per week inmen, per100 g per week inwomen) or with cat-
egories of alcohol intake (<140,140-279,280-419 and 420+ g per week
inmen; <70, 70-139 and 140+ g per week in women). The Cox models
were stratified by age at risk (5-year groups between 35-84 years) and
ten areas and adjusted for education (four groups: no formal school,
primary school, middle or high school and technical school/college
or above) and smoking status (six groups in men: never, occasional,
ex-regular, current <15, current 15-24, current >25 cigarettes equivalent
per day; four groups in women: never, occasional, ex-regular and cur-
rent). Smoking datahave been previously validated against exhaled car-
bon monoxide®. Competing risks fromall-cause mortality for disease
events were handled by censoring participants at death fromany cause
to estimate cause-specific HRs comparing event rates in participants
who were alive and free of the disease of interest®”. To reduce biases
fromresidual confounding and uncontrolled reverse causationrelated
to the choice of using non-drinkers (for example sick-quitter effect,
pre-existing poor health or social disadvantages leading to alcohol
cessation or abstinence) as the reference group®”’, we used occasional
drinkers as the reference group, together with separate dose-response
analyses among current drinkers. To account for within-person

variation of alcohol intake over the follow-up period, repeat alcohol
measures for participants who attended the two resurveys were used
to estimate usual alcohol intake (Supplementary Table 1) and correct
for regression dilution bias®®, The shapes of dose-response associa-
tions between alcohol and disease risks were assessed among current
drinkers by plotting the HRs of predefined baseline consumption
categories against the corresponding mean usual alcohol intake. Log
HR estimates and the corresponding standard errors for baseline
alcoholintake, modeled as a continuous variable, were divided by the
regression dilution ratio (0.53 for both men and women; calculated
using the McMahon-Peto method®*) to obtain estimated HRs per280 g
per week higher usual alcoholintake among male current drinkers and
HRs per 100 g per week among female current drinkers. For analyses
involving drinking patterns, additional adjustments were conducted
for total alcoholintake (continuous) and baseline age (continuous; for
drinking duration analysis) where appropriate.

Sensitivity analyses were performed by (1) additional adjust-
ments for further covariates (household income (<10,000, 10,000~
19,999,20,000-34,999 and >35,000 yuan per year), fresh fruit intake
(4-7 d per week and <3 d per week), physical activity (continuous,
in metabolic equivalent of task per hour per day), body mass index
(<22,22-24.9,25-26.9 and >27 kg m?); and (2) excluding individuals
with poor self-reported health or previous major chronic diseases
(including self-reported coronary heart diseases, stroke, transient
ischemic attack, tuberculosis, emphysema or bronchitis, liver cirrho-
sis or chronic hepatitis, peptic ulcer, gallstone or gallbladder disease,
kidney disease, rheumatoid arthritis, cancer and diabetes) at baseline.
Forallaggregated end points (for example CKB WHO alcohol-related,
CKBnew alcohol-associated and allmorbidity), subgroup analyses were
conducted by baseline age (<55, 55-64 and =65 years), area (urban and
rural), education (primary school or below, middle school, high school
or above), household income (<10,000,10,000-19,999 and 20,000+
yuan per year) and smoking status (ever-regular and never-regular),
with heterogeneity or trend assessed by chi-squared tests®. HRs for
diseases associated with years of stopping among ex-drinkers com-
pared to occasional drinkers were also estimated.

In genetic analyses, Cox regression, stratified by age at risk and
study areaand adjusted for 11 genomic PCs®’, were used to estimate HRs
for major alcohol-related diseases associated with the six genetic cat-
egories (C1-C6). Log HRs were plotted against the genotype-predicted
mean male alcoholintake inthe six categories. To control for potential
confounding by population structure, similar analyses were repeated
within each study area using age-at-risk-stratified and genomic
PC-adjusted Cox models. A line of best fit was fitted through the log
HRs against genotype-predicted mean male alcohol intake in the
genetic categories present in the corresponding study area, using
meta-regression. These within-area slopes (each reflecting purely
genotypic effects) were combined by inverse-variance-weighted
meta-analysis to yield the overall area-stratified genotypic associa-
tions, which controlled for any potential bias resulted from varia-
tions due to population structure, summarized as HR per 280 g per
week higher genotype-predicted mean male alcohol intake. For total
morbidity and aggregated alcohol-associated outcomes, sensitivity
analyses were performed by (1) using age-at-risk- and area-stratified
and genomic PC-adjusted Cox models to estimate HR per 280 g per
week (area-adjusted genotypic associations); and (2) using atwo-stage
least-squares approach®®.

Genotypic analyses in women were conducted not to assess the
health effects of alcohol in women, but to investigate the extent to
whichthe genotypes studiedin men had pleiotropic effects (genotypic
effects not mediated by drinking patterns). As few women consumed
alcohol, any genotypic effects of the six genetic categories that are
mediated by drinking alcohol should be much smallerinwomen than
inmen, butany other pleiotropic genotypic effects should be similar in
both sexes. Hence, among women, we used the same genetic categories
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as in men and related the genotypic effects in women to the mean
malealcoholintake in these six categories, which allows comparisons
of genetic findings by sex and assessment of potential pleiotropy. To
further remove the small genotypic effects on alcohol use in women
(Supplementary Tables 10 and 11), we restricted the genetic analyses
to female non-drinkers in sensitivity analyses.

The genotypic associations of individual genetic variants (rs671,
1s1229984; GG versus AG genotype) with alcohol-related disease risks
were also assessed using a similar area-stratified approach.

The proportional hazards assumption was tested using scaled
Schoenfeld residuals for the pre-specified major diseases (no clear
evidence of violation was found). For analyses involving more than
two exposure categories, the floating absolute risks were used to esti-
mate group-specific 95% Cls for all categories including the reference
group”’, All Pvalues were two-sided. Statistical significance (at the
5% level) was evaluated using both FDR-adjusted Pvalues applied within
ICD-10 chaptersto correct for multiple testing in the ‘phenome-wide’
investigation®®7° and conventional Pvalues for hypothesis testing for
observational analyses of WHO alcohol-related diseases, analyses of
drinking patterns and genetic analyses.

