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Abstract

Objective: To investigate the joint associations of amounts of alcohol consumed and drinking
habits with risks of all-cause mortality and cause-specific mortality.

Patient and methods: A total of 316,627 healthy current drinkers, with baseline measurements
between March 13, 2006, and October 1, 2010, were included in this study. We newly created a
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drinking habit score (DHS) according to regular drinking (frequency of alcohol intake = 3 days/
week) and whether consuming alcohol intake with meals (yes).

Results: During a median follow-up of 8.9 years, we documented 8652 incident cases of all-
cause death, including 1,702 cases of cardiovascular diseases (CVD) death, 4,960 cases of caner
(CA) death and 1,990 cases of other-causes death. After adjustment confounders and amount of
alcohol consumed, higher DHS was significantly associated with a lower risk of all-cause
mortality, CVD mortality, CA mortality or other-causes mortality (P+reng<-001, Pireng=-03,
Pirend<-001, P.rend<-001, respectively). We observed that amount of alcohol consumed have
different relationships with risks of all-cause mortality and cause-specific mortality among
participants with distinct drinking habits, grouped by DHS. For example, in the joint analyses, a J-
shaped association between amount of alcohol consumed and all-cause mortality was observed in
participants with unfavorable DHS (P-gyadratic trend=-02); While the association appeared to be U-
shaped in participants with favorable DHS (#-guagratic trend=-003), with lower risks among those
consuming more than 50 g/week and less than 300g/week.

Conclusions: Our results indicate that alcohol consumption levels have different relationships
with risk of mortality among current drinkers depending on their drinking habits.

Drinking habits; alcohol intake; mortality

INTRODUCTION

The associations between excessive alcohol consumption and higher risks of all-cause
mortality and cause-specific mortality have been well established'~3. However, the
relationship between moderate alcohol consumption and mortality is controversial. A wealth
of previous epidemiological studies have shown that moderate-drinkers have lower risks of
all-cause mortality and CVD mortality as compared with non-drinkers'=, but not all>~’.

Of note, such previous studies only analyzed the amount of alcohol consumed, without
considering drinking habits that may modify the associations of amount of alcohol
consumed with health outcomes®-1°. Several previous studies showed that more frequent
episodes of drinking were associated with lower risks of diabetes, coronary heart disease,
and all-cause mortality independent of the amount of alcohol consumed®-11.15_ |n addition,
alcohol drinking with meals may in the short term slow the absorption of alcohol and reduce
the overall hyperglycemic properties of alcohol or a mixed meal and, in the long term, lower
risk of cardiovascular disease or all-cause mortality compared to drinking alcohol outside of
meals12-14, However, these drinking habits are usually studied individually, no study has
evaluated the combined impact of these drinking habits factors on the risk of mortality
outcomes in a large prospective cohort.

Notably, debates are growing regarding the inverse association of moderate alcohol
consumption with risk of mortality due to several methodological limitations16-20, For
example, using non-drinkers as reference group may introduce selection bias to the
associations, and augment potential confounding due to systematic differences in lifestyle,
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socioeconomic status or unmeasured factors between drinkers and non-drinkers. Therefore,
analysis of the alcohol-mortality relation across the intake spectrum among drinkers may
minimize such bias®.

Therefore, we studied these associations in a prospective study of 316,627 current alcohol
drinkers from the UK Biobank. To capture overall drinking habits, we characterized drinking
habits by considering both frequency of alcohol intake and whether alcohol was consumed
with meals. We evaluated the association of overall drinking habits with risk of all-cause
mortality and cause-specific mortality. We also analyzed the joint associations of alcohol
consumption (actual and genetically determined) and drinking habits with risks of all-cause
mortality and cause-specific mortality.

METHODS
Study population

The study design of the UK Biobank has been previously described elsewhere??, In brief,
more than 500,000 participants aged 37—73 years were recruited from 22 assessment centers
across the United Kingdom in 2006—2010. In this study, the inclusion criteria were as
follows: (1) current alcohol drinkers (current alcohol drinkers were defined by who indicated
they drink alcohol based on alcohol intake frequency questionnaire and alcohol consumed
>0g/week), (2) participants without cardiovascular disease or cancer at baseline, (3)
participants who have complete data on drinking habits, (4) participants who did not reduce
their alcohol consumption due to illness or doctor’s advice, and (5) women included were
non-pregnant. A total of 316,627 participants were included in the final analysis.

