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Abstract
The aim of this study was to assess the association between alcohol intake and premature mortality (younger than 65 years) and to explore the
effect of potential alcohol underreporting by heavy drinkers.We followed-up 20 272 university graduates. Four categories of alcohol intakewere
considered (abstainer, light, moderate and heavy consumption). Repeated measurements of alcohol intake and updated information on con-
founders were used in time-dependent Cox models. Potential underreporting of alcohol intake by some heavy drinkers (likely misclassified as
light or moderate drinkers) was explicitly addressed in an attempt to correct potential underreporting by using indirect information. During 12·3
years of median follow-up (interquartile range: 6·8–15·0), 226 participants died before their 65th birthday. A higher risk of early mortality was
found for the highest category of alcohol intake (≥50 g/d) in comparison with abstention (multivariable-adjusted hazard ratio (HR)= 2·82, 95 %
CI 1·38, 5·79). In analyses of alcohol as a continuous variable, the multivariable-adjusted HR was 1·17 (95 % CI 1·08, 1·26), for each 10 g/d of
alcohol. This harmful linear association was present both in uncorrected models and in models corrected for potential underreporting. No sig-
nificant inverse association between light or moderate alcohol intake and premature mortality was observed, even after correcting for potential
misclassification. Alcohol intake exhibited a harmful linear dose–response association with premature mortality (<65 years) in this young and
highly educated Mediterranean cohort. Our attempts to correct for potential misclassification did not substantially change these results.
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Heavy alcohol intake increases all-cause mortality and is an
important contributor to the global burden of disease(1).
Nevertheless, low-to-moderate alcohol intake has been repeat-
edly found associated with lower rates of CVD and all-cause
mortality(2–8). In two large cohorts, with long-term follow-up
and repeated measures, the lowest mortality was found for alco-
hol intakes between 5 and 30 g/d(9). These findings support a J-
shaped dose–response curve.

However, recent approaches (Mendelian randomisation
analyses, mega-cohorts, modelling studies) have supported
the universal public health message that ‘there is no safe level
of alcohol consumption’(10). There is a controversy, and it needs
to be resolved because almost 50 % of the human race usually
drinks alcohol(11). A large and well-conducted randomised con-
trolled trial, though feasible, is very challenging for ethical and
practical reasons(12,13). In the absence of such a trial, prospective
cohorts can provide the most useful information, but some

biases must be controlled: (1) misclassification of former drink-
ers who quitted because of previous disease (the ‘sick quitter’
hypothesis), (2) the failure to separate occasional drinkers
(drinking once a month or less) from complete abstainers(14)

and (3) the underreporting of the amount of alcohol consumed
by some heavy drinkers(15). Only the last one of these three
potential biases could result in finding a detrimental association
(or underestimating a protection) of low amounts of alcohol with
mortality because a subset of heavy drinkers would be misclas-
sified as light or moderate drinkers, they will have higher mortal-
ity rates and they will erroneously inflate the mortality rate of the
group theoretically considered as only moderately exposed(15).
To our knowledge, the effect of this potential underreporting has
not been empirically evaluated in any actual cohort.

In addition, the effect of alcohol onmortality needs to be con-
textualised in the context of precision medicine(13) because age,
sex and distribution of death causes may act as effect modifiers.
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In a relatively young Mediterranean cohort, where the main
cause of mortality is not CVD, but cancer, the dose–response
would be more likely to show a linear relationship than in older
cohorts of Western countries where cardiovascular deaths are
predominant. Most cardiovascular deaths occur after 75 years
of age (80·52 % in Spanish population)(16); therefore, these late
deaths represent a smaller amount of years of life lost as com-
pared with premature deaths. Interestingly, there is scarcity of
cohort studies assessing only early mortality as an alcohol-
related outcome.

We evaluated (a) the association between alcohol consump-
tion and early mortality (<65 years) and (b) the potential effect of
participants who may underreport alcohol intake.

Materials and methods

Study population

The methods and design of the Seguimiento Universidad de
Navarra cohort have been previously reported(17–19). Briefly,
Seguimiento Universidad de Navarra is a Mediterranean cohort
formed of highly educated volunteers (all participants are univer-
sity graduates) with continually open recruitment. Participants
completed a baseline questionnaire, and follow-up question-
naires were updated biennially, where they report new-onset
medically diagnosed diseases and provide ample information
on their dietary habits and other lifestyles. Figure 1 shows the
selection of the analytical sample. From December 1999 to
December 2019, 22 894 subjects completed the baseline question-
naire. For the present analysis, 341 subjects with insufficient fol-
low-up time, 627 participants older than 65 years at inception
and 218 subjects with total energy intake out of percentiles 0·5
and 99·5 were excluded. Among the remaining 21 708 subjects,
20 272 were successfully followed-up (overall retention 93·4 %).
Finally, the age range of the subjects in the analysis was between
20 and 65 years. The study was approved by the Institutional
Review Board of the University of Navarra.

Dietary and alcohol assessment

A repeatedly validated 136-item semi-quantitative FFQ assessed
habitual diet including alcohol consumption(7,20). Alcoholic bever-
age consumption (red wine, non-red wine, beer and spirits) was
thus collected at baseline and repeatedly after 10-year follow-up.
Validation studies showed good results for alcohol intake(20,21).
Further information about alcohol-drinking habits during the year
preceding enrolment was also gathered at baseline(19).

