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ABSTRACT

Aims To investigate associations of life-time hazardous and binge drinking with biomarkers of cardiometabolic health,
liver function, cardiovascular disease (CVD) and mortality.Design Prospective cohort study with median follow-up time
to CVD incidence of 4.5 years. Setting London, UK: civil servants within theWhitehall II Study. Participants A total of
4820 drinkers aged 59–83 years with biological measurements during the 2011–12 survey.Measurements Hazardous
drinking was defined as having an AUDIT-C score ≥ 5 calculated at each decade of life, forming the following groups: never
hazardous drinker, former early (stopping before age 50), former later (stopping after age 50), current hazardous drinker
and consistent hazardous drinker (hazardous drinker at each decade of life). Findings More than half the sample had
been hazardous drinkers at some point during their life-time, comprising former early (< age 50) (19%), former later
(≥ age 50) (11%), current (21%) and consistent hazardous drinker (AUDIT-C ≥ 5 across life (5%). After adjusting for co-
variates, waist circumference was larger with more persistent hazardous drinking (e.g. compared with never hazardous
drinkers, former early had increased waist circumference by 1.17 cm [95% confidence interval (CI) = 0.25-2.08]; former
later by 1.88 cm (CI = 0.77–2.98); current by 2.44 cm (CI = 1.50–3.34) and consistent hazardous drinker by 3.85 cm
(CI = 2.23–5.47). Current hazardous drinkers had higher systolic blood pressure (2.44 mmHg, CI = 1.19–3.68) and fatty
liver index scores (4.05mmHg, CI = 2.92–5.18) than never hazardous drinkers. Current hazardous drinkers [hazard ratio
(HR) = 2.75, CI = 1.44–5.22) had an elevated risk of stroke, and former later hazardous drinkers had an elevated risk of
non-CVD mortality (HR = 1.93, CI = 1.19–3.14) than never hazardous drinkers. Life-time binge drinking was associated
with larger waist circumferences and poorer liver function compared with never binge drinkers. Conclusion Hazardous
drinking may increase cardiometabolic risk factors; this is made worse by persistent hazardous drinking throughout life,
particularly in relation to weight gain, suggesting benefits of early intervention.
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INTRODUCTION

Alcohol use disorders, despite common perception, are
common among an older population [1], with the number
of alcohol-related admissions which list either the primary
or secondary diagnoses as linked to alcohol being highest
among 55–74-year-olds in the English population [2].
There is also concern over how alcohol may be impacting

on cardiovascular health at an age where people are at risk
of comorbidities and may be more sensitive to the physical
effects of alcohol. Research suggests that older drinkers
may also not be aware of the risks of their level of consump-
tion [3]. Establishing the level of hazardous drinking among
older adults and its consequences may enable effective pub-
lic health interventions to be generated to raise awareness
of the effects of alcohol among older adults and ultimately
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reduce associated harms. Screening tools such as the
Alcohol Use Disorders Identification Test (AUDIT), devel-
oped by the World Health Organization (WHO), provide a
simple method to identify risky drinking providing a ‘frame-
work for intervention to help hazardous and harmful
drinkers reduce or cease alcohol consumption’ [4], and
are now commonly used in primary care settings.

Alcohol consumption has been found to vary through-
out the life-course [5]; taking a single snapshot of con-
sumption may mask the cumulative effects of drinking,
including past heavy drinking in individuals currently
moderate in their consumption. While there have been
several large-scale observational studies of the association
between alcohol consumption and cardiovascular disease
(CVD) [6–10], relatively little is known about how hazard-
ous drinking as defined by the AUDIT-C is associated with
CVD or various biological markers of cardiovascular
health. The drinking habits adopted by individuals earlier
in life may have long-term effects, accelerating the age-of-
onset of disease [11,12]. Capturing the effects of hazardous
drinking throughout life may enhance the usefulness of the
screening tool, providing further support for reduction at
different stages of life.

This study sought to examine associations between
life-timemeasures of hazardous drinking as classified by re-
sponses to the AUDIT-C and a range of cardiometabolic and
liver biomarkers, incident CVD, and mortality. Given that

the focus of the study is on a screening tool which is used
to identify harmful patterns of alcohol consumption along
with the possible health selection effects into
non-drinking [13,14], the sample is restricted to current
drinkers only.