To assess the cumulative burden of alcohol consumption, the total
number of hospitalizations were estimated for ever-regular versus
occasional drinkers using the mean cumulative count, which does not
assume independence between hospitalizations and all-cause mortal-
ity”"”>. All analyses used R software (v.4.0.5).
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researchers. The study was approved by local ethics review commit-
tee. The research raised no risks related to stigmatization, incrimina-
tion, discrimination, animal welfare, the environment, health, safety,
security or other personal or biorisks. No biological materials, cultural
artifacts or associated traditional knowledge has been transferred out
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Data availability

The CKBis aglobalresource for the investigation of lifestyle, environ-
mental, blood biochemical and genetic factors as determinants of
common diseases. The CKB study group is committed to making the
cohortdataavailable to the scientificcommunity in China, the United
Kingdom and worldwide to advance knowledge about the causes,
prevention and treatment of disease. For detailed information on
what data are currently available to open access users, how to apply
for them and the timeline for data access (12-16 weeks), please visit
the CKB website: https://www.ckbiobank.org/data-access. Research-
ers who are interested in obtaining the raw data from the CKB study
thatunderlines this paper should contact ckbaccess@ndph.ox.ac.uk.
A research proposal will be requested to ensure that any analysis is
performed bybonafideresearchers and, where dataare not currently

available toopenaccess researchers, is restricted to the topic covered
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Code availability
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| Infectious and parasitic

Il Neoplasms

Il Blood and immune-related

IV Endocrine, nutritional and metabolic

V Psychiatric and behavioural

VI Nerve-related

VIl Eye and adnexa

VIIl Ear and mastoid process

IX Circulatory

X Respiratory

XI Digestive

XIl Skin and subcutaneous tissue

XIll Musculoskeletal

XIV Genitourinary

XVIII Other symptoms, signs and abnormal findings
XIX Injury, poisoning and other external causes
XX External causes

All morbidity

Extended Data Fig.1| Adjusted HRs for ICD-10 chapter-specific morbidities
associated with ever-regular drinking and with usual alcohol intake, in
men. Cox models comparing ever-regular drinkers with occasional drinkers, or
assessing the dose-response per 280 g/week higher usual alcohol intake within

(A) Ever-regular vs.
occasional drinking

:;n':sf HR (95% CI)
3380/2476 - 1.07 (1.03, 1.11)
9194/6028 = 1.19 (1.17,1.22)

675/418 -+ 1.02 (0.94, 1.11)
6968/4697 o 1.04 (1.01, 1.06)
741/509 — 1.13 (1.04, 1.22)
3349/2564 - 1.10 (1.06, 1.14)
4060/3120 - 1.05 (1.01, 1.09)
862/828 — 0.94 (0.88, 1.01)
26759/21055 - | 1.15(1.13, 1.16)
13711/9097 1.07 (1.06, 1.09)
14068/10343 1.07 (1.05, 1.09)
1002/651 - 1.13 (1.06, 1.22)
7517/6118 - 1.04 (1.01, 1.07)
6428/5099 L 0.97 (0.94, 0.99)
8876/5110 = 1.08 (1.05, 1.10)
5141/3784 - 1.14 (1.10, 1.17)
1008/716 — 1.30 (1.21, 1.39)
58108/46557 ) 1.09 (1.08, 1.10)
0?5 1.0 1?5 2?0

HR (95% Cl)

current drinkers, were stratified by age-at-risk and study area and adjusted for

(B) Among current drinkers,

per 280 g/week

::/:n:sf HR (95% CI)
2405 — 1.21 (1.11, 1.32)
6907 - 1.32 (1.26, 1.39)

465 — 1.28 (1.06, 1.54)
4939 — 1.12 (1.05, 1.19)
562 ——  1.38(1.16, 1.65)
2485 +— 1.06 (0.96, 1.17)
2977 — 1.15 (1.06, 1.25)
654 ——— 0.73 (0.60, 0.90)
19201 - 1.17 (1.13, 1.21)
9635 - 1.09 (1.04, 1.14)
10694 - 1.08 (1.03, 1.13)
752 — 1.15 (0.99, 1.35)
5647 — 1.08 (1.02, 1.15)
4513 — 0.88 (0.82, 0.95)
6357 - 1.14 (1.08, 1.21)
3995 — 1.19 (1.12, 1.26)
762 —  1.55(1.38,1.74)
44027 0 1.12 (1.10, 1.14)

0?5 1.0 1?5 2?0

HR (95% Cl)

education and smoking. Each solid square or diamond represents HR with the
areainversely proportional to the variance of the log HR. The horizontal lines
indicate 95% Cls. CI, confidence interval; HR hazard ratio; ICD-10, International
Classification of Diseases, 10th Revision.
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CKB WHO alcohol-related diseases CKB new alcohol-associated diseases
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Extended Data Fig. 2| Adjusted HRs for different aggregated and all-cause
morbidities associated with years after stopping drinking, in men. Cox
models comparing ex-drinker groups with occasional drinkers were stratified
by age-at-risk and study area and were adjusted for education and smoking.
Eachbox represents HR with the areainversely proportional to the variance of

Non alcohol-related diseases All morbidity
2.00 n=36377 2.00 n=60637

1.50 1.50

100] = = = = = = — = =

Occasional drinkers
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=
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Years stopped drinking Years stopped drinking

the group-specific log hazard within subplot. The vertical lines indicate group-
specific 95% Cls for various ex-drinker groups. The shaded strip indicate the
group-specific 95% Cls for occasional drinkers. The numbers above the error bars
are point estimates for HRs. Cl, confidence interval; HR hazard ratio; CKB, China
Kadoorie Biobank; WHO, World Health Organization.
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Extended Data Fig. 3| Associations of alcohol consumption with risks of 28 stenosis of precerebral arteries (165) and pancreatitis (K85-K86) which showed
diseases previously defined as alcohol-related by the WHO, in male current statistical significance at nominal level (p<0.05). Each box represents HR with
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(ever-regular drinking or per 280 g/week higher usual alcohol intake) after hazard ratio; CKB, China Kadoorie Biobank; FDR, false discovery rate; ICD-10,
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Extended Data Fig. 4 | Associations of alcohol consumption with risks of 36 (FDR-adjusted p<0.05). Each box represents HR with the area inversely
diseases not previously defined as alcohol-related, in male current drinkers. proportional to the variance of the group-specific log hazard within subplot.
Cox models were stratified by age-at-risk and study area and were adjusted for The vertical lines indicate group-specific 95% Cls. The numbers above the error
education and smoking. HRs were plotted against usual alcohol intake and were bars are point estimates for HRs and the numbers below are number of events.
calculated per 280 g/week higher usual alcohol intake. All specific diseases AllPvalues are two-sided. CI, confidence interval; HR hazard ratio; CKB, China
displayed were significantly associated with alcohol intake (ever-regular drinking  Kadoorie Biobank; FDR, false discovery rate.