Alcohol consumption, expressed in g/d, was calculated using
the validated FFQ, as it is the standard practice in nutritional epi-
demiology. A participant responded to five items inquiring the
frequency of consumption of a defined serving size of alcoholic
beverages. Wemultiplied the mid-point of the frequency of con-
sumption range by the defined serving size (ml) of each bever-
age to obtain the ml of each beverage consumed per day. Then,
we multiplied the consumed volume of each beverage by its
alcohol content and alcohol density to obtain grams of pure alco-
hol consumed per day. Total alcohol intake (g/d) was calculated
as the sum of alcohol intake of each beverage. Using this

information on total pure alcohol intake in g/d, wemade a priori
four categories of alcohol intake: (1) abstainers (0 alcohol
intake); (2) men who consumed >0–10 g/d, and women who
consumed >0–5 g/d (light drinkers); (3) men who consumed
>10–50 g/d, and women who consumed >10–25 g/d (moderate
drinkers) and (4) menwho consumed>50 g/d, andwomenwho
consumed >25 g/d (heavy drinkers)(7).

We based the sensitivity analysis of the alcohol consumption
variable on an additional questionnaire exclusively completed
by those participants who self-reported to be abstainers in the
main questionnaire. Using this additional questionnaire, we
were able to refine the group of abstainers into never drinkers
(those who reported no alcohol consumption in the FFQ and
also consistently reported never having consumed alcohol in
their lifetime in the additional questionnaire) and former drink-
ers (the group that did not report any alcohol consumption in the
FFQ but they reported some previous alcohol intake before the
baseline assessment of the cohort in the additional question-
naire). Adherence to Mediterranean diet was assessed using
the Mediterranean-Diet Score proposed by Trichopoulou(7,22),
after removing the item for moderate alcohol intake to avoid
redundancies with our main exposure variable.

Covariate assessment

We gathered information about different variables from the base-
line questionnaire and also from the 10-year follow-up question-
naire (for participants with follow-up longer than 10 years). The
sociodemographic variables studied were age, sex, years of uni-
versity education andmarital status, among others. In addition, for
the anthropometric variables, height andweight datawere used to
calculate theBMI for eachparticipant(23). Lifestyle informationwas
also collected from participants including variables such as physi-
cal activity(24), smoking habits and hours of television watching.
The questionnaire also collected medically diagnosed conditions,
such as hypercholesterolaemia, hypertriacylglycerolaemia,
hypertension, diabetes, cancer, depression or family history of
several diseases. Finally, for the dietary variables, the validated
136-item FFQ included in the baseline assessment was used to
compute adherence to the Mediterranean-Diet Score(7). As we
excluded alcohol intake to avoid overlappingwith ourmain expo-
sure, this score had a range from 0 to 8.

Outcome assessment

The primary outcome was all-cause mortality, but only if death
occurred before 65 years of age. When participants attained 65
years during follow-up, they were censored. Continuous contact
with participants was maintained through postal mail, email and
telephone calls, and deaths were continually detected. We also
gathered information on potentially deceased participants from
their next of kin, work’s associates and the postal system. This
allowed us to identify more than 85 % of deaths. For the rest
of deaths, the National Death Index was checked at least once
a year to update vital status and identify causes of death, if
unknown. All causes of death were coded using International
Classification of Diseases, 10th version based on the data pro-
vided by the National Death Index.
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Statistical analyses

Baseline characteristics of participants were described according
to categories of alcohol intake, separately for men and women.
The relationship between alcohol consumption and mortality
(<65 years) was evaluated with Cox models with time varying
exposures. Hazard ratios (HR) and 95 % CI for each alcohol con-
sumption category were estimated using the group of 0 g/d of
alcohol consumption as the reference category. We included
the information of the 10-year follow-up questionnaire to update
information on alcohol for participants with follow-up longer
than 10 years. Enter time was considered as the date of returning
the baseline questionnaire. Exit time was the date of death (for
participants who died before attaining 65 years old), date of
returning the last follow-up questionnaire or their 65th birthday
(for survivors who attained 65 years up to 2019). Age was the
underlying time variable (birthday as origin). All multivariable
models were stratified by age groups (10-year periods), calendar
year of recruitment (1999/2003; 2004/2009 and >2009) and total
energy intake (quintiles). Models were also adjusted for sex,
Mediterranean diet adherence (three categories), smoking
(never, former, active smokers or missing value for smoking),
total cumulative exposure to cigarette smoking (pack-years, con-
tinuous), baseline BMI (kg/m2, with both linear and quadratic

terms), leisure-time physical activity (three categories)(25), hours
of television watching (continuous), years of university educa-
tion (continuous), marital status, coffee consumption (five cat-
egories)(26), sugar-sweetened beverage consumption (three
categories), fast-food consumption (three categories) and
indicators of previous personal history of hypertension, hyper-
cholesterolaemia, hypertriacylglycerolaemia, cancer, diabetes,
CVD and depression. We updated confounder information for
participants with a follow-up longer than 10 years.

We also evaluated the association with alcohol as a continu-
ous variable, estimating theHR for each additional 10 g/d of alco-
hol consumed.

The multiplicative interactions between alcohol intake and
sex or age (≤45/>45) were tested with a likelihood ratio test
comparing the models with and without the interaction term.

To address the effect of potential underreporting of alcohol
intake, we conducted the following procedures: (a) corrected
alcohol intake for potential underreporters; (b) imputed alcohol
intake for potential underreporters and (c) excluded potential
underreporters. Further details are more extensively described
in the Supplementary material.