METHODS

Sample and design

This study uses data from the Whitehall II Study, which
has been prospectively collecting information from
10308 (33% female) UK civil servants aged 34–56 years
at baseline since 1985–88 [15]. Data for this study were
drawn from the questionnaire and clinical examination
stage of Phase 11 collected in 2012–13, when participants
were aged between 59 and 83 years (n = 6306); 646 par-
ticipants were not clinically screened. Our sample was fur-
ther limited to drinkers within the previous year, given the
focus of the study on a screening tool used among drinkers
to identify harmful patterns of consumption, and health se-
lection effects into former and life-time non-drinking
[13,14] (Fig. 1). The final analytical sample was limited
to participants with information on all covariates, resulting
in approximately 5–6% missing due to item-non-response
(n = 4820–4662). For Cox proportional hazard models,
participants with a history of clinically verified CVD were
also excluded (n = 467).

Figure 1 Flow diagram of included participants in analytical sample. BMI = body mass index; DBP = diastolic blood pressure; eGFR = estimated
glomerular filtration rate; HbA1C = glycated haemoglobin; HDL = high-density lipoprotein; LDL = low-density lipoprotein; SBP = systolic blood pres-
sure. [Colour figure can be viewed at wileyonlinelibrary.com]
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Ethical approval for theWhitehall II study was received
from the University College London Medical School Com-
mittee on the ethics of human research, and participants
gave written informed consent. Data, protocols and other
metadata of the Whitehall II study are available to
bona-fide researchers for research purposes. TheWhitehall
II data-sharing policy is available at:https://www.ucl.ac.
uk/epidemiology-health-care/research/epidemiology-and-
public-health/research/whitehall-ii/data-sharing

Life-time hazardous drinking

A hazardous drinker was defined as someone who scored a
total of five or more on the AUDIT-C; this cut-off is recog-
nized by Public Health England as being suggestive of an
increasing risk drinker [16]. The AUDIT-C involves three
questions with five response categories scored from 0 to 5
in order of increasing volume. They cover frequency of
drinking (never to four or more times per week), usual
number of drinks consumed in a single drinking session
(none to two to 10 or more) and number of days drinking
heavily (six drinks or more) on a single occasion (never to
daily or almost daily). The standard questionnaire can be
found elsewhere [17].

Participants were assigned an AUDIT-C score during
each decade of life, from 16–19 to 80+ years, using a ret-
rospective AUDIT-C life grid method. This information
was used to form the following life-time hazardous drinking
categories: never hazardous drinker, former early hazard-
ous drinker (stopped drinking hazardously before age 50),
former later hazardous drinker (stopped at age 50 or after),
current hazardous drinker, and consistent hazardous
drinker (hazardous drinker during every decade of their
life) (Table 1). Age 50 was used as the cut-off for the two
types of former drinkers, given the concern of the rise of
substance misuse in older people aged 50 and over [18].

As an additional analysis, to distinguish between fre-
quent moderate drinkers who may have scored positive
on AUDIT-C and heavy episodic drinkers, life-time binge
drinking categories were defined using the single item
(AUDIT-3) which asks how often the participant has had

six ormore drinks on one occasion. Binge drinkers were de-
fined as those who indicated doing so at least monthly.

Measurement of biomarkers

We examined the effect of life-time hazardous drinking on
objective health, utilizing the clinical measurements taken
during the medical examination in Phase 11. These in-
cluded cardiometabolic biomarkers such as triglycerides
(mmol/l), high-density lipoprotein (HDL) cholesterol
(mmol/l), low-density lipoprotein (LDL) cholesterol
(mmol/l), systolic blood pressure (mmHg), diastolic blood
pressure (mmHg), waist circumference (cm), bodymass in-
dex (BMI, kg/m2), glycated haemoglobin (HbA1c,
mmol/mol) and estimated glomerular filtration rate using
serum creatinine and the CKD-Epi 2009 equation (eGFR,
ml/min/1.73 m2).

We also examined standard liver function tests includ-
ing gamma-glutamyl transferase (GGT, IU/l), alanine ami-
notransferase (ALT, IU/l), aspartate aminotransferase
(AST, IU/l), bilirubin (IU/l) and derived Fatty Liver Index
(FLI). The FLI was calculated using a standard algorithm
based on triglycerides, GGT, waist circumference and BMI
[19], which resulted in an index ranging from 0 to 100,
with higher scores reflecting a greater likelihood of having
a fatty liver.

