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Article summary

Abstract

Background

While excessive alcohol consumption increases mortality, the threshold remains uncertain.
This study aimed to investigate the association between self-reported alcohol consumption

and all-cause mortality in a representative Swedish population.

Methods

In 20022005, a random sample of 2,816 participants aged 30—75 years (mean 48 years) from
two Swedish communities was recruited (participation rate 76%) focusing on cardiometabolic
risk factors, lifestyle, and social determinants of health. Self-reported exposure to alcohol was
categorised based on mean weekly ethanol intake: abstainers, occasional drinkers (<20
g/week), low (20 to <60 g/week), moderate (60 to <120 g/week), high (120 to <240 g/week),
and highest consumption (>240 g/week). Mortality follow-up data were available through 31

December 2022.

Hazard ratios (HR) for all-cause mortality were estimated using multivariable Cox regression
with occasional drinkers as the reference group. Analyses were adjusted for demographic,

lifestyle, socioeconomic and cardiometabolic risk factors.

Results

During a mean follow-up of 19.2 years, 301 deaths occurred. In the final model, the highest
consumers had a HR of 2.0 for mortality (95% CI 1.07-3.75). There was no evidence that low
or moderate consumption influenced mortality risk (HR=0.84; 95% CI 0.59-1.19 and HR=
1.17; 95% CI 0.76-1.81, respectively). Abstainers had an increased mortality after
adjustments for age and sex (HR=1.38; 95% CI 1.02-1.86), but it was attenuated and non-

significant after further adjustments.



55

56

57

58

59

60

61

62

63

Conclusion

These findings are consistent with current recommendations limiting alcohol consumption to
no more than 10 standard drinks per week and provide no evidence for a protective effect of

moderate drinking on mortality.
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Manuscript

Introduction

Excessive alcohol consumption is well-established as a risk factor for cardiovascular disease
and death, though the precise level at which alcohol becomes harmful remains uncertain.
Approximately 26% of alcohol-related deaths are due to cardiovascular disease[1].
Nevertheless, there is a substantial body of research from population-based studies that has
reported reduced mortality in light to moderate drinking compared to no drinking[2, 3]. These
conflicting findings have sometimes been attributed to residual confounding present in
abstainers[4], who include people with poorer health. The use of occasional drinkers,
sometimes defined as consuming less than 20 g of alcohol per week, as reference group has
been adopted in some studies to reduce the “sick quitter” effect and other health-related biases
present in the abstainer category. It is unlikely that direct physiological effects of <20 g of

ethanol per week would materially affect mortality.

A recently updated meta-analysis showed no clear association with mortality in consumers of
between 9 and 175 g of pure ethanol per week, compared to those who consumed less[5]. The
2023 Guidelines from the National Board of Health and Welfare (NBHW) in Sweden were
partly based on this meta-analysis, which has generated some debate[6-9]. According to the
new guidelines, the lower threshold for so-called “risk use” was harmonised for men and
women at 120 g per week, lowering the previous limit for men from 168 g[10]. Individuals
classified as having risk use are recommended to be offered medical intervention where

appropriate.

However, uncertainty remains regarding the mortality threshold associated with different
levels of alcohol consumption in contemporary population-based cohorts, particularly in

relation to recently defined national risk-use thresholds. Therefore, in this study we
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investigated the association between levels of alcohol consumption and all-cause mortality
using a population-based cohort and explored the potential dose-response relationship. We
evaluated the newly defined NBHW risk use thresholds in relation to mortality. We also
hypothesised that the excess mortality risk observed among abstainers would be explained by

comorbidity and other risk factors.

Methods - Design

This community-based study used data from the Vara—Skdvde Cohort. Between 2002 and
2005, a random sample of 2,816 participants aged 30—75 (mean age 48 years) from two rural
communities in Sweden were recruited from the population census register and examined,
with a focus on cardiometabolic risk factors, lifestyle, and psychological symptoms
(participation rate 76%). Details on the baseline survey of this cohort have previously been
described[11]. The study size was arrived at from similar cohort studies conducted by the
research group[11]. The mortality was retrieved from the Swedish cause of death register
including all the deaths in Sweden since 1952. A representative sample of 1954 individuals
were invited to a follow-up examination (participation rate 68%) undergoing a second
examination. The studies were approved by the medical faculty’s research ethics committee at

the University of Gothenburg. All participants gave written informed consent.

