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ABSTRACT
Objectives  To estimate the age patterns and cohort 
trends in heavy drinking among Chinese men from 1993 
to 2011 and to project the future burden of heavy drinking 
through 2027.
Design  We constructed a Markov cohort model that 
simulates age-specific heavy drinking behaviours for a 
series of cohorts of Chinese men born between 1922 and 
1993 and fitted the model to longitudinal data on drinking 
patterns (1993–2015). We projected male prevalence of 
heavy drinking from 2015 through 2027 with and without 
modification of heavy drinking behaviours.
Participants  A cohort of Chinese men who were born 
between 1922 and 1993.
Main outcome measures  Outcomes included age-
specific and birth cohort-specific rates of initiating, quitting 
and reinitiating heavy drinking from 1993 through 2011, 
projected prevalence of heavy drinking from 2015 to 2027, 
and total reduction in prevalence and total averted deaths 
with hypothetical elimination of heavy drinking behaviours.
Results  Across multiple birth cohorts, middle-aged 
Chinese men have consistently higher risks of starting and 
resuming heavy drinking and lower probabilities of quitting 
their current heavy drinking than men in other age groups. 
From 1993 to 2011, the risk of starting or resuming heavy 
drinking continued to decrease over generations. Our 
model projected that the prevalence of heavy drinking 
among Chinese men will decrease by 33% (95% CI 11.5% 
to 54.6%) between 2015 and the end of 2027. Complete 
elimination of or acceptance of a change in heavy drinking 
behaviours among Chinese men could accelerate this 
decrease by 12 percentage points (95% CI 7.8 to 18.2) and 
avert 377 000 deaths (95% CI 228 000 to 577 000) in total 
from 2015 to 2027.
Conclusion  Heavy drinking prevalence will continue to 
decrease through 2027 if current age-specific and birth 
cohort-specific patterns of starting, quitting and resuming 
heavy drinking continue. Effective mitigation policy 
should consider age-specific patterns in heavy drinking 
behaviours to further reduce the burden of heavy drinking.

INTRODUCTION
Drinking alcohol is a prevalent health 
risk behaviour, with 1.5 billion men and 
0.9 billion women current drinkers in the 
world.1 Alcohol use causes substantial health 
loss globally and was the seventh leading 
risk factor for morbidity and mortality, 

accounting for 5.3% of all deaths and 5.1% 
of all disability-adjusted life years globally 
in 2016.1 Over 200 diseases and injuries are 
caused by or associated with alcohol use. 
Acute injuries such as self-harm and trans-
portation injuries and chronic diseases such 
as cancers and cardiovascular diseases are the 
main causes of alcohol-related burden among 
those aged 15–49 years and those older than 
50 years, respectively.1 Drinking patterns 
vary depending on the volume of alcohol 
consumed per drinking occasion and the 
frequency of drinking. Moderate drinking 
is defined as drinking 1–2 drinks per day, 
whereas heavy drinking indicates excessive 
drinking patterns of more than 8–15 drinks 
per week. Alcohol use disorder is the chronic 
condition characterised by uncontrolled 
drinking.2

The WHO’s global status report on alcohol 
use and health indicated different temporal 
trends in drinking alcohol across countries.3 
In the European region, where drinking 
alcohol is more prevalent compared with 
other countries, the prevalence of drinking 
has decreased by 14.5% between 2000 and 
2016, whereas in the Western Pacific region 
the prevalence has increased by 2.3% over the 

Strengths and limitations of this study

►► This is the first study to investigate age-specific and 
birth cohort-specific drivers of changes in heavy 
drinking prevalence among Chinese men using a 
mathematical model.

►► The constructed model has a potential to improve 
prediction of alcohol-related disease burden and to 
optimise potential interventions.

►► This study validated its simulation model against 
two national surveys in China, assuming their con-
sistent sampling procedures and unbiased reporting 
of drinking behaviours.