Finally, as very low alcohol intake is unlikely to have a bio-
logical effect, and the apparent benefit of this group could be due

n 21 926 participants

n 627 participants 65 y or
older at baseline

n 22 553 participants

n 341 participants
recruited after March 2017

n 22 894 participants in
the SUN cohort

n 218 participants
with energy intake out of

predefined limits

n 20 272 participants

n 1436 participants
without follow-up

n 21 708 participants

Fig. 1. Flow chart of recruitment and inclusion of participants in the study. Sample size (n) for each group is given.
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to confounding, we also conducted sensitivity analyses under
different scenarios (please check the supplementary material).

Baseline characteristics of participants across alcohol intake
categories were compared using one-way ANOVA and χ2 tests
for continuous and categorical variables, respectively.

All P values are two-tailed. The level of confidence was 95 %
for CI (two-tailed).

Results

Table 1 shows baseline characteristics of cohort participants by
categories of alcohol, separately for men (n 7658; 37·8 %) and
women (n 12 614; 62·2 %). Importantly, boundaries were differ-
ent in men and women in Table 1. Only 217 (2·83 %) men
reported heavy drinking (≥50 g/d of pure ethanol intake), while
most reported light consumption (<10 g/d, n 3989; 52·08 %) and
only 415 (5·42 %) reported to be abstainers. Heavy drinkers had
higher total energy intake, higher BMI and greater sugar-sweet-
ened beverage consumption. Participants with higher alcohol
consumption exhibited substantially greater consumption of
tobacco and coffee and more frequent pre-existent chronic
diseases (except cancer) at baseline than abstainers.
Inconsistencies in their self-reports of smoking habits, alcohol
consumption and other food habits were higher in heavy drink-
ers than in other categories.

In women, alcohol consumption was slightly different,
with more frequent abstention (n 2098; 16·63 %), less heavy
drinking (n 194; 1·54 %) and similar percentages of light
consumption (n 6630; 52·56 %). Women with higher alcohol
consumption were also more likely to maintain higher levels
of total energy intake, usual coffee consumption, heavier
exposure to smoking and more frequent presence of chronic
diseases at baseline.

During a median follow-up of 12·25 years (interquartile
range: 6·76–14·95), 226 participants (130 men and 96 women)
died before their 65th birthday. Among subjects who died,
their mean age at death was 51·7 (SD 10·15) years. The leading
cause of early mortality was cancer with 140 deaths (61·95 %,
56·92 % among men; 68·75 % among women). CVD only
accounted for thirty-five deaths (15·49 %, 17·69 % among
men; 2·50 % among women). Forty-eight premature deaths
were from non-cardiovascular-non-cancer causes (21·24 %,
23·85 % among men; 17·71 % among women). The cause of
death was unknown in three participants (two among men
and one among women).

No significant association between baseline light alcohol
consumption and early mortality was observed in multivari-
able-adjusted models as compared with the reference
category (abstainers). Among men, the point estimate
suggesting an inverse, but non-significant association
(HR = 0·55, 95 % CI 0·24, 1·29) was further from the null than
the point estimate in women (HR = 0·92, 95 % CI 0·49, 1·73).
For moderate alcohol consumption, no firm conclusions can
be drawn because of the wide and overlapping CI and the lack
of statistical significance. Heavy baseline alcohol intake was
significantly associated with higher premature mortality in

the multivariable-adjusted model (HR = 2·82, 95 % CI 1·38,
5·79). In the analysis of baseline alcohol intake as a continu-
ous variable, a significant direct linear dose–response curve
was found, with 17 % relative risk increase of early death
for each 10 g/d (Table 2). When cumulative repeated mea-
sures after 10 years of follow-up were used to update con-
founders and alcohol consumption, the results barely
changed. The higher risk for premature mortality remained
significant for heavy consumers in multivariable-adjusted
models (HR = 2·72, 95 % CI 1·31, 5·67). Likewise, the linear
dose–response trend was maintained with a 16 % relative risk
increase for every 10 additional g/d (Table 2). An inverse asso-
ciation between light alcohol consumption and premature
mortality was observed for both younger and older partici-
pants (Table 2), but without being statistically significant
(≤45 years at baseline HR = 0·95, 95 % CI 0·47, 1·92, >45 years
at baseline HR = 0·81, 95 % CI 0·41, 1·60). For a moderate alco-
hol intake, the risk of premature mortality increased, being
significant for heavy consumers with a HR of 2·71 (95 % CI
1·15, 6·41) in those over 45 years at baseline. In all analyses
shown in Table 2, alcohol intake (g/d) was upgraded accord-
ing to self-reported information on several aspects of the alco-
hol consumption pattern (including days of consuming wine
with meals, consumption of alcohol when driving and intakes
on weekends and special days).

Table 3 shows different assumptions on alcohol misclas-
sification due to a potential underreporting by heavy con-
sumers which might have affected our estimates of the
association between alcohol intake and early mortality.
Analyses with repeated measurements were rerun after
excluding all participants who presented inconsistencies or
mismatches in their self-report of alcohol intake. When these
participants (more likely to be misclassified) were excluded,
similar results to Table 2 were found, except for high
consumption which presented a slightly increased HR
(HR = 2·77; 95 % CI 1·24, 6·17) compared with the uncor-
rected multivariate model (HR = 2·59; 95 % CI 1·24, 5·45).
Alternatively, we only excluded those who initially were
classified in the light or moderate alcohol intake categories
and presented inconsistencies or mismatches in their self-
reported alcohol. Again, the results were similar to those
found without any correction, but now with a lower HR
(2·47; 95 % CI 1·17, 5·22) for the heavy consumption category
in the corrected analysis.

