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ABSTRACT

Evidence on the Robustness of the
Links between Social Relationships and
Mortality”

Despite a substantial literature on the links between social relationships and mortality,
the size of the relative risks from loneliness, social isolation, and living alone, remain
controversial. Further research is therefore important given demographic changes meaning
that more people are living alone, for longer, and with chronic health conditions. Using 19
waves of high-quality Australian longitudinal data we provide new evidence using multiple
measures of social relationships, model specifications, and adjustments for confounding.
We focus on chronic measures of (poor) social relationships and provide separate estimates
by gender. We find that both functional and structural aspects of social relationships are
independently strongly associated with all-cause mortality. We estimate a hazard ratio for
loneliness of 1.41, which is greater for males (1.55) than females (1.24). These hazard
ratios are larger than found for social isolation (1.19). We also find a strong relationship
between being an active member of a club and reduced mortality risk, but no evidence that
living alone is an independent risk factor. We provide useful comparisons with the mortality
risks associated with smoking and household income. Overall, our findings suggest that
interventions should focus on reducing both loneliness and social isolation, as well as
encouraging active social participation.
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Introduction

Social relationships are central to the human experience and wellbeing (e.g. Cacioppo and Patrick,
2008; Hawkley and Cacioppo, 2003, 2010; Cacioppo et al., 2014; Holt-Lunstad, 2017). However,
modern societies face a major problem: the prevalence of loneliness and social isolation are high
in many countries (Surkalim et al., 2022; Teo et al., 2022), with some commentators suggesting
that there is an epidemic of loneliness (e.g. Murthy, 2017; Ninivaggi, 2019; US Surgeon General,
2023).1 It is a striking paradox that loneliness and social isolation have become such prominent
health, social and economic concerns at a time when advances in technology have increased the
ease, and reduced the costs, of communicating with family, friends and others (e.g. Buecker et al.,
2021).

Loneliness is a subjective discrepancy between what an individual perceives as their current
situation relative to the desired combination of the quantity and quality of their social connections
(Perlman and Peplau, 1981). In contrast, social isolation is a lack of social contact with others, and
can often be more objectively measured (National Academies of Sciences, Engineering, and
Medicine, 2020). The high prevalence of loneliness is of great concern given that it is a distressing
and pervasive experience (Matthews et al., 2018; Holt-Lunstad, 2022), and has been described as
social pain (Cacioppo et al., 2006). Moreover, loneliness is a major issue for all age groups, being
a common experience from childhood to old age (e.g. Patterson and Veenstra, 2010; Yang and
Victor, 2011; Cacioppo et al., 2015; Qualter et al., 2013, 2015; Hawkley et al., 2020; Eccles and
Qualter, 2021; Kung et al., 2023).

Importantly, demographic changes mean that loneliness and social isolation are increasing,
with more people living alone, living longer and with chronic health conditions (e.g. Cacioppo and
Cacioppo, 2018). In the US, for example, the share of adults living alone has nearly doubled over
the last 50 years, and this trend is becoming increasingly common in many countries, leading to
new challenges in how to connect and provide support (Ortiz-Ospina, 2020). Concerns about
loneliness have been further exacerbated by the COVID-19 lockdowns and social distancing
policies (e.g. Banerjee and Rai, 2020; Kung et al., 2023), and large socioeconomic disparities exist
in the prevalence of loneliness and social isolation (e.g. Niedzwiedz et al., 2016; Kung et al., 2021,
2022), with loneliness being linked to a rise in “deaths of despair” in the USA (Case and Deaton,
2020).

Loneliness and social isolation have both been found to be strong risk factors for mortality,

with the often cited comparison that loneliness is as detrimental to health as smoking 15 cigarettes

! However, Hawkley (2022, p. 1) suggests that, “Contrary to some reports, there is currently little evidence for a
loneliness epidemic.” Also see Buecker et al. (2021) and Luhmann et al. (2023).
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per day (House et al., 1988; Holt-Lunstad et al., 2010, 2015).? This benchmark against smoking®
has helped to raise awareness of the strong link between social relationships and health outcomes
(Smith et al., 2023), and a good example that uses this comparison to make a strong causal
statement is the recent US Surgeon General Advisory (2023). From their meta-analysis, Lunstad et
al. (2015) report that loneliness and social isolation are associated with increased likelihoods of
mortality of 26% and 29%, respectively, with the increase associated with living alone being 32%.
Discussions of potential pathways linking loneliness and social isolation to poor health including
the buffering hypothesis where social relationships act to provide resources that protect against
acute and chronic stressors, can be found, for example, in Hawkley and Cacioppo (2003), Cacioppo
et al. (2015), Lunstad et al. (2015), Newall and Menec (2019), Smith and Victor (2019), and
Kanbay et al. (2023).