Methods - data collection

Data on alcohol consumption during the previous 30 days were collected using a validated
questionnaire[12]. This consisted of quantity-frequency questions and additional questions
regarding the number of days of atypical high consumption (see Additional file 1). Data on
mortality were collected from the National Mortality Register until 31 December 2022. Data
on lifestyle was collected using standard questionnaires, including leisure time physical
activity (LTPA)[11] and current smoking. LTPA was dichotomized into sedentary or

physically active. Level of education was self-reported and was categorised as lower (primary

5



113 and secondary education, <9 years) or higher. A single-person household was defined as an
114  individual living alone. Waist circumference was measured between the lowest rib margin and
115  iliac crest by a specially trained nurse. A supine resting blood pressure was measured in

116  accordance with guidelines from the European Society of Hypertension[13]. In the case of
117  elevated blood pressure, three additional measurements were made and a diagnosis of

118  hypertension was given according to JNC7 guidelines[14]. A standard oral glucose tolerance
119  test (OGTT) was performed, and previously undiagnosed cases of diabetes were identified in
120  accordance with 1999 WHO guidelines[15]. Self-reported data on hypertension, diabetes

121 mellitus, as well as previous cardiovascular disease, here defined as congestive heart failure,
122  atrial fibrillation, angina pectoris, coronary artery bypass surgery and stroke, were

123  systematically collected using a structured interview by a study nurse!!'!),

124  Primary outcome measures
125  The main outcome was all-cause mortality. The patients were censored either due to death or

126  the date of the retrieval of the death register, i.e. 2022-12-31.

127  Methods — exposure of alcohol consumption
128  The categories were based on commonly consumed amounts and existing guidelines (Table

129 ).

130  Table 1. Alcohol consumption and crude mortality

Self-reported amount of consumed alcohol per week
Abstainers no drinking in the past 12 months
Occasional drinkers <20 g/week
Low consumption 20 up to <60 g/week
Moderate consumption 60 up to <120 g/week
High consumption 120 up to <240 g/week
Highest consumption > 240 g/week

131 Definition of the consumption categories. g=grams

132
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To assess stability of alcohol consumption over time in the cohort, a McNemar-Bowker test
was performed in crosstabulation of the consumption category of each participant in baseline
and at the follow-up examination, respectively. The average change in grams of ethanol per

week and standard deviation was also calculated.

Methods - data analysis

Descriptive statistics were presented as means with standard deviations for continuous
variables and frequencies with percentages for categorical variables. Kaplan—-Meier curves
were visually inspected across categories. There was no crossing of the survival curves nor
any indication of changing separation over time. Therefore, the proportional hazards
assumption was accepted prior to Cox regression. Individuals with missing data at baseline on
any included variables were excluded from all analyses (See Additional file 2 — flow chart of

the study population).

Cox proportional hazards regression was used to estimate hazard ratios (HRs) for all-cause
mortality during the follow-up time across predefined categories of alcohol consumption, with
occasional drinkers as the reference group. Follow-up time was defined as the time in
calendar years from inclusion in the study to date of death or end of follow-up time (2022-12-
31). Baseline covariates were used to adjust for possible confounding across different models.
Analyses were performed with four consecutive models to assess the impact of confounders,
with covariates added sequentially. Model 1 was adjusted for age and sex. Model 2 added
waist circumference, smoking, and LTPA. Model 3 added single household status and
education level. Model 4 additionally included previous cardiovascular disease, diabetes
mellitus, and hypertension. As a sensitivity analysis, the same analyses were repeated limited
to 10-year follow-up. An interaction between sex and alcohol consumption was included in

the model to assess the possibility of a sex modification effect. All tests were two-sided, and
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statistical significance was defined as p<0.05. All statistical analyses were performed using
IBM SPSS Statistics version 29 (IBM Corp., Armonk, NY, USA). The study was reported in
accordance with the STROBE guidelines (see Additional file 3), and the checklist was used in

the revision of the manuscript[16].

Results

After exclusion of 221 individuals with missing data on one or more of the included variables,

2,595 remained. Characteristics at baseline are displayed in Table 2. [insert Table 2 here]

Women reported less alcohol consumption, and only 14.2% and 7.1% in the high (120 to
<240 g/week) and highest (>240 g/week) consumption categories were women, corresponding
to 1.6% and 0.2% of all women in the cohort, respectively. Crude mortality was highest
among abstainers (20.2%) and among participants with the highest alcohol consumption
(28.6%), and consistently the prevalence of established risk factors for mortality were higher

in these categories.