Assessment of drinking habits and amount of alcohol consumed

Participants were asked “How often do you drink alcohol?” through a touch-screen
questionnaire (answers: “prefer not to answer”, “never”, “special occasions only”, “one to
three times a month”, “once or twice a week”, “three or four times a week”, “daily or almost
daily”). Current drinkers were further asked to report their usual average weekly
consumption (or average monthly consumption for participants who indicated they drink
alcohol on special occasions or one to three times a month.). Alcohol intake (g/week) was
calculated by the quantity of each type of drink (red wine, white wine, beer/cider, fortified
wine, and spirits) multiplied by its standard drink size and reference alcohol content (1 unit-
equivalent described as containing 8g of pure alcohol; 125ml wine=1.6 units-equivalents, 1
pint beer =2.6 units-equivalents, 25ml spirits=1 unit-equivalent, 62.5ml fortified wine=1
unit-equivalent). In the main analysis, we categorized weekly alcohol intake in grams into
five categories: >0-<50 (reference), 250-<100, >100-<200, >200- <300 and =300 g per
week.

Other information about alcohol intake was obtained with the following questions. First,
current drinkers were asked “When you drink alcohol is it usually with meals?” (“yes”,
“no”, “it varies”, “do not know”, “prefer not to answer”); second, participants were asked
“Compared to 10 years ago, do you drink?” Participants selected an the option from, “More

nowadays”, “about the same”, “less nowadays”, “do not know”, “prefer not to answer”, if
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participants indicated they drank less nowadays than 10 years ago, they were asked the
reason for reducing amount of alcohol drunk (“illness or ill health”, “doctor’s advice”,

“health precaution”, “financial reasons”, “other reasons”, “do not know”, “prefer not to
answer”).

Drinking Habit Score

According to previous studies, a healthy drinking habits score was defined by regular
drinking (frequency of alcohol intake > 3 days/week)22:23 and consuming alcohol intake
with meals (participant who indicated they drink alcohol with meals). One point was given
for each favorable drinking habits (range, 0-2).

Ascertainment of all-cause mortality and cause-specific mortality

Information on death and death date were provided by the National Health Service (NHS)
Information Centre (England and Wales) and NHS Central Register Scotland (Scotland).
End of follow-up for the main study for each participant was recorded as or the date of end
of follow-up or the date of lose to follow-up or the date of death for the assessment center
attended, whichever came first. The underlying cause of death was determined according to
the ICD-10 (International Classification of Disease, 10th revised edition). Causes of deaths
were classified as CVD with ICD-10 code of 100-199 and cancer (CA) with code of C00-
D48. Details of the assessment of mortality have been described previously (https://
biobank.ctsu.ox.ac.uk/showcase/field.cgi?id=40000).

Statistical Analysis

Chi-square test for categorical variables and general linear models for continuous variables
(except for amounts of alcohol consumed) were applied to compare proportions or means of
characteristics between participants with different drinking habits (with vs. without meal,
and regular vs. non-regular drinkers). Mann-Whitney U test was used to compared to
median of amounts of alcohol intake between participants with different drinking habits. The
associations between drinking habits and mortality were explored using Cox-proportional
hazard models. We adjusted for several potential confounders including age (years), sex
(women or men), assessment centres, race (White European, Mixed, Asian, Black, Others),
Townsend deprivation index (quintiles), BMI (kg/m?2), smoking status (current, past, never),
physical activity (MET minutes/week), healthy diet (yes or no), diabetes (yes or no),
hypertension (yes or no), and high cholesterol (yes or no). Details of the assessment of
covariates are described in Supplemental Materials. We created a genetic risk score (GRS)
for amount of alcohol consumed using 90 single nucleotide polymorphisms (SNPs),which
passed quality control, based on previous studies?4 (Supplementary Table 1). Details of the
genotyping and calculation of genetic risk score are also described in Supplemental
Materials. For analyses about genetic data, we also adjusted for the first 10 genetic principal
components, genotyping array (106 batches) and the third-degree relatedness. If covariate
information was missing (all covariates <1% missing in the current study), missing data
were coded as a missing indicator category for categorical variables and with mean values
for continuous variables. The modifying effect of healthy drinking habit score on the
association between alcohol consumption and risk of death was tested by including a cross-
product term of the healthy drinking habit score with levels of amount of alcohol consumed
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(categorical variable). The proportional hazards assumption was tested by Kaplan-Meier
method and Schoenfeld residuals method. We conducted tests of linear trend by assigning
the median of amount of alcohol consumed within each group and modeling this variable
continuously. To test departure from linearity, a linear and a quadratic term were included in
the model.

