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Abstract

IMPORTANCE Alcohol consumption is a leading cause of morbidity and mortality that may be more
important in older adults with socioeconomic or health-related risk factors.

OBJECTIVE To examine the association of alcohol consumption patterns with 12-year mortality and
its modification by health-related or socioeconomic risk factors.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study used data from the UK
Biobank, a population-based cohort. Participants were current drinkers aged 60 years or older. Data
were analyzed from September 2023 to May 2024.

EXPOSURE According to their mean alcohol intake in grams per day, participants’ drinking patterns
were classified as occasional: �2.86 g/d), low risk (men: >2.86-20.00 g/d; women: >2.86-10.00
g/d), moderate risk (men: >20.00-40.00 g/d; women: >10.00-20.00 g/d) and high risk (men:
>40.00 g/d; women: >20.00 g/d).

MAIN OUTCOMES AND MEASURES Health-related risk factors were assessed with the frailty index,
and socioeconomic risk factors were assessed with the Townsend deprivation index. All-cause and
cause-specific mortality were obtained from death certificates held by the national registries.
Analyses excluded deaths in the first 2 years of follow-up and adjusted for potential confounders,
including drinking patterns and preferences.

RESULTS A total of 135 103 participants (median [IQR] age, 64.0 [62.0-67.0] years; 67 693 [50.1%]
women) were included. In the total analytical sample, compared with occasional drinking, high-risk
drinking was associated with higher all-cause (hazard ratio [HR], 1.33; 95% CI, 1.24-1.42), cancer (HR,
1.39; 95% CI, 1.26-1.53), and cardiovascular (HR, 1.21; 95% CI, 1.04-1.41) mortality; moderate-risk
drinking was associated with higher all-cause (HR, 1.10; 95% CI, 1.03-1.18) and cancer (HR, 1.15; 95%
CI, 1.05-1.27) mortality, and low-risk drinking was associated with higher cancer mortality (HR, 1.11;
95% CI, 1.01-1.22). While no associations were found for low- or moderate-risk drinking patterns vs
occasional drinking among individuals without socioeconomic or health-related risk factors, low-risk
drinking was associated with higher cancer mortality (HR, 1.15; 95% CI, 1.01-1.30) and moderate-risk
drinking with higher all-cause (HR, 1.10; 95% CI, 1.01-1.19) and cancer (HR, 1.19; 95% CI, 1.05-1.35)
mortality among those with health-related risk factors; low-risk and moderate-risk drinking patterns
were associated with higher mortality from all causes (low risk: HR, 1.14; 95% CI, 1.01-1.28; moderate
risk: HR, 1.17; 95% CI, 1.03-1.32) and cancer (low risk: HR, 1.25; 95% CI, 1.04-1.50; moderate risk: HR,
1.36; 95% CI, 1.13-1.63) among those with socioeconomic risk factors. Wine preference (>80% of
alcohol from wine) and drinking with meals showed small protective associations with mortality,
especially from cancer, but only in drinkers with socioeconomic or health-related risk factors and was
associated with attenuating the excess mortality associated with high-, moderate- and even low-risk
drinking.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this cohort study of older drinkers from the UK, even low-risk
drinking was associated with higher mortality among older adults with health-related or
socioeconomic risk factors. The attenuation of mortality observed for wine preference and drinking
only during meals requires further investigation, as it may mostly reflect the effect of healthier
lifestyles, slower alcohol absorption, or nonalcoholic components of beverages.
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Introduction

Alcohol consumption is a leading cause of morbidity and mortality, accounting for approximately
5.1% of the global burden of disease and 5.3% of all deaths and being responsible for significant social
and economic losses, thus representing a major public health problem.1 Additionally, the assumed
benefits of drinking low amounts of alcohol, especially on cardiovascular disease (CVD) mortality,2-4

are being questioned due to selection biases, reverse causation, and residual confounding,5

supporting health messaging that the safest level of drinking is no drinking at all or less is better.6,7