or per 280 g/week higher usual alcohol intake) after multiple testing correction
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(A) Daily vs. non-daily (B) HED vs. non-HED (C) Outside vs. with meals (D) Spirits vs. beer/wine
No. of events - No. of events ol No. of events o No. of events -
Exposed/Ref HR (95% C1) Exposed/Ref HR (95% C1) Exposed/Ref HR (95% C1) Exposed/Ref HR (96% CI)
Alcohol-related cancers
Main model 1907/545 ——  159(143,1.76) 1088/1364 - 1.44 (1.32,1.57) 363/2089 — 1.17 (1.08,1.32) 1889/563 —— 1.10 (0.9, 1.22)
Further adjusted for total alcohol intake 1907/545 -_ 1.30 (1.17, 1.45) 1088/1364 - 1.04 (0.94, 1.16) 363/2089 — 1.13(1.00, 1.29) 1889/563  — 0.95 (0.85, 1.06)
Diabetes mellitus
Main model 2587/1486 - 0.89 (0.83, 0.95) 1573/2500 - 1.21 (1.13,1.30) 414/3659  — 0.92 (0.83, 1.03) 2669/1404 + 1.01 (0.94, 1.09)
Further adjusted for total alcohol intake 2587/1486 —=— 0.81(0.75,0.87) 1573/2500 - 1.23(1.12,1.34) 41413659  —— 092 (0.82,1.02) 2669/1404 - 0.98 (0.91, 1.06)
Ischaemic heart disease
Main model 3834/2378 - 0.98 (0.93, 1.03) 2040/4172 - 1.11(1.05,1.18) 1062/5150 - 0.96 (0.90, 1.03) 4332/1880 -+ 0.99 (0.93, 1.05)
Further adjusted for total alcohol intake 383412378 = 0.94 (0.8, 1.00) 2040/4172 - 1.11(1.03,1.19) 1062/5150 =1 0.96 (0.89, 1.03) 43321880 =t 0.97 (0.91,1.03)
Stroke
Main model 5670/3061 - 1.13 (1.08, 1.19) 2941/5790 - 1.18 (1.13,1.24) 1458/7273 + 1.01(0.95, 1.08) 6241/2490 - 1.09 (1.04, 1.15)
Further adjusted for total alcohol intake 5670/3061 = 1.03 (0.98, 1.09) 2941/5790 = 1.04 (0.98, 1.10) 1458/7273 + 1.00 (0.94, 1.07) 6241/2490 ull 1.03 (0.98, 1.09)
Liver cirrhosis
Main model 4621143 ———+1.89 (1.54, 2.30) 316/289 1.70 (1.43, 2.02) 133/472 ——— 1.61(1.30,2.00) 463142  ——— 1.1 (0.90, 1.39)
Further adjusted for total alcohol intake 4621143 —  139(1.13,172) 316/289 — 1.13(0.93,1.37) 133/472 ————  149(1.19,1.86) 463/142 ——— 0.91(0.73, 1.14)
External causes
Main model 550212 _— 1.42(1.19, 1.69) 358/404 _— 1.36 (1.17, 1.58) 132/630 ——— 1.08 (0.87, 1.34) 635/127 _— 1.28 (1.03, 1.59)
Further adjusted for total alcohol intake 550/212 +— 1.15(0.95, 1.39) 358/404 —1— 1.00(0.83, 1.21) 132/630 —1— 1.05 (0.84, 1.30) 635/127 e 1.11(0.89, 1.39)
CKB WHO alcohol-related diseases
Main model 16420/8761 = 1.08 (1.05, 1.11) 9329/15852 = 1.17 (1.14,1.20) 3855/21326 L 0.99 (0.95, 1.03) 18001/7180 ] 1.04 (1.01, 1.08)
Further adjusted for total alcohol intake 16420/8761 - 0.99 (0.96, 1.02) 9329/15852 L] 1.06 (1.03, 1.10) 3855/21326 L 0.98 (0.94, 1.02) 18001/7180 = 0.99 (0.96, 1.03)
CKB new alcohol-associated diseases
Main model 11038/4362 L] 1.14 (1.09, 1.18) 5949/9451 [ ] 1.15 (1.1, 1.19) 1922/13478 - 1.04 (0.98, 1.09) 11331/4069 - 1.03 (0.9, 1.07)
Further adjusted for total alcohol intake 11038/4362 - 1.06 (1.01, 1.10) 5949/9451 - 1.03 (0.99, 1.08) 1922/13478 ol 1.03(0.97, 1.09) 11331/4069 - 0.98 (0.94, 1.02)
All morbidity
Main model 28657/15370 1.06 (1.03, 1.08) 16524/27503 0 1.09 (1.07, 1.12) 6326/37701 0.99 (0.96, 1.02) 31592/12435 9 1.03 (1.01, 1.06)
Further adjusted for total alcohol intake ~ 28657/15370 d 1.00 (0.98, 1.03) 16524/27503 ( 1.03 (1.00, 1.06) 6326/37701 0.99 (0.96, 1.01) 31592/12435 0 1.00 (0.98, 1.03)
-
10 15 20 10 15 20 10 15 20 10 15 20
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Extended Data Fig. 5| Adjusted HRs for major diseases associated with the areainversely proportional to the variance of the log HR. The horizontal lines

drinking patterns, in male current drinkers. Cox models were stratified by age-  indicate 95% Cls. CI, confidence interval; HR hazard ratio; HED, heavy episodic
at-risk and study area and were adjusted for education and smoking and for total drinking; CKB, China Kadoorie Biobank; WHO, World Health Organization.
alcoholintake where indicated. Each solid square or diamond represents HR with
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(A) Adjusted for main covariates, total alcohol intake, baseline age

No. of events HR (95% CI)

Alcohol-related cancers
<20 years 665 —— 1.00 (0.92, 1.08)
20-29 years 655 el 1.10(1.01, 1.18)
30+ years 1132 — 1.18 (1.10, 1.28)

Trend: 72=9 (p=0.003)
Diabetes mellitus
<20 years 1279 -+ 1.00 (0.94, 1.06)
20-29 years 1357 - 1.29 (1.23, 1.36)
30+ years 1437 —-— 1.36 (1.27, 1.45)

Trend: x%=44 (p=3.5e-11)
Ischaemic heart disease
<20 years 2102 - 1.00 (0.95, 1.05)
20-29 years 1652 - 1.04 (0.99, 1.09)
30+ years 2458 - 1.10 (1.05, 1.16)
Stk Trend: 72=8 (p=0.006)

roke

<20 years 2811 - 1.00 (0.96, 1.04)
20-29 years 2281 - 1.08 (1.04, 1.13)
30+ years 3639 - 1.16 (1v11 1.20)

Trend: 71—24 (p=1.0e-06)
Liver cirrhosis
<20 years 179 —1— 1.00 (0.85, 1.18)
20-29 years 206 —_— 1.29 (1.13, 1.48)
30+ years 220 _— 1.52 (1. 26 1.82)

Trend: x, 11 (p=7.9e-04)
External causes
<20 years 246 —1— 1.00 (0.87, 1.15)
20-29 years 209 o 1.08 (0.95, 1.24)
30+ years 307 _— 129 (110, 1.51)

Trend: 71—5 (p=0.022)
CKB new alcohol-associated diseases
<20 years 4567 1.00(0.97, 1.03)
20-29 years 4139 = 1.06 (1.02, 1.09)
30+ years 6694 = 1.10(1.07, 1.14)

Trend: x%=19 (p=1.6e-05)
CKB WHO alcohol-related diseases
<20 years 8511 1.00 (0.98, 1.02)
20-29 years 7072 || 1.09 (1.06, 1.11)
30+ years 9598 = 1.14 (1.11,1.17)
Al morbiity Trend: 1%=55 (p=1.2e-13)

morbidi

<20 years
20-29 years
30+ years

HR (95% CI)