Despite a substantial body of literature, and the widely cited comparison with smoking, the
nature of these relationships still remains uncertain. A recent systematic review and meta-analysis
of 90 cohort studies notes that, “The associations between social isolation, loneliness and the risk
of mortality from all-causes, cardiovascular disease (CVD) and cancer are controversial” (Wang et
al., 2023, p. 1307). There is considerable heterogeneity with estimates varying with the measures
of loneliness and social isolation used, differences in the length of the mortality follow-up, and
differences in the extent of adjustments for confounders (Holt-Lunstad et al., 2010, 2015; Naito et
al., 2023; Wang et al., 2023). For example, across 70 studies Holt-Lunstad et al. (2015) note
exceptional high heterogeneity with odds ratios ranging from 0.64 to 3.85. Moreover, even the
findings of recent meta-analyses that aim to obtain the best ‘average weighted’ estimate of the
association between loneliness and/or social isolation, and mortality, differ considerably. For
example, Rico-Uribe et al. (2018) report a hazard ratio (HR) of 1.22 (95% CI, 1.10 — 1.35) for
loneliness and all-cause mortality, which is larger for males (1.44; 1.19 — 1.76) than females (1.26;
1.07 — 1.48). Schutter et al. (2022) report a smaller HR of 1.10 (1.06 — 1.14) for loneliness, and a
HR of close to unity (0.96; 0.93 — 0.99) for having a larger social network. Similarly, Zhou et al.
(2023) find a smaller HR for loneliness for older adults of 1.09 (1.06 — 1.12). Naito et al. (2023)
report a HR for social isolation of 1.33 (1.26 — 1.41), while Wang et al. (2023) also find a larger
HR for social isolation (1.32; 1.26 — 1.39) than loneliness (1.14; 1.08 — 1.20).

2 The meta-analytic studies by Lunstad et al. (2010, 2015) are particularly influential having 8,700 and 5,900 citations,
respectively, as measured by Google Scholar (April, 2024).

3 In the US for example, Lariscy et al. (2018) calculated the smoking accounts for nearly 50,000 excess death each
year.

4 However, findings regarding the links between loneliness, social isolation, and health care utilisation are mixed (e.g.
Bremer et al., 2017; Valtorta et al., 2018; Christiansen et al., 2023).

3



Overall, this evidence suggests that health and policy interventions might be more
effectively focused on tackling social isolation than loneliness, and it is important to note that the
correlation between measures of loneliness and social isolation (and other measures of social
relationships) has been found to be modest (Holt-Lunstad et al., 2010; Kung et al., 2021, 2022;
Foster et al., 2023). This is also supported by a growing number of recent individual studies that
find no relationship between loneliness and mortality after adjusting for potential confounders (e.g.
Steptoe et al., 2013; Elovaninio et al., 2017; Hakulinen et al., 2018; Lara et al., 2020; Stokes et al.,
2021; Yu et al., 2022; Kammar-Garcia et al., 2023), suggesting that the often cited comparison
with the impact of smoking might be overstated (Batty et al., 2021). Relatedly, Raymo and Wang
(2022) find little evidence of an important role for loneliness in understanding disparities in
mortality for older Americans, net of several established correlates of health disparities.

Further research is therefore valuable because, as noted by Elovaninio et al. (2017, p. €260),
having a better understanding of these relationships, “might facilitate the design of interventions to
reduce excess health risk in socially isolated, lonely people”. In this paper we test the robustness
of the impact on mortality hazard rates of different measures of social relationships, model
specifications, and covariate adjustments. We apply survival analysis to 19 waves of high-quality
Australian household panel data that uniquely collect measures of the social relationships of
respondents every year (wave), as well as capturing mortality through matched death records and
survey fieldwork.

We make several contributions. Firstly, social isolation is often measured in studies as an
index summing diverse aspects ranging from marital status, living alone, or number of people in
the household, the frequency of contacts with family and friends, and membership of clubs, groups
or associations (e.g. Steptoe et al., 2013; Elovainio et al., 2017; Crowe et al., 2021; Barnes et al.,
2022).5 However, such an index might cloud salient differences in the links to mortality, which
could be important when identifying potential interventions and policy responses. It is likely that
policies aimed at reducing the number of people living alone, for example, would be different to
those that encourage individuals to socialise outside of their household, such as becoming active
members of clubs or social groups. Obtaining estimates of the independent association with
mortality of each aspect might then be valuable, and Foster et al. (2023) note the importance of
examining both functional and structural aspects of social connections. In our analysis we
distinguish between five different aspects of social relationships, namely, loneliness, low social
(emotional) support (functional aspects); and infrequent contact with family and friends, being an

active member of a club or association, and living alone (structural aspects) (Holt-Lunstad, 2018).

> The Supplementary Table 4 in Wang et al. (2023) provides a detailed breakdown of the measures of social isolation
and loneliness used in 90 cohort studies.