Selection biases are often overlooked, but they can lead to a systematic underestimation of alcohol-
related burden. That is the case of the abstainer bias, whereby the apparently lower mortality of light
drinkers compared with abstainers could be explained by the higher death risk of the abstainers
because they include former drinkers who quit alcohol due to poor health, as well as lifetime
abstainers,5 who often have worse lifestyle and health characteristics than regular drinkers.8 Also,
the healthy drinker/survivor bias, caused by overrepresentation of healthier drinkers who have
survived the deleterious effects of alcohol, can distort comparisons, especially in older age.5 In
addition, drinking habits may influence the association between the amount of alcohol consumed
and health. In this context, wine preference has been associated with lower risk of death,9 CVD
morbimortality,10 and diabetes,11 attributing the beneficial associations of wine to its high content in
polyphenols.12 Furthermore, drinking with meals has been associated with lower risk of all-cause,
non-CVD, and cancer deaths13 and frailty,14 so this might be a safer option for alcohol drinkers along
with moderate consumption.15

The health impact of alcohol consumption may be greater in individuals with socioeconomic or
health-related risk factors. On one hand, older adults with health-related risk factors are more
susceptible to the harmful outcomes associated with alcohol due to their greater morbidity, higher
use of alcohol-interacting drugs, and reduced tolerance.16,17 However, some studies have observed
benefits of alcohol on unhealthy aging or frailty, especially of light alcohol intake18,19 and of a
Mediterranean alcohol drinking pattern, defined as moderate alcohol consumption, preferably wine
and accompanying meals,14,20 suggesting that the protective associations of these potentially
beneficial drinking patterns might be greater in individuals with ill health, although they might be due
to the aforementioned methodological issues.5 Therefore, it would be of interest to examine
whether health-related risk factors modify the associations between alcohol consumption patterns
and mortality.

On the other hand, there is evidence that socioeconomically disadvantaged populations have
higher rates of alcohol-related harms for equivalent and even lower amounts of alcohol, probably due
to the coexistence of other health challenges, including less healthy lifestyles, and lower social
support or access to health care.21,22 Also, the potentially beneficial associations of wine preference
and drinking during meals might be more important in individuals with socioeconomic risk factors.
However, to our knowledge, no previous research has examined whether socioeconomic status
modifies the associations between these potentially beneficial drinking patterns and health.

Therefore, the aim of our study is to examine the associations of several potentially beneficial
alcohol consumption patterns, that is, consumption of low amounts of alcohol, wine preference, and
drinking only during meals, with all-cause, cancer, and CVD mortality in older adults and their
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modification by health-related or socioeconomic risk factors, while addressing the main
methodological issues deemed to bias such associations. Thus, we restrict analyses to current
drinkers and use occasional drinkers instead of abstainers as the reference group to prevent selection
biases, exclude deaths in the first 2 years of follow-up to reduce reverse causation, and adjust
analyses for many sociodemographic, lifestyle, and clinical variables to palliate residual confounding.
We also restrict analyses to older adults because most deaths occur in this population group, which
also has a high prevalence of health-related risk factors and because the protective associations of
alcohol consumption have been specifically observed in older adults,6 which is consistent with our
aim to study potentially beneficial drinking patterns.

Methods

This cohort study was approved by the North West Multi-Centre Research Ethics Committee, and all
participants provided written informed consent before enrollment. This study is reported following
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.

Study Design and Participants
We used data from the UK Biobank cohort, a multicenter, prospective, population-based study with
more than 500 000 participants aged 40 to 69 years identified from National Health Service
primary care registers and enrolled at 22 assessment sites across England, Scotland, and Wales
between 2006 and 2010. At the baseline assessment visit, they completed a computer-assisted
interview and a touch-screen questionnaire on sociodemographic, lifestyle, and clinical
characteristics, provided biological samples, and underwent physical and medical examinations.
They were followed-up for mortality through linkage to national death registries. Additional
information on the UK Biobank study has been reported elsewhere.23,24

