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Abstract

Introduction: Subjective feelings of loneliness and objective social isolation have been
consistently connected with ill-health and mortality, though previous studies are typically
focused on older adults. Heavy alcohol consumption stemming from lack of social control has
been suggested as a possible explanation for these adverse effects, though little work has
empirically examined alcohol consumption as a mechanism for these effects. This study
examines the relative and synergistic interaction effects of loneliness and social isolation on
mortality in different age and gender groups, as a function of alcohol consumption.

Methods: The sample comprised a representative 1994 Finnish sample (n = 8650) matched with
22-year (1995-2016) follow-up register mortality data. A multigroup path analysis with discrete
survival time analyses was conducted to examine whether alcohol consumption explained the
connection of loneliness and social isolation to mortality in different age- and gender-defined
groups.

Results: Loneliness and particularly social isolation predicted mortality partly through hazardous
alcohol consumption for women under 40 and men 40-65. There was no synergistic interaction
effect between loneliness and social isolation. Yet, there were unique differences in the
associations between loneliness, social isolation, alcohol consumption and mortality based on
age and gender groups.

Discussion: Loneliness and social isolation are associated with mortality, partly through
subjective intoxication. Results highlight the importance of measuring mortality risk factors in
younger adult populations. Interventions targeted at reducing loneliness and social isolation may
help address underlying causes of excess alcohol consumption and mortality.

Keywords: Loneliness; Social isolation; Mortality; Alcohol consumption; Health behavior



Social connections are important for individuals and larger communities. They can
provide sources of social support (Berkman et al., 2000), opportunities for companionship, sense
of meaning, and belonging (Berkman et al., 2000; Cohen, 2004). Recent studies report major
declines in social connectivity (e.g., McPherson et al., 2006) and heightened rates of loneliness
and social isolation have been documented in the United States and elsewhere (Klinenberg,
2016), even prior to COVID-19. This phenomenon has been explained by societal changes
including individualization and demographic changes (Klinenberg, 2012; McPherson et al.,
2006). Landmark meta-analysis research has established strong links between social connection
and mortality (Holt-Lunstad et al., 2010; 2015) demonstrating risks comparable to traditional
health-related risk factors, including smoking and obesity (Holt-Lunstad et al., 2010; Pantell et
al., 2013). Theoretically, social relationships influence health via three broad pathways:
biological, psychological and behavioral (e.g., alcohol consumption, smoking; Berkman et al.,
2000; Pietromonaco & Collins, 2017). Evidence linking social connection with alcohol
consumption, and alcohol consumption with mortality, suggests that drinking behavior could
partly explain the link between social connection and mortality. The purpose of this study is to
examine evidence of such a link in a prospective design using a representative sample of adults
in Finland.

Decreased social connectivity has been associated with greater loneliness and social
isolation. Loneliness is subjective, defined as the psychological pain of perceived deficits in the
quality or quantity of social ties or lack of desired companionship (Peplau & Perlman, 1979).
Social isolation refers to the objective state of lacking social contacts, typically defined as having
small social networks, infrequent social contacts, being unmarried or not cohabiting, and not

participating in social or civic activities (e.g., Cornwell & Waite, 2009). Though social isolation



can lead to loneliness, previous research has demonstrated a low-to-moderate correlation (r = .20
-.30; e.g., Beller & Wagner, 2018a; Coyle & Dugan, 2012) between the two constructs
indicating that one can be lonely while having strong social connections, whereas lack of
connections often does not predict loneliness. Loneliness and social isolation primarily have
been studied separately in studies of mortality. Yet given their association, research should
consider the manner in which they uniquely contribute to health outcomes. This is important as
previous research has reported mixed findings in which some work suggests that only social
isolation is connected with mortality (Elovainio et al., 2017; Tanskanen & Anttila, 2016),
whereas other studies have found loneliness to also be a significant predictor (Beller & Wagner,
2018b; Holwerda et al., 2012).

Including both relationship predictors allows us to consider the relative and combined or
synergistic (i.e., interactive) effects of loneliness and isolation on health. The examination of
synergistic effects reveals whether those who are at the same time socially isolated and lonely
have excess risk for higher alcohol consumption or mortality compared to those who are only
either isolated or lonely. Being isolated without being lonely can indicate voluntary isolation
whereas those who are both socially isolated and lonely might be suffering from involuntary
isolation. Of the few previous studies exploring the combined or synergistic effects of loneliness
and social isolation on health, some have found significant interaction between the two
constructs (e.g., Beller & Wagner, 2018b; Holwerda et al., 2012), whereas others have not (e.g.,
Cornwell & Waite, 2009; Steptoe et al., 2013). Our study will provide a further test of this
relationship, particularly in the context of risk-related behavior.