Under the assumption that some heavy consumers might
have underreported their alcohol intake and be misclassified
in the group of moderate intake and also that some moderate
consumers might have been misclassified for the same reason
as light consumers, we raised in one category those participants
who presented inconsistencies or mismatches in their self-report
of alcohol intake and rerun the repeated measurements analy-
ses. We did this again also raising those with mismatches in their
self-reports of smoking habits or diet (FFQ). In all these analyses,
similar results to those of the uncorrected estimates were found.
The only exception being the highest level of alcohol consump-
tion (heavy drinkers), where a small attenuation in the HR was
noted and became non-significant. However, all multivariable-

1418 M. A. Martínez-González et al.

https://doi.org/10.1017/S0007114521002397  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114521002397


Table 1. Baseline characteristics of participants in the ‘Seguimiento Universidad de Navarra’ (SUN) cohort (1999–2019) according to categories of alcohol
consumption
(Percentages; mean values and standard deviations)

Alcohol consumption category

Abstainer Light Moderate Heavy

Men % Mean SD % Mean SD % Mean SD % Mean SD P-value

Alcohol g/d 0 >0 and <10 ≥10 and <50 ≥50
n 415 3989 3037 217
Age 40·5 12·3 39·2 11·4 42·8 11·1 48·6 8·8 <0·001
Marital status <0·001
Single 38·8 39·4 30·8 10·6
Married 56·4 56·5 64·0 81·6
Divorced/separated 1·2 1·9 2·3 4·6
Widow/other 1·9 1·6 2·3 1·8
Missing marital status 1·7 0·6 0·6 1·4

Years of university education 5·4 1·8 5·4 1·7 5·4 1·7 5·1 1·4 0·044
Year of recruitment <0·001
≤2003 53·3 56·2 56·4 59·0
2004–2009 39·3 36·5 38·8 39·2
≥2010 7·5 7·3 4·8 1·8

BMI (kg/m2) 25·1 3·4 25·3 3·2 25·7 3·0 27·2 3·4 <0·001
Total energy intake (kcal/d) 2540 913 2477 813 2629 825 2967 923 <0·001
Adherence to MedDiet 3·9 1·9 3·9 1·7 4·1 1·7 4·1 1·6 <0·001
Coffee (cups/d) 0·9 1·3 1·2 1·3 1·4 1·3 1·7 1·7 <0·001
Fast food (g/d) 23·5 29·0 26·3 33·2 24·1 24·4 18·2 20·2 <0·001
SSB (ml/d) 84·8 191·3 72·4 134·3 68·4 125·5 140·8 365·3 <0·001
Smoking pack-years 5·4 12·1 5·5 10·3 9·5 13·0 20·2 17·2 <0·001
Smoking habit <0·001
No smokers 66·2 53·5 34 12
Current smokers 10·4 18·1 25·9 38·2
Former smokers 23·4 28·4 40·1 49·8

MET-h/week 28·3 38·0 26·5 26·7 27·1 25·6 19·7 21·1 <0·001
h/d of TV watching 1·5 1·3 1·5 1·1 1·6 1·1 1·7 1·2 0·013
Mismatches in alcohol 0·0 7·9 18·5 21·2 <0·001
Mismatches in smoking 3·9 3·1 4·4 6·0 0·001
Mismatches in FFQ 3·6 1·5 1·7 2·3 0·02
High blood cholesterol 21·9 19·8 27·3 41·0 <0·001
High TAG 10·6 10·5 14·2 27·2 <0·001
Hypertension 30·6 29·0 34·2 51·2 <0·001
Diabetes 4·8 2·0 2·3 7·4 <0·001
CVD 4·6 1·5 2·7 3·7 <0·001
Cancer 4·6 2·6 2·6 2·3 0·109
Depression 11·1 8·0 10·2 14·7 <0·001

Alcohol consumption category

Abstainer Light Moderate Heavy

P-value

0 >0 and <5 ≥ 5 and <25 ≥ 25

Women % Mean SD % Mean SD % Mean SD % Mean SD

Alcohol g/d
n 2098 6630 3692 194
Age 36·3 10·7 33·5 9·7 36·2 10·6 42·2 10·0 <0·001
Marital status <0·001
Single 43·8 53·9 53·2 34·6
Married 50·1 40·9 40·6 54·1
Divorced/separated 3·1 2·4 2·9 7·2
Widow/other 2·2 2·1 2·6 3·6
Missing marital status 0·8 0·7 0·7 0·5

Years of university education 4·8 1·4 4·8 1·3 4·9 1·4 5·1 1·3 <0·001
Year of recruitment 0·002
≤2003 52·0 52·9 50·1 52·6
2004–2009 39·8 37·9 42·0 41·2
≥2010 8·2 9·2 7·9 6·2

BMI (kg/m2) 22·4 3·4 22·1 3·1 22·1 2·9 22·6 3·1 <0·001
Total energy intake (kcal/d) 2484 855 2464 805 2540 788 2770 898 <0·001
Adherence to MedDiet 4·0 1·7 3·9 1·7 4·0 1·7 4·3 1·6 <0·001
Coffee (cups/d) 1·0 1·3 1·2 1·2 1·4 1·2 1·7 1·4 <0·001
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adjusted HR assuming a linear dose–response with alcohol
intake as a continuous variablemaintained their statistical signifi-
cance in these corrected analyses.

Figure 2 shows the risk of early mortality during follow-up
for five categories of alcohol consumption (using this time the
same boundaries for men and women). The uncorrected and
corrected HR are shown for the four upper categories v. the
abstention group. The corrections consist in raising the intake
(by adding 10 g/d of alcohol) in participants with evidence of
inconsistencies in their self-reports of alcohol, smoking or
diet. A J-shaped association could be observed, but the only
statistically significant result occurred in heavy drinkers,
and only in the uncorrected model (HR = 2·70, 95 % CI
1·30, 5·63).