Study Variables
Alcohol Consumption Patterns
At the baseline assessment visit, study participants were asked about the frequency and mean
amount of the main types of alcoholic beverages that they consumed, and alcohol content was
estimated by multiplying the volume ingested (in milliliters) by the volume percentage of alcohol
(4.5% for beer and cider, 11.5% for white and sparkling wine, 13% for red wine, 20% for fortified wine,
and 40% for spirits) and by the specific gravity of ethanol (0.789 g/mL). According to their mean
alcohol intake, drinking patterns were classified into occasional (�2.86 g/d), low risk (men: >2.86-
20.00 g/d; women: >2.86-10.00 g/d), moderate risk (men: >20.00-40.00 g/d; women: >10-20.00
g/d), and high risk (men: >40.00 g/d; women: >20.00 g/d), a categorization based on the
recommendations from health authorities that we have used in previous studies.25-27 When more
than 80% of alcohol came from a certain type of beverage, drinkers were classified as with
preference for wine, with preference for other drinks, or with no preference.27 Participants were also
classified as drinkers only during meals and as drinkers either only outside of meals or at any time.
Finally, participants were classified as drinkers with no wine preference nor drinking only during
meals, drinkers with wine preference or drinking only during meals, and drinkers with wine
preference and drinking only during meals.

Health-Related Risk Factors
Health-related risk was assessed at baseline using the frailty index (FI) developed specifically for the
UK Biobank28 based on the procedure used by Rockwood et al.29 A total of 49 health deficits were
considered, most dichotomously (1 point if present and 0 points otherwise), and a few according to
severity (0 points for no deficit, 0.25-0.75 points for mild to moderate deficits, and 1 point for severe
deficit). The FI score was calculated as the total sum of points assigned to each health deficit divided
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by the number of deficits considered and ranged from 0.00 to 0.57. The complete list of health
deficits and associated scores can be found in eTable 1 in Supplement 1. Participants were considered
to have health-related risk factors if they were prefrail or frail (FI > 0.12).28

Socioeconomic Risk Factors
Socioeconomic risk was assessed at baseline using the Townsend deprivation index (TDI),30 which
measures the level of an area’s socioeconomic deprivation. TDI ranges from −6.26 to 10.16, with
higher score indicating greater deprivation. Participants were considered to have socioeconomic risk
factors if they lived in more deprived areas (TDI > 0) and not if they lived in more affluent areas
(TDI � 0).

All-Cause and Cause-Specific Mortality
Information on mortality was obtained from death certificates held by the National Health Service
(NHS) Information Centre (NHS England) up to September 30, 2021, for participants in England and
Wales, and by the NHS Central Register Scotland (National Records of Scotland) up to October 31,
2021, for participants in Scotland.31,32 Length of follow-up was estimated as the time from the
baseline assessment visit to the date of death or administrative censoring, whichever came first.
Cause-specific mortality was ascertained with the International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision (ICD-10) classification33: codes C00 to C97 as primary
cause of death for cancer and codes I00 to I99 for CVD.

Potential Confounders
We also used baseline information on sociodemographic, lifestyle, and clinical characteristics,
including sex, age, self-reported race and ethnicity, education (college or university degree; A levels,
AS levels, or equivalent; O levels, General Certificate of Secondary Education, or equivalent;
Certificate of Secondary Education or equivalent; National Vocational Qualification, Higher National
Diploma, Higher National Certificate, or equivalent; other professional qualifications; and no
qualifications), tobacco smoking (never, former, or current), leisure-time physical activity (metabolic
equivalents of task-hours per week), time spent watching television (hours per day), and prevalent
morbidities (diabetes, CVD, and cancer) that could have a potential effect on the amount of alcohol
consumed. In the UK Biobank, race and ethnicity are classified as Asian (Indian, Pakistani,
Bangladeshi, any other Asian background), Black (Caribbean, African, any other Black background),
Chinese, multiple (White and Black Caribbean, White and Black African, White and Asian, any other
mixed background), White (British, Irish, any other White background), and other (any group not
specified, eg, Arab).