Of additional interest is the potential role of alcohol consumption as a key behavioral

mechanism by which social relationships affect health (Berkman et al., 2000). Although social



connections can foster alcohol consumption in social settings, the socially isolated might not
have the same access to health-relevant information as those who are more socially integrated.
Further, individuals who are extremely socially isolated may lack social controls and support
gained from social relationships for maintaining health-promoting behaviors (Berkman et al.,
2000; Holt-Lunstad et al., 2015). Lack of social connections has been associated with frequent
drinking (Elovainio et al., 2017) and heavy drinking (Hanson, 1994; Kharicha et al., 2007).
However, abstainers have also reported greater social isolation (Greenfield et al., 2002). Further,
previous work has shown that controlling for health behaviors including alcohol consumption
attenuates the social isolation-mortality link by 33% (Elovainio et al., 2017), thus providing
support for alcohol consumption as a mechanism through which isolation relates to mortality.

The evidence for associations between loneliness and alcohol use is mixed, with research
showing no relationship (Cacioppo, et al., 2002) or a negative relationship (Theeke, 2010). Still
other research has shown that lonely persons report higher drinking frequency (Elovainio et al.,
2017), but such drinking does not mediate loneliness-health associations (Christiansen et al.,
2016). Differences across the literature may be explained by considering type of drinking
behavior (e.g., typical frequency vs. hazardous consumption).

A number of studies support a J-Curve relationship between alcohol consumption and
mortality, including in Finland, such that moderate drinkers show the lowest relative risk,
whereas mortality increases with increasing levels of heavy drinking (Halme et al., 2010; Plunk
et al., 2014). Although scholars debate the risk present in the abstaining group because of their
heterogeneous nature and confounding factors such as illness that both prevents drinking and
predicts mortality (Plunk et al., 2014; Stockwell et al., 2016), data are clearer about the

relationship between heavy episodic or hazardous drinking patterns and mortality (Graff-Iversen



et al., 2013; Halme et al., 2010; Plunk et al., 2014). However, the degree to which social
isolation and loneliness relate to mortality through drinking is unclear. The current study
addresses this gap by exploring the indirect effects of loneliness and social isolation on mortality
via total frequency of alcohol consumption and frequency of subjective intoxication.

The extent of individual differences in these associations, such as age differences, is also
uncertain. Most mortality studies have focused on older adults (e.g., >65). Some research,
however, suggests potential age differences in these effects. The best evidence to date from the
Holt-Lundstad et al. (2015) meta-analysis found that the mortality risk of loneliness and social
isolation was stronger for those under 65 than those over 65. Further, for those with Alcohol Use
Disorders (AUD), average life span in Finland is short, (47-53 for men, 50-58 for women), and
mortality rate ratios are increasing over time for men and women aged 30-44 years (Westman et
al., 2015). Similarly, Roerecke and Rehm (2013) reported that the relative risk is substantially
higher for those 40 years of age and younger when considering AUD and all-cause mortality.
Further, in their age-stratified analysis, Knott et al. (2015) revealed that dose-response
relationships between protective low intensity alcohol consumption and all-cause mortality were
largely limited to 65+ year old women, whereas men enjoyed little protective effects of alcohol
consumption. Thus, it would be beneficial for studies of mortality to include a broader age span
and alcohol use indicators (beyond AUD) to detect the negative impacts of alcohol among
young, as well as older adults.

In addition to age, there are well-documented gender differences in alcohol use cross-
culturally, with men drinking more often, at higher quantities, and more frequent hazardous
drinking than women (Wilsnack et al., 2009). Conversely, there is little-to-no evidence for

gender differences in the effects for loneliness and social isolation on mortality (e.g., Holt-



Lunstad et al., 2015); where modest support is found, it suggests greater risk for men (Elovainio
etal., 2017; Yang et al., 2013). Importantly, some work suggests that gender differences in
drinking may be age specific (Bratberg et al., 2016). In their older adult (age >65) Finnish
sample, Halme et al. (2010) documented a unique mortality risk for heavy-drinking men, though
noting that heavy-drinking women were rare. Graff-lversen et al. (2013) also found that heavy
episodic drinking and all-cause mortality were related for men and women (aged 20-62). Yet
Westman et al. (2015) documented significant increases in mortality risk ratios for men and
women (aged 30-44) hospitalized with AUD, but more to a greater extent among women. In their
meta-analysis of all-cause mortality, Roerecke and Rehm (2013) also reported higher mortality
risks for women than men with AUD. Together, these results support the examination of
potential gender differences by age group in social connection-mortality pathways through
alcohol consumption.
Current Study

The current study builds on previous research to explore the relative and synergistic
interaction effects of loneliness and social isolation on mortality. We also examine whether
alcohol use, namely general consumption frequency and subjective intoxication frequency, serve
as health behavioral mechanisms explaining associations among loneliness, isolation, and
mortality. Lastly, we explore whether the role of alcohol differs among different gender and age
groups via a multigroup analysis. Importantly, the current study controls for long-term illness
which may hinder social relationships, impact drinking, and thus relate to mortality. Doing so
helps to rule out reverse causality and potential selection effects (Holt-Lunstad et al., 2015)

which may explain any demonstrated links among relationships, drinking, and mortality.