At 10 years follow-up, in a sub-sample of 1214 individuals for which data was available, no
significant change was seen when comparing individual allocation to each alcohol
consumption category at baseline vs follow-up examination (McNemar-Bowker 0.59). The
mean change in alcohol consumption for the entire cohort was -5 grams per week (SD 62

grams).

During a mean follow-up of 19.2 years, 301 deaths occurred. No statistically significant
interaction between sex and alcohol consumption was observed in relation to mortality
(p>0.20). An illustration of cumulative survival over 20 years follow-up by alcohol

consumption category is shown in Figure 1.
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Figure 1. Cumulative adjusted survival in Cox regression full model

Cumulative adjusted survival in Cox regression full model

100 Alcohol
' S consumption
—— :ff'“*x_ﬂ'::H T (gramsiweek)
e <20
N RN —120-<60
— S SN 60-<120
= W N\, —120-<240
s Yo, e 1240+
e S5y . _rAbstainer
] \ N\
2 0% \‘“
& N
=] \\ n
E \
3
O
094
092

0 5 10 158 20

Time (years)

Figure 1 legend. Adjusted survival curves over 20 years follow up by categories of self-
reported alcohol consumption at baseline. Curves are based on fully adjusted Cox
proportional hazards model with covariates fixed at their mean values. Covariates included
sex, age, waist circumference, smoking, leisure time physical activity, single household status,
educational level, hypertension, diabetes mellitus, and cardiovascular disease.

During the first 10 years follow-up there was a statistically nonsignificant increase in
mortality among those with the highest consumption (HR=2.5; 95% CI 0.93 to 6.80) after full
adjustments compared to occasional consumers. With longer follow-up participants in the
highest consumption category showed increasing separation from the other categories over
time (Figure 1). Hazard ratios for mortality across the different consumption categories are

shown in table 3.

Table 3. Hazard Ratio (HR) for mortality across categories of self-reported consumption in
four sequentially adjusted models.

Model 1 Model 2 Model 3 Model 4
0
HRéI9)5 % HR (95% CI) HR (95% CI) HR (95% CI)
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1.38 (1.02-

Abstainer 1.86) 1.35 (1.00-1.83) 1.31(0.97-1.78) 1.26 (0.93-1.72)
1
<20 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
20 to <60 0'719 gg')%_ 0.78 (0.55-1.10) 0.83 (0.58-1.18) 0.84 (0.59-1.19)
60to  0.98 (0.64-
<120 1.50) 1.05 (0.69-1.61) 1.13 (0.73-1.72) 1.17 (0.76-1.81)
120to  1.22(0.74-
940 2.02) 1.17 (0.71-1.94) 1.25 (0.75-2.06) 1.37 (0.82-2.27)
>240 2'0;) %')08_ 1.88 (1.01-3.50) 2.00 (1.07-3.72) 2.00 (1.07-3.75)

Abbreviations: HR, hazard ratio; CI, confidence interval; NA, not applicable. Occasional
drinkers (<20 g/week) were used as a reference.

Model 1 adjusted for age and sex.

Model 2 added smoking, waist circumference, and physical activity.

Model 3 added single household status and educational level.

Model 4 added diabetes mellitus, hypertension, and cardiovascular disease.

After adjustments for age and sex, the highest consumption category had a significant
increased mortality risk compared with occasional drinkers (HR=2.00; 95% CI 1.08 to 3.72).
This association remained after full multivariable adjustment (HR=2.00; 95% CI 1.07 to

3.75).

Abstainers had a higher mortality risk than occasional drinkers after adjustment for age and
sex (HR=1.38; 95% CI 1.02 to 1.86). After further adjustments for lifestyle factors and
comorbidity, the association was attenuated and no longer statistically significant (HR=1.35;
95% CI 1.00 to 1.83). No differences in mortality risk were observed between occasional
drinkers and participants with low or moderate alcohol consumption (low consumption
HR=0.84; 95% CI 0.59 to 1.19; moderate consumption HR=1.17; 95% CI 0.76 to 1.81 in the

final model).

Discussion

10



211 In this representative Swedish population-based cohort study, self-reported alcohol

212 consumption of > 240 g of ethanol per week was associated with a twofold increase in all-
213 cause mortality compared with occasional drinkers, after adjustment for major risk factors for
214 death. In fully adjusted models, no differences in mortality risk were observed among

215  abstainers or among participants with low, moderate, or high alcohol consumption compared
216  with occasional drinkers. The higher mortality observed among abstainers in model 1 may
217  reflect a higher burden of major risk factors and comorbidity, underscoring concerns about

218  residual confounding when abstainers are used as the reference group in observational studies.

