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Background-—Emerging evidence suggests that arterial stiffness, an important marker of cardiovascular health, is associated with
alcohol consumption. However, the role of longer-term consumption patterns in the progression of arterial stiffness over time
remains unclear. A longitudinal cohort design was used to evaluate the association between alcohol consumption over 25 years
and subsequent changes in arterial stiffness.

Methods and Results-—Data (N=3869; 73% male) were drawn from the Whitehall II cohort study of British civil servants, in which
participants completed repeat pulse wave velocity assessments of arterial stiffness across a 4- to 5-year interval. Repeated alcohol
intake measurements were used to categorize participants into alcohol consumer types, accounting for longitudinal variability in
consumption. Sex-stratified linear mixed-effects modeling was used to investigate whether drinker types differed in their
relationship to pulse wave velocity and its progression over time. Males with consistent long-term heavy intake >112 g of ethanol/
week had significantly higher baseline pulse wave velocity (b=0.26 m/s; P=0.045) than those who drank consistently moderately
(1–112 g of ethanol/week). Male former drinkers showed significantly greater increases in arterial stiffness longitudinally
compared to consistently moderate drinkers (b=0.11 m/s; P=0.009). All associations were nonsignificant for females after
adjustment for body mass index, heart rate, mean arterial pressure, diabetes mellitus, high-density lipoprotein, and triglycerides.

Conclusions-—This work demonstrates that consistently heavy alcohol consumption is associated with higher cardiovascular risk,
especially among males, and also provides new insights into the potential impact of changes in drinking levels over time. It discusses
the additional insights possible when capturing longitudinal consumption patterns in lieu of reliance on recent intake alone.

Clinical Trial Registration-—URL: http://www.clinicaltrials.gov. Unique identifier: NCT02663791. ( J Am Heart Assoc. 2017;6:
e005288. DOI: 10.1161/JAHA.116.005288.)
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C ardiovascular diseases remain the leading cause of
mortality, accounting for 30% of global deaths.1

Research has suggested that moderate levels of alcohol
consumption are associated with lower risk of cardiovascular
disease onset.2 The mechanisms underlying this association
are not fully understood nor the impact of changes in drinking
levels over time. There is a need to further examine how
alcohol consumption can impact on cardiovascular function-
ing and risk.

Arterial stiffness, which occurs where the vessel wall lacks
elasticity, is 1 indicator of cardiovascular health that may be
directly affected by alcohol consumption. This stiffness alters
arterial responsiveness to pressure variations and is indicative
of both functionally and structurally adverse changes.3 It is
independently linked to both cardiovascular morbidity and
mortality, which has been attributed to the impact that arterial
stiffness has on hemodynamic processes within the vascula-
ture.4,5 The importance of arterial stiffness to cardiac health has
led to proposals that it can be used as a surrogate endpoint for
studies of cardiovascular disease.6 It can be assessed accu-
rately and noninvasively using pulse wave velocity (PWV)
estimation.7 Arterial waveforms travel faster in less-elastic
vessels, so PWV values are inversely related to such elasticity.8

Research into alcohol consumption and PWV9–12 suggests
that their association reflects the same U-/J-shaped relation-
ship observed elsewhere in cardiovascular-focused studies of
alcohol, implying that moderate alcohol intake may have a
protective effect on arterial stiffness.13 This pattern has been
reflected in cross-sectional studies of specific population
subgroups, such as diabetics and different age groups.12–14
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Multiple mechanisms underlying this association have been
proposed, including alcohol-induced increases in high-density
lipoprotein cholesterol, as well as decreases in platelet
adhesiveness to the endothelium.15 Conversely, the greater
stiffness associated with high consumption may be attributed
to an alcohol-related increase in metalloproteinase activity.16

Studies examining associations between alcohol and
arterial stiffness have predominantly relied on cross-sectional
data, yet such designs mask longitudinal variability in
consumption levels and hinder comparisons of former
drinkers to nondrinkers.2,17 Moreover, it has been suggested
that short- and long-term consumption may have divergent
effects on PWV.18 New insights could therefore be garnered
by investigating longer-term patterns of alcohol intake that
properly capture the impact that variable intake levels and
discontinuation of drinking may have on arterial stiffness.
Capturing longitudinal measurements of PWV also would help
evaluate alcohol’s association with progression in arterial
stiffness and thus with arterial aging more generally.4

Twoearlier cohort studies have shown that daily consumption
of ≥23 g of ethanol is associated with increased incidence of
arterial stiffness over a 9-year period.19,20 A more-recent study
found that consuming alcohol twice-weekly or more is associ-
ated with significant PWV increases across a 5-year interval.21

These 3 studies comprisedmale participants only and relied on a
single cross-sectional assessment of alcohol consumption. To
our knowledge, only 1 study of the association between alcohol
and changes in PWV has used repeat assessments of alcohol
consumption.22 This study found that moderate drinkers with
normal blood pressure had significantly smaller increases in
PWVover 6 years than did nondrinkers. Heavy drinkerswith high
blood pressure had significantly greater increases in PWV than
their nondrinker or moderate drinker counterparts. The study,
however, did not assess whether longitudinal changes in
consumption patterns influence these associations.