To validate our results, we performed a 10-fold cross-validation analysis. The cohort was
randomly divided into 10 batches. In each run, one of the 10 samples was used as the testing
data. The Cox regression was applied to the testing data to evaluate associations between
DHS and mortality. The process was repeated 10 times, with each of the 10 samples used
once as the testing data. A fixed- effects meta- analysis was conducted to obtain the
comprehensive HR of these 10 groups.

All statistical analyses were conducted using SAS version 9.4 (SAS Institute Inc) and SPSS
(22.0). All statistical tests were two sided, and we considered A<.05 to be statistically
significant.

Baseline characteristics of the study participants

Baseline characteristics of participants according to drinking habits are shown in Table 1.
Compared with participants who consumed alcohol outside of meals and those who had
varying patterns (with answer as “It varied” in the questionnaire), participants who
consumed alcohol with meals drank less alcohol overall, were more likely to be women; be
non-current smokers; have a healthy diet; have lower BMI, Townsend deprivation index,
physical activity levels; and have lower prevalence of diabetes, hypertension and high
cholesterol. Compared with non-regular drinkers (< 3 times/week), regular drinkers (23
times/week) consumed more alcohol overall; more likely to be men and current smokers;
and tended to have lower BMI, Townsend deprivation index, physical activity, and
prevalence of diabetes, but higher prevalence of hypertension and high cholesterol.

The associations between drinking habits and all-cause mortality and cause-specific

mortality

During a median follow-up of 8.9 years, we documented 8652 incident cases of all-cause
death, including 1,702 cases of CVD death, 4,960 cases of CA death and 1,990 cases of
other-causes death. After adjustment for potential confounders and amounts of alcohol
consumed, regular drinking (frequency of alcohol intake=3 times/week) were significantly
associated with a 7% lower risk of all-cause mortality (HR, 95 % Cl, 0.93, 0.88-0.99) and
8% lower risk of CA mortality (HR, 95 % CI, 0.92, 0.85-0.99) as compared with non-
regular drinking (frequency of alcohol intake<3 times/week) (Table 2). Similarly, compared
with participants who consumed alcohol outside of meals and those who had varying
patterns, participants who consumed alcohol with meals have a significantly 12 % lower risk
of all-cause mortality (HR, 95 % ClI, 0.88, 0.84-0.93), 13% lower risk of CVVD mortality
(HR, 95 % ClI, 0.87, 0.78-0.97), 10% lower risk of CA mortality (HR, 95 % ClI, 0.90, 0.85-
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0.95) and 14% lower risk of other-causes mortality (HR, 95 % ClI, 0.86, 0.78-0.94) (Table
2).

To better capture the overall drinking habits, we developed a DHS that combined frequency
of alcohol intake (regular drinking, 23 times/week) and whether alcohol was consumed with
meals (with meals). The DHS showed significantly and consistently inverse associations
with risks of all-cause mortality (P-treng<.001), CVD mortality (P-treng=.03), CA mortality
(P-treng<-001) and other-causes mortality (P-treng<-001). For example, compared with
participants with a low DHS (DHS=0, unhealthy drinking habits), the multivariable adjusted
HRs for all-cause mortality were 0.96 (95% CI, 0.90-1.01) for participants with an
intermediate DHS (DHS=1), and 0.82 (95% CI, 0.76-0.88) for participants with a high DHS
(DHS=2, healthy drinking habits). (Table 3).

In stratified analyses by the potential confounders including sex, age, socioeconomic level
(Townsend deprivation index), healthy lifestyle score and predominantly wine drinkers
(predominantly wine drinkers was defined as the maximum baseline consumption grams/
week for each alcohol type)® (Supplementary Figure 1A-D). We observed significantly and
consistently interactions between healthy drinking habits (unfavorable vs. favorable) and
TDI (a greater TDI implies a lower levels of socioeconomic) on the risks of all-cause
mortality, CVD mortality and CA mortality (~interaction<.001, ~-interaction=.01, and A
interaction=.01, respectively), and the inverse associations between healthy drinking habits
and risk of mortality appeared to be more stronger in participants with low socioeconomic
level as compared with participants with high socioeconomic level. We did not find
significant interactions between healthy drinking habits and other risk factors on risk of all-
cause mortality or cause-specific mortality.

We further conducted cross-validation analysis to evaluate the robustness of our findings.
The results of the association between DHS and the risks of all-cause mortality and cause-
specific mortality in the cross-validation analysis are shown in the Supplementary Table 2.
The validation tests showed consistently significant results as in the current analysis.