219  The meta-analysis of Zhao et al used a similar design, with occasional drinkers as the primary
220  reference group[5] although complementary analyses using abstainers as a reference group
221 were also included. Alcohol consumption was examined across other levels of consumption.
222 Low consumption (1.3 to <25 g per day) was not associated with increased mortality

223 compared with 25-45 g per day, except in the partially adjusted model (HR=1.09; 95% CI
224 1.00 to 1.19). Mortality was higher in consumers of 45 to <65 per day and >65 g per day

225 (HR=1.24;95% CI1 1.07 to 1.44 and HR=1.41; 95% CI 1.23 to 1.61, respectively). Zhao et al
226  also highlighted the frequent lack of information on lifetime abstainers in many of the

227  conducted studies, a limitation shared by the current study, supporting the use of occasional

228  drinkers as the reference group.

229  Similarly, an article in The Lancet from 2018 based on individual participant data from 83
230  prospective studies, restricted to current drinkers, reported a progressive reduction in life
231 expectancy from 40 years of age among individuals consuming more than 100 g of alcohol
232 per week compared with those consuming 100 g of alcohol per week or less[17]. That study
233 included fewer covariates and individuals with previous cardiovascular disease were

234 excluded. Compared to our study, it included older individuals with a higher alcohol

11
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consumption and a greater proportion of smokers. In contrast to our study, alcohol

consumption was analysed in broader intervals of approximately 100 g.

Several meta-analyses or systematic reviews conducted at government agencies, for example
in Canada[18] and the United States of America (USA)[19] have reached differing
conclusions. In Canada, low risk consumption is defined as less than 26 g of ethanol per
week, while US reviewers have concluded that moderate consumption (up to 98 or 196 grams
of ethanol per week for women and men respectively) compared to lifetime non-drinking is
associated with a lower risk of mortality. These divergent conclusions underline the fact that
despite a vast number of studies, there is no consensus on whether alcohol itself can still be
claimed to have a protective effect on mortality. Differences in policy recommendations may
also reflect variations in interpretation of the evidence and broader public health priorities. In
our, albeit smaller, study, we showed a clear increase of mortality among individuals
consuming >240 g of alcohol per week. There were non-significant trends in moderate

consumers towards a lower mortality, but this should be interpreted with caution.

The Global Burden of Disease Study conducted a large meta-analysis on alcohol and disease
burden, and arrived at the conclusion that no level of alcohol consumption has the lowest risk
of disability-adjusted life years (DALY's)[20]. This study included multiple sources for
consumption including sales data, which lowers the risk of bias. The use of DALY provides
vital information on the consequences of alcohol consumption, especially at lower doses

where morbidity is increased but not mortality.

A UK cohort study including adults aged 60 or older, with a median follow-up of 12.4 years
found an increase in all-cause mortality among individuals consuming 140 to 280 g of alcohol
per week for men and 70-140 g per week for women, compared with occasional drinkers
(HR=1.10; CI 1.03 to 1.18) [21]. That study also accounted for socio-economic status, frailty,

beverage type and drinking only with meals. Additionally, cancer mortality was increased

12
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even at lower consumption levels (140 and 70 g per week for men and women respectively).
Compared with the present study, the UK cohort included older individuals and focused more
on other aspects of drinking pattern, which may be associated with other lifestyle choices with
effects on morbidity and mortality. These differences also highlight the potential importance
of socioeconomic factors on modifying the effects of alcohol. The current study design allows
for exploration of the non-linear association between alcohol and mortality, often referred to
as J-shaped. However, our study suggests that the elevated mortality risk observed in
abstainers is due to accumulation of risk factors and comorbidity, which is supported by the
absence of a difference in mortality risk between abstainers and occasional drinkers, when

adjusting for confounders.

Strengths and limitations

A major strength of our study is the high participation rate and the comprehensive assessment
of key variables known to influence mortality risk, enabling robust adjustment for important
confounders often unaccounted for in observational studies. The cohort is relatively modest in
size, and statistical power varies between consumption categories. However, the low- and
moderate-consumption categories comprise over half of the cohort, reducing, although not
eliminating, the risk of type Il error and supporting the robustness of the null findings in these
categories. This pattern strengthens the interpretation that excess mortality is confined to the
highest consumption category, but due to lack of a clear dose-response relationship, it is not

certain that this constitutes a threshold effect.

