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It is well known that alcohol consumption is associated with type 2 diabetes mellitus. However, the association
of age at initiation of alcohol consumption and duration of alcohol drinking with type 2 diabetes mellitus among
Chinese adults is not fully understood. This study was based on data from the China Kadoorie Biobank, which
included 512,712 participants aged 30-79 years who were living in China in 2004-2008. A Cox proportional
hazards model was used to estimate the association of AAl and drinking duration with type 2 diabetes. After
adjustment for potential covariates, ages at alcohol initiation (AAls) of 18.1-29.0 years, 29.1-39.0 years, and
>39.0 years were associated with 22% (95% confidence interval (Cl): 14, 30), 25% (95% ClI: 17, 33), and 32%
(95% CI: 24, 39) lower hazards of type 2 diabetes compared with abstaining, respectively. Drinking durations
of <10.1 years, 10.1-20.0 years, and 20.1-30.0 years were associated with a lower risk of type 2 diabetes,
compared with abstaining. Among current (weekly) drinkers, AAl <18.1 years and drinking duration >30.0 years
were associated with 18% (95% ClI: 4, 33) and 20% (95% ClI: 3, 40) higher hazards of type 2 diabetes, compared
with AAI 18.1-29.0 years and drinking duration <10.1 years, respectively. In conclusion, late AAl and a short
drinking duration were associated with a lower risk of type 2 diabetes in this large prospective cohort study of

Chinese adults, but early AAIl and long drinking duration were not.

alcohol; alcohol consumption; Chinese; cohort studies; drinking duration; type 2 diabetes

Abbreviations: AAl, age at alcohol initiation; BMI, body mass index; Cl, confidence interval; CKB, China Kadoorie Biobank;

HR, hazard ratio; MET, metabolic equivalent of task.

Alcohol, one of the most popular drinks in the world,
has been shown to contribute to serious disease burden (1).
Globally, 5.1% of the global burden of disease and injury
are attributable to alcohol consumption (2). Previous studies
found that high intake of alcohol was directly or indirectly
associated with type 2 diabetes mellitus, while moderate
drinking might decrease the risk of type 2 diabetes (3-5).
In animal experiments, it was found that chronic alcohol
consumption was associated with damage to the pancreas
and development of diabetes, owing to pancreatic B-cell
dysfunction and apoptosis (6-8).
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Some previous studies showed that early age at initiation
of alcohol consumption, defined as age at alcohol initiation
(AAI) less than 18 years, and long duration of alcohol drink-
ing increased the risk of alcohol-use disorders, heavy drink-
ing, and alcohol dependence (9, 10). In the United States,
the National Epidemiologic Survey on Alcohol and Related
Conditions found that the incidence of alcohol dependence
for AAI less than 15 years was 1.38 times higher than that
for AAI greater than 18 years (11). Alcohol dependence
was associated with higher body mass index (BMI), more
cigarette smoking, and a lower level of physical activity,
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which are associated with higher risk of metabolic diseases
in Western populations (11-13). However, the direct associ-
ation of AAI and drinking duration with type 2 diabetes in
China is largely unclear.

Therefore, in the present study, we tested our hypothesis
that AAI and drinking duration contribute to the risk of
developing type 2 diabetes, independent of daily alcohol
consumption, among 0.5 million participants in a prospec-
tive Chinese cohort study, the China Kadoorie Biobank
(CKB).

METHODS
Study population

Details on the CKB cohort and characteristics of the study
participants have been published previously (14). Briefly,
the CKB is a prospective cohort study which included
512,712 participants aged 30-79 years from 5 urban areas
(Harbin, Qingdao, Suzhou, Liuzhou, and Haikou) and 5
rural areas (Gansu, Henan, Sichuan, Zhejiang, and Hunan)
in China during 2004-2008. The study areas were chosen
according to local disease patterns, exposure to certain risk
factors, population stability, quality of death and disease
registries, and local commitment and capacity. Baseline
questionnaire information was entered directly by trained
staff into a laptop-based data entry system developed with
built-in functions to avoid missing items and to minimize
logical errors during data collection. Trained staff mea-
sured weight and height using calibrated instruments.
The Ethical Review Committee of the Chinese Center
for Disease Control and Prevention (Beijing, China) and
the Oxford Tropical Research Ethics Committee of the
University of Oxford (Oxford, United Kingdom) approved
the study protocol.

In our study, we excluded persons with self-reported
diagnoses of heart disease (n = 15,472), stroke (n = 8,884),
cancer (n = 2,577), and diabetes or screen-detected diabetes
(n = 30,299), defined as a measured fasting blood glucose
concentration of 7.0 mmol/L or a random blood glucose
concentration of 11.1 mmol/L at baseline, as well as persons
who had missing data for BMI (n = 2) or appeared ineligible
(e.g., AAI > age; n = 24). After these exclusions, the
analysis included 461,013 participants.