Using repeat alcohol assessments covering more than 2
decades, we aim, in the current study, to more accurately
capture complexity in how drinking behaviors are associated
with arterial stiffness than has been previously achieved. The
primary aims of this study are to examine whether long-term
patterns of alcohol consumption are independently associated
with a baseline assessment of PWV and with longitudinal
change in PWV. Secondary aims include an examination of
whether short-term intake levels show comparable associa-
tions with PWV.

Methods

Sample and Design
The data have been sourced from the Whitehall II cohort
study. This study incorporates longitudinal assessments of

10 308 UK civil servants, originally recruited between 1985
and 1988. These recruits comprised 6895 males (67%) and
3413 females, with an overall age range of 34 to 56 years.
Arterial stiffness is deemed a surrogate endpoint for cardio-
vascular disease, as outlined in the introduction in the main
article. Consequently, participants with a previous history of
cardiovascular disease were excluded from the analytic
sample, leading to the exclusion of 897 participants. Clinical
assessments were repeated at 4- to 5-year intervals. PWV
measurement was introduced to the clinical protocol at phase
9, with assessments taking place in 2007–2009. Three
thousand eight hundred sixty-nine participants had a baseline
PWV assessment during this time. Follow-up testing took
place at phase 11, during 2012 and 2013. Of the participants
who underwent a PWV assessment at phase 9, 3130 also had
a successful PWV assessment at phase 11. The participant
selection process is illustrated in Figure 1.

Approval for the Whitehall II study was received from the
University College London Medical School Committee on the
ethics of human research, and participants gave written
informed consent. Whitehall II data are available to bona-fide
researchers for research purposes. The Whitehall II data-
sharing policy is available at http://www.ucl.ac.uk/whiteha
llII/data-sharing.

Measures

Outcome

The outcome of interest is carotid-femoral PWV, measured in
meters per second (m/s). Research has shown that carotid-
femoral PWV offers a more-sensitive arterial stiffness mea-
surement than PWV evaluation at other sites,23 and it has
been described as the “gold-standard” assessment
approach.2 Higher PWV values are indicative of increased
arterial stiffness.

PWV was assessed using applanation tonometry (Sphyg-
moCor device; Atcor Medical, Sydney, Australia). Path length
was ascertained using both the carotid-sternal notch distance
and femoral-sternal notch distance. Participants underwent
up to 3 PWV measurements at each phase to ensure
assessment accuracy, and the mean of these was taken as
their PWV measurement for that phase.

Exposure

Self-reported alcohol consumption was assessed at phases 1,
3, 5, 7, and 9. Participants reported the number of glasses of
wine, pints of beer/cider, and measures of spirit/liqueur
consumed in the week preceding each assessment. These
values were then converted into ethanol volumes. In terms of
conversion ratios, 8 g of ethanol was assumed for each
measure of spirit and 16 g for each pint of beer/cider.24 The
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ethanol content of wine was estimated in line with recent
guidance regarding the increased alcohol content in a
standard wine glass since 1995.25,26 Each wine glass
consumed pre-1995 was assumed to contain 8 g of ethanol
and 16 g after this date.

Weekly consumption levels for all beverage types com-
bined were then used to categorize intake according to the
current UK guidelines.27 These define moderate consumption
for males and females as weekly ethanol intake volumes up to
112 g (≤14 UK units).

Utilizing these self-reported weekly ethanol intake data,
participants’ pattern of long-term alcohol consumption across
phases 1, 3, 5, 7, and 9 was then derived. Definitions and
counts for this long-term intake categorization are presented
in Table 1. Unstable drinker types were labeled according to
their modal intake level. Further refinement in the catego-
rization of drinker types was limited by statistical power.
Where participants were missing consumption data in more
than 3 phases, long-term drinker type could not be reliably
determined and, accordingly, long-term drinker type was
deemed missing for 47 participants. Recent consumption
patterns, based on reported intake at phase 9 only, were also
evaluated as part of supplementary analyses. This alternative
categorization and associated counts are again described in
Table 1. Recent intake data were missing for 78 participants.

Covariates

To account for potential confounds, known demographic and
clinical risk factors for arterial stiffness were selected for
inclusion in the modeling. The covariates comprised standard
demographic characteristics, including age,28 sex,29 and
ethnicity.30 Socioeconomic position was also included31 and
categorized as low, medium, or high according to participants’

most recent employment grading. Smoking status was
assessed,32 with participants categorized as current, former,
or nonsmokers. Exercise level was likewise measured.33 This
was established by determining whether participants’ self-
reported activity level met or exceeded 2.5 hours of moder-
ate-to-vigorous activity per week, the World Health Organiza-
tion’s (WHO) recommended amount. Clinical covariates
included body mass index34 and type II diabetes mellitus as
determined through the HbA1c blood glucose test.28 Mean
arterial pressure35 was determined using both diastolic and
systolic pressures at the time of the PWV assessment. Heart
rate,36 high-density lipoprotein cholesterol,37 and triglyceride
levels38 were also measured. Finally, to account for variability
in time between the PWV baseline and follow-up assessments,
the time difference was calculated for each participant and
standardized to a 4-year period (because of the mean interval
being 4.1 years). The covariates were assessed at the
baseline PWV assessment (phase 9, 2007–2009), and mean
centering was performed before modeling for those measured
on a continuous scale.