Sensitivity analyses were carried out to assess the robustness
of our results (Table 4). The light consumption category (>0 to
10 g/d) was compared with abstainers, and we also tested a
linear dose–response association for each 10 g/d additional
alcohol intake. We did that under different assumptions. At first,
we did not introduce any upgrading or correction in alcohol
consumption. Then, we used alternative models corrected for
potential misclassification (both upgrading alcohol intake and
raising the intake in 10 g/d in participants with evidence of
inconsistencies in their self-reports of alcohol, smoking or diet).
As shown in Table 4, when we did not apply any upgrading or
correction, light alcohol consumption (>0 and <10 g/d) was
inversely associated with early mortality only in two cases:
among men (HR= 0·51, 95 % CI 0·27, 0·96) and for non-cancer
deaths (HR= 0·52, 95 % CI 0·28, 0·96). When the models were
upgraded or corrected for potential misclassification, both find-
ings lost their statistical significance.

Importantly, in most sensitivity analyses, a significant and
consistent linear association was found, suggesting that for each

additional 10 g/d of alcohol intake, the relative risk of early death
was 10–25 % larger.

Discussion

In a cohort of middle-aged adults assessing as outcome only
premature mortality (i.e. deaths occurring earlier than 65 years
of age), all significant associations between alcohol intake and
early death suggested an adverse linear effect. Given these
results, the safest alcohol consumption for young adults
should be 0.

Contrary to our expectations, several corrections for potential
biases due to potential underreporting by heavy drinkers did not
lead to finding any significant protection by light or moderate
alcohol intake. As Vance et al. suggested(15), theoretically, a sys-
tematic underreporting of alcohol intake would result in over-
estimating harms associated with a light-to-moderate alcohol
consumption or they could nullify true protection by low
amounts of alcohol intake. It could be thought that some degree
of underreporting by heavy drinkers may lead to misclassifying
them as light-moderate drinkers and this mistaken inclusion of
heavy drinkers in the light-moderate group may hide some pro-
tection afforded by light-moderate drinking. It should also be
noted that the number of heavy drinkers was not large, which
could potentially limit the statistical power (217 men and 194
women). Nevertheless, the analyses using alcohol intake as a
continuous variable (per þ10 g/d) provided a considerably
higher statistical power, and they were consistent with the find-
ings for heavy drinkers. Our results suggest that this is not the
case for premature mortality because we only found a significant
inverse association (and only among men) when we did not
apply any correction for this potential misclassification.

Table 1. (Continued )

Alcohol consumption category

Abstainer Light Moderate Heavy

P-value

0 >0 and <5 ≥ 5 and <25 ≥ 25

Women % Mean SD % Mean SD % Mean SD % Mean SD

Fast food (g/d) 20·3 19·4 23·0 20·8 22·0 21·5 18·6 18·5 <0·001
SSB (ml/d) 62·5 134·8 65·3 131·1 70·3 130·6 65·9 161·5 0·132
Smoking pack-years 2·8 7·0 3·1 6·5 5·3 8·3 10·1 11·9 <0·001
Smoking habit <0·001
No smokers 70·6 54·1 38·7 22·7
Current smokers 12·2 22·0 29·7 33·5
Former smokers 17·2 23·9 31·6 43·8

MET-h/week 19·1 21·7 18·4 19·7 20·5 20·4 19·5 19·3 <0·001
h/d of TV watching 1·5 1·3 1·6 1·2 1·6 1·2 1·6 1·0 <0·001
Mismatches in alcohol 0·0 12·7 13·1 18·6 <0·001
Mismatches in smoking 1·3 0·9 1·5 1·5 0·046
Mismatches in FFQ 2·6 1·0 1·0 0·5 <0·001
High blood cholesterol 13·3 11·4 13·8 18·6 <0·001
High TAG 3·6 2·5 2·9 3·1 0·072
Hypertension 11·2 8·8 11·5 16·5 <0·001
Diabetes 1·2 1·0 0·8 1·5 0·433
CVD 0·6 0·6 0·6 1·0 0·879
Cancer 4·2 3·5 4·7 7·7 0·002
Depression 15·4 12·0 12·9 19·6 <0·001

MedDiet, Mediterranean diet; SSB, sugar-sweetened beverages; MET, metabolic equivalents.
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Table 2. Association of alcohol consumption with early mortality (death <65 years old). The SUN cohort (1999–2019)
(Hazard ratios (HR) and 95% confidence intervals)

Baseline alcohol consumption*

Light (>0 and
<10 g/d)

Moderate (≥10 and
<50 g/d) Heavy (≥50 g/d) Per þ10 g/d

Abstainer (0 g/d) HR 95% CI HR 95% CI HR 95% CI P linear trend P non-linear trend HR 95% CI

Total (n) 2513 12 917 4597 245
Cases/Person-years 23/27345 102/143418 85/50287 16/2514
Rate/1000 person-years 0·84 0·71 1·69 6·36
Crude 1 (ref.) 0·93 0·59, 1·47 1·55 0·98, 2·47 4·10 2·16, 7·81 <0·0001 0·46 1·23 1·16, 1·30
Sex-, age-adjusted HR 1 (ref.) 0·89 0·56, 1·40 1·37 0·84, 2·22 3·48 1·78, 6·79 <0·0001 0·58 1·21 1·13, 1·29
MV-adjusted HR 1 (ref.) 0·88 0·54, 1·44 1·33 0·79, 2·23 2·82 1·38, 5·79 <0·0001 0·57 1·17 1·08, 1·26
≤45 years at baseline
Cases/Person-years 11/21292 54/117100 28/33060 1/1023
Multivariable-adjusted HR 1 (ref.) 0·95 0·47, 1·92 1·53 0·68, 3·46 1·26 0·19, 8·26 0·1520 0·092 1·08 0·93, 1·25