Assessment of alcohol consumption

Our baseline questionnaire asked participants to report
how often they had consumed alcohol during the previous
12 months (never or almost never; occasionally; only in
certain seasons; every month but less than weekly; usually
at least once a week). Those who had not consumed alcohol
weekly in the past 12 months were asked whether there had
been a period of at least 1 year prior to that when they had
consumed some alcohol at least once a week. Participants
who had consumed alcohol weekly in the past 12 months
were further asked about the age at which they had started
drinking weekly; how many days in a typical week they
drank alcohol (1-2, 3-5, or 6-7 days/week); the types of
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beverages consumed (beer, grape wine, rice wine, weak spir-
its (<40% ethanol content), or strong spirits (>40% ethanol
content)); and amounts of alcohol consumed (reported as
number of small (250 mL) or large (640 mL) bottles for
beer and as number of liang (50 g) for wine and spirits);
indicators of problem drinking in the past month (drinking
in the morning; being unable to work or do anything due to
drinking; being depressed, being irritated, or losing control
because of drinking; being unable to stop drinking; shaking
when stopping drinking). Problem drinking was defined as
having any 1 of the indictors of problem drinking. We also
calculated duration of alcohol drinking (drinking duration =
baseline age — AAI). Quality control survey data were
available for 15,728 participants (3.1%) at baseline. There
was good agreement between the baseline and quality con-
trol survey for alcohol drinking (weighted k coefficient =
0.79).

For our study, participants were classified into 4 main cat-
egories: Abstainers were defined as persons who had never
or almost never consumed alcohol in the past 12 months
and had not drunk alcohol weekly in the past; occasional
drinkers were defined as those who had consumed alcohol
occasionally, in certain seasons, or every month but less than
weekly in the past 12 months (regardless of whether they had
drunk weekly in the past); ex-drinkers were defined as those
who had never or almost never consumed alcohol in the past
12 months but had drunk weekly in the past; and current
drinkers were defined as those who had usually consumed
alcohol at least once a week during the past 12 months.
Further, according to AAI or drinking duration (years),
the weekly drinkers were separately divided into 4 groups
according to AAI (<18.1 years, 18.1-29.0 years, 29.1-39.0
years, or >39.0 years) and drinking duration (<10.1 years,
10.1-20.0 years, 20.1-30.0 years, or >30.0 years). Binge
drinking was defined as usual or occasional consumption of
>60 g of pure ethanol among current drinkers (2).

Assessment of other covariates

Information on other sociodemographic characteristics
and lifestyle factors was collected through an interviewer-
administered electronic questionnaire. Questions about
tobacco included the frequency, type, and amount of tobacco
smoked per day for ever smokers and years since quitting
and reason for quitting for former smokers. By using a
short qualitative food frequency questionnaire, we assessed
habitual intakes of foods from 12 conventional food groups
in the past 12 months. The reliability and validity of the
food frequency questionnaire were 0.62-0.90 and 0.60-
0.90, respectively, for all food categories (15). We also
assessed physical activity by asking participants about the
usual type and duration of their activities in occupational,
commuting, domestic, and leisure-time-related domains in
the past 12 months. We multiplied the metabolic equivalent
of task value for a particular type of activity by the number
of hours spent in that activity per day and summed the
metabolic equivalent of task-hours for all activities to derive
the daily level of physical activity. BMI was calculated as
weight in kilograms divided by squared height in meters, as
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measured by trained staff. We validated the reproducibility
of the assessment in previous studies (14).

Ascertainment of type 2 diabetes

Cases of type 2 diabetes were ascertained by linking par-
ticipants to local disease and death registries, starting from
the time they enrolled in the study, and to the national health
insurance system (14). Trained staff who were blinded to
baseline information coded all cases using the International
Classification of Diseases, Tenth Revision. For our study,
type 2 diabetes cases were coded as E11 or E14. Other
cases clearly defined as non—type 2 diabetes were excluded.
Among participants in our CKB study, who were mostly
over 40 years of age, the number of non—type 2 diabetes
cases was small, so misclassification of other types of dia-
betes was minimal. During 2012-2013, clinical research
fellows at the Oxford International Coordinating Center of
the CKB reviewed medical records to adjudicate the validity
of reported diabetes diagnoses in a random sample of 831
cases; 98.6% of the diagnoses were confirmed (14).

Statistical analysis

Numbers of person-years at risk were calculated from
the baseline date to the diagnosis of diabetes, death, loss
to follow-up, or December 31, 2016, whichever came first.
The distributions of AAIs and drinking durations in the total
population and at the 10 survey sites of the CKB study were
determined.

With age as the time scale, Cox proportional hazards
models were used to estimate adjusted hazard ratios for
incident type 2 diabetes associated with AAI and drinking
duration among all participants and among men and women
separately. Results were adjusted for sex; education; mar-
ital status; household income; tobacco smoking; physical
activity; intakes of red meat, fresh fruits and vegetables,
and whole grains; BMI; family history of type 2 diabetes
(presence or absence); and menopausal status (for women)
and were stratified by age (in 5-year groups) and region (10
areas). Because alcohol consumption is most likely both a
confounder and a mediator of the association of AAI and
drinking duration with type 2 diabetes (3, 16), we adjusted
results for pure ethanol consumption (g/day) only in the
final model. No data were missing for the variables. When
testing for linear trends across categories, AAI and drinking
duration were considered continuous variables. We also
tested the association of alcohol-related problems with AAI
and drinking duration using logistic regression, adjusted for
the same covariates.