►► The interpretation of our future projections of heavy 
drinking prevalence is limited to what is predicted 
to happen without additional interventions in the 
future.
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same period. According to the report, China is leading 
the observed increase in drinking alcohol in the Western 
Pacific region.

In China, rapid economic and social development since 
the late 1970s has led to a dramatic change in alcohol 
production and consumption over time. Between 2004 
and 2012, national production of alcohol has increased 
by 8.5 million tons.4 Per capita alcohol consumption in 
China has increased more than in any other low-income 
or middle-income country (from 2.5 L in 1978 to 6.7 L 
in 2010).5 There has been a parallel increase in the prev-
alence of alcohol use disorder (from 0.46% in the mid-
1980s to 3.43% in the mid-1990s in Chongqing, Sichuan 
Province).6 A small number of prior studies analysed 
temporal trends in alcohol consumption in the general 
population of China. One study reported that the prev-
alence of current drinkers has increased between 2002 
and 2005, whereas a longitudinal study that traced the 
change in drinking behaviours at the individual level 
found decreasing prevalence of drinkers who drink at 
least weekly in 2013–2014 compared with 2004–2008.7 8 
Only one study examined the temporal trends of drinking 
over more than two data points (1993–2006), but did not 
include the most recent surveys in 2011 and 2015.9 To 
our knowledge, no study on trends in harmful drinking 
behaviours such as heavy drinking in the general popula-
tion of China exists.

Drinking patterns vary by sociodemographic groups in 
China. According to the cross-sectional study on chronic 
disease and risk factor surveillance in 2007, male sex 
and higher education level were associated with higher 
drinking prevalence, compared with female sex and 
lower level of education.10 In the study, the prevalence 
of drinking increased by age, being at the highest level 
in individuals in the mid-30s to 50s. The study’s approach 
to understand age patterns in cross-sectional data does 
not separate age patterns and cohort-specific trends in 
observed drinking behaviour over time. For example, 
China’s increasing prevalence of heavy drinking by age 
in cross-sectional data may actually reflect birth cohort 
trends.

The increasing burden of alcohol-related harms 
and an ageing population at higher risk of alcohol-
related chronic diseases have motivated calls to action 
in China.11 Appropriately addressing these challenges 
requires an examination of age-specific and birth cohort-
specific drivers of changes in heavy drinking prevalence 
in order to make accurate predictions of alcohol-related 
disease burden and to consider how best to target poten-
tial interventions. Therefore, we estimated age patterns 
in heavy drinking behaviours and their trends across 
birth cohorts among men in China, projecting their 
implied trends in terms of future prevalence of heavy 
drinking through 2027. We gauged the importance of 
these trends by quantifying the potential health benefit 
of changing heavy drinking behaviours in different age 
groups.

METHODS
Analysis overview
We constructed a Markov model that simulates change 
in drinking behaviour and heavy drinking-related deaths 
over time among men in each birth cohort. Using empir-
ical calibration, we determined probabilities of heavy 
drinking behaviour that generate age-specific prevalence 
estimates consistent with the observed birth cohort-
specific age trends in drinking from 1993 to 2011.12 13 We 
validated our calibration and extrapolation methods by 
comparing the model’s prediction on the prevalence of 
heavy drinking in 2015 with the prevalence observed in 
2015 in China. We then projected future heavy drinking 
prevalence in China through 2027 and estimated the 
maximum possible benefits of changing drinking 
behaviour in different age group-specific subpopulations 
from 2015 through 2027.

Patient and public involvement
By nature of the design of this study, which draws on 
secondary data collected as part of two large survey 
programmes and made available for academic research, 
patients and the public were not directly involved.

Data sources
Prevalence of drinking behaviours
We used two national surveys: the China Health and 
Nutrition Survey (CHNS) and the China Health and 
Retirement Longitudinal Survey (CHARLS). In total, 
we used data from nine waves of CHNS (1993–2015) 
and two waves of CHARLS (2011, 2015) every 3–4 years 
to establish our calibration and validation targets. Our 
study focused on heavy drinking behaviour among men. 
The details of data management to harmonise the two 
data sets are provided in online supplemental appendix 
1.