>45 years at baseline
Cases/Person-years 12/6054 48/26318 57/17227 15/1491
Multivariable-adjusted HR 1 (ref.) 0·81 0·41, 1·60 1·14 0·58, 2·25 2·71 1·15, 6·41 0·0003 0·70 1·18 1·08, 1·28

Men Abstainer (0 g/d) Light (>0 and <10
g/d)

Moderate (≥ 10
and <50 g/d)

Heavy (≥ 50 g/d)

Cases/Person-years 9/4361 42/43665 63/32757 16/2223
Multivariable-adjusted HR 1 (ref.) 0·55 0·24, 1·29 0·85 0·37, 1·95 1·74 0·65, 4·66 0·001 0·91 1·15 1·06, 1·26

Women Abstainer (0 g/d) Light (>0 and <5 g/
d)

Moderate (≥ 5 and
<25 g/d)

Heavy (≥ 25 g/d)

Cases/Person-years 14/22984 39/74344 38/40980 5/2250
Multivariable-adjusted HR 1 (ref.) 0·92 0·49, 1·73 1·28 0·67, 2·44 1·98 0·63, 6·21 0·079 0·80 1·17 0·93, 1·46

Cumulative average alcohol consumption (repeated measurements)

Light (>0 and
<10 g/d)

Moderate (≥10 and
<50 g/d) Heavy (≥50 g/d) Per þ10 g/d

Total Abstainer (0 g/d) HR 95% CI HR 95% CI HR 95% CI P linear trend P non-linear trend HR 95% CI

Cases/Person-years 23/26 436 103/144 385 84/50 282 16/2461
Rate/1000 person-years 0·87 0·71 1·67 6·50
Crude 1 (ref.) 0·89 0·57, 1·40 1·46 0·92, 2·33 4·09 2·15, 7·77 <0·0001 0·63 1·23 1·16, 1·30
Sex-, age-adjusted 1 (ref.) 0·85 0·54, 1·34 1·28 0·79, 2·08 3·44 1·76, 6·72 <0·0001 0·69 1·21 1·13, 1·29
MV-adjusted HR 1 (ref.) 0·86 0·53, 1·40 1·26 0·76, 2·11 2·72 1·31, 5·67 0·014 0·66 1·16 1·07, 1·26
≤45 years at baseline
Cases/Person-years 11/20 507 54/117 990 28/32 980 1/998
Multivariable-adjusted HR 1 (ref.) 0·87 0·43, 1·73 1·40 0·62, 3·14)) 1·22 0·15, 9·84 0·19 0·22 1·07 0·92, 1·25

>45 years at baseline
Cases/Person-years 12/5929 49/26 396 56/17 302 15/1463
Multivariable-adjusted HR 1 (ref.) 0·83 0·42, 1·64)) 1·14 0·58, 2·26 2·68 1·12, 6·43 0·0005 0·81 1·17 1·06, 1·28

Men Abstainer (0 g/d) Light (>0 and <10 g/
d)

Moderate (≥ 10 and
<50 g/d)

Heavy (≥ 50 g/d)

Cases/Person-years 9/4169 42/43 949 63/32 704 16/2183
Multivariable-adjusted HR 1 (ref.) 0·48 0·20, 1·13 0·74 0·32, 1·68 1·57 0·58, 4·22 0·0009 0·86 1·15 1·05, 1·26

Women Abstainer (0 g/d) Light (>0 and <5 g/
d)

Moderate (≥ 5 and
<25 g/d)

Heavy (≥ 25 g/d)

Cases/Person-years 14/22 267 43/74 867 35/41 252 4/2173
Multivariable-adjusted HR 1 (ref.) 1·03 0·55, 1·92 1·18 0·62, 2·25 1·73 0·52, 5·75 0·28 0·94 1·29 0·90, 1·86

MV, Multivariable.
* Alcohol intake was always upgraded according to the self-reported additional information contained in other specific items inquiring on the alcohol consumption pattern (including days of consuming wine with meals, consumption of alcohol
when driving and intakes on weekends and special days).
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If low amounts of alcohol reduce cardiovascular risk but
increase cancer risk, the reported inverse association between
low-to-moderate alcohol intake and all-cause mortality in pre-
vious studies(3,5,9,27–31) would likely be absent or even reversed
in our cohort where cancer mortality clearly predominated. In
addition, more mechanisms to explain our findings include early
deaths due to suicides (3·5 % of deaths in our cohort), traffic inju-
ries and other accidents (8·8 % of deaths). Moreover, alcohol
consumption has been associated with over 200 health

conditions(11), with a particularly strong relative burden of harm-
ful effects in the range of ages between 20 and 40 years.

Contrary to the expected effects of misclassification due to
underreporting by heavy drinkers(15), when we tried to correct
this misclassification by using a wide variety of sensitivity analy-
ses and assumptions, the results were null in categorical analyses
for any potential protective effect by light-moderate drinking,
but significant in most cases for a direct linear adverse effect.
Although in this prospective cohort, light alcohol consumption
predominated, the number of early deaths was not large, and
we admit that a potential lack of statistical power may have con-
tributed to obtain non-significant results in the categorical analy-
ses for light-moderate consumption. It should also be noted that
the subset of participants who reported a heavy drinking alcohol
consumption was not large, which could reflect a lack of statis-
tical power (217 men and 194 women).

