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Abstract
Objective—To examine the relationship between alcohol consumption and risk of mortality and
incident coronary heart disease (CHD) taking account of variation in intake during follow up

Method—Prospective cohort study of 5,411 male civil servants aged 35-55 years at entry to the
Whitehall II study in 1985-88. Alcohol consumption was reported five times over a 15 year
period. Mortality, fatal CHD, clinically verified incident non-fatal myocardial infarction and
definite angina were ascertained during follow-up.

Results—We found evidence that drinkers who vary their intake during follow-up, regardless of
average level, have increased risk of total mortality (hazard ratio of high versus low variability
1.52: 95% CI 1.07 to 2.17), but not of incident CHD. Using average consumption level, as
opposed to just a baseline measure, gave slightly higher risk estimates for CHD compared to
moderate drinkers, at the extremes of the drinking range.

Conclusions—Multiple repeated measures are required to explore the effects of variation in
exposure over time. Caution is needed when interpreting risks of exposures measured only once at
baseline, without consideration of changes over time.

Introduction
The lower risk of coronary heart disease (CHD) associated with moderate alcohol
consumption has been widely reported1,2,3,4 and the U-shaped curve seen with all-cause
mortality owes much to its cardioprotective attributes.2,5 Suggested mechanisms include
favourable changes in lipids and haemostatic factors,6 inhibition of platelet reactivity,7
lower levels of inflammation8 and improved vascular function.9

Much of the evidence comes from prospective cohort studies. Exposure to alcohol is
typically measured among participants at baseline and health outcomes are tracked during
the follow up period. It is assumed that the initial consumption level reported at baseline is
an accurate measure of exposure throughout the study period (which may be several
decades). However, there is evidence from descriptive alcohol studies that consumption
levels change throughout the lifecourse.10,11,12 Large, longitudinal datasets with repeated
measures on the same individuals are needed in order to explore whether the chronic health
consequences of alcohol consumption are affected by varying intake during follow-up. Such
studies are rare13 and most only have two measures of alcohol.14,15,16,17,18. Estimates of
change derived from two time points will not provide an accurate exposure assessment
during follow-up. Multiple repeated measures are also needed to establish the heterogeneity
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of the “non-drinking” group as the concern that non-drinkers will include former drinkers
who quit due to ill-health is now well founded.14,19,20

In this paper we attempt to look at the affect of alcohol on CHD and mortality risk utilizing
repeated measures of alcohol intake. First, we use a baseline exposure; secondly, we use an
average alcohol exposure level during follow-up and finally we compare consistent drinkers
with those who vary their intake over time. The Whitehall II cohort has repeated measures
of socioeconomic and behavioural factors, including 5 measures of alcohol consumption,
from early midlife over a 15 year period. It also has detailed phenotypic measures every five
years (biological risk factors, measures of sub-clinical disease and disease endpoints) and
objective and subjective measures of physical and mental functioning.

Methods
The Whitehall II study was established in 1985 as a longitudinal study to examine the
socioeconomic gradient in health and disease among 10,308 civil servants (6,895 men and
3,413 women). Full details of the cohort and its follow up have been published elsewhere.21
All civil servants aged 35-55 years in 20 London based departments were invited to
participate by letter and 73 percent of those invited agreed to take part. Baseline examination
(Phase 1) took place during 1985-1988, and involved a clinical examination and a self-
administered questionnaire containing sections on demographic characteristics, health,
lifestyle factors, work characteristics, social support and life events. Subsequent phases of
data collection have alternated between postal questionnaire alone and postal questionnaire
accompanied by a clinical examination. The University College London ethics committee
approved the study.

The analyses in this paper were restricted to those who were free of CHD at baseline and to
men as there were too few CHD events in women. Participants had to have attended three or
more phases in order to look at variability in alcohol intake and therefore, follow-up for
incident events and mortality was from phase 3 onwards.

Alcohol consumption
At baseline (1985-88), phase 2 (1989-90), phase 3 (1991-94), phase 5 (1997-99), and phase
7 (2003-04) participants were asked to report the frequency of their drinking over the last 12
months by circling one of six specified options (twice a day or more/ almost daily/ once or
twice a week/ once or twice a month/ special occasions only/ none). Participants were then
asked to report the number of alcoholic drinks they had consumed in the last seven days.
This was divided into “measures” of spirits, “glasses” of wine, and “pints” of beer. In the
UK a standard measure of spirit and a small glass of wine are considered to contain 8 grams
of alcohol, whilst a pint of beer typically contains 16 grams of alcohol. The amounts were
converted to units (one unit is 8 grams alcohol) and grouped into seven levels, from 0-6, as:-
0=no units in past week, 1=1-7, 2=8-14, 3=15-21, 4=22-28, 5=28-35, 6=36+. These levels
were used as the basis for calculating average alcohol intake and variability in alcohol intake
and ensured that participants with very high alcohol intakes were not too influential in the
analyses.