Briefly, CHNS is a household panel survey that has 
monitored the socioeconomic and health changes of the 
general population every 3–4 years.14 CHARLS surveys 
a nationally representative sample of Chinese residents 
aged 45 or older on their sociodemographics, family 
structure, health status and healthcare utilisations every 
other year since 2011.15 We compared sample regions and 
survey populations of the two data sets in online supple-
mental appendix 1.

Both surveys asked respondents about their drinking 
frequency and quantity as well as the types of alcohol 
consumed in the year before the survey. Among those 
aged 15 and above, CHNS recorded individuals’ total 
amount of alcohol intake per week for each type of drink 
(beer, grape and red wine, spirits), whereas CHARLS 
documented both drinking amount per occasion and 
frequency. In addition to current drinking behaviour, 
CHARLS respondents were asked about their history of 
drinking (have never drank more than once a month, 
used to drink more than once a month but currently do 
not drink more than once a month).

https://dx.doi.org/10.1136/bmjopen-2020-043261
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Mortality and excess mortality due to heavy drinking
In the model, current heavy drinkers have higher all-cause 
mortality than non-heavy drinkers. We first obtained age-
specific and sex-specific overall all-cause mortality for 
China from the United Nations (UN) World Population 
Prospects.16 We then estimated excess mortality due to 
heavy drinking from the US National Health and Nutri-
tion Examination Survey III follow-up study (1984–1993) 
using Cox proportional hazard model because there are 
no sufficient Chinese-specific data.17 18 We assumed that 
the overall all-cause mortality is the weighted average of 
all-cause mortality among non-heavy drinkers and all-
cause mortality among heavy drinkers with heavy drinking 
prevalence in China as a weight. Based on this assumption, 
we decomposed the observed overall all-cause mortality 
in China to all-cause mortalities by heavy drinking status. 
We described the HR estimation and mortality decompo-
sition in online supplemental appendix 2.

Calibration
Model structure
We constructed a Markov cohort model with four states: 
(1) current heavy drinker, (2) never heavy drinker, (3) 
former heavy drinker and (4) dead. Heavy drinking 
was defined as drinking an equivalent of ≥210 g of pure 
alcohol per week.2 Never heavy drinkers are those who 
never have had any experience of heavy drinking before. 
Former heavy drinkers are those who currently do not 
drink heavily but have previously done so. Transitions 
from one state to another can occur annually in the 
model. Everyone enters the model at age 0 as never heavy 
drinkers and faces the risk of initiating heavy drinking 
from the age of 16 years onwards. Heavy drinkers have 
a chance of stopping their heavy drinking and becoming 
former heavy drinkers. Former drinkers can resume 
heavy drinking at different rates than the rates of initi-
ating heavy drinking among never heavy drinkers. 
Mortality rates depend on age and heavy drinking status. 
We assumed that all transition probabilities can vary over 
time at age-specific and birth-cohort specific rates.

Model parameterisation
Calibration identified age-specific and birth cohort-
specific probabilities of initiating or resuming heavy 
drinking and probabilities of quitting heavy drinking that 
could generate drinking prevalence consistent with the 
observed prevalence among Chinese men (calibration 
targets). Instead of directly estimating these probabilities, 
we estimated parameters that determine the age patterns 
in these probabilities.

We first identified age patterns in starting, quitting 
and resuming probabilities by implementing calibra-
tion where age-specific parameters were calibrated 
independently and the risks of initiating and resuming 
heavy drinking were assumed to be the same (online 
supplemental appendix 3). We then used four shape 
parameters to implement the identified age patterns: 
the age where a change in the direction of curve occurs, 

and the probabilities at age 16 and 90, and the age at 
the inflection point. We also added a set of parameters 
to implement age patterns in the rate ratio of starting 
heavy drinking between former and never heavy drinkers 
(‘alpha’). In total, we calibrated 11 parameters in each 
birth cohort. Further details on how shape parameters 
form age patterns in model parameters are described in 
online supplemental appendix 4.