Extended Data Fig. 6 | Adjusted HRs for major diseases associated with
duration of drinking, in male current drinkers. Cox models were stratified
by age-at-risk and study area and were adjusted for education, smoking, total
alcoholintake and baseline age in (A). (B) had the same model specifications
as (A) plus further adjustments for income, physical activity, fruit intake and
body mass index. (C) had the same model specifications as (A) and excluded

No. of events

(B) Further adjusted for other covariates

HR (95% CI)

665 —4— 1.00 (0.92, 1.09)
655 —— 1.09 (1.01, 1.18)
1132 — 1.18 (1.09, 1.27)
Trend: 1%=9 (p=0.003)
1279 4+ 1.00 (0.94, 1.06)
1357 - 1.23 (1.16, 1.29)
1437 —-— 1.27 (1.19, 1.36)
Trend: x2=27 (p=1.7€-07)
2102 4 1.00 (0.95, 1.05)
1652 W 1.02 (0.97, 1.07)
2458 - 1.08 (1.02, 1.13)
Trend: x%=4 (p=0.037)
2811 W 1.00 (0.96, 1.04)
2281 - 1.06 (1.02, 1.11)
3639 - 1.13 (1.08, 1.18)
Trend: 23=17 (p=4.7¢-05)
179 —— 1.00 (0.85, 1.18)
206 R 1.29 (1.13,1.48)
220 1.51 (1.26, 1.82)
Trend: x%=11 (p=8.8¢-04)
246 —1— 1.00 (0.87, 1.15)
209 4—— 1.09 (0.95, 1.25)
307  — 1.30 (1.11, 1.53)
Trend: 1%=6 (p=0.018)
4567 1.00 (0.97, 1.03)
4139 1.06 (1.02, 1.09)
6694 I 110(1.07,1.14)
Trend: M“18( =2.3e-05)
8511 1.00 (0.98, 1.02)
7072 1.07 (1.05, 1.10)
9598 = 1.12 (1.09, 1.15)
Trend: %;=40 (p=2.5e-10)

15946 1.00 (0.98, 1.02)

12715 1.04 (1.03, 1.06)

15366 1.09 (1. 07 1.12)
Trend M—AO (p=2.2e-10)

HR (95% c1)

©) poor self-rated ior disease
No. of events HR (95% CI)
501 —— 1.00 (0.91, 1.10)
508 b 1.12(1.03, 1.22)
796 — 1.14 (1.04, 1.25)
Trend: x%=4 (p=0.049)
844 - 1.00 (0.92, 1.08)
868 —-— 1.25(1.18, 1.34)
819 — 1.24 (1.13,1.36)
Trend: x%=15 (p=1.3¢-04)
1439 - 1.00 (0.94, 1.06)
1097 o 1.03 (0.97, 1.09)
1518 —— 1.09 (1.02, 1.17)
Trend: x;=4 (p=0.049)
1977 - 1.00 (0.95, 1.05)
1523 il 1.04 (0.99, 1.09)
2310 - 1.08 (1.03, 1.14)
Trend: 42=5 (p=0.027)
Mg —— 1.00 (0.81, 1.23)
158 _— 1.55 (1.33, 1.80)
143 1.60 (1.27,2.02)
Trend: x%=10 (p=0.002)
199 —— 1.00 (0.85, 1.18)
174 — 1.14 (0.98, 1.32)
222 1.23 (1.02, 1.48)
Trend: %7=3 (p=0.097)
3278 - 1.00 (0.96, 1.04)
2985 = 1.06 (1.02, 1.10)
4487 - 1.10(1.06, 1.15)
Trend: %3=12 (p=5.0e-04)
6193 = 1.00 (0.97, 1.03)
5036 -] 1.07 (1.04, 1.10)
6402 u 1.06, 1.13)
Trend: %3=19 (p=1.3e-05)

12179
9536
10793

1.00 (0.98, 1.02)
1.04 (1.02, 1.06)
1.07 (1.05, 1.10)
Trend: 23=19 (p=1.5¢-05)

1.0

HR (95% CI)

1.5

20

participants with poor self-reported health or prior chronic disease at baseline.
Eachbox represents HR with the areainversely proportional to the variance of the
group-specific log hazard. The horizontal lines indicate group-specific 95% Cls.
All P values are two-sided. CI, confidence interval; HR hazard ratio; CKB, China
Kadoorie Biobank; WHO, World Health Organization.
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| Infectious and parasitic

Il Neoplasms

Il Blood and immune-related

IV Endocrine, nutritional and metabolic
V Psychiatric and behavioural

VI Nerve-related

VII Eye and adnexa

VIII Ear and mastoid process

IX Circulatory

X Respiratory

XI Digestive

XIlI Skin and subcutaneous tissue
XIll Musculoskeletal

XIV Genitourinary

XV Pregnancy-related

XVIII Other symptoms, signs and abnormal findings

XIX Injury, poisoning and other external causes

XX External causes
All morbidity

Extended DataFig. 7| Adjusted HRs for ICD-10 chapter-specific morbidities
associated with ever-regular drinking and with usual alcohol intake, in
women. Cox models comparing ever-regular drinkers with occasional drinkers,
or assessing the dose-response per 100 g/week higher usual alcohol intake

No. of
events

475/3332
847/10060
124/907
989/7579
118/1263
396/4695
578/4812
203/2004
3095/30074
1846/12383
1771/13935
113/780
1491/12637
858/8402
29/251
1173/7550
742/4757
47/465
6561/64872

0.5

(A) Ever-regular vs.
occasional drinking

HR (95% CI)

0.98 (0.90, 1.08)
0.96 (0.89, 1.02)
0.88 (0.73, 1.05)
0.97 (0.91, 1.04)
0.96 (0.80, 1.16)
1.04 (0.94, 1.15)
0.96 (0.88, 1.04)
0.87 (0.75, 1.00
1.04 (1.00, 1.08
(
1.00 (0.96, 1.05
1.16 (0.96, 1.40
0.96 (0.91, 1.01)
0.97 (0.91, 1.04)
1.31(0.91, 1.89)
0.99 (0.93, 1.05)
1.05 (0.98, 1.13)
0.82 (0.61, 1.11)
1.01 (0.99, 1.04)

)
)
0.98 (0.93, 1.02)
)
)

1.0 15 20

HR (95% CI)

within current drinkers, were stratified by age-at-risk and study area and adjusted

(B) Among current drinkers,
per 100 g/week

e’i:n(t’: HR (95% CI)
273 —t 1.00 (0.85, 1.19)
609 —t— 1.00 (0.87, 1.15)
71 _ 1.13 (0.83, 1.53)
562 —t 0.92 (0.81, 1.05)
90 —F 0.93 (0.61, 1.44)
274 —_— 0.96 (0.78, 1.19)
351 —_— 0.91 (0.75, 1.09)
124 — 0.84 (0.63, 1.13)
2034 -+ 0.99 (0.92, 1.07)
1132 -t 0.95 (0.86, 1.04)
1129 - 0.98 (0.90, 1.07)
80 ——— 1.19(0.89, 1.60)
960 —t 0.93 (0.84, 1.04)
557 —t 0.92 (0.80, 1.06)
18 »1.22 (0.56, 2.66)
726 —— 0.89 (0.79, 1.00)
472 — 0.95 (0.83, 1.09)
24 ——1——%1.31(0.79, 2.16)
4420 0.95 (0.91, 1.00)
0T5 1.0 1T5 2?0
HR (95% CI)

for education and smoking. Each solid square or diamond represents HR with
the areainversely proportional to the variance of the log HR. The horizontal lines
indicate 95% Cls. CI, confidence interval; HR hazard ratio; ICD-10, International
Classification of Diseases, 10th Revision.
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(A) Men (B) Women