Ascertainment of incident CVD events and mortality

Participants’ data were linked to the national mortality
register governed by the National Health Services (NHS)
Central register, in which information on mortality was
ascertained up to 31 August 2017. Follow-up for clinically
verified fatal and non-fatal stroke, myocardial infarction
(MI), coronary heart disease (CHD) and aggregate CVD
was ascertained up to 31 March 2017. Full ICD codes for
classification of these diseases can be found elsewhere [20].

Covariates

Covariates added to each model included sex, age and
occupational grade (low, medium, high) in relation to

Table 1 Categorization of life-time hazardous drinking groups.

Hazardous drinker

Before age 50 After age 50 Current

Never hazardous drinker X X X
Former early hazardous drinker √ X X
Former later hazardous drinker √ or X √ X
Current hazardous drinker √ or X √ √
Consistent hazardous drinker √ √ √

X = not a hazardous drinker; √ = hazardous drinker.

Hazardous drinking and cardiometabolic health 1857
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participants’ last known occupation and self-reported
ethnicity (white, non-white). Health and health behav-
iours also adjusted for included BMI, self-reported
smoking status (never, ex-smoker, current smoker),
physical activity and fruit and vegetable consumption.
Physical activity was dichotomized into whether a par-
ticipant met or exceeded the WHO recommendation of
2.5 hours of moderate-to-vigorous activity per week ver-
sus not meeting recommendations. A question relating
to frequency of eating fresh fruit and vegetables was
categorized into ‘seldom: three to four times week’,
‘daily’ and ‘four or more a day’. We also adjusted for
whether participants had a history of any CVD, or previ-
ous diagnosis of diabetes based on self-report at Phase
11 (no/yes).

Statistical analyses

A series of linear regression models were fitted with each
biomarker as an outcome variable and life-time hazard-
ous drinking groups as the primary exposure, adjusting
for all covariates listed above. Models with waist circum-
ference or BMI as the outcome did not adjust for the al-
ternative. The same models were repeated for life-time
binge drinking groups as the primary exposure, which
also adjusted for life-time hazardous drinking (shown in
the Supporting information). Where residuals were not
normally distributed the outcome variable was natural
log-transformed; this applied to triglycerides, HbA1c,
ALT, AST and bilirubin. To ease interpretation of models
where the outcome variable was log-transformed, regres-
sion coefficients were multiplied by 100 and interpreted
as a percentage difference [21].

The associations between life-time hazardous or binge
drinking and incident CVD and mortality were estimated
using Cox proportional hazard models. Survival time was
calculated from date of interview in Phase 11 to date of
CVD event or censoring (CVD death or last date of data
linkage up to 31 March 2017, whichever came first), or
to death or censoring (indicating no death up to 31August
2017). For CVD incidence, median and maximum
follow-up time was 4.5 and 5.3 years. Hazard ratios (HR)
and 95% confidence intervals (95% CI) were calculated
for each life-time drinking category, with the never
hazardous/binge drinker group treated as reference
category. Due to the small number of incident CVD events,
current and consistent hazardous drinkers were combined
into the one category: ‘current hazardous drinkers’. There
was no evidence of deviation from the proportionality
assumption in Cox models after assessing Schoenfeld resid-
uals. Survivalmodels were adjusted for the same covariates
as the linear regression models with the exception of hav-
ing a history of CVD, as these participants were excluded
from analyses. This paper is an honest, accurate and

transparent account of the study being reported; no
important aspects of the study have been omitted. These
analyses were not pre-registered; results should be consid-
ered exploratory.

RESULTS

Sample characteristics

Of 4820 participants (mean age = 69.4 years, 25% fe-
male), more than half of drinkers had been hazardous
drinkers at some point in their life, with 21% being current
hazardous drinkers and 5% being consistent hazardous
drinkers (see Table 2). In total, 11% were former early haz-
ardous drinkers and 19% were former later hazardous
drinkers. Current and consistent hazardous drinkers were
mainlymale (80 and 82%, respectively) and predominately
white. Those from higher occupational grades were more
likely to be current and consistent hazardous drinkers
(61%), followed by former later hazardous drinkers
(56%), former early hazardous drinkers (53%) and, finally,
never hazardous drinkers (44%). The highest proportion of
thosewho experienced a previous CVD event or diabetes di-
agnoses were former later hazardous drinkers (19%); the
lowest was current and consistent hazardous drinkers
(13%). The 262 participants who were excluded due to
having missing information on covariates were more likely
to be female (32%, P = 0.022) and non-white (10%,
P = 0.001); no other results were significant (Supporting
information, Table S1).