Statistical Analysis
To account for the existing cross-sectional evidence that sex
may moderate the alcohol-PWV relationship, the analyses in
the current study were stratified by participant sex.13,39

Linear mixed-effects modeling was then used to examine the
effect of alcohol drinker type on PWV and longitudinal
changes in this marker. A series of random intercept models
were developed using maximum likelihood estimation,40 with
long-term drinker type as the exposure in the first instance. A
second set of models was generated with the recent drinker
type as exposure. The interval between assessments

Figure 1. Participant selection flowchart. PWV indicates pulse wave velocity.
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(standardized to 4 years) was used as the time indicator in all
models. The statistical analyses were performed in R (v3.3.0;
R Foundation for Statistical Computing, Vienna, Austria). For
both the long-term and recent intake exposures, models were
developed iteratively with increasing numbers of covariates
included, beginning with age, sex, and assessment interval,
followed by demographic and lifestyle factors (ethnicity,
smoking, socioeconomic position, and exercise level) and
ending with clinical factors (body mass index, type II diabetes
mellitus, mean arterial pressure, heart rate, and high-density
lipoprotein cholesterol). The reference category for long-term
consumption was stable moderate drinkers and for the recent
intake analysis was moderate intake.41

To address missing data, multiple imputation by chained
equationswas undertaken using the R “mice” package (v2.25; R
Foundation for Statistical Computing), with 100 imputations
performed for both themale-only and female-only data subsets.
The outcome variable was included in the imputationmodel, but
not itself imputed; auxiliary variables were also utilized to
improve precision and adherence to the missing at random
assumption. Sensitivity analyses were undertaken to examine
whether complete case analyses produced comparable results.

All tests of statistical significance were 2-tailed, and a
threshold of P<0.05 was used for inferring significance.

Results
Of the total 3869 participants in the analysis sample, 73.7%
were male. As shown in Table 1, the male sample had a much
higher proportion of heavy drinkers (stable, 17.7%; unstable,
27.9%) than did the female sample. Conversely, there were
over twice as many stable nondrinkers (8.2%) and former

drinkers (18.7%) in the female cohort as in the male. Unstable
moderate drinkers were the most common type among
females (32.2%) and were also prevalent among the male
sample (27.9%). Sociodemographic and clinical characteristics
of the male and female cohorts are provided in Tables 2 and
3, respectively, with additional stratification by long-term
drinking categorization.

The majority of the male (94.3%) and female (88.5%)
participants were of a white ethnicity. The most common
socioeconomic position among females was medium (48.7%)
and among males was high (57%). Few among either sex were
current smokers, whereas the majority (male, 68%; female,
74.1%) failed to meet the WHO’s recommended weekly
exercise levels. Among both cohorts, 1 in 10 had type II
diabetes mellitus.

Stable nondrinkers, regardless of sex, were the most likely
to have never smoked (male, 68.2%; female, 75.4%), whereas
stable heavy drinkers had the highest proportion of current
smokers (male, 8.8%; female, 7.3%). Former drinkers (male,
75.5%; female, 81.4%) were most likely to get insufficient
exercise. For both sexes, diabetes mellitus was most common
among nondrinkers.

The mean PWV at baseline for males was 8.5 m/s
(SD=2.0), which significantly increased to 9.1 m/s (SD=2.4)
by the follow-up (t(2349)=19.5; P<0.001). The female mean
was consistently lower, progressing from 8.2 m/s (SD=1.9)
at baseline to 8.7 m/s (SD=2.3) by the follow-up, also a
significant increase (t(779)=10.9; P<0.001).

Table 4 presents the multilevel modeling results for all
long-term drinker types and for each modeling stage, with the
analyses stratified by sex (complete covariate results are
available from the first author on request). In an initial model,

Table 1. Long-Term and Recent Drinker Type Definitions With Observed Counts and Percentages (Within-Sex and Overall)

Drinker Type Weekly Ethanol Intake

N (%)

Male Female Total

Long-term drinker type
(Phases 1, 3, 5, 7, 9)

Stable nondrinker 0 g at each phase 85 (3.0) 82 (8.2) 167 (15.0)

Stable moderate drinker 1 to 112 g at each phase 390 (13.8) 179 (17.8) 569 (51.3)

Stable heavy drinker >112 g at each phase 500 (17.7) 41 (4.1) 541 (48.7)

Unstable moderate drinker >0 g at phase 9 and 1 to 112 g across
more than half, but not all, of phases 1 to 9

787 (27.9) 323 (32.2) 1110 (29.0)

Unstable heavy drinker >0 g at phase 9 and >112 g across at
least half, but not all, of phases 1 to 9

807 (28.6) 191 (19.0) 998 (26.1)

Former drinker 0 g at phase 9 but intake >0 g at
any earlier phase

249 (8.8) 188 (18.7) 437 (11.4)