Next, we used a restricted cubic spline model to examine
the continuous measures of AAI and drinking duration with
3 knots (knot values were 10, 25, and 50 for AAI and 10, 20,
and 30 for drinking duration). We compared a model with 3
knots with a model with 4 knots using the log likelihood test,
but we found no statistically significant difference between
the two in the prediction of the relationship between AAI
or drinking duration and risk of incident type 2 diabetes.
Therefore, we applied the model with 3 knots. The reference

value for AAI was set at 25 years of age, and the reference
value for drinking duration was set at 1 year. Because cubic
spline models are sensitive to outliers, we included partici-
pants with exposures between the first and 99th percentiles,
corresponding to AAls of 10.1-64.9 years and drinking
durations of 1.1-59.9 years.

We examined the joint associations of AAI and drinking
duration with alcohol consumption, frequency of drinking,
BMI, tobacco use, and hypertension in the risk of incident
type 2 diabetes. We also assessed the interaction association
using a likelihood ratio test comparing models with and
without cross-product terms to test multiplicative interac-
tion.

Sensitivity analyses were conducted to ensure the robust-
ness of our results. We excluded patients who received a
diagnosis of type 2 diabetes during the first 2 or 4 years
of follow-up and participants whose AAI was less than 12
years. In addition, we redefined drinking duration consider-
ing the drinking duration of every participant in our cohorts
(including ex-drinkers) and then repeated the above analysis.
All statistical analyses were carried out using Stata, version
14.2 (Stata Corporation LLC, College Station, Texas).

RESULTS

A total of 461,013 participants, who had a mean age
of 51.2 (standard deviation, 10.5) years, were included in
the present analysis. The proportion of participants with
AAI <18.1 years was 12.93% in the whole population and
1.92% among current (weekly) drinkers (see Web Figure
1, available at https://academic.oup.com/aje. Among the
10 survey sites of the CKB study, participants in Sichuan
Province had the highest proportion of AAI <18.1 years.
On the contrary, the proportion was lowest in Haikou, which
is one of the most southern cities in China (Web Figure 2).
The participants who had younger AAI were more likely to
drink more alcohol per day, to be male, to be rural residents,
to be less educated, to have higher household incomes, and
to suffer from hypertension (Table 1).

During a median of 9.8 years (4,549,119 person-years)
of follow-up, we identified 15,115 incident cases of type
2 diabetes. After adjustment for potential covariates, AAls
of 18.1-29.0 years, 29.1-39.0 years, and >39.0 years were
associated with 17% (95% confidence interval (CI): 11,
23), 21% (95% CI: 13, 29), and 29% (95% CI: 21, 36)
lower hazards of type 2 diabetes compared with abstaining,
respectively. The association was not markedly changed
after further adjustment for ethanol consumption (Table 2).
Compared with abstaining, drinking durations of <10.1
years, 10.1-20.0 years, and 20.1-30.0 years were associated
with lower risk of type 2 diabetes, with hazard ratios of
0.65 (95% CI: 0.57, 0.74), 0.66 (95% CI: 0.58, 0.74), and
0.72 (95% CI: 0.64, 0.80), respectively. However, a drink-
ing duration greater than 30.0 years was not statistically
significantly associated with decreased risk of type 2 dia-
betes (Table 3). We also repeated the analysis among current
drinkers. After adjustment for ethanol consumption and
other potential covariates, AAI <18.1 years and drinking
duration >30.0 years were associated with 18% (95% CI:
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Continued

Table 1.

Alcohol Consumption Category

Current Drinker

AAIl >39.0 Years
(n =13,531)

AAIl 29.1-39.0
Years (n = 16,397)

AAI 18.1-29.0
= 31,049)

Years (n

9,191)

(n=

AAIl <18.1 Years

Ex-Drinker
(n =16,730)

Drinker
(n = 165,209)

Occasional

Abstainer
(n =208,906)

Variable

% Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE)

Mean (SE)

%

Family history of

chronic disease

Stroke

19.2

18.7

18.4

18.2

19.9

18.1

16.3

6.7
35
319

6.6
3.3
37.6

6.2
3.2
394

6.8 71 6.9

3.2
28.8

5.5

Diabetes

2.9
40.3

3.8

2.9

Heart attack

Hypertension

36.6

33.0

Abbreviations: AAl, age at alcohol initiation; MET, metabolic equivalent of task; SE, standard error.

@ Mean values and proportions were calculated using multiple linear regression and multinomial logistic regression models which adjusted for age, region, and sex (where appropriate),

respectively. All P values for heterogeneity and trend across subgroups were less than 0.001.

b Weight (kg)/height (m)2.

4, 33) and 20% (95% CI: 3, 40) higher hazards of type 2
diabetes, respectively, compared with AAI 18.1-29.0 years
and drinking duration <10.1 years (Table 4). The restricted
cubic spline curves of the continuous AAI variable showed
an L-shaped association between AAI and the hazard of
type 2 diabetes among current drinkers (Figure 1), while the
association between drinking duration and the hazard of type
2 diabetes showed a linear trend (Figure 2).