These results need to be considered with caution for several
reasons. First, we assessed absolute alcohol amounts and not the
drinking pattern (reported elsewhere in this cohort)(19).
Multidimensional aspects of the drinking pattern may help to
obtain a better picture of the association between alcohol and
diverse health outcomes, but this aim was not the scope of
the present study. However, results remained similar after adjust-
ment for binge-drinking habit. Second, our present outcome
only considered premature mortality and not late deaths occur-
ring after 65 years of age. Therefore, generalisability of these
findings is limited only to early deaths. Moreover, the assessed
population is at a low risk for CVD; therefore, generalisability
of these findings presents the limitation inherent to the non-
representative nature of this cohort, as it is the case of most

Table 3. Association between cumulative average of alcohol consumption (repeated measurements) and early mortality (death <65 years old) under some
assumptions for re-classification of potential underreporters. The SUN cohort (1999–2019)
(Hazard ratio (HR) and 95 % confidence interval)

Cumulative average of alcohol consumption

Light (>0 and
<10 g/d)

Moderate (≥ 10
and <50 g/d) Heavy (≥ 50 g/d)

P non-linear trend

Per þ10 g/d

Abstainer (0 g/d) HR 95% CI HR 95% CI HR 95% CI HR 95% CI

TOTAL (without any correction of mismatches, only corrected using additional questions on alcohol intake*)
Cases/Person-years 37/44809 100/132890 77/43859 12/2006
MV-adjusted HR 1 (ref.) 0·88 0·60, 1·30 1·40 0·91, 2·17 2·59 1·24, 5·45 0·41 1·16 1·07, 1·26

Excluding ALL mismatches in alcohol
Cases/Person-years 24/28928 89/125534 72/41676 11/1915
MV-adjusted HR 1 (ref.) 0·93 0·57, 1·50 1·53 0·92, 2·55 2·77 1·24, 6·17 0·37 1·16 1·06, 1·26

Excluding light/moderate drinkers if mismatches in alcohol
Cases/Person-years 37/44809 89/125534 72/41676 12/2006
MV-adjusted HR 1 (ref.) 0·88 0·59, 1·31 1·42 0·91, 2·20 2·47 1·17, 5·22 0·41 1·15 1·06, 1·25

Raising in 1 category the classification if mismatches in alcohol
Cases/Person-years 24/28928 102/141416 83/49032 17/4189
MV-adjusted HR 1 (ref.) 0·93 0·58, 1·48 1·37 0·84, 2·25 1·81 0·91, 3·59 0·52 1·16 1·06, 1·26

Raising in 1 category the classification if mismatches in either alcohol or smoking
Cases/Person-years 23/28518 103/139730 79/49776 21/5541
MV-adjusted HR 1 (ref.) 0·99 0·62, 1·59 1·31 0·79, 2·18 1·92 1·00, 3·67 0·83 1·15 1·06, 1·26

Raising in 1 category the classification if mismatches in alcohol, smoking or FFQ
Cases/Person-years 21/24989 96/131711 85/57128 24/9737
MV-adjusted HR 1 (ref.) 0·88 0·54, 1·45 1·25 0·75, 2·09 1·47 0·78, 2·77 0·59 1·14 1·05, 1·24

MV, multivariable.
* Alcohol intake was always upgraded according to the self-reported additional information contained in other specific items inquiring on the alcohol consumption pattern (including
days of consuming wine with meals, consumption of alcohol when driving, and intakes on weekends and special days).

Fig. 2. Association of categories of alcohol intake with early mortality (<65 years
old) with or without corrections for potential misclassification of alcohol use*.
Multivariable-adjusted hazard ratios with repeated measurements of alcohol
intake (cumulative average) and updated information on potential confounders.
The ‘Seguimiento Universidad de Navarra’ (SUN) cohort 1999–2019. ,
Uncorrected; , Corrected.
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prospective cohorts. In another population at a higher CVD risk,
CVDmortalitymay have exerted a higher impact on the outcome
and could have led to different results. Third, the assumptions
that wemade in order to disclose potential underreportingswere
only suppositions based on identifying those participants with
inconsistencies in their self-reports of alcohol (or, alternatively,
in smoking or food habits). Such inconsistencies do not neces-
sarily indicate that these participants were underreporting alco-
hol, nor the consistency can be taken as a proof of correctly
reporting alcohol intake.

The strengths of this study are that we were able to assess
participants for a long follow-up period and with a relatively
high overall retention in a young cohort. Given that con-
founding and reverse causality (the so-called ‘healthy user’
and ‘sick quitter’ effects) can represent the main threats to val-
idity in this type of longitudinal studies, a considerable
strength is that we were able to adjust for a large number of
confounders and we studied cumulative alcohol consumption
with repeated measurements of both alcohol intake and
potential confounders along the follow-up period, using a

Table 4. Sensitivity analysis. Association of light alcohol consumption (or the consumption of additional 10 g/d of alcohol linearly) with early mortality (<65
years old) under a diversity of scenarios without and with correction (upgrade) for potential underreporting of alcohol. The ‘Seguimiento Universidad de
Navarra’ (SUN) cohort 1999–2019
(Odds ratio and range)