Definition of prior distribution
We employed uniform distributions as a prior distribution 
on the shape parameters. The search range for the prob-
abilities ranged from 0 to the maximum of those identi-
fied in estimating age patterns in the first step (online 
supplemental appendix 3). The hazard rate ratio of initi-
ating heavy drinking was bounded between 1 and 10. We 
sampled the age at the inflection point between ages 20 
and 50. Prior distributions on the shape parameters are 
summarised in online supplemental appendix 4.

Calibration target data and data likelihood
We employed two sets of calibration targets: (1) age-
specific and birth cohort-specific prevalence of heavy 
drinkers over 18 years (1993–2011) from CHNS and 
CHARLS; and (2) prevalence of never heavy drinkers 
and former heavy drinkers in 2011 from CHARLS. We 
included birth cohorts who were born between 1922 and 
1993.

For our first set of calibration targets, we constructed 
longitudinal observations of heavy drinking prevalence 
in each birth cohort from 1993 to 2011 (figure 1A). We 
combined the estimates in 2006 and 2009 from CHNS to 
follow up prevalence in a 4-year interval the estimates in 
2011 when both CHNS and CHARLS are available (online 
supplemental appendix 1). In order to smooth the fluc-
tuations in our birth cohort-specific targets, we fit polyno-
mial curves to them (online supplemental appendix 5).

For our second set of calibration targets, we estimated 
the prevalence of never heavy drinkers and former heavy 
drinkers in 2011 from CHARLS. We counted those who 
have never drank more than once a month and those 
who currently drink less than once a month but used 
to drink more than once a month in the past as never 
heavy drinkers and former heavy drinkers, respectively. 
Because drinking history data are available only for indi-
viduals aged 45 years and older, we imputed these cali-
bration targets in birth cohorts younger than 45 years in 
2011. We applied the proportion of never (former) heavy 
drinkers among non-heavy (never and former) drinkers 
in the reference birth cohort 1962–1965 (equivalent to 
48–51 in 2011) to the prevalence of non-heavy drinkers 
in other birth cohorts whose drinking history data are not 
missing. Our imputation method is described in online 
supplemental appendix 6.

The likelihood of the observed data, given the model 
outcomes, was taken to be beta-distributed and centred 
on the model outcomes. By assuming that the likelihood 
of prevalence is independent across ages and different 
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targets, we calculated overall likelihood of target data 
given a sampled parameter set by multiplying individual 
likelihoods.

Sampling from posterior distribution
In order to approximate the joint posterior distribution, 
we implemented sampling-importance resampling (SIR) 
in Python.12 13 19 After drawing 500 000 sets of parame-
ters from the prior distributions and then calculating 
the likelihood of the target data given sampled parame-
ters,we resampled parameters with replacement using the 
normalised likelihood as a sampling weight. We described 
further details of our SIR calibration in online supple-
mental appendix 7.

Predictive validity
We validated our calibration results and method for 
extrapolating them to future projections by comparing 
the model’s projections of the age-specific prevalence of 
current, never and former heavy drinkers in 2015 against 
the observed prevalence in 2015. We fit an exponential 
function to the historical time trend in the calibrated age-
specific rates of initiating, resuming and quitting heavy 
drinking between 1993 and 2011 and used the function 
to extrapolate the birth cohort’s rates after 2011. The 
extrapolated rates were transformed back to probabili-
ties before employing them in the model (online supple-
mental appendix 8).