In the subgroup analyses, we found that, compared with
abstainers, AAls of 18.1-29.0 years and 29.1-39.0 years
were associated with 16% and 22% lower risks of incident
type 2 diabetes, respectively, if daily alcohol consumption
was less than 60 g, but the association was not statistically
significant in participants with daily alcohol consumption
greater than or equal to 60 g. In the subgroups for frequency
of drinking, type of alcohol consumed, and binge drinking,
we found associations similar to those in our main analyses
(Web Table 1). In addition, no linear trend was found in
the subgroup analyses for the association between drinking
duration and type 2 diabetes (Web Table 2).

We did not find any interaction association of AAI or long
drinking duration with frequency of alcohol drinking, daily
alcohol consumption, smoking, BMI, or hypertension (Web
Figures 3 and 4, Web Tables 3-10).

AAI and drinking duration may be associated with indi-
cators of problem drinking. In logistic regression analysis,
participants who could not stop drinking were more likely
to have a younger AAI and a longer drinking duration. No
other significant trends were found between other indicators
of problem drinking and AAI or drinking duration (Web
Figures 5 and 6).

We performed sensitivity analysis in which we tested
the association of AAI and drinking duration with risk of
type 2 diabetes (data not shown). We excluded patients who
received a type 2 diabetes diagnosis during the first 2 or 4
years of follow-up and participants whose AAI was less than
12 years. We also redefined drinking duration (considering
the duration of every participant in our cohorts). These
modifications did not change the estimates noticeably.

DISCUSSION

In this large prospective cohort study based on half a
million Chinese, we found an association of AAI and drink-
ing duration with type 2 diabetes that was independent of
pure ethanol consumption. Compared with abstention, a
later AAI and shorter drinking duration were associated with
a decreased risk of type 2 diabetes. However, the associ-
ation of AAI and drinking duration with type 2 diabetes
was less pronounced among the participants with an early
AAI and a long drinking duration. We found a similar
association when examining different patterns of alcohol
drinking. Among current drinkers, we estimated a J-shaped
association between AAI and type 2 diabetes and a linear
association between drinking duration and type 2 diabetes.
Moreover, we did not find any interaction association of AAI
and drinking duration with other lifestyle factors.

Few previous studies focused on the direct association
between AAl/drinking duration and type 2 diabetes risk, but

Am J Epidemiol. 2020;189(12):1478-1491
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compelling epidemiologic studies have assessed the rela-
tionship between AAI and subsequent development of alco-
hol dependence (9, 10, 17-22). Grant et al. (18) found that
people who started drinking alcohol earlier were more likely
to develop alcohol dependence in the future, but the risk
of alcohol dependence might decrease if AAI was delayed.
It has also been found that there is a robust association

between AAI and excessive alcohol consumption that is
highly associated with the risk of alcohol dependence, after
adjustment for a wide range of baseline risk factors, drinking
duration, and family history of diabetes (11, 13, 23). In the
present study, although we did not collect information on
alcohol dependence, we found that AAI and drinking dura-
tion played important roles in the development of alcohol-

Table 4. Risk of Type 2 Diabetes Mellitus Among Current Alcohol Drinkers According to Age at Initiation of Alcohol Consumption and Duration

of Alcohol Consumption, China Kadoorie Biobank, 2004-2008

Model 12 Model 2° Model 3°
Variable
HR 95% CI HR 95% ClI HR 95% CI
Total (n = 70,168)
Age at alcohol initiation,
years
<18.1 1.19 1.05, 1.34 1.18 1.05, 1.34 1.18 1.04, 1.33
18.1-29.0 1.00 Reference 1.00 Reference 1.00 Reference
29.1-39.0 0.94 0.84, 1.05 0.94 0.84, 1.05 0.95 0.85, 1.06
>39.0 0.90 0.79, 1.02 0.90 0.79, 1.02 0.91 0.80, 1.03
P for trend <0.001 <0.001 <0.001
Drinking duration, years
<10.1 1.00 Reference 1.00 Reference 1.00 Reference
10.1-20.0 127 1.10, 1.47 1.09 0.94, 1.26 1.08 0.93, 1.25
20.1-30.0 1.38 1.20, 1.59 1.08 0.93, 1.25 1.06 0.92, 1.23
>30.0 1.62 1.40, 1.87 1.22 1.05, 1.43 1.20 1.03, 1.40
P for trend <0.001 0.01 0.03
Men (n = 64,376)
Age at alcohol initiation,
years
<18.1 1.25 1.11, 1.42 1.18 1.05, 1.34 1.17 1.04, 1.33
18.1-29.0 1.00 Reference 1.00 Reference 1.00 Reference
29.1-39.0 0.88 0.78, 0.99 0.95 0.85, 1.07 0.96 0.85, 1.08
>39.0 0.70 0.61, 0.80 0.87 0.76, 1.00 0.88 0.77,1.01
P for trend <0.001 <0.001 0.001
Drinking duration, years
<10.1 1.00 Reference 1.00 Reference 1.00 Reference
10.1-20.0 129 1.01, 1.52 1.08 0.92, 1.27 1.07 0.90, 1.26
20.1-30.0 145 1.24,1.70 112 0.95, 1.31 1.09 0.93, 1.28
>30.0 172 1.46, 2.02 1.26 1.06, 1.49 122 1.03, 1.45
P for trend <0.001 0.01 0.02
Women (n = 5,792)
Age at alcohol initiation,
years
<18.1 142 0.82, 2.46 1.34 0.76, 2.37 1.34 0.76, 2.37
18.1-29.0 1.00 Reference 1.00 Reference 1.00 Reference
29.1-39.0 0.88 0.58, 1.34 0.96 0.63, 1.46 0.95 0.62, 1.45
>39.0 0.87 0.60, 1.25 1.21 0.81, 1.80 1.19 0.80, 1.78
P for trend 0.09 0.76 0.83