Statistical Analysis
From 217 462 participants aged at least 60 years in the UK Biobank cohort, we excluded 36 284 with
incomplete information on alcohol consumption, 10 456 never drinkers, 8295 former drinkers, and
20 167 known binge drinkers (those who consumed �6 units of alcohol in 1 session) to avoid
classifying binge drinkers with low mean alcohol intake as low-risk drinkers. We additionally excluded
1140 participants who died in the first 2 years of follow-up and 6017 participants with missing
information on the FI (194 participants), the TDI (116 participants), and potential confounders (5707
participants). Thus, the analytical sample included 135 103 individuals.

The associations of alcohol consumption patterns (mean alcohol intake status, wine preference,
and drinking during meals) at baseline with all-cause and cause-specific mortality were summarized
with hazard ratios (HRs) and their 95% CIs obtained from Cox regression; the models included
interactions between alcohol consumption patterns and health-related or socioeconomic risk factors
and adjusted for baseline sociodemographic (sex, age, race and ethnicity, education, and TDI [except
when stratifying by socioeconomic risk factors]), lifestyle (tobacco smoking, leisure-time physical
activity, and time spent watching television), and clinical characteristics (diabetes, CVD, cancer, and
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FI score [except when stratifying by health-related risk factors]) of study participants. Analyses of
alcohol intake were further adjusted for wine preference and drinking during meals, whereas
analyses of wine preference and drinking during meals were further adjusted for mean alcohol intake
and the other drinking pattern.

To characterize whether wine preference and drinking during meals modified the association of
mean alcohol intake with mortality, we tested interaction terms defined as the product of the
categories of mean alcohol intake by 3 categories of drinking patterns (no wine preference nor
drinking only during meals, wine preference or drinking only during meals, and wine preference and
drinking only during meals).

Additionally, we assessed whether sociodemographic and lifestyle variables modified the study
associations by testing interaction terms defined as the product of alcohol consumption patterns by
categories of such variables (except mean alcohol intake status by sex, as sex was included in the
definition of alcohol intake status). Since no interactions were found, the results are presented for
the total sample. Finally, we performed additional sensitivity analyses excluding participants with
prevalent cancer at baseline for cancer mortality or those with prevalent CVD at baseline for CVD
mortality.

Statistical significance was set at 2-sided P < .05. Analyses were performed with Stata software
version 17 (StataCorp). Data were analyzed from September 2023 to May 2024.

Results

A total of 135 103 participants (median [IQR] age, 64.0 [62.0-67.0] years; 67 693 [50.1%] women)
were included. Occasional drinkers less often identified as White; were more frequently residents in
England, women, and never smokers; were less physically active; had a lower educational level, a
lower prevalence of CVD; and had a higher prevalence of diabetes, cancer, and health-related risk
factors. Having socioeconomic risk factors was less frequent in low- and moderate-risk drinkers
(Table 1).

Over a median (range) follow-up of 12.4 (2.0 to 14.8) years, 15 833 deaths were recorded,
including 7871 cancer deaths and 3215 CVD deaths. Compared with occasional drinking, low-risk
drinking was associated with higher cancer mortality (HR, 1.11; 95% CI, 1.01-1.22); moderate-risk
drinking was associated with higher all-cause (HR, 1.10; 95% CI, 1.03-1.18) and cancer (HR, 1.15; 95%
CI, 1.05-1.27) mortality; and high-risk drinking was associated with higher all-cause (HR, 1.33; 95% CI,
1.24-1.42), cancer (HR, 1.39; 95% CI, 1.26-1.53), and CVD (HR, 1.21; 95% CI, 1.04-1.41) mortality
(Table 2). Hazards were greater in individuals with health-related or socioeconomic risk factors vs
those without across categories of alcohol intake. Interestingly, while no associations with mortality
were found in participants without health-related or socioeconomic risk factors among low- or
moderate-risk drinkers, low-risk drinkers with health-related risk factors had higher cancer mortality
(HR, 1.15; 95% CI, 1.01-1.30) and moderate-risk drinkers with health-related risk factors had higher
all-cause (HR, 1.10; 95% CI, 1.01-1.19) and cancer (HR, 1.19; 95% CI, 1.05-1.35) mortality (Table 2).
Likewise, both low-risk and moderate-risk drinkers with socioeconomic risk factors showed higher
mortality from all causes (low risk: HR, 1.14; 1.01-1.28; moderate risk: 1.17; 95% CI, 1.03-1.32) and
cancer (low-risk: HR, 1.25; 95% CI, 1.04-1.50; moderate risk: HR, 1.36; 95% CI, 1.13-1.63) (Table 2).