Recent drinker
type (Phase 9)

No recent intake 0 g at phase 9 334 (11.9) 269 (27.0) 603 (15.9)

Recent moderate 1 to 112 g at phase 9 1110 (39.7) 466 (46.8) 1576 (41.6)

Recent heavy >112 g at phase 9 1351 (48.3) 261 (26.2) 1612 (42.5)

N indicates count.
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adjusting for age and assessment interval, consistently heavy
drinkers had significantly higher baseline PWV values than the
stable moderate drinking reference group (male, b=0.35 m/s;
95% CI=0.08–0.62; P=0.012; female, b=0.66 m/s; 95%
CI=0.01–1.32; P=0.048). Female participants with an unsta-
ble pattern of moderate consumption (b=0.46 m/s; 95%
CI=0.10–0.82; P=0.012) also had higher PWV than those who
consistently drank moderately.

Following adjustment for additional demographic, lifestyle,
and clinical factors, the PWV of male stable heavy drinkers
remained significantly higher at baseline (b=0.26 m/s; 95%
CI=0.01–0.52; P=0.045). With the female participants, how-
ever, the associations for the stable heavy (b=0.42 m/s; 95%
CI=�0.18 to 1.02; P=0.169) and unstable moderate con-
sumers (b=0.28 m/s; 95% CI=�0.05 to 0.61; P=0.091) were
no longer statistically significant, although their effect
estimates remained larger than that observed with the male
stable heavy drinkers.

These models also enabled the evaluation of differences
between the long-term drinker types in terms of the
subsequent change in PWV. Among males, regardless of
covariates included in the model, former drinkers showed
significantly greater increases in PWV over time relative to
stable moderate drinkers (maximally adjusted model,
b=0.11 m/s; 95% CI=0.03–0.19; P=0.009). Interestingly,
these former drinkers had shown a large drop in association

with baseline PWV following adjustment for lifestyle and
clinical characteristics, yet these covariate adjustments had
no impact on the magnitude of the longitudinal association
observed in this group or any of the long-term drinker types.
With the female participants, no significant longitudinal
effects were found, the largest effect estimate in the
maximally adjusted model being for the stable nondrinkers
(b=0.08 m/s; 95% CI=�0.04 to 0.20; P=0.188).

The predicted mean PWV trajectories, following maximal
risk-adjustment, are illustrated in Figures 2 and 3 for male
and female participants, respectively. Figure 2 shows that
among males, stable moderate drinkers have the lowest PWV
values throughout the study period. Stable nondrinkers begin
the study period as being the male drinker type with the
highest PWV, but the plot illustrates that it is former drinkers
who subsequently show the most accelerated increase in
PWV among males over the follow-up period. Figure 3 shows
that stable heavy drinkers have the highest PWV at baseline
among the female drinker types, but that it is stable
nondrinkers who subsequently show the largest longitudinal
change in PWV, albeit nonsignificantly.

A secondary aim of this study was to determine whether
recent intake levels showed similar patterns of association to
arterial stiffness. In the male and female samples, participants
without any recent intake and those with recent heavy intake
showed no significant difference in baseline PWV compared to

Figure 2. Male long-term drinker types: changes in predicted PWV over time (maximally adjusted model).
PWV indicates pulse wave velocity.
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recent moderate drinkers, regardless of the extent of
covariate adjustment. In terms of longitudinal change, male
participants with no recent reported intake had significantly
higher PWV than those with recent moderate consumption (in
the maximally adjusted model, b=0.07 m/s; 95% CI=0.01–
0.13; P=0.021). No longitudinal effects were observed for the
female sample. Results for the recent alcohol intake types are
provided in Table 5.

As a sensitivity analysis following our use of multiple
imputation, complete case analyses of the long-term drinker
type were undertaken. The same significant baseline and
longitudinal associations were observed as in the imputed
data analysis, with an additional significant baseline effect
found for male stable nondrinkers. Full details of all models
are available from the first author on request.

Discussion
Using over 25 years of prospective alcohol consumption data,
this study has provided new insights into the relationship
between drinking and arterial stiffness. Male participants who
habitually consumed heavy volumes of alcohol had significantly
higher PWV than consistentlymoderate consumers (b=0.26 m/
s; P=0.045). All drinker types, regardless of sex, experienced
increases in their PWV from baseline across a subsequent 4- to
5-year interval, but only male former drinkers showed signif-
icantly accelerated progression (b=0.11 m/s; P=0.009).