Displayed in Fig. 2 are associations between life-time
hazardous drinking and markers of cardiometabolic
health. Former later (β = 0.10 mmol/l, 95% CI = 0.06–
0.14, P < 0.001), current (0.19 mmol/l, 95% CI = 0.16–
0.23, P < 0.001) and consistent hazardous drinkers
(0.14 mmol/l, 95% CI = 0.09–0.20, P < 0.001) had
significantly higher HDL cholesterol than never hazardous
drinkers. Current (2.44 mmHg, 95% CI = 1.19–3.68,
P < 0.001) and consistent hazardous drinkers
(2.78 mmHg, 95% CI = 0.53–5.04, P = 0.02) had higher
systolic blood pressure than never hazardous drinkers.
Current hazardous drinkers also had higher diastolic
blood pressure (1.17 mmHg, 95% CI = 0.43–1.92,
P = 0.02). Results for triglycerides and LDL cholesterol
did not reveal any material differences between drinking
categories.

Lifetime hazardous drinkers had significantly larger
waist circumference and BMI than never hazardous
drinkers, with the magnitude increasing with more cur-
rent and consistent hazardous drinking. For example, for
waist circumference, former early hazardous drinkers on
average had a 1.17 cm (95% CI = 0.25–2.08, P = 0.01)
larger waist than never hazardous drinkers, whereas for-
mer later hazardous drinkers, current hazardous drinkers
and consistent hazardous drinkers had 1.88 cm (95%
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Figure 2 Linear regression results for life-time hazardous consumption groups and cardiometabolic biomarkers. Adjusted for sex, age, occupational
grade, ethnicity smoking status, bodymass index (BMI), physical activity, fruit and vegetable consumption and previous cardiovascular disease (CVD) or
diabetes diagnosis. Models with BMI or waist circumference as the outcome did not adjust for BMI. eGFR = estimated glomerular filtration rate; HDL
= high-density lipoprotein; LDL = low-density lipoprotein
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CI = 0.77–2.98, P< 0.01), 2.44 cm (95% CI = 1.55–3.34,
P < 0.01) and 3.85 cm (95% CI = 2.23–5.47, P < 0.01)
cm larger waist circumferences, respectively.

Current (�2.56 mmol/mol, 95% CI = �3.59�1.53,
P < 0.001) and consistent hazardous drinkers
(�1.91 mmol/mol, 95% CI = �3.74�0.07, P = 0.04)
had lower HbA1c values than never hazardous drinkers.
Former later (1.74 ml/min/1.73 m2, 95% CI = 0.16–
3.32, P = 0.03), current (3.41 ml/min/1.73 m2, 95%
CI = 2.13–4.69, P < 0.001) and consistent hazardous
drinkers (2.54 ml/min/1.73 m2, 95% CI = 0.26–4.83,
P = 0.03) had higher eGFR values than never hazardous
drinkers. This relationship maintained for current hazard-
ous drinkers, even with the inclusion of systolic blood
pressure; HbA1c and HDL in the model (2.62 ml/min/
1.732, 95% CI = 1.33–3.92, P< 0.001), however, became
non-significant for consistent hazardous drinkers (1.96ml/
min/1.732, 95% CI = �0.32–4.25, P = 0.09) (results not
shown).