Wine preference and drinking only during meals were associated with lower all-cause mortality
only in participants with health-related risk factors (wine preference: HR, 0.92; 95% CI, 0.87-0.97;
drinking only during meals: HR, 0.93; 95% CI, 0.89-0.97), as well as in participants with
socioeconomic risk factors (wine preference: HR, 0.84; 95% CI, 0.78-0.90; drinking only during
meals: HR, 0.83; 95% CI, 0.78-0.89) (Table 3). Drinking only during meals was also associated with
lower cancer mortality in participants with health-related risk factors (HR, 0.92; 95% CI, 0.86-0.99)
or socioeconomic risk factors (HR, 0.85; 95% CI, 0.78-0.94) (Table 3). Furthermore, in individuals
with socioeconomic risk factors, wine preference was associated with lower cancer mortality (HR,
0.89; 95% CI, 0.80-0.99) and drinking only during meals with lower CVD mortality (HR, 0.86; 95%
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CI, 0.75-1.00) (Table 3). Adhering to both drinking patterns was associated with lower all-cause,
cancer, and CVD mortality in drinkers with health-related or socioeconomic risk factors, and to a
lesser extent, with lower all-cause death in drinkers without health-related risk factors (eTable 2 in
Supplement 1). Importantly, wine preference and drinking during meals modified the association of
mean alcohol intake with mortality: the excess risk of all-cause, cancer, and CVD death for high-risk
drinkers, of all-cause and cancer death for moderate-risk drinkers, and of cancer death for low-risk
drinkers vs occasional drinkers was attenuated and even lost among individuals with these drinking
patterns (Table 4). Analyses excluding participants with prevalent cancer at baseline for cancer
mortality, or those with prevalent CVD at baseline for CVD mortality showed consistent results
(eTables 3-6 in Supplement 1).

Discussion

This cohort study in older alcohol drinkers from the UK found that compared with occasional
drinkers, low-risk drinkers had higher cancer mortality, moderate-risk drinkers had higher all-cause
and cancer mortality, and high-risk drinkers had higher all-cause, cancer, and CVD mortality. The
excess mortality associated with alcohol consumption was higher in individuals with health-related
and socioeconomic risk factors, among whom even low-risk drinkers had higher mortality, especially
from cancer. Wine preference and drinking only with meals showed small protective associations
with mortality, especially from cancer, among drinkers with health-related and socioeconomic risk
factors, and these 2 drinking patterns attenuated the excess mortality associated with high-,
moderate-, and even low-risk drinking.

In line with recent research on the associations between alcohol use and health,6,34,35 our
results corroborate the detrimental outcomes associated with heavy drinking in older adults.
However, we also found higher risk for all-cause and cancer deaths in moderate-risk drinkers, unlike
most previous research, which has reported protective associations of low to moderate alcohol
consumption, mainly for all-cause2-4,36 and CVD3,36,37 mortality, ischemic heart disease,3,6,34 and
diabetes,6 or null associations with all-cause mortality,38 CVD,39 and unhealthy aging.20 This
discrepancy may be due to the implementation of an important methodological improvement in our
analyses, that is, using occasional drinkers as the reference group instead of lifetime abstainers, to
prevent selection bias caused by misclassification of former drinkers as abstainers, and to palliate
residual confounding because they are more like light drinkers than are never drinkers.40,41 In fact,
another analysis of the UK Biobank cohort that also avoided selection biases found an increased CVD
risk in the general population for drinking up to 14 units per week.42