The finding that male stable heavy drinkers had higher
baseline PWV than stable moderate consumers is consistent
with existing research9–12 and with the concept of a threshold
effect for alcohol’s impact on cardiovascular health.42 Com-
pared to heavier volumes, moderate intake is known to be
associated with higher high-density lipoprotein cholesterol, a
protective factor against arterial stiffening.43 A similar effect
for stable heavy drinkers was observed among female
participants after adjustment for demographic and lifestyle
characteristics (b=0.73 m/s; P=0.029), but this was no
longer significant after additional adjustment for clinical
covariates (b=0.42; P=0.169). This difference from the male
sample may be attributable to a disparity in statistical power
because of the much smaller number of female stable heavy
drinkers. However, it may also be attributable to sex
differences in how the alcohol-PWV relationship is con-
founded by other clinical characteristics. Increased high-
density lipoprotein has previously been shown to be associ-
ated with lower PWV in males, but not females, whereas
triglycerides were a significant predictor of PWV in both
sexes.44

There was also evidence in the female sample that
unstable moderate drinkers had higher baseline PWV com-
pared to the stable moderate group. This effect was again
significant after adjustment for demographic and lifestyle
characteristics (b=0.44 m/s; P=0.015), but not clinical
covariates (b=0.28 m/s; P=0.091). Research into variable

Figure 3. Female long-term drinker types: changes in predicted PWV over time (maximally adjusted
model). PWV indicates pulse wave velocity.
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alcohol intake patterns has shown that triglyceride levels may
attenuate the relationship between such variable intake levels
and cardiovascular disease risk.45

When drinker type was defined according to recent intake
only, the sole significant effect was for increased PWV
progression among male nondrinkers (b=0.11 m/s;
P=0.009). This association was also found by Matsumoto
et al,22 the only previous study to measure both arterial
stiffness and alcohol intake longitudinally. However, the
alternative long-term intake categorization used in the present
study has enabled the differentiation of former drinkers from
long-term abstainers and shown that it is with former drinkers
only that this longitudinal effect occurs. By capturing stability
in intake levels over time, the current study has obtained new
detail on the alcohol-PWV relationship and addressed recent
criticisms made of the wider alcohol epidemiology field.46

One-off assessments can lead to misclassification of risk
associations attributed to regression dilution.47 Comparing
the long-term and recent drinker types, 12% of male
participants with moderate recent intake had predominantly
drank heavily across the preceding 2 decades. Likewise, most
recent male and female nondrinkers were former drinkers
rather than long-term abstainers (supplementary results are
available from the first author on request). Only when longer-
term intake data are used to distinguish former drinkers from
other participants in the recent intake analysis do we observe
that former drinkers have a different risk of accelerated PWV
change compared to the other drinker types. It is clear that
the use of short-term intake levels alone can potentially mask
alcohol’s association with cardiovascular risk.

In contrast to Matsumoto et al, no significant longitudinal
effect was found here for heavy drinkers. Given the significant
effect observed for male former drinkers, of whom fewer were
sampled than heavy drinkers, it is unlikely this is attributable
to power limitations. The baseline effect for stable heavy
intake suggests that consistently heavy drinkers may expe-
rience more PWV change at a younger age compared to other
drinker types. The significant longitudinal effect for former
drinkers may partly be explained by the “sick-quitter”
phenomenon, where drinkers reduce their alcohol intake in
response to the onset of ill health.41 This is substantiated by
the finding that male former drinkers were significantly more
likely to report poorer health than stable moderate consumers
at the initial PWV assessment (supplementary results are
available from the first author on request). No such difference
was observed among the female participants, which is
consistent with the absence of a longitudinal effect for
female former drinkers.

This study endeavored to control for potential confounds of
the association between alcohol and PWV. The finding that
other risk factors for arterial stiffness, such as age, heart rate,
and arterial pressure, are significantly associated with PWV inTa
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the direction anticipated35,36,48 provides additional confi-
dence in our findings. The use of existing cohort data meant
that covariate selection was dependent on available data and
residual confounding may have occurred. Although most
confounders of known relevance were captured in the current
study, it may be useful to consider the potential impact of
additional unmeasured confounders, such as statin usage and
passive smoking, in future replications.

Regarding limitations, there was a possible selection bias
given that only participants who remained in the Whitehall II
study for over 2 decades took part in the PWV assessment.
Similarly, because the consumption data covered a 25-year
timespan only, it is not possible to draw inferences about
previous intake. Although our sample included consumers
who consistently drank heavily, we may not have captured
particularly high levels of consumption that could have had an
incrementally greater impact on PWV.25 This was particularly
true of the female sample, the analyses for whom had
potentially reduced statistical power relative to the male-only
analyses. Alternative thresholds for defining lighter intake
categories could also be explored where additional data are
available. The current study’s data are self-reported and so
vulnerable to estimation errors. These are issues known to
affect, but not invalidate, population survey research.49

Regarding result generalizability, etiological evidence from
the Whitehall II study has shown comparable results to
community- and population-based studies,50 and good con-
cordance has been found between the prospective data
collected in this cohort and retrospectively recalled drinking
behavior.51 Additional evaluation of data reliability and validity
would help verify this generalizability. PWV has to date only
been assessed at 2 phases of the Whitehall II study, so neither
nonlinear nor longer-term changes in PWV could be tested.
Finally, because of power limitations restricting further
typology refinement, the current study was unable to
incorporate other intake characteristics. Additional data may
provide insights into other consumption patterns, such as
episodic heavy drinking, which could further clarify the
cardiovascular disease risk associated with unstable intake
levels. Episodic heavy drinking could offset any theorized
beneficial effect of moderate alcohol intake,52 indirect
evidence of which is provided in the current study by the
PWV differences between female stable and unstable moder-
ate drinkers before adjustment for clinical factors. Limitations
in the categorization approach used here, however, do not
detract from our ability to draw comparisons to existing
studies of alcohol and PWV, given that these typically also
categorized drinking in terms of intake levels rather than
frequency.