The joint association of actual amount of alcohol intake and overall drinking habits with
risk of mortality

We observed a positive and curvilinear association between the amount of alcohol consumed
and all-cause mortality (P-quadratic trend=.001), as compared with the lowest level of
alcohol amount (>0-<50g/week), “moderate alcohol intake” (50g-200g/week) was not
associated with all-cause mortality, while high intake (=300g/week) was associated with a
significantly higher risk of all-cause mortality (1.33, 95% ClI, 1.23-1.45). (Figure 1A).
Because the intermediate DHS (DHS=1) group had similar risk of mortality to the unhealthy
DHS (DHS=0) group, we combined these two groups to maximize statistical power. The
joint analysis of amount of alcohol consumed and drinking habits score indicated that
amount of alcohol consumed was related to risk of all-cause mortality differently based on
drinking habits (o-interaction=.009) (Figure 2A). A J-shaped association between amount of
alcohol consumed and mortality was observed in participants with unfavorable DHS
(DHSZ1) (Pquadratic trend =.02), while the association appeared to be U-shaped (~-
quadratic trend=.003) in participant with favorable DHS (DHS=2), with consistently and
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significantly lower risks among those consuming more than 50 g/week and less than 300g/
week (Hazard ratios was 0.90, 95% CI, 0.81-0.995 for category of =50-<100g/week; 0.85,
95% ClI, 0.78-0.93 for category of 2100-<200g/week; 0.84, 95% CI, 0.75-0.95 for category
of =200-<300g/week) as compared with participants who had the lowest amount of alcohol
consumed and unfavorable DHS.

We observed that amount of alcohol consumed showed distinct associations with risks of
different types of cause-specific mortality [a U-shaped for CVD mortality (P-quadratic
trend=.01); a positive linear association for CA mortality (#-linear trend<.001); a J-shaped
association for other-causes mortality (P-quadratic trend=.001), Figure 1B, 1C and 1D].
Next, the joint analyses indicated that such associations were differently based on drinking
habits (Figure 2B, 2C and 2D), though the interactions did not reach significant level. For
CVD mortality, a U-shaped association was observed in participants with unfavorable DHS,
while a reverse J-shaped association was observed in participants with favorable DHS. For
CA mortality, a positive linear association was as observed in participants with unfavorable
DHS, while a U-shaped association was observed in participants with favorable DHS. Of
note, “moderate alcohol intake” (50g—200g/week) was not associated with CA mortality in
participants with favorable DHS. For other-causes mortality, a J-shaped association was
observed in participants with unfavorable DHS, while a U-shaped association was observed
in participants with favorable DHS.

We also repeated the joint analyses in women and men, respectively (Supplementary Figure
2 and 3), and the results were similar to the results in the total population. Similar results
were also observed after including never drinkers and past drinkers and using never drinkers
as the reference group (Supplementary Figure 4).

The joint association of genetically determined alcohol intake levels (ALC-GRS) and
overall drinking habits with risk of mortality

Genetic data were available for 296,072 participants of European descent in this study. After
adjustment for potential confounders, the first 10 genetic principal components, the third-
degree relatedness and genotyping array, higher ALC-GRS was marginally associated with
an increased risk of all-cause mortality (p-trend=.048), but not associated with CVD
mortality, CA mortality and other-causes mortality (Supplementary Figure 5). In the joint
analysis, higher DHS was significantly associated with lower risk all-cause mortality and
each cause-specific mortality independent of ALC-GRS. We did not find significant
interaction between DHS and ALC-GRS on all-cause mortality or cause-specific mortality
(Supplementary Figure 5).

Discussion

In this prospective cohort study of 316,627 current drinkers from the UK Biobank, we found
that healthy drinking habits (regular drinking and drinking with meal), as estimated by DHS,
were associated with lower risks of all-cause mortality and cause-specific mortality
independent of amount of alcohol consumed. Reporting for the first time, we found that
drinking habits significantly modified the relations between the actual amounts of alcohol
intake and risk of all-cause mortality, while no interaction was observed between drinking
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habits and genetically determined alcohol intake levels. Similar interaction patterns were
observed for cause-specific mortality.