Methods
Sample and Procedure
The study (n=8650; 49.6% men) comprised a prospective, longitudinal design combining data
from the Finnish Living Conditions Survey (FCLS; 1994) with a yearly, registry-based follow-up
data set (1994-2016). The FLCS is a representative sample of uninstitutionalized (i.e. not living
in rest home, hospital, prison) Finnish citizens with a high response rate of 73% (Ahola et al.,
1995). The FLCS was collected by Statistics Finland through face-to-face interviews. Statistics
Finland created the registry-based dataset via the social security numbers of survey respondents.
The FLCS was matched with the follow-up registry data using id-numbers created by Statistics
Finland. Average age in 1994 was 44.97 (SD = 16.25, range = 16-93).
FCLS Measurements (Baseline)

Loneliness was measured with a single-item measurement: “Do you ever feel lonely?”
which has been validated against the well-established University of California, Los Angeles
(UCLA) Loneliness Scale (Russell, 1996) and employed in health-related research (e.g.,
Pressman et al., 2005). Responses were recorded on a 5-point scale (1=never, 5=constantly).
Previous research has defended the reliability of single-item assessments of moods (Myers &
Diener, 1995), interpersonal relationships (Flop et al., 2020), and loneliness (e.g., Bradburn,
1969; Lowenthal, Thurner, & Chirboga, 1975). These single-item measures have the advantage
of brevity (thus reducing participant fatigue on larger surveys) and high face validity (Larsen &
Fredrickson, 1999).

Social isolation was assessed via the multidimensional social isolation index. This index
was based on the Berkman-Syme Social Network Index and parallels the scales utilized in

previous studies (Pantell et al., 2013; Steptoe et al., 2013). The social isolation index reflected 4



dimensions of isolation: (1) not living with a spouse, (2) isolation from family members, (3)
isolation from friends, and (4) not participating in associational life (e.g., volunteer work,
neighborhood activities). In total, social isolation dimensions were assigned with 13 items
indicating specific type of isolations. The social isolation index was formed as a composite of the
four dimensions and was scaled between 1 and 5 with higher values indicating greater isolation.
As the social isolation index is a causal indicator measurement the measure of internal
consistency is not meaningful (Diamantopoulos & Winklhofer, 2001). Further, the social
isolation index is based on social isolation theory and previous measures, which support the
validity of the measure. In addition, the correlation between loneliness and social isolation was in
line with previous studies offering validity to both measurements.

Frequency of overall alcohol consumption (FREQ); “How often do you consume alcohol?
Try to include the times when you consume only a little amount of alcohol, for example a half a
bottle of beer or a sip of wine”) and subjective intoxication frequency (INTOX; “How often do
you consume alcohol so that you can really feel its influence?”) were assessed via an 11-point
frequency scale (i.e., never to daily). Data were transformed to represent the number of drinking
episodes per year. Previous research has validated single-item assessments of alcohol use,
particularly for measures of drinking frequency and in screening for unhealthy alcohol use (e.g.,
Kim & Hendershot, 2020; Viken, Rose, Morzorati, Christian, & Li, 2003; Rehm et al., 1999).

Confounding variables that might influence mortality and levels of loneliness and social
isolation were adjusted in analyses. The baseline effects of age, educational level (basic,
secondary, high), employment or student status, and having a long-term illness that hinders

social interaction (to some extent or highly) were included in statistical models.
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Registry-Based Data (Follow-up)

All-cause mortality information was obtained from the registry follow-up data covering
the years 1994 to 2016, which indicated whether participants had died at follow-up. A total of
1932 (22%) respondents died in the follow-up period with average survival time of 11.99 years
(SD = 6.40).