Table continues
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Table 4. Continued

Model 12 Model 2° Model 3¢
Variable
HR 95% CI HR 95% CI HR 95% ClI
Drinking duration, years
<10.1 1.00 Reference 1.00 Reference 1.00 Reference
10.1-20.0 1.35 0.94, 1.93 0.99 0.68, 1.45 1.06 0.72, 1.54
20.1-30.0 1.06 0.71, 1.59 0.65 0.42, 1.01 0.65 0.42, 1.01
>30.0 1.44 0.98, 2.15 0.90 0.59, 1.39 0.97 0.63, 1.50
P for trend 0.14 0.30 0.34

Abbreviations: Cl, confidence interval; HR, hazard ratio.
@ Model 1 adjusted for age.

b Model 2 adjusted for age (in years); education (no formal schooling, primary school, middle school, high school, or college/university or
higher); household income (<2,500, 2,500-4,999, 5,000-9,999, 10,000-19,999, 20,000-34,999, or >35,000 Chinese yuan/year); marital status
(married, widowed, divorced/separated, or never married); smoking status (nonsmoker, ex-smoker, current smoker of 1-9 cigarettes/day, current
smoker of 10-19 cigarettes/day, or current smoker of > 19 cigarettes/day); physical activity (in metabolic equivalent of task-hours/day); intake of
red meat, fresh fruits and vegetables, and whole grains (monthly frequency); body mass index (weight (kg)/height (m)?2); family history of type

2 diabetes (presence or absence); and menopausal status (for women).

¢ Model 3 was based on model 2 and further adjusted for ethanol consumption (in g/day).

related problems, especially in finding it hard to stop drink-
ing. Moreover, in our analysis, daily alcohol consumption in
participants with AAI <18.1 years was nearly 20 g higher
than that in participants with AAI >39.0 years. Previous
studies found a similar association of AAI and drinking
duration with ethanol consumption (10, 17, 18, 20).

Previous studies found that moderate alcohol consump-
tion was associated with decreased risk of type 2 diabetes.
In the EPIC-InterAct Study (based on the European Prospec-
tive Investigation Into Cancer and Nutrition (EPIC) cohort),
Huang et al. (24) found that moderate alcohol consumption
was related to a lower risk of diabetes in women but not
in men. Similarly, Rasouli et al. (25) reported that modest
alcohol consumption was associated with lower diabetes risk
in middle-aged and elderly Chinese men. Among Chinese in
Taiwan, Lai et al. (26) observed that participants with social
alcohol consumption had a reduced risk of incident diabetes
compared with abstainers. In our study, participants with a
late AAI or a short drinking duration, who were more likely
to drink moderately, had lower hazard ratios for type 2 dia-
betes than abstainers. Although some research implied that
the association between AAI or drinking duration and type 2
diabetes might be due to level of pure ethanol consumption,
the model we used adjusted for daily ethanol consumption,
so we did our utmost to control for the impact of ethanol
consumption. Additional studies to explore the biological
pathway should be encouraged.

In previous studies, it was reported that excessive alcohol
consumption, which might be caused by early AAI or a long
drinking duration, led to type 2 diabetes (5, 26-28). Research
identified excessive alcohol consumption as the one of key
risk behaviors for type 2 diabetes in Americans, especially
women (28). Recently, a Mendelian randomization analysis
showed that excessive alcohol consumption was more likely
to be causally associated with increased diabetes risk and

Am J Epidemiol. 2020;189(12):1478-1491

worsened related traits among Chinese men (3). However,
we did not observe an association between early AAI or
long drinking duration with increased type 2 diabetes risk
in comparison with abstention. In our study, the reference
group was abstainers, defined as persons who had never
consumed alcohol during the previous 12 months at base-
line and not drunk weekly in the past. But it was hard to
distinguish “real” abstainers from persons who had stopped
drinking but consumed alcohol occasionally in their younger
years. In addition, some abstainers might be likely to not
consume alcohol because of poor health. Thus, the risk of
type 2 diabetes may have been increased at baseline among
abstainers.

In addition, the association of AAI and drinking duration
with type 2 diabetes was attenuated after adjustment for
daily alcohol consumption in persons with different patterns
of alcohol drinking. It was likely that the association of
AAI and drinking duration with type 2 diabetes was partly
due to amount of ethanol consumption in our study. In
addition, we did not observe any interaction association for
different patterns of alcohol drinking. The result implied
that AAI <18.1 years would diminish the positive effect
of moderate alcohol consumption, regardless of pattern of
alcohol drinking.

Moreover, previous research found that current smoking,
high BMI, and hypertension were important risk factors for
type 2 diabetes (5, 29, 30). Although we did not find any
interaction association in our study, current drinkers with an
early AAI or a long drinking duration should be encouraged
to reduce their BMI, control high blood pressure, and give
up smoking in order to decrease their risk of type 2 diabetes.