To our knowledge, there are no studies examining the potential modification of health-related
risk factors on the association between alcohol use and health. The stronger associations between
mean alcohol intake and mortality observed in older adults with health-related risk factors make
sense, since they have more morbid conditions potentially aggravated by alcohol and greater use of
alcohol-interacting medications than their counterparts without health-related risk factors.16,17 The
fact that even low-risk drinkers with these risk factors had higher risk of cancer death is an important
finding, which is consistent with the reported increased risk of several types of cancer and cancer
mortality even with very low amounts of alcohol.6,36,37,43

Our results also suggest that socioeconomic status acts as a modifier of the association between
the amount of alcohol consumed and mortality, as mortality hazard was much greater in individuals
with socioeconomic risk factors than in individuals without, in line with previous research.21,22,44,45

We even found a detrimental association of low amounts of alcohol with all-cause and cancer
mortality in this group, unlike the MORGAM study by DiCasetnuovo et al44 reporting a lower
mortality associated with consuming no more than 10 g/d of alcohol, which was clearer in individuals
with higher vs lower education.44 These discrepant results could again be explained by the different
reference groups used: occasional drinkers in our study and never drinkers in the MORGAM study.
Importantly, although older adults with socioeconomic risk factors have a higher risk of ill health and
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death, probably due to the coexistence of other health challenges, especially poorer lifestyles,21,22

the observed associations in our study were independent of lifestyles, suggesting that other factors
should account for them.

Regarding the potentially beneficial drinking patterns, that is, wine preference and drinking
during meals, the literature is inconsistent. A 2018 pool of studies34 reported a nondifferential
association of specific types of alcoholic drinks with all-cause mortality and several CVD outcomes,
whereas other studies have found protective health associations for wine but not other
beverages.15,46 Drinking with meals has also shown protective associations with several health
outcomes.15 In our analysis, these drinking patterns modified the association between alcohol intake
and death risk. On one hand, the protective association for mortality of these patterns was only
observed in individuals with socioeconomic or health-related risk factors, independently of the
amount of alcohol consumed. On the other hand, the detrimental association of alcohol intake was
more evident in individuals without these patterns. These findings suggest that the less detrimental
associations of alcohol intake from wine or during meals are not due to alcohol itself, but to other
factors, including nonalcoholic components of wine, such as antioxidants, slower absorption of
alcohol ingested with meals and its consequent reduced alcoholaemia, as well as spacing drinks when
drinking only with meals, or more moderate attitudes in individuals who choose to adhere to these
drinking patterns.

Strengths and Limitations
Our study has several strengths, such as the large sample size, the long follow-up, and the
methodological improvements implemented to prevent selection biases and reduce reverse
causation. However, it also has some limitations. First, alcohol intake was self-reported, and
therefore prone to some degree of misclassification. Also, alcohol intake was measured only at
baseline and not at multiple time points over the life span, not allowing us to take into account
changes in alcohol intake before the baseline assessment or to redistribute former drinkers among
categories of current drinkers to reduce selection bias; this may have led to an underestimation of the
true effects of alcohol consumption.5 Second, as in any observational study, we cannot entirely rule
out residual confounding, despite adjusting for many potential confounders. And third, this study
was conducted in older adults in the UK with a high proportion of White participants, so our results
may not be generalizable to other racial ethnic groups or populations with different lifestyles,
drinking patterns, or socioeconomic development.

Conclusions

This cohort study among older drinkers from the UK did not find evidence of a beneficial association
between low-risk alcohol consumption and mortality; however, we observed a detrimental
association of even low-risk drinking in individuals with socioeconomic or health-related risk factors,
especially for cancer deaths. The attenuation of the excess mortality associated with alcohol among
individuals who preferred to drink wine or drink only during meals requires further investigation to
elucidate the factors that may explain it. Finally, these results have important public health
implications because they identify inequalities in the detrimental health outcomes associated with
alcohol that should be addressed to reduce the high burden of disease of alcohol use.
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