Statistical Analyses

The indirect effect through alcohol consumption (FREQ and INTOX) was examined for
the association of loneliness and social isolation on mortality. Relative and synergistic effects of
loneliness and social isolation were examined with simultaneous analysis and by investigating
the interaction effect. We tested the hypothesized path model for the mortality outcome via a
discrete-time survival model (Muthén & Masyn, 2005) in Mplus 8.0 (Muthén & Muthén, 1998—
2017). Respondents still alive after 2016 were modeled as censored observations. Associations
and indirect effects were examined in six gender and age -defined groups (age was assessed at
the 1994 assessment): (1) men under 40, (2) men between the ages of 40 and 65, (3) men over
65, (4) women under 40 years old, (5) women between the ages of 40 and 65, (6) women over
65. These age categories were chosen based on previous publications on this topic (e.g., Holt-
Lunstad et al., 2015; Knott et al., 2015; Roerecke & Rehm, 2013). Group differences in direct
and indirect effects were examined with multigroup analysis via a mixture-model approach with
known class option. Wald tests were performed to test the difference of estimates in different
groups. Confidence intervals for the indirect and total effects were estimated with Monte Carlo
simulations (N = 100,000) utilizing R version 3.4.3 software (R Core Team, 2017) and the
RMediation package (Tofighi & MacKinnon, 2011). The number of missing observations was

negligible (<0.4%). Thus, listwise deletion of missing data was employed.
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Results
Descriptive Statistics

Descriptive analyses revealed differences in the age and gender groups for loneliness,
social isolation and alcohol consumption (see Table 1). Correlations among main study variables
in the overall sample are reported in Table 2. Overall, greater loneliness was related to greater
INTOX, whereas greater social isolation was related to greater INTOX and less FREQ. Women
under 40 and over 65 reported the highest levels of loneliness; men over 65 reported the lowest
levels. Men and women above 65 were the most isolated. Across age groups, men consumed
more alcohol than women; subjective intoxication frequency (INTOX) was more common for
younger than older people. The median drinking frequency (FREQ) was a couple of times per
month, whereas the median frequency of INTOX was 1-2 times per year. Mortality was greater
among men than women in every age group. The correlation between loneliness and social
isolation was similar across age groups, ranging from r=.20-.23, except for men over 65 (r=.31).
Other correlations among main study variables differed across age and gender groups, supporting
the need for multigroup analyses.

A total of 1932 respondents died in the follow-up period of the study. Cardiovascular
diseases (N=828, 43.0%) and tumors (N=471, 24.5%) were two most common causes of death.
There were only few deaths caused by accidents and violence (N=115, 6.0%) or directly alcohol
related illnesses, accidents and poisoning (N=65, 3,4%).

Path Analyses

Path model results are presented in Table 3 (coefficients and 95% CI provided for the

entire sample, i.e., all, and for gender-age groups). Analysis of the overall sample revealed (see

Figure 1) that loneliness was significantly positively related to frequency of overall alcohol
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consumption (FREQ) and frequency of subjective intoxication (INTOX); lonelier participants
reported greater frequency of overall consumption and subjective intoxication. Interestingly,
social isolation was significantly associated with less FREQ, but increased INTOX. In turn,
INTOX was positively connected with mortality, whereas the association of FREQ on mortality
was zero. Loneliness and isolation also had significant direct effects on mortality. Interaction
analysis revealed that the combined effect of loneliness and social isolation was not significant
on mortality, FREQ or INTOX; the association of social isolation on mortality or alcohol use did
not depend on level of loneliness.

The multigroup path model indicated that the connections among loneliness, social
isolation, alcohol consumption and mortality were rather similar across different gender- and
age-defined groups; interaction effects of loneliness and social isolation were nonsignificant in
every group. Though some age and gender differences appeared large, the only statistically
significant difference was for the associations of loneliness and social isolation on INTOX.
Specifically, women under 40 exhibited a significant association between loneliness and FREQ —
greater loneliness was associated with greater overall frequency; this relationship was not
significant for men under 40. The strongest association between loneliness and INTOX was
among men 40-65. Loneliness was also significantly related to INTOX for women under 40,
though not for women of other ages. Group comparisons revealed the association of loneliness
on INTOX was significantly stronger for men 40-65 compared to men under 40 or women of
any age. In addition, the relationship was significantly stronger for women under 40 compared to
women over 65.

Social isolation was generally associated with lower levels of FREQ particularly among

men over 65. At the same time, social isolation was associated with higher levels of INTOX,
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particularly among men under 40, women under 40, and men between 40-65. The relationship
was significantly stronger for men under 40 compared to other groups except women under 40.
In addition, women over 65 had significantly weaker connection between isolation and INTOX
than women under 40 or men 40-65. FREQ was not related to mortality, but INTOX
significantly predicted mortality among men ages 40-65 and for women under 40. Loneliness
significantly and directly predicted mortality among women under 40 and women ages 40-65.
Social isolation was also significantly and directly related to mortality for men ages 4065,
women ages 40-65, and for women over 65.
Total and Indirect Effects