Secondly, we focus on chronic measures of social relationships, rather than on situational
or acute spells of loneliness or social isolation (e.g. Shiovitz-Ezra and Ayalon, 2010; Crowe et al.,
2021). We do this in two ways. Given that we observe an individual’s social relationships every
year (each panel survey wave), we define chronic loneliness or social isolation when an individual
reports the same situation in two (or three) consequent years. We focus on chronic measures
because we might not expect an association with mortality for short spells of poor social
connections, particularly if the length of the follow-up from the baseline observation is a long
period of time (e.g. 10, or 20-years). Kung et al. (2022), for example, find that the conditional
probability of an individual reporting loneliness again around 10-years later is around 0.5. Mund
et al. (2019, p. 20) note that in terms of stability, loneliness seems to be “situated right in between
the poles of stability and change”. Moreover, while most studies in the literature model mortality
as a function of baseline (when an individual is first observed in the data) observations of social
relationships (and other covariates), we allow the measures to be time-varying in our main
specification. However, we also provide comparison estimates when all social relationship
measures and covariates are fixed at baseline, but also at the other extreme, where all relationship
measures, as well as covariates, are allowed to be time-varying. Thirdly, we provide separate
estimates by gender. Rico-Uribe et al. (2018, p. 2/21) state that, “There is a lack of research on the
gendered aspects of the association of loneliness with all-cause mortality.” Wang et al. (2023, p.
1313) note that, “Identifying and understanding gender differences in the relationship between Sl
(social isolation) or loneliness and all-cause mortality may help in improving gender equity and
promoting population health status”.

Fourthly, we test the robustness of the estimates to the inclusion of a wide set of potential
confounder/adjustment variables, including the Big-5 personality traits (e.g. Stokes et al., 2021;
Hong et al., 2023) that have been found to be important stable factors in explaining individual
differences in loneliness (Buecker et al., 2020). Additionally, we control for locus of control
(Kammar-Garcia et al., 2023) that is a powerful predictor of many life outcomes including health
behaviours (e.g. Cobb-Clark et al., 2014), and risk and time preferences that are drivers of decision-
making and behaviours (Starmer, 2000; Frederick et al., 2002). Fifthly, our household panel data
allows us to examine if spousal/partner social connections are related to own mortality risk. Sixthly,
we not only provide new benchmark evidence about how the mortality risks from loneliness
compare with those from smoking, but also highlight useful benchmarks with respect to household
income and wealth. Finally, compared to US and UK studies, there is a scarcity of studies using



Australian data (Barr et al., 2021; Freak-Poli et al., 2021), and we can identify no Australian studies

included in the recent meta-analysis by Wang et al. (2023).°

Data, Measures and Methods

Data

We analyse data from 19 waves (Release 19) of the Household, Income and Labour Dynamics in
Australia (Department of Social Services / Melbourne Institute of Applied Economic and Social
Research, 2020). HILDA is a nationally representative annual household-based longitudinal study
that began in 2001. As the sampling unit, the household is broadly defined as “a group of people
who usually reside and eat together” (Watson and Wooden, 2021). Each year (wave), the study
collects detailed information on demographic, health, social relationships, finances, work, and
family circumstances from each household member aged 15 and above. In wave one, interviews
were obtained from 13,969 individuals from 7,682 households. A further 2,153 households were
added in wave 11 (in 2011, providing an additional 4,009 respondents) to retain its cross-sectional
representativeness. The sample also gradually extends each wave to include new household
members when original household compositions change. Response rates are high, especially the
annual re-interview rates, which over the period covered by this study have averaged over 95%
(Summerfield et al., 2021).

We focus our analysis of mortality risks on a sample of respondents aged 50 or more. Death
before age 50 is relatively rare in Australia (and in our data). Moreover, this selection makes the
sample age composition similar to studies that have used data from the US Health Retirement Study
(HRS) or the English Longitudinal Study of Aging (ELSA).” This provides a sample of 6,551
individuals who are observed on average of around 11 years (a minimum of 1 year, and a maximum
of 19 years). For our survival analysis, this provides around 770,000 individual-month
observations. The age in which individuals enter the sample is shown in Figure 1 (in months).

Importantly, we identify and verify those who have died (and the month of death) using
two sources: (1) through matching to the National Death Index (currently available to 2014; for
more information, see Watson and Summerfield, 2014); and (2) through fieldwork interviews at

each survey wave. In total we observe 1,529 deaths, accounting for 23.3% of respondents.®

6 In the influential meta-analysis by Holt-Lunstad (2010) five Australian studies were included. This compares to 66
included US studies. Barr et al. (2021) note that there were only 3 Australian studies included in the meta-analysis of
Holt-Lunstad et al. (2015) and they provided estimates only for living alone. Barr et al. (2021) find using Australian
data a 9% higher mortality rate ratio for social isolation, but living alone was not found to be linked with mortality.
The study does not look at loneliness.

" However, we will also provide estimates when no age restriction on the sample is imposed.

8 In cases where the respondent was known to be deceased but the month of death was unknown, we code it as June of
the survey year (this applies to 11.4% deaths). In this paper we focus on all-cause mortality, although the main cause
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Measuring Social Relationships

Following Holt-Lunstad (2018) and Foster et al. (2023) we distinguish between “functional’ and
‘structural’ aspects of social relationships. Functional aspects relate to “functions provided by, or
perceived to be available because of, social relationships”, with key examples being perceived
loneliness, and perceptions of social support. In contrast, structural components relate to the
“existence of and inter-connections among difference social relationships and roles”, most often
measured by social isolation, social networks, living alone and marital status (Foster et al., 2023,
p. 2/17).