Future projections
We projected overall and age-specific prevalence of heavy 
drinking through 2027. We extrapolated the rates of 
heavy drinking using the same method as in the validation 
step. In the simulations, we used the UN’s projections of 
future mortality rates.16 Once completing simulation of 
prevalence in each birth cohort, we calculated overall 
prevalence of heavy drinking by weighting the modelled 

age-specific prevalence by the size of the age group 
projected by the UN’s World Population Prospects.16

Potential benefits of changing heavy drinking behaviours in 
age-specific subpopulations
To estimate the maximum potential benefits of miti-
gating heavy drinking, we made counterfactual projec-
tions where we drastically changed the heavy drinking 
behaviours including initiating, resuming or quitting 
heavy drinking for individuals in broad age categories 
(16–35 years; 36–55 years; or 56 years or older) from 2015 
through 2027. For example, under one such hypothetical 
scenario, current or former heavy drinkers aged 36–55 
years in any year between 2015 and 2027 will not start or 
resume heavy drinking. Another hypothetical scenario 
would involve all current heavy drinkers in a given age 
range immediately quitting heavy drinking. For each 
heavy drinking behaviour and age group, we computed 
changes in the projected prevalence of heavy drinking 
and the number of deaths from 2015 through 2027.

RESULTS
Age patterns and birth cohort trends in the observed 
prevalence of heavy drinking
Between 1993 and 2011, for most birth cohorts of Chinese 
men observed in their 30s–50s, the prevalence declined 
in later calendar years (figure  1A). This led to the age 
of peak prevalence being at earlier ages for the more 
recent birth cohorts (eg, born in 1966–1969) relative to 
older birth cohorts (eg, born in 1942–1945). At similar 
ages, younger birth cohorts had lower prevalence in their 
20s–40s than older birth cohorts; this pattern was oppo-
site for birth cohorts observed in their 50s–60s.

For birth cohorts who were born before 1965 (ie, aged 
48 years and older in 2011) in CHARLS, the prevalence 
of never heavy drinkers and former heavy drinkers was 

Figure 1  Age-specific and birth cohort-specific prevalence of (A) heavy drinking from 1993 to 2011, (B) never heavy drinkers in 
2011 and (C) former heavy drinkers in 2011.
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approximately 40% and 50%, respectively (figure 1B,C). 
Across the age groups, there was no statistically significant 
difference. The extrapolated prevalence of never heavy 
drinkers and former heavy drinkers among men younger 
than 48 years monotonically decreased and increased by 
age, respectively.

Calibration and validation
By calibrating age-speficic and birth cohort-specific 
probabilities of initiating and quitting heavy drinking, 
we reproduced the prevalence of heavy drinkers, never 
heavy drinkers and former heavy drinkers consistent with 
the observed prevalence in the past 18 years for all birth 
cohorts (figure  2). The calibrated models and extrapo-
lated model parameters validated well in comparison with 
the observed prevalence of current, never and former 
heavy drinkers in 2015 (figure 3).

Age patterns and temporal trend in calibrated drinking 
probabilities
The probability of initiating heavy drinking rose up to 
ages 32–56 and fell afterwards within each of the birth 
cohorts (figure  4). The age with the highest risk of 
initiating heavy drinking varied by birth cohorts. For 
example, the risk was highest at the age of 28–31 years 
in the 1962–1965 birth cohort, whereas the 1974–1977 

birth cohort had its peak at the age of 24–27 years. The 
probability of quitting heavy drinking was lowest in that 
age group and had more birth cohort variation than in 
initiating probabilities. The probabilities of resuming had 
similar age patterns with those who had probabilities of 
initiating heavy drinking. We presented the uncertainty 
in the estimated probabilities of heavy drinking in online 
supplemental appendix 9.

In general, all age groups had decreasing probabili-
ties of starting and resuming heavy drinking from 1993 
through 2011, especially among men younger than 28 
years old (figure 5A,B). This trend resulted in a projected 
decline in the probabilities of starting and resuming 
heavy drinking in the future. The probabilities of quitting 
heavy drinking among middle-aged men (32–35 years) 
increased over this period (figure  5C). Future trend in 
quitting heavy drinking probabilities varied by age.