Uncorrected estimates*

>0 and <10 g/d v. abstainer Per þ10 g/d*

HR 95% CI HR 95% CI

Main analysis 0·88 0·60–1·30 1·16 1·07–1·26
Only men 0·51 0·27–0·96 1·14 1·04–1·26
Only women 1·14 0·69–1·89 1·21 0·95–1·53
Restrict. energy intake p5–p95 0·82 0·54–1·24 1·22 1·12–1·33
Energy limits suggested by Willett 0·85 0·57–1·28 1·23 1·14–1·33
Excluding mismatches in alcohol 0·93 0·57–1·50 1·16 1·06–1·26
Excluding if >70 items missing in FFQ 0·89 0·60–1·33 1·16 1·07–1·27
Excluding persons history of cancer 0·83 0·54–1·26 1·15 1·04–1·26
Excluding persons history of CVD 0·85 0·57–1·27 1·16 1·06–1·27
Excluding persons history of CVD or cancer 0·81 0·52–1·27 1·16 1·05–1·28
Excluding persons history of CVD, cancer or T2D 0·83 0·52–1·30 1·15 1·04–1·29
Excluding deaths in 2 first years 1·05 0·68–1·63 1·19 1·09–1·29
Excluding deaths after 55 years 0·72 0·42–1·22 1·10 0·96–1·27
Excluding deaths before 35 years 0·97 0·64–1·48 1·15 1·06–1·25
Excluding if alcohol from wine <50% 1·03 0·65–1·62 1·23 1·10–1·38
Only cancer deaths 1·26 0·74–2·13 1·14 1·01–1·28
Only non-cancer deaths 0·52 0·28–0·96 1·17 1·04–1·31
Excluding all abstainers 1·18 1·08–1·29
Refining abstainers** 0·84 0·56–1·26 1·16 1·07–1·26
Additionally adjusted for binge drinking 0·84 0·57–1·25 1·14 1·04–1·24

Corrected (raised in 10 g/d) if any mismatch in alcohol, smoking or diet

>0 and <10 g/d v. abstainer Per þ10 g/d*

Main analysis 0·89 0·54–1·45 1·14 1·05–1·24
Only men 0·53 0·23–1·22 1·14 1·04–1·26
Only women 1·03 0·56–1·88 1·10 0·87–1·39
Restricting energy intake to p5–p95 0·82 0·49–1·37 1·21 1·11–1·32
Energy limits suggested by Willett 0·89 0·54–1·47 1·22 1·12–1·32
Excluding mismatches in alcohol 0·88 0·53–1·46 1·14 1·05–1·24
Excluding if >70 items missing in FFQ 0·88 0·54–1·45 1·15 1·06–1·25
Excluding persons history of cancer 0·73 0·43–1·22 1·14 1·03–1·25
Excluding persons history of CVD 0·84 0·51–1·39 1·14 1·04–1·25
Excluding persons history of CVD or cancer 0·72 0·42–1·24 1·14 1·04–1·26
Excluding persons history of CVD, cancer or T2D 0·76 0·44–1·32 1·14 1·02–1·27
Excluding deaths in 2 first years 1·05 0·60–1·82 1·17 1·07–1·28
Excluding deaths after 55 years 0·84 0·42–1·67 1·10 0·96–1·26
Excluding deaths before 35 years 1·07 0·62–1·85 1·14 1·05–1·24
Excluding if alcohol from wine <50% 1·01 0·58–1·76 1·25 1·11–1·41
Only cancer deaths 1·02 0·54–1·92 1·11 0·98–1·25
Only non-cancer deaths 0·70 0·32–1·54 1·16 1·04–1·30
Excluding all abstainers 1·15 1·05–1·25
Refining abstainers** 0·85 0·51–1·41 1·15 1·06–1·25
Additionally adjusted for binge drinking 0·83 0·50–1·37 1·12 1·03–1·22

T2D, type 2 diabetes.
* None of the tests for a departure of linear trend was statistically significant.
** A special detailed questionnaire only sent to the subset of abstainers was used to exclude those drinkers who initially reported to be abstainers, but they did consume some quan-

tities of alcohol and to exclude former drinkers (please consult the Supplement).
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well-validated FFQ. The exclusive use of premature mortality
as the outcome in a healthy and young cohort can be instru-
mental to avoid the sick quitter phenomenon. Refining
abstainer’s category with an additional questionnaire and
excluding all abstainers did not substantially change the
results.

Ideally, clinical trials testing alternative advices on alcohol
intake among drinkers will eventually provide a well-founded
answer on the healthiest option for alcohol intake(12,13,32). A
recently published study proved that, although challenging, tri-
als on alcohol intake are feasible and they are able to overcome
some methodological limitations of observational studies(33).

In conclusion, among young adults, no inverse association
between light-to-moderate drinking and premature mortality
was observed after diverse attempts to correct for potential
underreporting of alcohol intake by heavy drinkers. New
approaches for misclassification detection are needed.
Recommendations to the population should be stratified and
consider that the potential beneficial effect of alcohol may be dif-
ferent in younger populations than in older subjects. Regardless
of the current controversy on the healthiest level of alcohol
intake, the available evidence shows that though light-to-
moderate alcohol reduces cardiovascular risk, probably, the
best recommendation for younger drinkers who are at low
cardiovascular risk is to reduce their alcohol intake as much as
possible(3,34–38). Until large-scale randomised trials may shed
light on this issue, the precautionary principle of public health
must be the rule.
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Burgo C, Marí A, Martí A, Martín-Calvo N, Martín-Moreno JM,
Martínez JA, Mendonça R, Menéndez C, Molendijk M, Molero
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