Average alcohol intake
To minimise the affects of reverse causality, only those alcohol measurements which were
available prior to any CHD incidence were used by setting all other alcohol measurements
as missing. The average alcohol consumption was then calculated by averaging the grouped
alcohol levels for those participants who had three or more non-missing alcohol
measurements remaining. These averaged levels were then partitioned into seven alcohol
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categories (0=0.0-0.4, 1=0.5-1.4, 2=1.5-2.4, 3=2.5-3.4, 4=3.5-4.4, 5=4.5-5.4, 6=5.5-6.0).
The 112 participants who reported on three or more separate occasions that their alcohol
frequency in the last year was ‘none’ were deemed to be ‘never’ drinkers and have been
excluded from all analyses. These exclusions resulted in a sample size of 5,411 men.

Variability in alcohol intake
Variability in alcohol intake was calculated (for the same participants for which average
alcohol was computed) by calculating the standard deviation of the grouped alcohol levels.
Participants were classified as having low alcohol variability (SD≤ 0.5), medium variability
(0.5<SD≤ 1.1) or high alcohol variability (SD>1.1).

Sensitivity analyses
All analyses have excluded alcohol measures that were reported after any CHD events had
occurred. Nevertheless, the use of alcohol measures obtained during the period of follow-up
for events could still introduce bias into our estimates since these measures are only used for
participants while they remain free from CHD. We therefore repeated all the analyses using
only those alcohol measures reported during Phases 1, 2 and 3 prior to the start of the
follow-up period for events. We defined average alcohol intake and alcohol variability using
the same cut-points as in the main analyses but excluded a further 49 men who had
insufficient alcohol measures.

In recognition that drink sizes have increased and that those poured at home may be larger
measures,22 we also assessed the sensitivity of the results to the assumption that spirit and
wine drinks contain 1 unit, by repeating all the analyses assuming that spirit and wine drinks
contain 2 units.

Outcome measures
Information on mortality was ascertained through the National Health Services Central
Registry, by using their unique NHS identification number. Follow-up for total mortality
was available up to the end of April 2009. CHD incidence was based on clinically verified
events and included fatal CHD (ICD9 codes 410-414 or ICD10 I20-25) from the mortality
follow-up or incident non fatal myocardial infarction (MI). Non-fatal MI was defined
following MONICA criteria23 based on questionnaires, study electrocardiograms, hospital
acute ECGs, cardiac enzymes and physician records. Classification of MI was carried out
blind to other study data, independently by two trained coders, with adjudication by a third
in the (rare) event of disagreement. Angina was assessed on the basis of participants' reports
of symptoms and diagnoses with corroboration in medical records or abnormalities on a
resting ECG, exercise ECG, or coronary angiogram. Outcomes based solely on self-reported
data were not included in the analyses. Follow-up for incident CHD was available to the end
of Phase 7 (September 2004).

Statistical methods
The associations between baseline, average and variability of alcohol intakes on incident
CHD and total mortality were assessed using hazard ratios and 95% confidence intervals
estimated from Cox proportional hazard models using follow-up time from phase 3 as the
underlying time variable. Analyses using age as the underlying time variable gave virtually
the same estimates as those presented. For analyses of baseline and average alcohol intake
the reference group was set as 8-14 units of alcohol per week. Age adjusted means and
percentages across the variability in alcohol intake groups were computed using least
squares means and direct standardisation respectively. Trends in these estimates were tested
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using a linear trend term for alcohol variability in the regression models for the continuous
variables and the Cochran-Mantel-Haenszel test for the dichotomous variables.

Results
The extent of variation in drinking level during follow-up is summarised in Table 1. The
majority of men reported the same level of consumption at subsequent follow-ups
(percentages shown in bold in the table) or shifted only one or two categories. A small
proportion reported changing from high consumption to very low or vice versa.

Drinkers with higher variability in their alcohol intake during follow-up were found to be
slightly younger, more likely to smoke and to have higher average alcohol intake than those
with more stable intake (table 2). There was no difference in terms of risk of CHD when
comparing high/medium variability drinkers to more stable drinkers. However high
variability drinkers had a 52% higher mortality hazard than stable drinkers, after adjustment
for average alcohol intake during follow-up and smoking at baseline (table 3). In post-hoc
analyses we further explored this high variability group. The group was sub-divided into
three groups according to whether the trend in participants' alcohol consumption across the
five phases: (i) decreased, (ii) showed no trend or (iii) increased. Compared to low
variability drinkers, the mortality hazard ratios in these three groups were 2.11 (1.35-3.31),
1.34 (0.79-2.26) and 1.28 (0.82-2.00) respectively.

Sensitivity analyses (not shown) using only the measures of alcohol reported at Phases 1, 2
and 3 showed similar results to those reported above. In additional sensitivity analyses
where we increased the number of units in wine and spirits, the finding that high variability
drinkers with a downward trend in alcohol intake are at increased risk of mortality was even
stronger. Compared to low variability drinkers, the mortality hazard ratios in those with
downward trend, no trend and increasing trend were 1.75 (1.13-2.72), 1.04 (0.63-1.71) and
1.12 (0.72-1.71) respectively.