Figure 3 shows similar comparisons between never
hazardous drinkers and other life-time drinking categories
among a range of liver function biomarkers. With the ex-
ception of bilirubin, current and consistent hazardous
drinkers had values indicative of poorer liver function than
never hazardous drinkers (GGT; current (22.64 IU/l, 95%
CI = 18.27–27.02, P < 0.001), consistent (17.94 IU/l,
95% CI = 10.10–25.75, P < 0.001), ALT; current
(4.14 IU/l, 95% CI = 1.25–7.04, P = 0.01), consistent
(5.26 IU/l, 95% CI = 0.10–10.43, P = 0.04), AST; current
(3.18 IU/l, 95% CI = 1.10–5.27, P < 0.01), consistent
(5.69 IU/l, 95% CI = 1.97–9.41, P < 0.01) and FLI; cur-
rent (4.05, 95% CI = 2.92–5.18, P < 0.001), consistent
(3.76, 95% CI = 1.75–5.77, P< 0.001]. Results for former
early and former later hazardous drinkers were non-
significant. As a sensitivity analysis, models with FLI as
the outcome that did not adjust for BMI found a greater ef-
fect of current (8.39, 95% CI = 6.30–10.48) and consis-
tent hazardous drinking (11.03, 95% CI = 7.29–14.76),
as anticipated, but remained in the same direction (results
not shown).

Former binge drinkers and current binge drinkers had
larger waist circumferences than never binge drinkers.
Similarly, all former and current binge drinkers had a
greater BMI than never binge drinkers. All other effects
failed to reach significance. Current binge drinkers on aver-
age had much higher GGT (18.42 IU/l, 95% CI = 11.23–
25.61, P < 0.001), AST (5.80 IU/l, 95% CI = 2.38–9.23,
P < 0.01) and FLI scores than never binge drinkers
(3.49, 95% CI = 1.65–5.34, P< 0.001). Results for consis-
tent binge drinkers failed to reach significance, with the ex-
ception of the FLI (4.73, 95% CI = 1.20–8.27) (Supporting
information, Table S2)

We observed no statistically significant findings for
life-time hazardous drinking groups and risk of incident

MI, any CHD event or aggregate CVD (Table 3). For stroke
incidence, current hazardous drinkers had almost a
threefold greater risk than never hazardous drinkers
(HR = 2.75, 95% CI 1.44–5.22); for the other groups
results were not significant. No significant findings were
found between life-time hazardous drinking groups and
risk of all-cause mortality. Former later hazardous drinkers
had an approximately twofold higher risk of non-CVD
mortality (1.93, 95% CI = 1.19–3.14) than never hazard-
ous drinkers. Risk of mortality for other groups were non-
significant.

Results for life-time binge drinkers failed to reach signif-
icance (Supporting information, Table S3).

DISCUSSION

Hazardous drinking was prevalent among this older-aged
cohort, with more than half the participants scoring five
or more on the AUDIT-C at some point in their life.
Current and consistent hazardous drinkers had worse
liver function, larger BMI and waist circumferences,
higher systolic and diastolic blood pressure and an in-
creased risk of stroke compared to never hazardous
drinkers, suggesting benefits in these domains from reduc-
ing hazardous consumption. Additionally, former hazard-
ous drinkers had larger waist circumferences and BMI
and an increased risk of non-CVD mortality than never
hazardous drinkers. Reducing hazardous consumption
earlier in life may have positive benefits, in particular with
relation to weight gain.

It is well established that higher levels of alcohol con-
sumption increase the risk of liver disease [22]. In this re-
spect, our results were as anticipated; current and
consistent hazardous had higher values of almost all liver
function markers examined in this study. Hazardous
drinkers who had quit (either before age 50 or after age
50) did not have worse liver function scores than never
hazardous drinkers, which could reflect the ability of the
liver to regenerate itself [23]. Liver disease is the only major
chronic disease to be steadily increasing in the United
Kingdom [24] yet, as this study shows, hazardous drinking
remains common among an older cohort. Stopping haz-
ardous drinking at any point during the life-course is likely
to be beneficial for liver health; doing so may help to tackle
the rapidly growing burden of liver disease in the
population.

Larger BMI and waist circumferences were found with
more persistent life-time hazardous drinking, increasing
inmagnitude with chronicity of being a hazardous drinker,
suggesting the benefits of stopping hazardous drinking in
relation to weight gain cannot come too early. Other stud-
ies have found that life-time alcohol use (measured in total
volume consumed) is associated with higher waist circum-
ference, particularly in men [25]. Our results suggest that
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even hazardous drinking or binge drinking before age 50
can contribute to greater BMI and waist circumference in
later life, both of which are major risk factors for heart dis-
ease, Type 2 diabetes and cancer [26–28].