In each wave of HILDA individuals are asked the extent to which they agree with the
following statement: “I often feel very lonely”, which they answer on a 7-point Likert scale ranging
from “Strongly disagree” (1) to “Strongly agree” (7). For our main estimates we define “being
lonely” as reporting a value of 5, 6 or 7 (i.e. agree) on this scale. We want to focus on chronic
loneliness rather than acute spells, so we define an individual as experiencing “chronic loneliness”
if they report to being lonely in two consecutive years (similar to Crowe et al., 2021). Using this
definition 10% of respondents report experiencing chronic loneliness (see Table 1). We also test
the sensitivity of the estimates to defining loneliness as 6 or 7 (i.e. strongly agree), and to defining
chronic loneliness over three consecutive years.® Our second ‘functional’ aspect is a lack of
(emotional) social support, which is defined in the equivalent way as chronic loneliness using
responses to the statement, “I don’t have anyone that | can confide in”. Using this definition 8.4%
of respondents report to have a chronic lack of social support.°

In terms of structural aspects of social relations, we distinguish between social isolation,
being an active member of a club or association, and living alone (note that we also adjust for
marital status in our models). We measure social isolation using answers to the question, “In
general, about how often do you get together socially with friends or relatives not living with you?”,

with responses being able to range on a frequency scale from 1 (every day) to 7 (less often than

of deaths is available in the National Death Index records (up to 2014). Among the sampled deaths, the common causes
include heart disease (16.29%), cerebrovascular disease (7.42%), and lung cancer (6.29%).

° A variety of measure of loneliness have been used in the literature (see, for example, Supplementary Table 6 in Wang
et al., 2023). They range from direct one-item measures such as, “How often do you feel lonely” answered on a Likert
scale (e.g. Yu et al., 2022), to binary responses to the question (e.g. asked in the UK Biobank), “Do you often feel
lonely?” (Elovaninio et al., 2017; Hakulinin et al., 2018; Foster et al., 2023). The Revised 3-item UCLA Loneliness
scale is based on summing the responses (and imposing a binary cut-off) to three questions (e.g. asked in the US HRS
and UK ELSA): “How often do you feel that you lack companionship?”, “How often do you feel left out?”, and “How
often do you feel isolated from others” (e.g. Steptoe et al., 2013; Crowe et al., 20210; Barnes et al., 2022). Evidence
suggests that direct measures of loneliness are highly correlated with the three-item UCLA measure (around 0.88)
(Office for National Statistics, 2018). Another measure of loneliness used in the literature is the De Jong Gierveld
Loneliness Scale (e.g. Beller, 2022)

10 Other forms of social support that we do not capture in our measures are physical support (e.g. having someone to
care for you if needed) and financial support (e.g. having someone to turn to if you need access to funds).
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once every 3 months). We define respondents as “being social isolated” if they report not getting
together at least on a weekly basis with friends or relatives, and being chronically socially isolated
if this is reported for two consecutive years. This applies to nearly one-third (31.4%) of
respondents.’! As with loneliness and a lack of social support, we also examine the sensitivity of
the estimates to a more severe measure, defined as not getting together with friends of relatives at
least on a monthly basis. Respondents are also asked, “Are you currently an active member of a
sporting, hobby, or community-based club or association”, of which they can answer “Yes” or
“No”. Around one-third (33.4%) of respondents report such membership in two consecutive years.
Finally, living alone is defined as living in a single household or a household size of one person at
the time of the interview, and this applies to 23% of respondents over two consecutive years. For
each of these measures of social relationships, using household identifiers, we can define the same

measures for spouses/partners.

Control Variables

Previous research has used a wide range of adjustments for potential confounding. The meta-
analysis of Wang et al. (2023, Appendix) identifies nearly 100 covariates that have been used. As
with many previous studies (e.g. Steptoe et al., 2013; Elovaninio et al., 2017; Yu et al., 2022) we
define a minimally adjusted (“Basic”) set of controls and a more comprehensively adjusted set
(“Extended”). The basic controls are gender, being born overseas, non-English-speaking as main
language (to capture any differences in perceptions/interpretation of the social relationships
questions), and State (e.g. New South Wales) of residence controls. Our extended controls aimed
at capturing well-established mortality risk factors are similar to those used in previous studies:
marital status, educational attainment, (log) of equivalent household income, physical health index
(0-100 scale), SF36 mental health score (0-100), long-term health conditions, level of residential
urbanisation (e.g. city, urban, rural), and decile group of local area deprivation (based on SEIFA
score for postcodes).?