A comparison of the associations between baseline and average alcohol levels with CHD
outcomes and total mortality is shown in figure 1. The relationships with CHD and total
mortality are similar using either measure, although there is a suggestion that the CHD risks,
compared to the moderate drinkers (8-14 units per week), are underestimated at the extremes
of consumption (none and more than 35 units per week) when using baseline measures
alone.

Discussion
We found that, independent of average levels, drinkers with variable alcohol intake during
follow-up, have an increased risk of total mortality, but not of incident CHD. This finding
needs to be confirmed or refuted by other studies and it raises interesting questions such as
whether there is a direct biological effect of the variability in alcohol intake, perhaps
including periods of more heavy drinking, or whether there are other confounding factors in
the relationship with mortality. We found evidence to suggest that the higher mortality risk
among those with high variability in drinking was mainly due to those participants whose
drinking was on a downward trend over time. These men may be “sick-quitters” who have
decreased their alcohol drinking concomitant with disease. If only baseline measures of
alcohol are used, these effects will be missed.

We also show that using average consumption level, as opposed to just a baseline measure
gave slightly higher risk estimates, compared to the moderate drinkers, for CHD,
particularly at the extremes of the drinking range. This is partly supported by an earlier
study by Emberson et al who used data from the British Regional Heart Study.13 With 5
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measures of alcohol intake, they showed that risks for CHD, stroke and all cause mortality
among moderate and heavy drinkers compared to light drinkers were increased when
looking at average consumption versus baseline consumption. That different risk estimates
are found when change in consumption is taken into consideration is supported by others14,
17 and this reinforces the need for studies with multiple repeated measures so that variation
can be explored.

There are several limitations with our study. First, we do not have enough statistical power,
at present, to explore gender effects and were forced to restrict the analyses to men. In
future, when more deaths and CHD events accrue among the women we will repeat the
analyses.

Second, although our study spans some 15 years, the participants were all aged over 34
years at entry. The risk function differences between baseline and repeated alcohol measures
are likely to be much larger when a broader age range is included. Descriptive studies have
shown that baseline measures of drinking are especially unreliable for younger samples,
longer follow-ups and heavier drinkers.24 Whilst our study is a population based cohort and
includes a range of socio-economic backgrounds, the participants do not exhibit extremes in
drinking behaviour. All were in employment and based around London. It would be
informative to explore much heavier drinkers and to look at patterns of drinking in addition
to average intake reported per week.

Third, restricting our analyses to those who had participated in three or more data collection
phases, in order to assess variability in consumption, resulted in a healthier sub-sample of
the original cohort. This raises the problem of how to look at individual level change in
prospective cohort studies without being subjected to the potential biases that arise with
selective attrition.25

A particular strength of our study is that we were able to identify “non-drinkers” more
accurately than most studies. Respondents who repeatedly (with a minimum of three
occasions) reported to have consumed no alcohol in the last 12 months were deemed to be
“non-drinkers” and were excluded from the analyses. This meant that the lightest drinking
group (none in the past week) were not abstainers. This is important as it has been shown
that abstainers may have very different health profiles to drinkers which makes for a
difficult assessment of the biological effects of alcohol intake.26

In conclusion, we have shown, using one of the very few datasets with multiple repeated
alcohol measures, long follow-up and verified CHD endpoints, that it is important not to rely
on baseline measures alone. This observation is likely to be more important in cohorts with a
broader age range and less stable consumption. The implications of our findings are relevant
for many causal investigations using prospective cohort studies and caution is needed when
interpreting risks of exposures measured only once at baseline, without consideration of
changes over time.
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Fig 1.
Hazard ratios† (HRs) for CHD and all-cause mortality using baseline (dotted line) and
average (solid line) alcohol consumption among drinkers
† Reference category for hazard ratios is the 8 – 14 units per week group (moderate drinkers)
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Table 2

Characteristics of different variability in alcohol intake groups

Alcohol intake variability

Baseline characteristics Low Medium High P-value

No. of men 1686 2556 1169

Mean Age (y) 44.3 43.9 43.1 <0.001

High employment grade (%)* 38.2 42.4 37.2 0.92

Current smoker* 12.3 12.8 18.5 <0.001

Average alcohol consumption (unit/wk)* 10.8 12.8 20.3 <0.001

*
adjusted for age
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Table 3

Hazard ratios of incident CHD and all cause mortality by alcohol variability group – adjusted for age, average
alcohol intake during follow-up and smoking at baseline

Alcohol variability

Outcome
Low
(N=1686)

Medium
(N=2556)

High
(N=1169)

Fatal CHD / Non-fatal MI

 No. events 62 85 28

 Hazard ratio (95% CI) 1.0 1.05 (0.74-1.49) 0.80 (0.47-1.36)

All CHD (excluding self-reported)

 No. events 119 169 68

 Hazard ratio (95% CI) 1.0 1.08 (0.83-1.38) 1.06 (0.74-1.51)

Total mortality

 No. events 118 145 82

 Hazard ratio (95% CI) 1.0 1.00 (0.77-1.29) 1.52 (1.07-2.17)
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