An association of AAI and drinking duration with type
2 diabetes is biologically plausible. Moderate drinking has
been found to be associated with a lower plasma level of
fetuin-A, while fetuin-A and fasting insulin level explain
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Figure 1. Risk of incident type 2 diabetes mellitus among current
alcohol drinkers according to age at initiation of alcohol consumption,
China Kadoorie Biobank, 2004-2008. A) All participants; B) men;
C) women. The solid lines show multivariable-adjusted hazard ratios,
and the dashed lines indicate 95% confidence intervals derived
from a restricted cubic spline regression. Hazard ratios and 95%
confidence intervals are shown on the natural log scale. Participants
with exposures between the first and 99th percentiles were included.
Age (in days) was the underlying time axis. The models adjusted for
age; education; marital status; household income; tobacco smoking;
alcohol consumption; physical activity; intakes of red meat, fresh
fruits and vegetables, and whole grains; body mass index; family
history of diabetes; and menopausal status (for women).
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Figure 2. Risk of incident type 2 diabetes mellitus among cur-
rent alcohol drinkers according to duration of alcohol consumption,
China Kadoorie Biobank, 2004-2008. A) All participants; B) men;
C) women. The solid lines show multivariable-adjusted hazard ratios,
and the dashed lines indicate 95% confidence intervals derived
from a restricted cubic spline regression. Hazard ratios and 95%
confidence intervals are shown on the natural log scale. Participants
with exposures between the first and 99th percentiles were included.
Age (in days) was the underlying time axis. The models adjusted for
age; education; marital status; household income; tobacco smoking;
alcohol consumption; physical activity; intakes of red meat, fresh
fruits and vegetables, and whole grains; body mass index; family
history of diabetes; and menopausal status (for women).
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a significant proportion of the association between alcohol
consumption and type 2 diabetes (24). However, an ani-
mal study showed that chronic alcohol consumption could
induce heart deformation, a slower heart rate, and damaged
or incomplete blood vessels (31). At the same time, alcohol
consumption may increase blood pressure, which is one of
the main risk factors for type 2 diabetes (29). Moreover,
alcohol consumption is associated with insulin sensitivity.
In a recent meta-analysis, Schrieks et al. (32) estimated that
light-to-moderate alcohol consumption did not influence
insulin sensitivity. In a South Korean study, Lee et al. (4)
found that heavy alcohol consumption could reduce insulin
sensitivity and damage pancreatic B-cell function.

To the best of our knowledge, our study is the largest
prospective study by far to have estimated the association
of AAI and drinking duration, independently of amount of
ethanol consumption and frequency of drinking, with the
risk of incident type 2 diabetes that could be prevented
through delaying AALI. For the first time, our study provided
evidence for a joint harmful association of AAI, drink-
ing duration, ethanol consumption, and drinking frequency
with the risk of incident type 2 diabetes in a nationally
representative general Chinese population. The prospective
study design, the geographically widespread study popula-
tion (across both urban and rural China), and the reasonable
control for potentially confounding factors make our results
more credible. We also excluded participants with major
chronic diseases at baseline and distinguished former drink-
ing from abstention in order to avoid reverse causality bias.

Some limitations need to be mentioned. First, our mea-
sures of AAI and drinking duration relied on quantitative
self-report data and were not validated by actual measure-
ment. Psychological factors may lead participants to report
AAI falsely. However, it is a challenge for most epidemio-
logic researchers to obtain a valid and reliable estimate of
AAI Second, data on AAI and drinking duration were only
collected in weekly drinkers. We could not exclude persons
who started drinking early but occasionally. This could have
led to increased risk of type 2 diabetes at baseline among
abstainers. Third, information on other factors related to
drinking pattern was also self-reported and was collected
only once, at baseline. In actuality, factors related to drink-
ing patterns would change over time. Our study could not
disentangle the causal effects of different aspects of alcohol
consumption patterns on type 2 diabetes risk owing to the
lack of longitudinal data. Fourth, we could not observe
alcohol dependence directly in our study, so we estimated
the association of AAI and drinking duration with symptoms
related to alcohol dependence—a measurement which was
indirect. Fifth, alcohol consumption may be correlated with
a preference for eating certain foods or drinking other bever-
ages which are highly associated with type 2 diabetes, but we
did not collect information on diet or adjust for those factors
in our analyses. It is possible that there was residual con-
founding in our study. Sixth, despite the large sample size,
few women were current drinkers or smokers in the CKB
cohort, which caused wide confidence intervals for the asso-
ciation estimates and inconclusive results for women. The
number of cases may have been too low to obtain reliable
estimates for the joint association. In addition, identification

Am J Epidemiol. 2020;189(12):1478-1491

of type 2 diabetes cases in the CKB cohort relied on the Chi-
nese health insurance system; some cases of asymptomatic
disease might have been undiagnosed.

In conclusion, we found a decreased risk of type 2 diabetes
associated with late AAI and short drinking duration in a
large prospective cohort study of Chinese adults, but early
AAI and long drinking duration did not decrease the risk of
type 2 diabetes. People should be advised to postpone AAI
and reduce drinking duration to decrease the risk of type 2
diabetes. Future studies should strive to elucidate whether
AAI and drinking duration have the potential to increase the
risk of type 2 diabetes through chronic alcohol consumption
or other biological mechanisms.