WHO re No-of HR (95% CI) No. of HR (95% CI) P het

events events
I Infectious and parasitic
A15-A19, B90 Tuberculosis Y 10 621 o 1.19(0.82, 1.71) 10 391 —_—T 0.81(0.52, 1.24) 0.179
Il Neoplasms
C15 Oesophageal cancer Y 10 636 —_— 1.47 (1.09, 1.99) 10 271 -+ 1.58 (0.85, 2.93) 0.845
C18 Colon cancer Y: 10 343 T 1.38 (0.90, 2.11) 10 370 —_— 0.85(0.59, 1.24) 0.095
C80 Other cancer 10 494 -T— 1.23(0.89, 1.72) 10 515 — 0.91(0.66, 1.27) 0.205
C22 Liver cancer Y 10 725 +a— 1.23(0.93, 1.62) 10 391 ——r 0.85(0.61, 1.20) 0.105
C16 Stomach cancer 10 833 - 1.16 (0.89, 1.50) 10 442 —— 0.70(0.50, 0.97) 0.019
C00-C14 Lip, oral cavity & pharynx cancer Y 10 161 —_—t 1.02 (0.59, 1.75) 10 124 —_— 0.95 (0.45, 1.99) 0.882
C19-C20 Rectal cancer Y 10 382 —_— 1.01(0.71, 1.46) 10 396 —— 0.79 (0.55, 1.14) 0.338
C34 Lung cancer 10 1426 —| 0.81(0.67, 0.98) 10 992 — 0.85(0.68, 1.06) 0.735
D38 Uncertain neoplasm (middle ear/respiratory/intrathoracic) 10 161 — 0.64 (0.34, 1.22) 8 99 ¢&——1 0.46 (0.20, 1.05) 0517
C32 Larynx cancer ¥ 10 68 ¢4—m——— 0.58 (0.14, 2.34) T 1Y 0.02 (0.00, 4.45) 0.239
Il Blood and immune-related
D64 Other anaemias 10 210 — 0.74 (0.52, 1.05) 10 355 — 0.76 (0.58, 1.00) 0.918
D69 Purpura and other haemorrhagic conditions 9 103 —_— 0.70 (0.41, 1.19) 10 179 —_— 0.79 (0.52, 1.19) 0.728
IV Endocrine, nutritional and metabolic
E10-E14 Diabetes mellitus Y 10 4183 ] 0.97 (0.87, 1.08) 10 6851 -] 0.90 (0.83, 0.98) 028
E88 Other metabolic disorders 6 65 —_—T 0.79 (0.48, 1.33) 6 79 —_—T 0.78 (0.49, 1.24) 0.969
E04 Other nontoxic goitre 10 127 — 0.76 (0.39, 1.48) 10 552 —— 1.06 (0.76, 1.48) 0.373
V Psychiatric and behavioural
Less common psychiatric and behavioural conditions combinedt 10 400 - 1.24 (0.87, 1.78) 9 859 —— 0.99 (0.78, 1.26) 0.754
VI Nerve-related
G45 Transient cerebral ischaemic attacks Y 10 1323 —. 0.94 (0.72, 1.22) 10 2485 0.99 (0.82, 1.20) 0.735
G40-G41 Epilepsy Y 10 167 ———t 0.68 (0.39, 1.17) 9 138 ——— 0.75 (0.41, 1.37) 0.804
VIl Eye and adnexa
H25-H26 Cataract 10 2113 H- 1.18 (1.00, 1.39) 10 3813 0.99 (0.88, 1.11) 0.081
IX Circulatory
166 Occlusion and stenosis of cerebral arteries 4 10 432 —_— 1.85(1.08, 3.18) 10 494 —_— 0.60 (0.38, 0.95) 0.002
169 Sequelae of cerebrovascular disease Y 10 1505 —— 1.83 (1.45, 2.31) 10 1289 0.86 (0.68, 1.08) 5.3e-06
161 Intracerebral haemorrhage Y 10 3640 L3 1.62(1.42, 1.85) 10 3407 0.99 (0.87, 1.13) 2.8e-07
163 Cerebral infarction Y 10 8637 = 1.29 (1.17, 1.42) 10 10678 0.95(0.87, 1.03) 3.7e-06
164 Stroke, not specified 10 390 -+ 1.29(0.87, 1.92) 10 403 0.99 (0.64, 1.52) 0.371
151 Complications of heart disease 10 406 - 1.25(0.87, 1.82) 10 500 0.81(0.58, 1.14) 0.088
110 Essential (primary) hypertension Y 10 4790 ] 1.22 (1.10, 1.36) 10 7887 0.97 (0.90, 1.06) 9.1e-04
111 Hypertensive heart disease Y 10 272 1.08 (0.74, 1.57) 10 355 — 0.72 (0.54, 0.97) 0.104
125 Chronic ischaemic heart disease Y 10 6556 1.02 (0.92, 1.13) 10 9768 1.01(0.93, 1.10) 0.916
180 Phlebitis and thrombophlebitis 9 108 + 1.01(0.39, 2.63) 10 133 ¢—— 0.43(0.22, 0.84) 0.154
167 Other cerebrovascular diseases Y 10 4146 0.99 (0.86, 1.14) 10 7377 1.04 (0.94, 1.15) 0.582
142 Cardiomyopathy Y 10 152 — 0.95 (0.56, 1.63) 10 134 ———— 0.75 (0.43, 1.32) 0.551
165 Occlusion and stenosis of precerebral arteries Y 9 114 —_— 0.79 (0.50, 1.25) 10 126 e v 1.10 (0.70, 1.71) 0.31
Less common circulatory diseases combinedt 10 863 - 1.25(0.98, 1.59) 10 1127 - 1.08 (0.88, 1.32) 0.754
X Respiratory
J12-J18 Pneumonia Y 10 4825 0.98 (0.89, 1.08) 10 6346 0.93(0.86, 1.01) 0.426
J42 Unspecified chronic bronchitis 10 1925 0.90 (0.77, 1.05) 10 1453 0.88(0.75, 1.02) 0.809
J44 Other chronic obstructive pulmonary disease 10 3669 0.88 (0.80, 0.97) 10 3006 1.01(0.92, 1.11) 0.04
XI Digestive
K70 Alcoholic liver disease Y 7 97 »29.95 (9.09, 98.69) 4 9 «———1—  » 0.04 (0.00, 88.28) 0.096
K21 Gastro-oesophageal reflux disease 9 102 —_— 1.63 (0.75, 3.54) 8 130 ¢&——m— 0.59(0.23, 1.52) 0.104
K61 Abscess of anal and rectal regions 10 209 B E— 1.46 (0.84, 2.55) 10 74 —_— 1 1.21(0.54, 2.68) 0.695
K74 Fibrosis and cirrhosis of liver Y 10 404 T 1.36 (0.90, 2.04) 10 311 —_— 0.77 (0.50, 1.18) 0.06
K92 Other diseases of digestive system 10 815 —a— 1.29 (1.01, 1.66) 10 587 — 0.84 (0.64, 1.10) 0.02
K76 Other diseases of liver 10 249 —1— 1.13 (0.80, 1.59) 8 443 - 1.08 (0.84, 1.38) 0.826
K25 Gastric ulcer 10 392 o 1.11(0.78, 1.57) 10 414 —e 0.90 (0.67, 1.20) 0.357
K85-K86 Pancreatitis Y 10 308 —_1— 1.11(0.76, 1.62) 10 412 — 0.79 (0.59, 1.07) 0.176
K75 Other inflammatory liver diseases 10 124 R — 1.03 (0.43, 2.46) 10 131 o 0.57 (0.28, 1.16) 0.308
K40 Inguinal hernia 10 1224 - 0.98 (0.81, 1.18) 10 132 o 1.06 (0.60, 1.87) 0.795
Xl Skin and subcutaneous tissue
L08 Other local infections (skin/subcutaneous tissue) 10 168 e B 1.37 (0.84, 2.23) 9 126 —_ 1.26 (0.74, 2.17) 0.837
Xlll Musculoskeletal
M10 Gout 8 317 —_— 2.33 (1.49, 3.62) 9 105 . 1.06 (0.48, 2.35) 0.091
M87 Osteonecrosis 9 103 e I 1.07 (0.49, 2.36) 10 107 ———— 0.68 (0.33, 1.39) 0.399
M19 Other arthrosis 10 643 — 0.95(0.72, 1.27) 10 1806 - 1.11(0.93, 1.32) 0377
XIV Genitourinary
N40 Hyperplasia of prostate 10 1252 —H 0.88 (0.73, 1.06)
XVIIl Other symptoms, signs and abnormal findings
R94 Abnormal results of function studies 9 105 R 1.26 (0.74, 2.14) 9 160 —_— 0.97 (0.64, 1.46) 0.446
R99 Other ill-defined/unspecified mortality causes 10 127 _— 1.12 (0.38, 3.28) 9 Y 0.70(0.24, 2.07) 0.542
R53 Malaise and fatigue 7 50 —_— 0.99 (0.38, 2.59) 5 97— 0.54 (0.30, 0.98) 0.294
R69 Unknown/unspecified morbidity causes 9 2727 -] 0.96 (0.86, 1.06) 9 4453 -] 1.01(0.94, 1.09) 0.416
XIX Injury, poisoning and other external causes
S22 Fracture of rib(s)/sternum/thoracic spine 10 340 —e— 1.36 (1.01, 1.85) 10 466 —— 0.97 (0.76, 1.24) 0.089
S72 Fracture of femur 10 367 -1 1.13(0.79, 1.62) 10 846 - 0.98 (0.77, 1.23) 0.512
S42 Fracture of shoulder and upper arm 10 213 — 0.70 (0.48, 1.03) 10 484 —— 0.75(0.58, 0.96) 0.78
Less common injury, poisoning and other external causes combinedt 10 955 Ha— 1.17 (0.94, 1.46) 10 1105 - 0.97 (0.80, 1.18) 0.754
XX External causes
X60-X84 Intentional self-harm Y 10 84 _— 1.28 (0.58, 2.84) 9 Y ¢————— 0.62 (0.24, 1.60) 0.254
WO00-W19 Falls Y 9 139 — 1.09 (0.60, 1.98) 10 84 — 0.58 (0.27, 1.23) 0.192
V01-V99 Transport accidents Y 10 281 — 0.89 (0.61, 1.30) 10 174 — 0.73(0.47, 1.15) 0.501
Rest of V-Y Y 8 160 —_— 1.10 (0.66, 1.82) 9 189 e 0.96 (0.59, 1.57) 0.754
—_—
05 10 20 40 10.0 05 10 20 40 100
HR (95% Cl) HR (95% CI)