In robustness tests we test the sensitivity of the estimates to additional plausible controls:
namely, employment status; (log) household wealth; smoking, drinking and BMI (obese,
underweight); Big-5 personality (scales for extroversion, agreeableness, conscientiousness,

emotional stability, openness to experience), locus of control, and proxy measures of economic

11 We expect that our measure of social isolation will capture not physically “getting together” regularly with friends
or relatives, but some respondents might interpret the question more broadly to include, for example, getting together
on a video call. We do not have a separate measure of the frequency of contacts through technology (e.g. phones, e-
mails, social media etc.).

12 SEIFA (Socio-Economic Indexes for Areas) scores combine Census data by postcode on income, education,
employment, occupations, housing and family structure to provide a measure of relative disadvantage.
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risk and time preferences; and spouses/partner’s social relationships.™® The inclusion of smoking
as a mortality risk factor, as well as income and wealth, provides important benchmarks to compare
the estimates for social relationships in the Australian setting. Sample means for the covariates are

provided in Appendix Table Al.

Statistical Methods

We follow previous research in using the Cox proportional hazard regression to model the
relationships between mortality hazard rates (and thence longevity), social relationships, and other
covariates. Most previous studies (e.g. Steptoe et al., 2013; Fawaz and Mira, 2023) model survival
since the date of the baseline survey interview while including respondent age as a confounder. By
contrast, we model longevity per se (time since birth) because a respondent’s age is an integral part
of the outcome variable. There is significant variation in age across respondents at the baseline
survey and yet mortality hazard rates increase with age during adulthood. Consequently, previous
research has allocated individuals of different ages (and hence different mortality hazards) the same
time at which they are first at risk of death (the zero point on the “time since baseline’ scale). Since
mortality rates per se are the fundamental outcome of interest, we prefer to consider ‘time at risk’
of death as defined since birth. At the same time, to account for the fact that individuals are of
different ages when first observed, we fit models conditioning on survival until a specific age, 50
years. In other words, we treat our data as not only potentially right-censored but also left-truncated
(also known as delayed entry data). Consequently, our estimated mortality hazard and survival

functions refer to ages 50 and older.

In sum, our statistical model is a Cox proportional hazards model in which the log of each
individual’s mortality hazard at a specific age is represented as the log of an arbitrary (unidentified)
log baseline hazard function plus a linear index summarising the impact of individual differences

in characteristics including social relationships. That is, for each individual,
log[h(t | Zt, X¢)] = log[ho(t)] + yZt + %t 1)

where h(.) is the mortality hazard rate at age t, ho(.) is the common baseline mortality hazard rate,
Z: is a vector of measures of social relations and X; is a vector of personal characteristics (controls)

13 Time preference is measured with the question: ‘In planning your savings and spending, which time period is most
important to you?’ (options range from ‘next week’ to ‘more than ten years ahead’). A higher index indicates a longer
planning horizon, representing a lower time preference. Risk preference is determined by the question: ‘Which
statement best describes your willingness to take financial risks with your spare cash?’ (options range from ‘substantial
risk’ to ‘not willing to take risk’). We code this variable such that one indicates the highest risk preference (risk-loving)
and four the lowest (risk-averse). Finally, locus of control is measured by a composite indicator ranging from 7
(external LoC) to 49 (internal LoC), following Cobb-Clark and Schurer (2013).
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some of which are age (and calendar-time) dependent. In our main set of estimates, Z: is time-
varying, but we also present estimates for models in which Z; = Zo, the respondent’s values when
first observed. We present estimates for models using either “basic” or “extended” sets of control

variables in X.

Our specific interest is in the estimates of the y parameters or, rather, the hazard ratios
implied by them, i.e., r« = exp(y) for each social relations variable k. We characterise social
relations using binary variables (see below), and so r« summarises the proportionate difference in
mortality hazard rate by social relationship status, adjusting for differences in characteristics
summarised by X:. We benchmark the magnitude of the estimated effects of social relations
variables by considering their “equivalent effect” (in terms of longevity) in terms of control
variables such as (log) income. For example, estimating that being lonely rather than not lonely is
associated with T fewer months of life, we calculate the increase in (log) income required to reduce

longevity by the same T months, holding all other regressors constant at their sample mean values.

We fit our Cox models using the stcox command in Stata 17.0 (StataCorp, 2021) with
likelihood functions appropriately adjusted to account for left-truncation using the enter() option
to stset. Age is measured in months (as in previous research). We re-estimated all our statistical
models using discrete-time proportional hazards models with non-parametric baseline hazard rates.
Reassuringly, estimated hazard rates were virtually identical to the corresponding estimates from
our Cox models. Therefore, we focus on the continuous time model estimates. To calculate
equivalent effects of social relations variables, we used stcurve to predict longevity conditional on

covariate values.

Main Results

The main hazard ratio (HR) estimates relating to social relationships, together with 95% confidence
intervals, are presented in Table 2. To provide useful comparison points we also include the
estimates for the physical health index (0-100; increasing in good health), and the log of equivalised
disposable household income. The corresponding full set of estimates is provided in Appendix
Table A2. As previously mentioned, our main model allows for the (chronic) social relationship
measures to be time-varying, while holding all other measures constant at their baseline values (i.e.
when the respondent is first observed in the data; aged 50+). We later test the sensitivity of the
estimates to two alternative specifications: (1) as with most of the literature we define social
relationships measures as fixed at baseline; (2) we allow both social relationship measures and all
other covariates to be time-varying.