Total and indirect effects of loneliness and social isolation through FREQ and INTOX on
mortality are presented in the Table 4. In the whole sample, loneliness and social isolation had
significant total effects on mortality. More specifically, loneliness predicted mortality
significantly among women under 40 and women ages 40-65. Social isolation predicted
mortality among men and women ages 40-65, and among women over 65. Loneliness and social
isolation did not have an indirect effect on mortality through FREQ. However, loneliness and
social isolation indirectly predicted mortality via INTOX in the whole sample (i.e., across all
age, gender groups). That is, greater loneliness and social isolation were associated with greater
frequency of subjective intoxication (INTOX), which in turn predicted greater mortality; this
pattern of results was only significant among women under 40 and men 40-65.
Post hoc analyses by mortality type

The associations of loneliness, social isolation, FREQ and INTOX on different mortality
types were examined in post hoc analyses. Simple Cox-regressions adjusted with confounding

variables revealed that loneliness was significantly connected with cancer mortality (HR=1.118,
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95% ClI: 1.019-1.228), and social isolation predicted mortality caused by cardiovascular diseases
(CVD) (1.219, 1.103-1.348), accidents and violence (including death by suicide; 1.756, 1.367—
2.255), alcohol-related (1.444, 1.020-2.043) and other causes (1.463, 1.278-1.674). FREQ was
associated with alcohol related mortality causes (1.004, 1.002-1.006) and INTOX with accidents
(1.006, 1.002-1.011) and alcohol-related causes (1.007, 1.003-1.011).
Discussion

Consistent with previous work, loneliness and social isolation were adversely related to
mortality across study participants, when studied simultaneously (i.e., Beller & Wagner, 2018b;
Holwerda et al., 2012). However, the direct effect of social isolation on mortality was
remarkably stronger than that of loneliness, which is in line with the results of Elovainio et al.
(2017) and Steptoe et al. (2013). In line with previous research (e.g., Cornwell & Waite, 2009;
Steptoe et al., 2013), there were no synergistic interaction effects between loneliness and social
isolation on health as the interaction was nonsignificant in the whole sample and in every
gender- and age-defined group. Loneliness did have a detrimental effect on mortality only among
women under 65, and especially women under 40. Conversely, social isolation posed the greatest
mortality risk for men aged 40-65 and women over 40. Thus, contrary to previous research
(Holt-Lunstad et al., 2015), there seemed to be some gender differences in isolation, loneliness,
and mortality links, though these differences were mostly contingent on age group. Supporting
the notions of Holt-Lunstad et al. (2015) the effects of loneliness and social isolation on
mortality were in general stronger for younger people compared to those over 65. This highlights
the importance of examining alcohol-linked mortality risk factors among younger adult age

groups.
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Associations among loneliness, isolation, and alcohol use revealed that, contrary to
Cacioppo et al., (2002) and Theeke (2010), loneliness was related to greater frequencies of
overall consumption and subjective intoxication. Interestingly, social isolation was associated
with less frequent overall drinking, but greater frequency of subjective intoxication. This
supports the notion that alcohol use has a social dimension; the socially isolated reported less
overall consumption, which may be reflective of fewer opportunities to drink socially. But, on
the other hand, isolation can also lead to heavy drinking (Hanson, 1994; Kharicha et al., 2007).
Loneliness was associated with more frequent INTOX for older men and younger women,
whereas social isolation was related to greater frequency of INTOX among younger men and
women. The results reflect the change of Finnish alcohol culture in the younger generations,
whereby the use of alcohol has equalized and is more socially acceptable for women. This
finding also demonstrates the distinctiveness of social isolation and loneliness in predicting
behavioral outcomes in different age groups.

Frequency of subjective intoxication, but not general alcohol consumption, predicted
greater mortality risk across age- and gender-groups. Multigroup analysis revealed interesting
differences within age- and gender-groups. Among men aged 40-65 and women under 40,
INTOX was associated with greater mortality (Graff-lversen et al., 2013; Roerecke & Rehm,
2013); as such, INTOX partially explained associations of loneliness and social isolation with
mortality. These effects of loneliness and isolation on alcohol use, alcohol use on mortality, and
the overall indirect effects were partially contingent on gender and age. Overall, results
supported our hypothesis that subjective intoxication is a health-damaging behavioral pathway

connecting loneliness and social isolation with poorer health (i.e., mortality).
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Previous research has established that loneliness relates to health outcomes such as
increased morbidity risk, poor cardiovascular health, diminished immune system functioning,
and even the onset of dementia (e.g., Hawkley & Cacioppo, 2010; Holwerda et al., 2012; Luo et
al., 2012). Similarly, social isolation relates to overall health status (Hawton et al., 2011),
depression (Leigh-Hunt et al., 2017) and multiple physical health issues, such as cardiovascular
disease, coronary heart disease and stroke incidents (Leigh-Hunt et al., 2017; Valtorta et al.,
2016). Our findings provide insight into why these connections may exist, in part, as a function
of hazardous alcohol use. Further, we extend the findings of Herttua et al. (2011) beyond
alcohol-related mortality to all-cause mortality, and examine indirect effects, thereby capturing a
broader picture of mortality as linked to alcohol use.