Extended Data Fig. 8 | See next page for caption.
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Extended Data Fig. 8 | Adjusted HRs per 280 g/week higher genotype-
predicted mean male alcohol intake for specific alcohol-associated diseases
by ICD-10 chapters, in men and women. Cox modes, stratified by age-at-risk
and adjusted for genomic principal components, were used to relate genetic
categories to risks of diseases within each study area. The HR per 280 g/week
higher genotype-predicted mean male alcohol intake was calculated from the
inverse-variance-weighted mean of the slopes of the fitted lines in each study
area. Each solid square or diamond represents HR per 280 g/week higher
genetically-predicted mean male alcohol intake, with the areainversely
proportional to the variance of the log HR. The horizontal lines indicate 95% Cls.

Diseases considered to be alcohol-related by the WHO are indicated with ‘Y’
under the ‘WHO’ column. The ‘RC’ column indicates the number of study areas
that contributed to the overall area-stratified genotypic associations, as for
certain lesscommon diseases some study areas may not have enough number of
cases to contribute to the inverse-variance-weighted meta-analysis. The ‘P het’
columnindicates the p-value froma x*test for heterogeneity between sexes. All P
values are two-sided. T Included less common ICD-10 codes within the
corresponding ICD-10 chapter which were not individually investigated in the
presentstudy. Cl, confidence interval; HR hazard ratio; ICD-10, International
Classification of Diseases, 10th Revision; WHO, World Health Organization.
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(A) Men (B) Women