10



Model 1 (All) and Model 2 (All) show estimates when we control for “basic” and
“extended” controls/adjustments, respectively, using the pooled sample of males and females. In
the models we have included each social relationship measure jointly, because they will be
correlated to various extents, and we are aiming to obtain independent associations that might be
useful when thinking of the design of interventions aimed at reducing mortality risk. From Model
1 we find that all measures of social relationships, both functional and structural, are significantly
related to all-cause mortality. However, the largest positive HR is found for loneliness (1.576; 95%
Cl 1.369 — 1.814), followed by social isolation (1.216; 95% CI 1.090 — 1.356), then living alone
(1.178; 95% CI1 1.051 — 1.320). While we also find a positive HR associated with having a lack of
(emotional) social support, the estimate is not statistically significantly different from unity (1.134;
95% CI1 0.967 — 1.330). In contrast, we find a strong relationship between being an active member
of a club or association and mortality, with a HR of 0.604 (95% CI 0.536 — 0.680), or inversed for
comparability 1.656 (95% CI 1.471 — 1.866).

After adjusting for a wide-range of potential confounders in Model 2, we find similar, but
as expected smaller, estimates for loneliness (1.413; 95% CI1 1.219 — 1.637), social isolation (1.194;
95% CI 1.068 — 1.336) and active club or association membership (0.687; 95% CI 0.607 — 0.778).
However, we no longer find a significant HR for living alone (1.027; 95% CI 0.858 — 1.230).
Importantly, in contrast to a number of recent studies (e.g. Steptoe et al., 2013; Elovaninio et al.,
2017; Hakulinen et al., 2018; Lara et al., 2020; Yu et al., 2022; Kammar-Garcia et al., 2023), we
find that the association between loneliness and mortality is only modestly reduced after adjusting
for confounders.'* Our result is then more in line with those found in other recent studies by, for
example, Crowe et al. (2021), Hajek and Konig (2021), Ward et al. (2021), Barnes et al. (2022),
Lennartsson et al. (2022), and Novak et al. (2023).

The HR estimates presented for physical health and household income, both in the model
measured at baseline, provide some salient points of comparison with the estimates for social
relationships. As expected, being in better physical health (0-100 scale) is negatively associated
with mortality risk with a HR of 0.992 (95% CI 0.989 — 0.994), suggesting that there would have
to be an increase in health of around 50-points to be ‘equivalent’ in terms of ‘off-setting’ the hazard
ratio for loneliness. Similarly, having greater (log) household income is associated with reduced
risk, with a HR of 0.896 (95% CI 0.842 — 0.953). To calibrate the importance of loneliness for
predicting mortality, we derive its equivalent effect in terms of (log) household income using

14 1f we include each aspect of social relations in separate models (see Appendix Table A3) with the same set of
extended controls (Model 2), we would conclude that there was a stronger association for a lack of social support and
mortality (1.225; 95% CI 1.046 — 1.435), which is the other aspect of social relationships that is most strongly
correlated with loneliness in the data.
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Model 2.%° Figure 2 shows (predicted) survivor functions by loneliness status and two values of log
household income (9 and 10), with all other covariates set equal to their sample means. The figure
shows that the mortality-increasing effect of being lonely, rather than not lonely, is equivalent to a
reduction of at least one log-point for household income, which corresponds to around one standard
deviation (i.e., 1.001) around the mean (9.978).

As a further example, for those who experience chronic loneliness, a one-log point increase
(9 to 10) in household income increases the probability of survival at age 80 by 2.8 percentage
points (0.712 compared to 0.684), while the corresponding difference for those not experiencing
chronic loneliness is 2.2 percentage points (0.786 compared to 0.764).

Separate HR estimates for males and females are presented in Table 2, based on the model
with the extended set of controls/adjustments (Model 2). Overall, we find a general consistency
across gender in the importance of social relationships for mortality, with loneliness, social
isolation, and being an active member of a club or association, being associated with mortality for
both males and females. However, the HR for loneliness and social isolation are, respectively,
larger for males at (1.552; 95% CI 1.267 — 1.901) and (1.240; 95% CI 1.068 — 1.439), than females
(1.241; 95% CI1 0.999 — 1.542) and (1.165; 95% CI 0.980 — 1.387). Conversely, the association
between being an active club/association membership and mortality is larger for females (0.640;
95% CI1 0.529 — 0.775) than males (0.724; 95% CI 0.614 — 0.854). Importantly, for both males and
females we find no evidence of strong links to mortality for either a lack of social support, or living
alone, although the HR point estimate for living is larger for males (1.239) compared to females
(0.894). For both genders we find that better physical health and higher household income are

associated with reduced mortality risk.