ACKNOWLEDGMENTS

Author affiliations: Department of Epidemiology and
Biostatistics, School of Public Health, Peking University,
Beijing, China (Haoxin Li, Jun Lv, Canqging Yu, Junning
Fan, Tao Huang, Liming Li); Peking University Health
Science Center, Beijing, China (Haoxin Li, Jun Lv,
Canging Yu, Junning Fan, Tao Huang, Liming Li); Chinese
Academy of Medical Sciences, Beijing, China (Yu Guo,
Zheng Bian); MRC Population Health Research Unit at the
University of Oxford, Oxford, United Kingdom (Ling
Yang, Yiping Chen, Huaidong Du); Clinical Trial Service
Unit and Epidemiological Studies Unit, Nuffield
Department of Population Health, Medical Sciences
Division, University of Oxford, Oxford, United Kingdom
(Ling Yang, Yiping Chen, Huaidong Du, Zhengming
Chen); China National Center for Food Safety Risk
Assessment, Beijing, China (Junshi Chen); NCDs
Prevention and Control Department, Liuyang Center for
Disease Control, Liuyang, China (Huajun Long);
Prevention and Control Department, Shinan Center for
Disease Control, Shinan, China (Zengzhi Zhang); Key
Laboratory of Molecular Cardiovascular Sciences (Peking
University), Ministry of Education, Beijing, China (Jun
Lv); and Peking University Institute of Environmental
Medicine, Peking University, Beijing, China (Jun Lv).

This work was funded by the National Key R&D
Programmes of China (grants 2016 YFC0900500,
2016YFC0900501, and 2016 YFC0900504), the Kadoorie
Charitable Foundation (Hong Kong, China), the Wellcome
Trust (grants 202922/Z/16/Z, 088158/Z/09/Z, and
104085/7Z/14/Z), the National Natural Science Foundation
of China (grants 81390540, 81390544, and 81390541), and
the Chinese Ministry of Science and Technology (grant
2011BAI09BO1).

We thank the study participants, members of the survey
teams at each of the 10 regional study centers, and staff at
the Chinese National Center for Disease Control and
Prevention and its regional offices for assisting with the
fieldwork (details are provided in the Web Appendix). We
specifically thank Dr. Judith Mackay at Hong Kong
University (Hong Kong, China); Yu Wang, Gonghuan
Yang, Zhengfu Qiang, Lin Feng, Maigeng Zhou, Wenhua
Zhao, and Yan Zhang at the Chinese National Center for



1490 Lietal.

Disease Control and Prevention (Beijing, China); Lingzhi
Kong, Xiucheng Yu, and Kun Li at the Chinese Ministry of
Health (Beijing, China); and Drs. Sarah Clark, Martin
Radley, Mike Hill, Hongchao Pan, and Jill Boreham at the
Clinical Trial Service Unit, University of Oxford (Oxford,
United Kingdom), for assisting with the design, planning,
organization, and conduct of the study.

The funders played no role in the study design, data
collection, data analysis and interpretation, the writing of
the report, or the decision to submit the article for
publication.

Conflict of interest: none declared.

REFERENCES

1. World Health Organization. Noncommunicable Diseases
Progress Monitor 2017. Geneva, Switzerland: World Health
Organization; 2017.

2. World Health Organization. Global Status Report on Alcohol
and Health 2014. Geneva, Switzerland: World Health
Organization; 2014.

3. Peng M, Zhang J, Zeng T, et al. Alcohol consumption and
diabetes risk in a Chinese population: a Mendelian
randomization analysis. Addiction. 2019;114(3):436—449.

4. Lee DY, Yoo MG, Kim HJ, et al. Association between
alcohol consumption pattern and the incidence risk of type 2
diabetes in Korean men: a 12-years follow-up study. Sci Rep.
2017;7:Article 7322.

5. Beulens JW, van der Schouw YT, Bergmann MM, et al.
Alcohol consumption and risk of type 2 diabetes in European
men and women: influence of beverage type and body size.
The EPIC-InterAct Study. J Intern Med. 2012;272(4):
358-370.

6. Choi MR, Kwak SM, Bang SH, et al. Chronic saponin
treatment attenuates damage to the pancreas in chronic
alcohol-treated diabetic rats. J Ginseng Res. 2017;41(4):
503-512.

7. Kim JY, Lee DY, Lee YJ, et al. Chronic alcohol consumption
potentiates the development of diabetes through pancreatic
B-cell dysfunction. World J Biol Chem. 2015;6(1):1-15.

8. Lee SS, Hong OK, Ju A, et al. Chronic alcohol consumption
results in greater damage to the pancreas than to the liver
in the rats. Korean J Physiol Pharmacol. 2015;19(4):
309-318.

9. Hingson RW, Zha W. Age of drinking onset, alcohol use
disorders, frequent heavy drinking, and unintentionally
injuring oneself and others after drinking. Pediatrics. 2009;
123(6):1477-1484.

10. Grant JD, Scherrer JF, Lynskey MT, et al. Adolescent alcohol
use is a risk factor for adult alcohol and drug dependence:
evidence from a twin design. Psychol Med. 2006;36(1):
109-118.