WHO RC HR (95% Cl) RC HR (95% Cl) P het
I Infectious and parasitic
A15-A19, B90 Tuberculosis Y 10 T 1.12(0.94,1.33) 10 T 0.88(0.71,1.09)  0.09
Il Neoplasms
C19-C20 Rectal cancer Y 10 —t— 1.08 (0.86, 1.34) 10 —_— 0.91(0.73,1.13)  0.287
C18 Colon cancer Y 10 B 1.07 (0.85, 1.34) 10 —_— 0.98 (0.78,1.22) 0.582
C22 Liver cancer Y 10 —— 1.06 (0.91, 1.25) 10 e 0.92 (0.74, 1.15)  0.309
C15 Oesophageal cancer Y 10 —_— 1.00 (0.83, 1.19) 10 —_— 1.45(1.06,2.00) 0.044
C16 Stomach cancer 10 — 0.98 (0.84, 1.14) 10 — T 0.86 (0.70, 1.05)  0.289
C80 Other cancer 10 —r 0.95(0.79, 1.15) 10 — 0.97 (0.80,1.18)  0.874
C34 Lung cancer 10 —a— 0.89 (0.80, 1.00) 10 —e— 0.88(0.77,1.01)  0.898
C00-C14 Lip, oral cavity & pharynx cancer Y 10 —_— 0.88 (0.63, 1.23) 10 _— 0.96 (0.64, 1.45) 0.738
D38 Uncertain neoplasm (middle ear, respiratory, intrathoracic) 10 —T 0.83(0.59, 1.17) 9 —g) 0.94 (0.59, 1.51)  0.665
C32 Larynx cancer Y 1Ne——— 0.71(0.39, 1.28) T — 0.30 (0.05, 1.89) 0.378
Il Blood and immune-related
D64 Other anaemias 10 e 0.87 (0.65, 1.17) 10 —_— 0.84 (0.67,1.05) 0.853
D69 Purpura and other haemorrhagic conditions 9e——— 0.73 (0.48, 1.10) 10 —_— 0.96 (0.69, 1.32)  0.305
IV Endocrine, nutritional and metabolic
E10-E14 Diabetes mellitus Y 10 E 3 1.00 (0.94, 1.07) 10 | | 0.93 (0.88,0.97) 0.07
EO04 Other nontoxic goitre 10 — 0.84 (0.58, 1.23) 10 —_— 1.05(0.87,1.26)  0.31
E88 Other metabolic disorders T — 0.80 (0.47, 1.36) 6 ———— 0.90 (0.55,1.47)  0.748
V Psychiatric and behavioural
Less common psychiatric and behavioural conditions combined T 10 —— 1.24(0.99, 1.55) 10 — 0.98(0.85,1.13)  0.075
VI Nerve-related
G40-G41 Epilepsy Y 10 _—t 1.07 (0.75, 1.54) 10 B m— 1.15(0.78,1.68) 0.796
G45 Transient cerebral ischaemic attacks Y 10 —— 1.05 (0.93, 1.19) 10 - 1.01(0.93,1.11) 0.59
VII Eye and adnexa
H25-H26 Cataract 10 i 1.07 (0.97, 1.18) 10 - 0.98 (0.91,1.05) 0.124
IX Circulatory
164 Stroke, not specified 10 _— 1.51 (1.19, 1.91) 10 —_— 1.00 (0.81,1.24) 0.012
169 Sequelae of cerebrovascular disease Y 10 —.— 1.33 (1.18, 1.49) 10 — 0.96 (0.85,1.08)  1.4e-04
161 Intracerebral haemorrhage Y 10 E 1.26 (1.17, 1.36) 10 - 1.04 (0.97,1.12)  4.7e-04
180 Phlebitis and thrombophlebitis 10 — 1.18(0.73,1.91) 10— 0.57 (0.40,0.81)  0.017
110 Essential (primary) hypertension Y 10 = 1.14 (1.07,1.22) 10 0.98 (0.93,1.02) 1.1e-04
166 Occlusion and stenosis of cerebral arteries Y 10 -+ 1.14 (0.92, 1.42) 10 0.87 (0.72,1.05)  0.061
163 Cerebral infarction Y 10 —] 1.13(1.08, 1.19) 10 0.97(0.93,1.01)  1.3¢-06
142 Cardiomyopathy Y 10 — 1.10 (0.76, 1.61) 10 — 0.83 (0.56,1.23)  0.303
151 Complications of heart disease 10 —_—— 1.09 (0.87, 1.37) 10 —_— 0.90 (0.74,1.10)  0.211
111 Hypertensive heart disease Y 10 e 1.08 (0.82, 1.42) 10 —_— 0.82(0.65,1.03) 0.126
125 Chronic ischaemic heart disease Y 10 : 1.05(1.00, 1.11) 10 E 0.99(0.95,1.03) 0.084
167 Other cerebrovascular diseases Y 10 0.99 (0.92, 1.05) 10 1.00 (0.95, 1.06) 0.678
165 Occlusion and stenosis of precerebral arteries Y 9 — 0.82(0.54, 1.26) 10 ————— 0.78 (0.53,1.15)  0.855
Less common circulatory diseases combined 10 - 1.15(0.99, 1.33) 10 —— 1.04(0.92,1.19) 0339
X Respiratory
J12-J18 Pneumonia Y 10 1.00 (0.94, 1.06) 10 n 0.96 (0.91,1.01) 0.378
J42 Unspecified chronic bronchitis 10 5 0.94 (0.85, 1.03) 10 —. 0.93(0.83,1.04) 0.919
J44 Other chronic obstructive pulmonary disease 10 0.93 (0.87, 1.00) 10 - 0.99 (0.91,1.07) 0.28
XI Digestive
K70 Alcoholic liver disease Y 8 —3.29(1.64,6.63) 4 0.31(0.03,3.76)  0.074
K74 Fibrosis and cirrhosis of liver Y 10 —— 1.20 (0.96, 1.50) 10 Em— 0.78 (0.61,0.99) 0.01
K21 Gastro-oesophageal reflux disease 9 — 1.20 (0.76, 1.88) 9 —_— 0.88 (0.63,1.23) 0.284
K76 Other diseases of liver 10 —_t 1.13 (0.86, 1.48) 9 e 1.03(0.83,1.27) 0.606
K85-K86 Pancreatitis Y 10 —_1— 1.12(0.87, 1.44) 10 —_— 0.87 (0.71,1.07) 0.122
K61 Abscess of anal and rectal regions 10 R 1.10 (0.81, 1.51) 10 —_—1T 1.26 (0.74,2.15)  0.664
K92 Other diseases of digestive system 10 - 1.09 (0.93, 1.26) 10 — 0.92(0.77,1.10)  0.172
K75 Other inflammatory liver diseases 10 —_— 1.07 (0.71, 1.62) 10 — 0.91(0.61,1.37) 0.593
K40 Inguinal hernia 10 — 1.00 (0.89, 1.13) 10 _— 1.00 (0.69, 1.46)  0.986
K25 Gastric ulcer 10 —_— 0.99 (0.79, 1.23) 10 —_— 0.92(0.74,1.14)  0.674
Xl Skin and subcutaneous tissue
LO8 Other local infections (skin, subcutaneous tissue) 10 S S 1.24 (0.88, 1.74) 9 e 1.62(1.05,2.51) 0.334
Xlll Musculoskeletal
M10 Gout 8 —_— 1.68(1.29,2.18) 9 e 1.00 (0.66, 1.52)  0.039
M87 Osteonecrosis 10 e E— 1.03 (0.65, 1.63) 10 ———1— 0.83(0.55,1.26)  0.495
M19 Other arthrosis 10 — 0.92 (0.78, 1.09) 10 —--— 1.03(0.93,1.14) 0.243
XIV Genitourinary
N40 Hyperplasia of prostate 10 —= 0.95 (0.84, 1.07)
XVIII Other symptoms, signs and abnormal findings
R94 Abnormal results of function studies 9 — 1.44 (0.89, 2.34) 9 —_— 1.01(0.72,1.42) 0235
R99 Other ill-defined, unspecified mortality causes 10 —_— 1.15(0.75, 1.76) 9 — 0.99 (0.61,1.59) 0.634
R69 Unknown/unspecified morbidity causes 9 - 0.97 (0.89, 1.05) 9 E 3 1.02 (0.96, 1.09) 0.346
R53 Malaise and fatigue 7 ¢——— 0.85(0.45, 1.61) 5 ¢———— 0.65(0.43,1.00) 0.496
XIX Injury, poisoning and other external causes
S22 Fracture of rib(s), sternum, thoracic spine 10 —_— 1.37 (1.08, 1.74) 10 e 1.00 (0.82,1.22) 0.044
872 Fracture of femur 10 —t— 1.09 (0.87, 1.36) 10 — 0.99 (0.85,1.15)  0.507
S42 Fracture of shoulder and upper arm 10 e — 0.98 (0.72, 1.34) 10 ——— 0.84(0.69,1.02) 0.395
Less common injury, poisoning and other external causes combined 10 T 1.09 (0.95, 1.25) 10 — 0.98(0.86, 1.11)  0.273
XX External causes
X60-X84Intentional self-harm Y 10 —_ 1t 1.26 (0.76, 2.06) ———— 0.76 (0.48, 1.20)  0.146
WO00-W19 Falls Y 10 ———— 1.01(0.69, 1.47) 10— 0.65 (0.40, 1.04)  0.153
V01-V99 Transport accidents Y 10 — 0.96 (0.74, 1.26) 10 — 0.80(0.58,1.11)  0.389
Rest of V-Y Y 10 [ ae— 1.15(0.85, 1.55) 10 e 0.89 (0.66, 1.19)  0.231