Bearing in mind these additional considerations, this study
has furthered our understanding of how long-term alcohol
consumption is associated with arterial stiffness and its

progression over time. This study has captured drinking
profiles spanning over 2 decades and demonstrated the
differing insights obtainable from cross-sectional and longitu-
dinal descriptions of drinking behavior. The study has shown
that a consistently moderate drinking pattern is associated
with lower arterial stiffness than is heavier drinking, particularly
so among males. Discontinuation of drinking has also been
shown to be associated in males with experiencing accelerated
stiffness over time, and potential reasons for this and the
absence of an effect among females have been offered. On the
whole, the findings are compatible with the notion that
consistently moderate alcohol intake is associated with lower
cardiovascular risk, but suggest that the strength and form of
this association may somewhat vary by sex. This work has, in
particular, illustrated the new insights that can be obtained
when the stability of intake levels is taken into account.

Acknowledgments
We thank all participants in the Whitehall II Study, Whitehall II
researchers, and support staff who make the study possible.

Sources of Funding
The alcohol life-course project (http://www.ucl.ac.uk/alc
ohol-lifecourse) is funded by the UK Medical Research
Council/Alcohol Research UK (MR/M006638/1) and Euro-
pean Research Council (ERC-StG-2012-309337_AlcoholLife-
course). The UK Medical Research Council (MR/K013351/1;
G0902037), British Heart Foundation (RG/13/2/30098), and
the National Institutes of Health (R01HL36310,
R01AG013196) have supported the Whitehall II Study data
collection.

Disclosures
None.

References
1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, De

Ferranti S, Despr�es JP, Fullerton HJ, Howard VJ, Huffman MD, Judd SE, Kissela
BM, Lackland DT, Lichtman JH, Lisabeth LD, Liu S, Mackey RH, Matchar DB,
McGuire DK, Mohler ER, Moy CS, Muntner P, Mussolino ME, Nasir K, Neumar
RW, Nichol G, Palaniappan L, Pandey DK, Reeves MJ, Rodriguez CJ, Sorlie PD,
Stein J, Towfighi A, Turan TN, Virani SS, Willey JZ, Woo D, Yeh RW, Turner MB.
Heart disease and stroke statistics—2015 update: a report from the American
Heart Association. Circulation. 2015;131:e29–e39.

2. Ronksley P, Brien S, Turner B, Mukamal K, Ghali W. Association of alcohol
consumption with selected cardiovascular disease outcomes: a systematic
review and meta-analysis—with comments. BMJ. 2011;342:d671.

3. Cavalcante JL, Lima JAC, Redheuil A, Al-Mallah MH. Aortic stiffness: current
understanding and future directions. J Am Coll Cardiol. 2011;57:1511–1522.

4. Cecelja M, Chowienczyk P. Role of arterial stiffness in cardiovascular disease.
JRSM Cardiovasc Dis. 2012;1:1–11.

5. Zieman SJ, Melenovsky V, Kass DA. Mechanisms, pathophysiology, and
therapy of arterial stiffness. Arterioscler Thromb Vasc Biol. 2005;25:932–943.

DOI: 10.1161/JAHA.116.005288 Journal of the American Heart Association 11

Long-Term Alcohol Intake & Arterial Aging O’Neill et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

http://www.ucl.ac.uk/alcohol-lifecourse
http://www.ucl.ac.uk/alcohol-lifecourse


6. Laurent S, Briet M, Boutouyrie P. Arterial stiffness as surrogate end point:
needed clinical trials. Hypertension. 2012;60:518–522.

7. Sakuragi S, Abhayaratna WP. Arterial stiffness: methods of measurement,
physiologic determinants and prediction of cardiovascular outcomes. Int J
Cardiol. 2010;138:112–118.

8. Laurent S, Cockcroft J, Van Bortel L, Boutouyrie P, Giannattasio C, Hayoz D,
Pannier B, Vlachopoulos C, Wilkinson I, Struijker-Boudier H. Expert consensus
document on arterial stiffness: methodological issues and clinical applications.
Eur Heart J. 2006;27:2588–2605.

9. Sierksma A, Muller M, van der Schouw Y, Grobbee D, Hendriks H, Bots M.
Alcohol consumption and arterial stiffness in men. J Hypertens. 2004;22:357–
362.

10. Kweon S-S, Lee Y-H. Relationship of average volume of alcohol consumption
and binge drinking to arterial stiffness in community-dwelling healthy adults. J
Agric Med Community Health. 2012;37:23–35.

11. Sasaki S, Yoshioka E, Saijo Y, Kita T, Okada E, Tamakoshi A, Kishi R. Relation
between alcohol consumption and arterial stiffness: a cross-sectional study of
middle-aged Japanese women and men. Alcohol. 2013;47:643–649.