Recommended strategies to reduce drinking, and thus mortality, include increased taxes
and pricing of alcohol. Indeed, a meta-analysis of studies conducted in Finland showed a direct
relationship between alcohol taxes and alcohol-related outcomes; these researchers argued that
doubling taxes on alcohol would reduce alcohol-related mortality by an average of 35% more
generally (Wagenaar et al., 2010). Westman et al. (2015) reported that in Finland, alcohol
consumption peaked in 2002-2006 in direct relation to the alcohol tax reduction experienced
during that time period. The current study findings suggest that while these approaches may help
to decrease drinking and subsequently mortality, they do not address potential root causes of
consumption, such as loneliness and social isolation. Focusing efforts and resources on
interventions targeting perceived and objective social isolation would be beneficial, and likely
have downstream effects on hazardous drinking and mortality. Interventions which increase

opportunities for social contact among the socially isolated, and addressing maladaptive social
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cognitions for the lonely, may be valuable tools for public health approaches to consider (Masi et
al., 2011).
Study strengths and limitations

The use of a large representative dataset with high response rate and few missing
observations, combined with a prospective design, tests for indirect effects, and multigroup
analysis, represent significant strengths of this study. Though loneliness, social isolation, and
alcohol use were assessed cross-sectionally, the assessment of mortality over time via a registry-
based follow-up remains a significant contribution of this study. Additionally, we examined the
simultaneous effects of loneliness and social isolation, whereas research has mostly examined
these constructs separately. Furthermore, the study adjusted for long-term illnesses that hinder
social relationships to control for possible selection effects, wherein poor health would predict a
lack of social relationships.

One main limitation of our prospective study design is that it is possible that levels of
loneliness, social isolation and alcohol consumption changed during the follow-up period. Also,
alcohol consumption was measured at the same time as loneliness and social isolation, making it
impossible to determine their causal direction. Indeed, it is possible that sustained alcohol use
may lead to social isolation and loneliness, to the extent that problematic use may damage social
relationships and lead to poor relationship functioning (e.g., Crane, Testa, Derrick, & Leonard,
2014). Yet, recent research examining the bidirectional effects between loneliness and risk-
related behavior (i.e., smoking, drinking) found no evidence of an effect of alcohol misuse on
loneliness (Wootton et al., 2020). Moreover, substantive empirical and theoretical support exist
for the direction of effects hypothesized in the current study (e.g., Arpin, Mohr, & Brannan,

2015; Schonfeld & Dupree, 1991; Gonzalez & Skews. 2013).
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Further, although our own analyses revealed that overall alcohol consumption was not
related to increased mortality (whereas frequency of INTOX was), we caution readers against
drawing conclusions about health benefits of moderate consumption on mortality. Indeed, recent
evidence has clearly shown that testing for health benefits of moderate consumption in
population samples is fraught with challenges in that abstainers tend to be a heterogeneous group
who abstain for a variety of reasons, including past alcohol-related problems (see Naimi et al.,
2017; Zhao et al., 2017). We did not have data on alcohol use disorders (AUD), which may
account for the mortality especially among younger participants in our sample (e.g., men <40
years old are 9 times at greater risk of all-cause mortality when they had AUD, women < 40
years old 13 times more likely; Roerecke & Rehm, 2013). Thus, we were not able to disentangle
those who abstain but still may be at greater risk of mortality (e.g., those with lifetime alcohol
use disorders).

Further, we were unable to control for confounds such as mental health status and
comorbid disorders, which were not assessed on the FCLA. Similarly, we did not have
information on quantity of consumption, which would provide interpretive context for the
subjective intoxication reports. Evidence of individual differences (e.g., personality, family
history of alcohol) or genetic heritability in subjective responses to alcohol has been documented
(e.g., Viken, Rose, Morzorati, Christian & Li, 2003); thus, respondents with similar reports of
subjective intoxication are likely to be consuming different amounts of alcohol, with varying
degrees of mortality risk associated with them. The alcohol use measurement in the 1994 survey
represents a limitation relative to more contemporary measures; however, this limitation is
substantially offset by the population representativeness of the survey sample and ability to