0.5 1.0 20 4.0 0.5 1.0 20 4.0
HR (95% CI) HR (95% CI)

Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | Adjusted HRs associated with GG versus AG genotype
of ALDH2-rs671for specific alcohol-associated diseases by ICD-10 chapters,
inmen and women. Area-specific genotypic effects (GG vs. AG genotype) were
estimated within each study area (thus each reflecting the purely genotypic
effects) using age-at-risk-stratified and genomic principal components-adjusted
Cox models and were combined by inverse-variance-weighted meta-analysis to
yield the overall area-stratified genotypic associations. Each solid square
represents HR for GG vs. AG genotype, with the areainversely proportional to the
variance of the log HR. The horizontal lines indicate 95% Cls. Diseases considered
to be alcohol-related by the WHO are indicated with ‘Y’ under the ‘WHO’ column.

The ‘RC’ columniindicates the number of study areas that contributed to the
overall area-stratified genotypic associations, as for certain less common
diseases some study areas may not have enough number of cases to contribute to
theinverse-variance-weighted meta-analysis. The ‘P het’ columnindicates the P
value froma x?test for heterogeneity between sexes. All P values are two-sided.
tIncluded less common ICD-10 codes within the corresponding ICD-10 chapter
whichwere notindividually investigated in the present study. CI, confidence
interval; HR hazard ratio; ICD-10, International Classification of Diseases, 10th
Revision; WHO, World Health Organization.
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Extended Data Fig.10 | Adjusted HRs associated with GG versus AG genotype
of ADH1B-rs1229984 for specific alcohol-associated diseases by ICD-10
chapters, in menand women. Area-specific genotypic effects (GG vs. AG
genotype) were estimated within each study area (thus each reflecting the purely
genotypic effects) using age-at-risk-stratified and genomic principal
components-adjusted Cox models and were combined by inverse-variance-
weighted meta-analysis to yield the overall area-stratified genotypic
associations. Each solid square represents HR for GG vs. AG genotype, with the
areainversely proportional to the variance of the log HR. The horizontal lines
indicate 95% Cls. Diseases considered to be alcohol-related by the WHO are

indicated with ‘Y’ under the ‘WHO’ column. The ‘RC’ column indicates the number
of study areas that contributed to the overall area-stratified genotypic
associations, as for certain less common diseases some study areas may not have
enough number of cases to contribute to the inverse-variance-weighted
meta-analysis. The ‘P het’ column indicates the P value froma x?test for
heterogeneity between sexes. All P values are two-sided. f Included lesscommon
ICD-10 codes within the corresponding ICD-10 chapter which were not
individually investigated in the present study. CI, confidence interval; HR hazard
ratio; ICD-10, International Classification of Diseases, 10th Revision; WHO, World
Health Organization.

Nature Medicine


http://www.nature.com/naturemedicine
https://www.ncbi.nlm.nih.gov/snp/?term=rs1229984

nature portfolio

Corresponding author(s): lona Y Millwood, Zhengming Chen

Last updated by author(s): Apr 28, 2023

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
A

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

X

A description of all covariates tested

X X

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

X

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

X ][]

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

OXX O OO0 000F%
X

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Arange of bespoke CKB IT systems was used for data collection (see https://www.ckbiobank.org/study-resources/management-systems)

Data analysis All analyses were performed using R software (version 4.0.5). The codes used for the data analyses in our study can be made available by
contacting the corresponding authors. Access to code will be granted for requests for academic use within 4 weeks of application. Code will
be released by the corresponding authors.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy
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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 community 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, how to apply
for it, and the timeline for data access (12-16 weeks), please visit CKB website on: 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.

Further information is available from the corresponding authors upon request.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender The CKB collects information on the biological sex of participants, which was determined based on self-report. All analyses
were performed and reported separately by sex.

Population characteristics Among the 512,724 CKB participants included in this study, the mean age at baseline was 52 (SD 10.7) years, 41% were men
and 56% lived in rural areas. Further details of the population characteristics of the study population are reported in the
manuscript and in Chen et al., PMID: 22158673.
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Recruitment CKB recruitment is described in Chen et al., PMID: 22158673.

Ethics oversight 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, University of Oxford (UK, 025-04), and all
participants provided written informed consent.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The maximum samples available in the CKB were used in this study. All CKB participants (n=512,724) and the genotyped subset (151,347
randomly selected, 16,703 selected as part of nested case-control studies of CVD and COPD which were only included in analyses of relevant
outcomes) were included in conventional and genetic analyses, respectively.

Data exclusions  Conventional observational analyses: No exclusion was made for the main conventional analyses. We excluded participants with poor self-
reported health or prior chronic disease in sensitivity analyses.
Genetic analyses: Genotyped participants with missing data for genomic principal components were excluded. For area-stratified genetic
analysis, participants defined as population outliers for the study area based on genomic data analysis were further excluded.

Replication We did not have a comparable independent dataset available to replicate the findings. However, the observed associations of self-reported
alcohol intake with disease outcomes were evaluated with genetic analyses (Mendelian randomization) to assess causal relevance.

Randomization  Randomization was not directly relevant to this observational study design. Covariates were adjusted for in statistical models, and genetic
analyses (Mendelian randomization) were performed to minimize potential residual confounding and reverse causation.

Blinding Disease and hospitalization events among participants were coded by trained staff blinded to baseline information. The data provided to
researchers did not contain any personally identifiable variables i.e. datasets were anonymized with uniquely encrypted participant identifiers.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.




Materials & experimental systems

Methods
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Involved in the study
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|:| Eukaryotic cell lines
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|:| Animals and other organisms
[] clinical data

|:| Dual use research of concern
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