Future projection
Our model projected that the overall prevalence of 
heavy drinking among men will continue to decrease 
through 2027 (figure  6A). Historically, heavy drinking 
prevalence increased from 1993 through 2000 and 
started to decrease through 2015. From 2015 when the 
model assumed continuation of past trends in starting, 

Figure 2  Calibration fit to the observed prevalence of (A) heavy drinking from 1993 to 2011 by birth cohort, (B) never heavy 
drinkers in 2011 and (C) former heavy drinkers in 2011.
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quitting and resuming heavy drinking, the prevalence 
was projected to decrease by 33% through 2027 (from 
5.8% to 3.8%). Uncertainty in the projected prevalence 
in 2027 ranged from 2.9% to 5.0%, implying a high like-
lihood of decline but a wide uncertainty range over the 
magnitude of decline. Uncertainty in the future projec-
tion carried out both uncertainty in estimates of heavy 

drinking prevalence in the past due to limited sample size 
and uncertainty in the extrapolated trends among them.

Given birth cohort trends in age-specific probabilities 
of initiating, resuming and quitting heavy drinking, the 
model predicted different time trends in age-specific 
prevalence (figure 6B). The prevalence of heavy drinking 
is expected to decrease in all age groups except for the 

Figure 3  Validation fit to the observed prevalence of (A) heavy drinking, (B) never heavy drinkers and (C) former heavy drinkers 
in 2015.

Figure 4  Age patterns in the calibrated probabilities of three heavy drinking behaviours; initiating, resuming and quitting heavy 
drinking.
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16–19 years old group. The decline was smallest in the 
oldest ages (18%) and largest in the 20–23 years old 
group (67%).

Reduced burden of heavy drinking due to hypothetical 
changes in the risks of heavy drinking in age-specific 
subpopulations
Mitigating heavy drinking behaviours has substantial 
potential to accelerate declines in heavy drinking preva-
lence, especially when it changes the behaviours that the 
considered age groups are unlikely to otherwise change. 

For example, compared with no change in behaviours, 
the overall prevalence of heavy drinking decreased by 
12 percentage points in total from 2015 through 2027 
(average annual reduction: 3 percentage point) in the 
hypothetical scenario where men in their mid-30s to 
mid-50s halt resuming heavy drinking (figure 7). On the 
other hand, halting resuming heavy drinking did not 
yield substantial reduction in prevalence in the younger 
age group (16–35 years) whose former heavy drinking is 
less prevalent than other age groups. In this age group, 

Figure 5  Time trends in the calibrated probabilities of three heavy drinking behaviours: (A) initiating heavy drinking, (B) 
resuming heavy drinking and (C) quitting heavy drinking.

Figure 6  Prediction of future heavy drinking prevalence: (A) overall and (B) age-specific prevalence of heavy drinking.
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halting initiating and quitting heavy drinking resulted in 
larger reductions in prevalence (0.045 and 0.038, respec-
tively) than halting resuming heavy drinking (0.005).

We also found that modifying current heavy drinking 
behaviours or preventing future heavy drinking 
behaviours can avert substantial number of deaths 
through 2027 (figure 8). If men who are older than 56 
years old quit their heavy drinking or halt resuming heavy 
drinking, 373 000 and 377 000 deaths can be averted over 
this period, respectively. Halting initiating heavy drinking 
in this age group was not effective in averting deaths as 
most in this subpopulation already have had the prior 
experience of heavy drinking or else have not but are 
not likely to initiate heavy drinking at more advanced 
ages. The mortality benefit in the younger age group 
(16–35 years) was smaller than the other two age groups, 
although we note life expectancy gains for each death 

averted would be larger for younger individuals relative 
to older individuals.