11. Dawson DA, Goldstein RB, Chou SP, et al. Age at first drink
and the first incidence of adult-onset DSM-IV alcohol use
disorders. Alcohol Clin Exp Res. 2008;32(12):2149-2160.

12. Quintana DS, McGregor IS, Guastella AJ, et al. A
meta-analysis on the impact of alcohol dependence on
short-term resting-state heart rate variability: implications for
cardiovascular risk. Alcohol Clin Exp Res. 2013;37(suppl 1):
E23-E29.

13. Agrawal A, Sartor CE, Lynskey MT, et al. Evidence for an
interaction between age at first drink and genetic influences

14.

15.

17.

18.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

on DSM-1V alcohol dependence symptoms. Alcohol Clin Exp
Res. 2009;33(12):2047-2056.

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

Shen Q, Yu C, Guo Y, et al. Habitual tea consumption and
risk of fracture in 0.5 million Chinese adults: a prospective
cohort study. Nutrients. 2018;10(11): Article 1633.

. Morean ME, L’Insalata A, Butler ER, et al. Age at drinking

onset, age at first intoxication, and delay to first intoxication:
assessing the concurrent validity of measures of drinking
initiation with alcohol use and related problems. Addict
Behav. 2018;79:195-200.

Grant BF, Dawson DA. Age of onset of drug use and its
association with DSM-IV drug abuse and dependence: results
from the National Longitudinal Alcohol Epidemiologic
Survey. J Subst Abuse. 1998;10(2):163-173.

Grant BF, Stinson FS, Harford TC. Age at onset of alcohol
use and DSM-IV alcohol abuse and dependence: a 12-year
follow-up. J Subst Abuse. 2001;13(4):493-504.

. Hingson RW, Heeren T, Winter MR. Age at drinking onset

and alcohol dependence: age at onset, duration, and severity.
Arch Pediatr Adolesc Med. 2006;160(7):739-746.

Warner LA, White HR. Longitudinal effects of age at onset
and first drinking situations on problem drinking. Subst Use
Misuse. 2003;38(14):1983-2016.

Maimaris W, McCambridge J. Age of first drinking and adult
alcohol problems: systematic review of prospective cohort
studies. J Epidemiol Community Health. 2014;68(3):
268-274.

Wadolowski M, Hutchinson D, Bruno R, et al. Early
adolescent alcohol use: are sipping and drinking distinct?
Alcohol Clin Exp Res. 2015;39(9):1805-1813.

York JL, Welte J, Hirsch J, et al. Association of age at first
drink with current alcohol drinking variables in a national
general population sample. Alcohol Clin Exp Res. 2004;
28(9):1379-1387.

Huang C, Zhan J, Liu Y]J, et al. Association between alcohol
consumption and risk of cardiovascular disease and all-cause
mortality in patients with hypertension: a meta-analysis of
prospective cohort studies. Mayo Clin Proc. 2014;89(9):
1201-1210.

Rasouli B, Ahlbom A, Andersson T, et al. Alcohol
consumption is associated with reduced risk of type 2
diabetes and autoimmune diabetes in adults: results from the
Nord-Trgndelag Health Study. Diabet Med. 2013;30(1):
56-64.

Lai YJ, Hu HY, Lee YL, et al. Frequency of alcohol
consumption and risk of type 2 diabetes mellitus: a
nationwide cohort study. Clin Nutr. 2019;38(3):1368—-1372.
Holst C, Becker U, Anders Jgrgensen ME, et al. Alcohol
drinking patterns and risk of diabetes: a cohort study of
70,551 men and women from the general Danish population.
Diabetologia. 2017;60(10):1941-1950.

Kerr WC, Williams E, Li L, et al. Alcohol use patterns and
risk of diabetes onset in the 1979 National Longitudinal
Survey of Youth cohort. Prev Med. 2018;109:22-27.

Snow WM, Murray R, Ekuma O, et al. Alcohol use and
cardiovascular health outcomes: a comparison across age and
gender in the Winnipeg Health and Drinking Survey cohort.
Age Ageing. 2009;38(2):206-212.

Liu X, Bragg F, Yang L, et al. Smoking and smoking
cessation in relation to risk of diabetes in Chinese men and
women: a 9-year prospective study of 0.5 million people.
Lancet Public Health. 2018;3(4):e167—176.

Am J Epidemiol. 2020;189(12):1478-1491



Age at Alcohol Initiation and Type 2 Diabetes 1491

31. Li X, Gao A, Wang Y, et al. Alcohol exposure leads to 32. Schrieks IC, Heil AL, Hendriks HF]J, et al. The effect of
unrecoverable cardiovascular defects along with edema and alcohol consumption on insulin sensitivity and glycemic
motor function changes in developing zebrafish larvae. Biol status: a systematic review and meta-analysis of intervention
Open. 2016;5(8):1128-1133. studies. Diabetes Care. 2014;38(4):723-732.

Am J Epidemiol. 2020;189(12):1478-1491



	The Association Between Age at Initiation of Alcohol Consumption and Type 2 Diabetes Mellitus: A Cohort Study of 0.5 Million Persons in China 
	METHODS
	Study population
	Assessment of alcohol consumption
	Assessment of other covariates
	Ascertainment of type 2 diabetes
	Statistical analysis
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS 