12. Sierksma A, Lebrun CEI, Van Der Schouw YT, Grobbee DE, Lamberts SWJ,
Hendriks HFJ, Bots ML. Alcohol consumption in relation to aortic stiffness and
aortic wave reflections: a cross-sectional study in healthy postmenopausal
women. Arterioscler Thromb Vasc Biol. 2004;24:342–348.

13. van den Elzen A, Sierksma A, Oren A, Vos L, Witteman J, Grobbee D, Hendriks
H, Uiterwaal C, Bots M. Alcohol intake and aortic stiffness in young men and
women. J Hypertens. 2005;23:731–735.

14. Wakabayashi I, Kobaba-Wakabayashi R, Masuda H. Relation of drinking alcohol
to atherosclerotic risk in type 2 diabetes. Diabetes Care. 2002;25:1223–1228.

15. Beilin L. Alcohol and cardiovascular disease: possible protection via effects on
aortic stiffness. J Hypertens. 2005;23:703–705.

16. Sillanaukee P, Kalela A, Sepp€a K, H€oyhty€a M, Nikkari ST. Matrix metallopro-
teinase-9 is elevated in serum of alcohol abusers. Eur J Clin Invest.
2002;32:225–229.

17. Britton A, Ben-Shlomo Y, Benzeval M, Kuh D, Bell S. Life course trajectories of
alcohol consumption in the United Kingdom using longitudinal data from nine
cohort studies. BMC Med. 2015;13:47.

18. Mahmud A, Feely J. Divergent effect of acute and chronic alcohol on arterial
stiffness. Am J Hypertens. 2002;15:240–243.

19. Nakanishi N, Kawashimo H, Nakamura K, Suzuki K, Yoshida H, Uzura S, Tatara
K. Association of alcohol consumption with increase in aortic stiffness: a 9-
year longitudinal study in middle-aged Japanese men. Ind Health. 2001;39:24–
28.

20. Nakanishi N, Yoshida H, Kawashimo H, Suzuki K, Nakamura K, Tatara K.
Alcohol consumption and risk for increased aortic pulse wave velocity in
middle-aged Japanese men. Angiology. 2001;52:533–542.

21. El Khoudary SR, Barinas-Mitchell E, White J, Sutton-Tyrrell K, Kuller LH, Curb
JD, Shin C, Ueshima H, Masaki K, Evans RW, Miura K, Edmundowicz D,
Sekikawa A. Adiponectin, systolic blood pressure, and alcohol consumption
are associated with more aortic stiffness progression among apparently
healthy men. Atherosclerosis. 2012;225:475–480.

22. Matsumoto C, Tomiyama H, Yamada J, Yoshida M, Shiina K, Nagata M,
Yamashina A. Association of blood pressure levels with the effects of
alcohol intake on the vasculature in Japanese men. Hypertens Res.
2009;32:127–132.

23. Tillin T, Chambers J, Malik I, Coady E, Byrd S, Mayet J, Wright AR, Kooner J,
Shore A, Thom S, Chaturvedi N, Hughes A. Measurement of pulse wave
velocity: site matters. J Hypertens. 2007;25:383–389.

24. Goddard E. Estimating Alcohol Consumption from Survey Data: Updated Method
of Converting Volumes to Units. Newport, UK: Office for National Statistics
Cardiff; 2007.

25. Britton A, O’Neill D, Bell S. Underestimating the alcohol content of a glass of
wine: the implications for estimates of mortality risk. Alcohol Alcohol.
2016;51:609–614.

26. Stead M, Bauld L, Angus K, Macdonald L, Munaf�o M, Attwood A, Ataya A, Fuller
E, Pickering K. Scoping and Feasibility Study to Develop and Apply a
Methodology for Retrospective Adjustment of Alcohol Consumption Data.
London: Public Health Research Consortium; 2013.

27. Department of Health. UK Chief Medical Officers’ Alcohol Guidelines Review:
Summary of the Proposed New Guidelines. London: Department of Health; 2015.

28. Cecelja M, Chowienczyk P. Dissociation of aortic pulse wave velocity with risk
factors for cardiovascular disease other than hypertension: a systematic
review. Hypertension. 2009;54:1328–1336.

29. Stern R, Tattersall MC, Gepner AD, Korcarz CE, Kaufman J, Colangelo LA, Liu K,
Stein JH. Sex differences in predictors of longitudinal changes in carotid artery

stiffness: the Multi-Ethnic Study of Atherosclerosis. Arterioscler Thromb Vasc
Biol. 2015;35:478–484.

30. Rezai M-R, Wallace AM, Sattar N, Finn JD, Wu FCW, Cruickshank JK. Ethnic
differences in aortic pulse wave velocity occur in the descending aorta and
may be related to vitamin D. Hypertension. 2011;58:247–253.

31. Thurston RC, Matthews KA. Racial and socioeconomic disparities in arterial
stiffness and intima media thickness among adolescents. Soc Sci Med.
2009;68:807–813.

32. Doonan RJ, Hausvater A, Scallan C, Mikhailidis DP, Pilote L, Daskalopoulou SS.
The effect of smoking on arterial stiffness. Hypertens Res. 2010;33:398–410.