Robustness

The first set of robustness tests are based on including additional covariates that might capture
confounding because they are likely to be independent risk factors for mortality. Each of these tests
is based on Model 2 including the extended set of controls, and the results are presented in Table
3.1 For brevity, given the same general results found by gender, we use the pooled sample for these
tests. First, adding employment status only leads to very small changes in the HR’s, but we note
that being employed at baseline is strongly associated with reduced mortality risk (0.521; 95% CI

5 How we calculate equivalent effects is explained in the Methods section and the notes to Figure 2.

16 The sample size differs across the models presented in Table 3 as a result of missing data. Personality data has been
collected in 4 waves of HILDA so has not been collected for some individuals with shorter spells in the panel. The
partner social health requires respondents to be married or cohabiting. The large drop in the sample used for the model
that includes smoking, drinking and obesity/underweight, is due to a significant number of missing smoking data,
primarily from unrecorded responses. Since our smoking variable combines the number of cigarettes with smoking
frequency, the absence of either detail leads to the variable being omitted.
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0.402 — 0.675). While we already adjust for household income, we see that including a measure of
household wealth (e.g. Steptoe et al., 2013) does not change our main results. Importantly, the HR
for (log) household income remains roughly the same (0.914; 95% CI 0.856 - 0.976), and the HR
for (log) household wealth is also significant at 0.979 (95% CI1 0.964 — 0.995).

Personality traits, locus of control, and economic preferences with respect to how
individuals view time and risk, have all been shown to be important in explaining individuals’
choices, decisions and outcomes (e.g. Dohmen at al., 2011; Golsteyn et al., 2014; Etilé et al., 2021).
As previously noted, studies have found that personality is an important stable factor in explaining
individual differences in loneliness (Buecker et al., 2020). We are unaware of any previous studies
that have adjusted for proxies of economic preferences. Since social relationships are to some
extent a choice by individuals (e.g. whether to get together regularly with friends and family, or be
an active member in a club), it is hoped that the inclusion of these “stable” traits will more fully
control for selection. Importantly, we see little change in the HR’s associated with any of the social
relationship measures. An advantage of the HILDA data is that each adult member of the household
provides their equivalent information on social relationships. Again, we find that the results are
robust, and interestingly also that spouse/partner’s social relationships do not significantly predict
own mortality. This result also suggests that there are no unobserved household-level confounders
that we are not capturing in our models, that would act to jointly determine the social relationships
of all household members.

Many studies in the literature (See Supplementary Tables 5 and 6 in Wang et al., 2023)
adjust for smoking, BMI and drinking. We distinguish between being a past and current smoker,
being a heavy drinker (defined separately by gender at the 80" percentile; equal or greater than
19.25 units per week for males, and equal or greater than 8.25 units for females), and being obese
(BMI=30) and underweight (BMI<18.5). We note that height and weight are self-reported in
HILDA.Y” Most importantly, given the frequent comparison that loneliness is as bad for mortality
as smoking, we find a HR for being a past smoker of 1.270 (95% CI1 1.088 — 1.481) and being a
current smoker of 2.312 (95% CI 1.810 — 2.951). Adjusting for these factors does not change our
results for social relationships. However, it is clear that the risks associated with loneliness and
social isolation are a little larger than being a past smoker, but considerably smaller than being a

current smoker (similar to the conclusion of Batty et al., 2021).18

17 Consistent with allowing the measure of social relationship to be time-varying, we also allow these health-related
behaviours to be time-varying. However, we note that the conclusions are not change if we fix these measures at
baseline as done in previous studies.

18 However, a caveat should apply to this interpretation as we are assuming that smoking is an independent risk factor
fort mortality, but this does not allow for the possibility that loneliness could lead to increased smoking, and thus
increased mortality risk. Moreover, our broad measures of smoking may not well capture lifetime exposure at the
individual-level, so some caution should be applied to the comparison with social relationships.
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Our focus has been on the links between chronic (rather than acute) measures of social
relationships and mortality, and to do this we defined “chronic” as having reported loneliness, a
lack of (emotional) social support, social isolation, being an active member of a club or association,
and living alone, in two-consecutive years (waves). As shown in Table 3 if we expanded this
definition to three-consecutive years the findings for social relationships hold. Additionally, for
loneliness, a lack of social support, and social isolation, we based the cut-offs on the Likert scales
as “agree” (answered 5, 6 or 7) to the statements, “I often feel very lonely”, and “I don’t have
anyone that I can confide in”, and we defined being social isolated as not getting together with
friends or relatives at least once a week. If we increase the severity of the cut-offs to responding 6
or 7 (i.e. strongly agree) to the loneliness and lack of social support statement, and not getting
together with friends or relatives at least on a monthly basis, we see, perhaps as expected, larger
HR’s for loneliness (1.511; 95% CU 1.269 — 1.799) and social isolation (1.385; 95% CI 1.173 -
1.634), suggesting ‘dose-type’ relationships with mortality. Notably, these risks are still lower than
from current smoking.