Our finding that current hazardous drinkers have
increased blood pressure is consistent with other studies
[29], and this might be one pathway implicated in the in-
creased risk of stroke found in this study [30] and
elsewhere [8,31]. We also found an association among
former later-life hazardous drinking and increased risk of
non-CVD mortality compared with never hazardous
drinkers. This may be due to people who have reduced
hazardous drinking in later life due to pre-existing ill-
ness [14], which may be as a result from hazardous
consumption.

Relationships with life-time hazardous drinking in the
opposing direction (ie, better for health) were found with

HDL, HbA1c and eGFR. The relationship between
alcohol consumption and increased HDL levels has been
observed in many other studies [6]. However, we did
not find any significant association between life-time haz-
ardous drinking and CVD incidence, which is not neces-
sarily surprising; HDL cholesterol may not have a causal
role in reducing the risk of myocardial infarction [32].
The relationship between alcohol and Type 2 diabetes is
likely to be complex, with many previous studies finding
reduced risk for moderate drinkers, particularly among
women [33]. Hazardous alcohol consumption was associ-
ated with better renal function as assessed through
eGFR. Other studies have found similar results [34–36],
and this counter-intuitive finding requires further
investigation. Our investigation into life-time hazardous
consumption and various cardiometabolic biomarkers
highlights the complex relationship between alcohol

Figure 3 Linear regression results for lifetime hazardous consumption groups and liver function biomarkers. Adjusted for sex, age, occupational
grade, ethnicity smoking status, BMI, physical activity, fruit and vegetable consumption and previous cardiovascular disease (CVD) or diabetes diagnosis.
ALT = alanine aminotransferase; AST = aspartate aminotransferase; GGT = gamma-glutamyl transferase
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and health, as drinking appears to affect multiple path-
ways in different ways.

Strengths and limitations

The strengths of this study include the ability to explore the
effects of hazardous drinking throughout life, where many
studies are constrained to assessing alcohol consumption
during a short period only.We also assessed hazardous con-
sumption in relation to a range of objective biomarkers of
health, providing a comprehensive overview of the effects
of alcohol on an array of biological systems, highlighting
the complex association of alcohol with health in the
process

Our study is, of course, not without limitations. We
have used Phase 11 of the study, where subjects have been
lost to attrition at every follow-up since baseline. This is
likely to have resulted in a more affluent sample. as those
who drop out tend to be from a lower social grade [37].
Furthermore, the sample is an occupational cohort and
therefore may not be representative of the population
[38]. This may have resulted in a lower prevalence of dis-
ease in an arguably more affluent sample than the general
population, and therefore caution should be heeded in gen-
eralizing the results. Despite this, associations between risk
factors and disease observed in the Whitehall II cohort
have been shown to be comparable to those in the general
population [39]. The ability to explore the association of
life-time alcohol consumption with a range of biomarkers
in a relatively large sample arguably balances out this dis-
advantage. We used a retrospective measure of life-time
hazardous drinking during a long time-period, which is
likely to give rise to recall bias. However, a previous valida-
tion study on this measure in Whitehall II showed it to be
reliable [40]. Similar retrospective measures have been
used elsewhere [41,42] but, as with all self-reported data,
there remains the possibility of bias. Furthermore, due to
data constraints there is the possibility of residual con-
founding, including not accounting for amore comprehen-
sive measure of nutrition. Our short follow-up period made
it difficult to assess the longer-term effects of hazardous
drinking (e.g. we observed only a small number of events),
and this might partly explain the many null findings and
inability to examine the effects of consistent hazardous
drinking in survival models in more detail. Unfortunately,
we were not able to split stroke by subtype. Our categoriza-
tion of life-time hazardous consumption may have resulted
in a loss of information; however, the groups were large
enough to facilitate interpretation, in particular the effects
of being a hazardous drinker before mid-life only. Finally,
study participants were aged 59 years and over, therefore
we may have not captured the full effects of hazardous
drinking throughout life, particularly among younger haz-
ardous drinkers who may have dropped out of the study.

CONCLUSION

Hazardous drinking, as identified through the AUDIT-C
screening tool, is common among older adults and may in-
crease cardiometabolic risk factors. Population reductions
in hazardous drinking are likely to result in improvements
in liver function and blood pressure in elderly people and
confer a reduced risk of stroke. Longer-lasting gains in
health and wellbeing may accrue with earlier intervention
in the life course, particularly in relation to weight gain.
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