33. Seals DR, Walker AE, Pierce GL, Lesniewski LA. Habitual exercise and vascular
ageing. J Physiol. 2009;587:5541–5549.

34. Brunner EJ, Shipley MJ, Ahmadi-Abhari S, Tabak AG, Mceniery CM, Wilkinson
IB, Marmot MG, Singh-Manoux A, Kivimaki M. Adiposity, obesity, and arterial
aging: longitudinal study of aortic stiffness in the Whitehall II cohort.
Hypertension. 2015;66:294–300.

35. Kim EJ, Park CG, Park JS, Suh SY, Choi CU, Kim JW, Kim SH, Lim HE, Rha SW,
Seo HS, Oh DJ. Relationship between blood pressure parameters and pulse
wave velocity in normotensive and hypertensive subjects: invasive study. J
Hum Hypertens. 2007;21:141–148.

36. Lantelme P, Mestre C, Lievre M, Gressard A, Milon H. Heart rate: an important
confounder of pulse wave velocity assessment. Hypertension. 2002;39:1083–
1087.

37. Wang X, Du Y, Fan L, Ye P, Yuan Y, Lu X, Wang F, Zeng Q. Relationships
between HDL-C, hs-CRP, with central arterial stiffness in apparently healthy
people undergoing a general health examination. PLoS One. 2013;8:e81778.

38. Wang X, Ye P, Cao R, Yang X, Xiao W, Zhang Y, Bai Y, Wu H. Triglycerides are a
predictive factor for arterial stiffness: a community-based 4.8-year prospective
study. Lipids Health Dis. 2016;15:97.

39. Mattace-Raso FU, Van Der Cammen TJ, van den Elzen AP, Schalekamp MA,
Asmar R, Reneman RS, Hoeks AP, Hofman A, Witteman J. Moderate alcohol
consumption is associated with reduced arterial stiffness in older adults: the
Rotterdam study. J Gerontol A Biol Sci Med Sci. 2005;60:1479–1483.

40. Twisk JWR. Applied Multilevel Analysis: A Practical Guide for Medical
Researchers. Vol. 2. Cambridge, UK: Cambridge University Press; 2006.

41. Rehm J, Irving H, Ye Y, Kerr WC, Bond J, Greenfield TK. Are lifetime abstainers
the best control group in alcohol epidemiology? On the stability and validity of
reported lifetime abstention. Am J Epidemiol. 2008;168:866–871.

42. Nanchahal K, Ashton WD, Wood DA. Alcohol consumption, metabolic
cardiovascular risk factors and hypertension in women. Int J Epidemiol.
2000;29:57–64.

43. Vu KN, Ballantyne CM, Hoogeveen RC, Nambi V, Volcik KA, Boerwinkle E,
Morrison AC. Causal role of alcohol consumption in an improved lipid profile:
the Atherosclerosis Risk in Communities (ARIC) Study. PLoS One. 2016;11:
e0148765.

44. Aatola H, Hutri-K€ah€onen N, Juonala M, Viikari JSA, Hulkkonen J, Laitinen T,
Taittonen L, Lehtim€aki T, Raitakari OT, K€ah€onen M. Lifetime risk factors and
arterial pulse wave velocity in adulthood: the Cardiovascular Risk in Young
Finns Study. Hypertension. 2010;55:806–811.

45. Toft U, Pisinger C, Aadahl M, Linneberg A, Lau C, Jørgensen T. The effect of
sustained, long-term changes in alcohol intake on cardiovascular risk. Open J
Prev Med. 2012;2:444–451.

46. Stockwell T, Zhao J, Panwar S, Roemer A, Naimi T, Chikritzhs T. Do, “moderate”
drinkers have reduced mortality risk? A systematic review and meta-analysis
of alcohol consumption and all-cause mortality. J Stud Alcohol Drugs.
2016;77:185–198.

47. Hutcheon JA, Chiolero A, Hanley JA. Random measurement error and
regression dilution bias. BMJ. 2010;340:c2289.

48. Song HG, Kim EJ, Seo HS, Kim SH, Park CG, Han SW, Ryu KH. Relative
contributions of different cardiovascular risk factors to significant arterial
stiffness. Int J Cardiol. 2010;139:263–268.

49. Livingston M, Callinan S. Underreporting in alcohol surveys: whose drinking is
underestimated? J Stud Alcohol Drugs. 2015;76:158–164.

50. Batty GD, Shipley M, Tab�ak A, Singh-Manoux A, Brunner E, Britton A, Kivim€aki
M. Generalizability of occupational cohort study findings. Epidemiology.
2014;25:932–933.

51. Bell S, Britton A. Reliability of a retrospective decade-based life-course alcohol
consumption questionnaire administered in later life. Addiction.
2015;110:1563–1573.

52. Roerecke M, Rehm J. Alcohol consumption, drinking patterns, and ischemic
heart disease: a narrative review of meta-analyses and a systematic review
and meta-analysis of the impact of heavy drinking occasions on risk for
moderate drinkers. BMC Med. 2014;12:182.

DOI: 10.1161/JAHA.116.005288 Journal of the American Heart Association 12

Long-Term Alcohol Intake & Arterial Aging O’Neill et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H