The high consumption category was defined partly according to recent Swedish guidelines for
risk drinking, which coincide with other national guidelines[10]. In this study, no statistically
significant increase in mortality was observed at this level of consumption after 19 years of
follow-up. As this is an observational study, it does not allow for the establishment of a cause-

and-effect relationship. Nevertheless, the strong and consistent association observed between

13
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very high alcohol consumption and mortality is consistent with a causal relationship and is

well aligned with existing evidence.

The use of self-reported alcohol consumption is known to be affected by under-reporting due
to recall bias, social desirability, and concerns about potential legal consequences[22, 23].
The questionnaire used in this study has previously been validated in an ecological study and
was estimated to cover up to 77% of total alcohol sales[12], but some degree of under-
reporting is likely. Differences in under-reporting consumption between categories may also
have influenced the results[24]. Patterns of binge-drinking, which are known to impact

adverse outcomes, were not examined in the present study.

Exposure to alcohol consumption was assessed at a single time point, which may have
reduced the precision of long-term exposure estimation. However, alcohol consumption is
generally more stable over time in older adults compared to younger individuals, who often
show decreasing consumption over time[25]. Additionally, we examined the change in
consumption in a representative sub-sample that was invited to a secondary examination at

approximately 10 years, and consumption did not change significantly.

Conclusion and implications

High-volume alcohol consumption (>240 g/week) was associated with increased all-cause
mortality. For consumption levels corresponding to the current Swedish threshold for risk use
(120240 g/week), mortality risk estimates were elevated but imprecise and did not reach
statistical significance. The findings therefore support efforts to limit high alcohol
consumption while providing no evidence for a protective effect of moderate drinking.
Abstainers may be a suboptimal reference group in observational studies of alcohol
consumption and health due to residual confounding related to comorbidity and adverse risk

profiles, which may partly explain the frequently reported J-shaped association between

14
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alcohol consumption and health outcomes. Further research is needed to clarify the impact of
alcohol consumption on specific morbidity outcomes associated with different patterns of

alcohol use.

Generalisability

The findings are likely to be generalisable to middle-aged adults in similar high-income
countries, predominantly Caucasian populations, but caution is warranted when extrapolating

to populations with different drinking patterns, ethnic compositions, or healthcare systems.
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Table 2. Characteristics of the study population by alcohol consumption category at baseline

Abstainer <20 g/week 20-<60 g/week  60-<120 g/week  120-<240 g/week  >240 g/week All
N=534 (20.6%%*) N=714 (27.5%%*) N=790 (30.4%*) N=367 (14.1%*) N=148 (5.7%%*) N=42 (1.6%*) (N=2595)
N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Women 343 (64.2) 466 (65.3) 371 (47.0) 88 (24.0) 21(14.2) 3(7.1) 1292 (49.8)
LTPA
(Sedentary) 398 (74.5) 465 (65.1) 497 (62.9) 228 (62.1) 96 (64.9) 29 (69.0) 1713 (66.0)
Single
hou%ehold 125 (23.4) 122 (17.1) 136 (17.2) 84 (22.9) 27 (18.2) 14 (33.3) 508 (19.6)
Lower
education 219 (41.0) 162 (22.7) 173 (21.9) 83 (22.6) 47 (31.8) 19 (45.2) 703 (27.1)
CVD 34 (6.4) 30 (4.2) 20 (2.5) 7(1.9) 4(2.7) 2 (4.8) 97 (3.7)
Diabetes 47 (8.8) 30 (4.2) 33(4.2) 13 (3.5) 5@3.4) 3(7.1) 131 (5.0)
Hypertension 114 (21.3) 87 (12.2) 92 (11.6) 32 (8.7) 20 (13.5) 14 (33.3) 359 (13.8)
Smoking 99 (18.5) 93 (13.0) 149 (18.9) 59 (16.1) 27 (18.2) 10 (23.8) 437 (16.8)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age, years 50.2 (13.3) 46.7 (11.4) 46.3 (10.3) 45.6 (9.9) 47.1 (10.5) 51.1 (12.0) 472 (11.4)
WC, cm 89.6 (14.1) 88.5 (13.1) 89.3 (12.0) 92.0 (11.4) 93.8 (10.4) 97.4(11.4) 89.9 (12.7)

Categories are based on average self-reported intake of ethanol in g/week. Abstainers reported no consumption in the previous 12 months.
SD=standard deviation. WC: waist circumference. BMI: body mass index. LTPA: leisure time physical activity. CVD: cardiovascular disease. g:
grams. *: row percentage