DISCUSSION
Our study found that Chinese men in recent years are 
less likely to engage in heavy drinking because they are 
initiating or resuming heavy drinking less frequently 
and are more likely to quit heavy drinking than equiv-
alently aged men in previous years. Increased access to 
primary care after the healthcare reform and enhanced 
education level among the general population may have 
led to avoiding high-risk health behaviours and seeking 
healthier lifestyles compared with the past.10 20

We also found that middle-aged men are more likely 
to engage in high-risk drinking compared with other 
ages. Such age patterns in the calibrated probabilities of 
heavy drinking behaviours resulted from the equivalent 
age pattern in the observed heavy drinking prevalence. 
Similar age patterns were observed in an external data 
set according to a study that estimated binge drinking 
prevalence among Chinese men using 2007 risk factor 
surveillance data.10 Increase and decrease in frequency 
and/or intensity of drinking around the mid-40s could 
be explained by a unique culture in China: teenagers and 
young adults focus on their education, whereas middle-
aged men encounter social and work-related occasions 
that encourage excessive drinking.10 21

The decreasing trend in the projected heavy drinking 
prevalence through 2027 is consistent with the decline 
in the prevalence of male heavy drinking in China which 
began in 2000. Of note, the CHNS data set and other 
studies have shown recent upward trends in current 
drinkers among men, which implies that more Chinese 
men who had never drank before are starting to drink in 
recent years but at lower intensity levels (online supple-
mental appendix 10).3 However, recent increase in total 
alcohol per capita consumption in China may imply 
that heavy drinkers in the future consume even larger 
amounts of alcohol, further increasing their risks for 
alcohol-related harms.5 8

Given its predictive validity, the model has the capacity 
to gauge potential effects of age-based targeting inter-
ventions. There are several alcohol policies to regulate 
production and advertisement of alcohol products in 
China, but they are not currently targeted to age groups 
based on their risks and potential to benefit.4 In order 
to effectively reduce the burden of alcohol-related harm, 
it is important to understand in which groups high-risk 
drinking behaviours are concentrated and how they 
change over time. Our model showed that changing 
current heavy drinking among men had a high potential 
to reduce heavy drinking prevalence and avert alcohol-
related deaths. The optimal age groups to target can vary 
depending on the choice of intervention effect measures 
(life expectancy, quality-adjusted life years), cost of imple-
mentation and resistance to change drinking behaviour 
in the target group. Our model can be expanded to 

Figure 7  Change in prevalence of heavy drinking with 
hypothetical changes in heavy drinking behaviours for various 
age groups from 2015 through 2027.

Figure 8  Change in deaths from all causes with hypothetical 
changes in heavy drinking behaviours for various age groups 
from 2015 through 2027.
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consider these factors when optimising the targeting of 
more realistic alcohol policies in China.

This study has several limitations. First, we assumed 
complete follow-up and consistent replacement for lost-
to-follow-up in the longitudinal CHNS data. Although 
attrition in CHNS was substantial, crude heavy drinking 
prevalence is close between the remaining individuals 
in the sample and those sampled to replace those lost to 
follow-up in most years (online supplemental appendix 
11). Because drinking frequency and amount were self-
reported, there is a possibility of under-reporting. Although 
it is feasible to model change in reporting patterns over 
time, it requires detailed data on cause-specific deaths 
in order to identify the true state of drinking. However, 
in China, social drinking is generally acceptable among 
men, implying a low risk of under-reporting in the data 
set.21 Our analysis made a simplifying assumption that 
former heavy drinkers have the same all-cause mortality 
as never heavy drinkers. Underestimation of mortality 
in former heavy drinkers can affect the level of rates of 
heavy drinking estimated in the model: higher rate of 
resuming heavy drinking and lower rate of quitting heavy 
drinking than when excess mortality with the history of 
heavy drinking is considered. It is also important to inter-
pret our future projections in terms of what is predicted 
to happen without additional interventions. For example, 
a policy to reduce tax on alcoholic beverages can bring a 
sharp increase in heavy drinking prevalence in the future.

CONCLUSION
By applying calibration technique to longitudinal data, we 
identified unique patterns in heavy drinking behaviours 
over age and generations among Chinese men. Future 
policies to mitigate harmful alcohol use should consider 
age-based risk of engaging in harmful drinking, specifi-
cally focusing on preventing initiation of heavy drinking 
in young men and encouraging quitting heavy drinking 
in middle-aged and elderly men in order to accelerate 
reducing the burden of alcohol use.
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