predict comprehensive mortality records up to 22 years later. Lastly, although the current study
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reports some simple post hoc analyses on different types of mortality, the main analysis
examined only all-cause mortality. Post hoc analyses suggested that loneliness was associated
with cancer mortality and social isolation was related with CVD, accidents and violence,
alcohol-related, and “other” type of mortality causes. However, these results are only preliminary
as there were not enough cases in each mortality type to make meaningful comparisons or
analyze associations in different age and gender groups. Additionally, cause of death as
measured in the registry-based follow-up survey, was not specific enough to assess rates of death
by suicide, which was included in the larger “accidents and violence” category. While the
primary focus of the current study was to examine mortality risk more generally, suicide is
indeed an important cause of death to consider, given known links between loneliness, isolation,
and suicide mortality (e.g., Jeste, Lee, & Cacioppo, 2020). Future work should consider how and
whether loneliness and isolation predict distinct types of mortality (such as suicide), and whether
these differences are explained by differences in alcohol consumption.
Conclusion

The current study employed a large, representative data set using longitudinal study
design, along with the simultaneous examination of loneliness and social isolation effects on
mortality to advance the current understanding of the combined impacts of loneliness and
isolation on mortality as a function of alcohol use. The results of the study indicate that both
loneliness and social isolation are connected directly with mortality and through more frequent
hazardous alcohol consumption. Furthermore, the strength of the associations was more
dependent on age than gender. Interventions targeted at reducing loneliness and social isolation
should be implemented to address some of the root causes of excess alcohol consumption and

mortality.
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Figure 1. Indirect effect analyses with overall sample.
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Table 1. Descriptive statistics of study variables in different groups

30

All data

N
8650

Loneliness

Social isolation

FREQ

INTOX

Number of deaths

2.06 (SD=0.92)

2.40 (SD=0.77)

56.94 (SD=79.05)

7.47 (SD=20.49)

1932 (22.2%)

Men under 40y
Men 40-65y
Men over 65y

Women under 40y

Women 40-65y

Women over 65y

1746
2103
441
1761
1970
629

2.02 (SD=0.84)
2.00 (SD=0.93)
1.90 (SD=1.04)
2.16 (SD=0.86)
2.07 (SD=0.94)
2.17 (SD=1.10)

2.46 (SD=0.76)
2.28 (SD=0.76)
2.78 (SD=0.73)
2.29 (SD=0.70)
2.26 (SD=0.69)
3.16 (SD=0.71)

67.93 (SD=74.38)
83.37 (SD=98.69)

67.21 (SD=106.62)

37.39 (SD=46.41)
45.08 (SD=69.04)
22.58 (SD=60.73)

13.82 (SD=23.71)
11.38 (SD=27.06)
4.23 (SD=17.25)
5.10 (SD=13.15)
2.86 (SD=15.66)
0.14 (SD=1.47)

86 (4.9%)
573 (27.2%)
393 (89.1)
30 (1.7%)
324 (16.4%)
526 (83.6%)

Note. The table presents means and standard deviation (DV) for loneliness, social isolation, frequency of overall alcohol consumption

(FREQ) and subjective intoxication frequency (INTOX). In addition, the number and the percentage of deaths in the follow-up period

in different groups is presented.



Table 2. Correlations between main study variables in different groups
Loneliness Social isolation FREQ

All 1 2 3 4 5 6 All 1 2 3 4 5 6 All 1 2 3 4 5 6

Social isolation 20 21 20 31 21 .20 .23
FREQ .02 04 04 02 04 .02 .06 |-10 -14 -05 -12 -06 -10 -.05
INTOX .08 07 .14 13 .09 .06 .01 .06 15 08 02 15 03 .01 (.34 39 31 .27 .39 28 15

Note. 1 = Men under 40y; 2 = Men 40-65y; 3 = Men over 65y; 4 = Women under 40y; 5 = Women 40-65y; 6 = Women over 65y.

Bolded correlations are statistically significant.



Table 3. Direct effects of the path model

Loneliness All

FREQ

INTOX

Mortality

3.323 [1.4455.200] **

1.516 [0.915-2.116] ***

0.048 [0.003-0.094] *, OR=1.049

Men under 40y
Men 40-65y

Men over 65y
Women under 40y
Women 40-65y
Women over 65y

2.214[-2.273-6.700]
4.642 [-0.230-9.514]
6.722 [-3.448-16.892]
3.369 [0.691-6.046] *
1.809 [-1.610-5.228]
3.854 [-0.551-8.260]

0.705 [-0.855-2.266]
3.498 [1.788-5.207] ***
2.642 [-0.253-5.537]
0.889 [0.092-1.686] *
0.873 [-0.216-1.961]
0.005 [-0.056-0.067]