Our findings that regular drinking and drinking with meals were associated with a lower risk
of mortality are consistent with previous studies. A body of data have shown that drinking
habits were related to the risk of mortality or diseases including cardiovascular disease,
diabetes and liver cirrhosis, independent of amount of alcohol consumed®-14.25-28_|n the
Health Professionals Follow-up Study, regular drinking (consumed alcohol intake at least 3—
4 days per week) was associated with lower risks of coronary heart disease and type 2
diabetes®15. In a cohort of 26,909 men and 29,626 women from Denmark, mortality rate
was higher among non-frequent drinkers compared with regular and frequent drinkers at
similar level of alcohol intakel©. In the Million Women Study, habitually consuming alcohol
with meals was associated with a 31% lower risk of liver cirrhosis after adjustment for
amount consumed?8. In the Risk Factors and Life Expectancy Study, participants who
usually consumed alcohol with meals had lower mortality than those consumed alcohol
outside of meals after adjustment for amount of alcohol consumed!3. Of note, drinking
habits, though often correlated because people follow common drinking patterns, were
studied individually in previous studies?®. Our study for the first time evaluated the
association between a combination of multiple drinking habits, assessed as DHS, and risk of
all-cause mortality and cause-specific mortality.

In this study, we observed that amount of alcohol consumed showed a J-shaped association
with all-cause mortality, a U-shaped association with CVD mortality and a positive linear
association with CA mortality. These results are consistent with several previous studies',
but not all>~". However, it should be noted that none of these previous studies have
considered the potential impact of overall drinking habits on the association between amount
of alcohol consumed and risk of mortality. Our results showed that amount of alcohol
consumed was related to risks of all-cause mortality or cause-specific mortality differently
based on drinking habits. For example, for all-cause mortality, a J-shaped association was
observed in participants with unfavorable DHS, while a U-shaped association was observed
in participants with favorable DHS. From another perspective, within the same categories of
amount of alcohol consumed, participants with favorable DHS generally had lower risk of
mortality than those with unfavorable DHS. Mechanisms hypothesized to explain such
results include the healthy drinking habits (regular drinking or alcohol consumed with
meals) might improve levels of high-density lipoproteins, blood pressure, glucose, oxidative
stress markers and pro-inflammatory cytokines, despite similar amounts of alcohol
intake29-38, Other mechanisms may be also involved, and future studies are warranted to
explore the functional roles of drinking habits in the health.

Intriguingly, we found consistent interactions between DHS and socioeconomic level on
risks of all-cause mortality, CVD mortality and CA mortality, and the inverse associations
appeared to be stronger in participants with low socioeconomic level as compared with those
with high socioeconomic level, and these interactions were independent of amount of
alcohol consumed. These results have two great implications, first, these results indicate that
the observed inverse association of DHS with risks of mortality were unlikely due to its
correlation with the higher socioeconomic level; Second, previous studies have shown that
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participants with low socioeconomic level have higher risk of alcohol-related mortality than
those with high socioeconomic level at similar amount of alcohol consumed3940, Therefore,
our results also highlight a special importance of improving drinking habits in the
participants with low socioeconomic level. Further studies are needed to explore the reasons
for the such observed interaction between DHS and socioeconomic level on the risk of
mortality.

In addition, because the amounts of alcohol consumed may change over time#1. A genetic
predisposition to alcohol consumption (ALC-GRS) might better capture lifetime alcohol
consumption exposure2, thus we also included ALC-GRS in our analysis. A higher ALC-
GRS indicating a higher levels of alcohol preference. Our results showed that higher ALC-
GRS was marginally associated with higher risk of all-cause mortality but not associated
with cause-specific mortality, whereas drinking habits did not modify such associations.

The major strengths of this study include the large sample size, the wealth of information of
covariates and the wide range of amount of alcohol consumed. Notably, we carefully
considered the methodological issues that might introduce bias into the alcohol-mortality
relationship. To minimize the selection bias and reverse causality, we limited our study
participants to the current drinkers and further excluded participants who reduced their
alcohol intake due to health-related problems. We acknowledge that our study may still have
several potential limitations. Firstly, self-reported alcohol consumption might be subject to
measurement error. Secondly, our study analyzed only all-cause mortality and cause-specific
mortality, future studies are needed to assess the associations of drinking habits with various
diseases. Thirdly, our study population included only middle-aged adults from UK, it is
unknown whether our findings could be generalized to other populations with different
drinking cultures. Fourthly, we could not exclude the possibility that a favorable DHS is a
marker for a healthier lifestyle. However, we did not find significant interactions between
DHS and healthy lifestyle on the risks of mortality. Lastly, the current ALC-GRS only
accounts for a small proportion of the variance of alcohol intake, thus caution should be
taken in interpreting the results on the genetic risk score for alcohol intake.

Conclusion

Our study indicates that overall drinking habits are related to the risk of all-cause mortality
and cause-specific mortality. The association between amount of alcohol consumed and risk
of all-cause mortality varies according to overall drinking habits. Our findings emphasize the
importance of considering drinking habits in the relation between amount of alcohol
consumed and human health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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