-0.062 [-0.283-0.159], OR=0.940
-0.011 [-0.107-0.085], OR=0.989
0.063 [-0.034-0.160], OR=1.065
0.429 [0.009-0.850] *, OR=1.536
0.116 [0.001-0.231], * OR=1.223
0.063 [-0.010-0.137], OR=1.065

Difference test

p=.887

p<.001

p=.214

Social All -3.972 [-6.516—1.427] ** 2.295 [1.486-3.104] *** 0.267 [0.200-0.333] ***, OR=1.306

isolation Men under 40y -4.135 [-10.195-1.924] 5.217 [3.208-7.226] *** 0.242 [-0.104-0.587], OR=1.274
Men 40-65y -4.099 [-9.802-1.603] 1.988 [0.181-3.795] * 0.336 [0.223-0.450] ***, OR=1.400
Men over 65y -16.704 [-31.401—2.008] * 0.464 [-1.101-2.030] 0.122 [-0.044-0.287], OR=1.130

Women under 40y
Women 40-65y
Women over 65y

0.339 [-3.627-4.305]
-4.567 [-9.078—-0.056] *
-2.225 [-9.973-5.523]

2.560 [0.330-4.790] *
0.814 [-0.425-2.053]
0.079 [-0.002-0.161]

0.094 [-0.402-0.590], OR=1.099
0.282 [0.120-0.444] **, OR=1.326
0.265 [0.142-0.387] ***, OR=1.303

Difference test

p=.233

p<.001

p=.427

FREQ All 0.000 [0.000-0.001], OR=1.000
Men under 40y 0.001 [-0.002-0.004], OR=1.001
Men 40-65y 0.000 [-0.001-0.001], OR=1.000

Men over 65y
Women under 40y
Women 40-65y
Women over 65y

0.000 [-0.001-0.001], OR=1.000
0.000 [-0.007-0.008], OR=1.000
0.000 [-0.002-0.002], OR=1.000
0.000 [-0.002-0.002], OR=1.000

Difference test

p=.995

INTOX All 0.003 [0.002-0.005] ***, OR=1.003
Men under 40y 0.004 [-0.001-0.009], OR=1.004
Men 40-65y 0.004 [0.002-0.006] ***, OR=1.004
Men over 65y 0.001 [-0.003-0.005], OR=1.001

Women under 40y
Women 40-65y
Women over 65y

0.011 [0.002-0.019] *, OR=1.011
0.001 [-0.004-0.006], OR=1.001
-0.033 [-0.082-0.017], OR=0.968

Difference test

p=.166

Note. * p<.0.50, ** p<.010, *** p<.001. Table presents path coefficients and also odds ratios (OR) for mortality.
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Table 4. Indirect and total effects of loneliness and social isolation on mortality

33

Loneliness - Mortality

All

Men under 40y
Men 40-65y

Men over 65y
Women under 40y
Women 40-65y
Women over 65y

Social isolation = Mortality

Indirect effect via
FREQ

Indirect effect via
INTOX

Total effect

Indirect effect via
FREQ

Indirect effect via
INTOX

Total effect

1.000 [1.000-1.000]

1.005 [1.001-1.008]?

1.054 [1.007-1.103]?

1.000 [1.000-1.000]

1.007 [1.002-1.013]?

1.315 [1.230-1.406]?

1.002 [0.996-1.012]
1.000 [1.000-1.000]
1.000 [1.000-1.000]
1.000 [0.970-1.031]
1.000 [0.995-1.005]
1.000 [0.991-1.010]

1.003[0.996-1.014]
1.014 [1.005-1.025]°
1.003 [0.991-1.017]
1.010 [1.000-1.024]*
1.001 [0.997-1.006]
1.000 [0.997-1.002]

0.945 [0.756-1.179]
1.003 [0.911-1.105]
1.068 [0.968-1.179]
1.551 [1.016-2.363]
1.124 [1.001-1.262]
1.065 [0.990-1.145]

0.996 [0.981-1.005]
1.000 [1.000-1.000]
1.000 [1.000-1.000]
1.000 [0.982-1.018]
1.000 [0.989-1.011]
1.000 [0.990-1.010]

1.021[0.990-1.057]
1.008 [1.001-1.018]
1.000 [0.997-1.005]
1.029 [1.002-1.069]
1.001 [0.997-1.006]
0.997 [0.991-1.001]

1.296 [0.916-1.832]
1.411 [1.258-1.581]
1.130 [0.957-1.335]
1.130 [0.688-1.858]
1.327 [1.130-1.559]
1.300 [1.151-1.468]°

Note. Table presents odds ratios. 95% confidence interval does not include one.
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