Finally, in terms of modelling, as discussed, our main specification allows the social
relationship measures to be time-varying, to address the issues that loneliness measured once, for
example, may not be predictive of mortality some 10 or 20-years later, particularly if the initial
observation captured an acute spell of loneliness, rather than chronic loneliness. However, to
provide a more direct comparison for previous studies that fix social relationship at baseline, we
have estimated the HR’s doing the same. We find some salient differences to the results, with the
HR’s for loneliness (1.219; 95% C1 1.031 — 1.442), social isolation (1.088; 95% CI 0.967 — 1.225),
and active club or association membership (0.845; 95% CI1 0.751 — 0.950), now being smaller. We
can also take the opposite approach of allowing both the social relationship measures and all the
other covariates to be time-varying, but this does more explicitly raise the issue of causality.
However, again the HR estimates are smaller than in our preferred specification, but loneliness,
social isolation, and active club or association membership, remain statistically significant. Finally,
we have used continuous time Cox proportional hazard models, but show that using a discrete-time
equivalent makes no substantive differences to the estimates.®

19 1n Appendix Table A4 we also provide the main estimates when we exclude deaths that were identified only through
fieldwork (the National Death Index has only been matched to HILDA respondents to 2014), when we expand our
sample to include all respondents from age 40 at first interview (rather than age 50), or drop all age restrictions on the
sample. The main estimates are robust to each of these.
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Conclusions

Despite a large literature there remains uncertainty around the links between loneliness, social
isolation, and other measures of social relationships, and mortality risk (Wang et al., 2023). In
particular, while it is widely cited that loneliness is as bad as smoking 15 cigarettes per day for
mortality (e.g. US Surgeon General, 2023), evidence from a number of recent studies places doubt
on this benchmark, after controlling for confounding (e.g. Steptoe et al., 2013; Elovaninio et al.,
2017; Hakulinen et al., 2018; Lara et al., 2020; Yu et al., 2022; Kammar-Garcia et al., 2023).
Rather, these studies find that social isolation remains a strong risk factor for mortality, implying
that public health or policy interventions might be better targeted towards reducing social isolation
rather than loneliness (remembering that they are only modestly correlated). However, other studies
find that loneliness remains a significant risk factor after controlling for confounding (e.g. Crowe
et al., 2021; Hajek and Konig, 2021; Ward et al., 2021; Barnes et al., 2022; Lennartsson et al.,
2022; Novak et al., 2023). Even the hazard ratio estimates from recent meta-analytic studies vary
considerably with respect to the importance of loneliness (Rico-Uribe et al., 2018; Schutter et al.,
2022; Zhou et al., 2023; Naito et al., 2023; Wang et al., 2023).

In this paper we have sought to provide new evidence on the relative mortality risks
associated with (poor) social relationships, both functional and structural aspects, using data from
19 waves of Australian longitudinal data (HILDA). Our main estimates are based on the mortality
experiences of respondents aged 50 or above, providing us with a sample of 6,551 individuals
observed on average for 9.8 years, of whom 1,529 (23.3%) died within our sample window. We
have provided a number of contributions to the literature. In particular, we have focused on chronic
and time-varying measures of social relationships, differentiating between loneliness, a lack of
social support, social isolation, active membership of a club or association, and living alone. We
have provided separate estimates by gender, and conducted a number of robustness tests including
increasing the ‘severity’ of our measures, and controlling for a wide-range of potential
confounders, and testing the relationship between spouse/partner’s social relationships and own
mortality risk. We also provide new evidence in the Australian setting, for which current
information is scant (Barr et al., 2021).

Our study, however, has some limitations. Most notably, as with all the literature that has
applied duration/survival analysis to study the links between measures of social relationships and
mortality, we cannot make strong causal statements. This is because individuals are not randomised
into loneliness, social isolation, or club membership, and even if an initial exogeneous shock to
social relationships could be identified, over the long follow-up periods used to identify deaths,
individuals would inevitably sort into social relationships (or not) given their characteristics, traits
and preferences. However, we have adjusted in our model for “stable” characteristics that
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potentially relate to sorting, including personality, locus of control, and economic time and risk
preferences. Another limitation is that our measure of social isolation is based on not having regular
“face-to-face” contact (i.e. “getting together”) with friends and family, but we do not observe the
frequency of technology-based social interactions. Yet, evidence from COVID-19 lockdowns
shows that continued technology-based interactions could not prevent increased loneliness (e.g.
Killgore et al., 2020; Kung et al., 2023). Finally, given our sample size, and the identification of
mortality through fieldwork in later waves of the panel, we can only provide estimates for all-cause
mortality.

Importantly, we have found robust evidence of a strong relationship between chronic
loneliness and mortality risk with a hazard ratio (HR) of 1.413, implying a 41% higher risk for
those who are lonely compared to those who are not. This dominates the risk associated with social
isolation (HR = 1.194). Moreover, we identified important differences by gender, with the risk
from chronic loneliness being greater for males (HR = 1.552) than females (HR = 1.241). In terms
of identifying potential policy interventions, we find a strong relationship between being an active
member of a club or association and mortality risk, with a hazard ratio of 0.687, and for males (HR
= 0.724) and females (HR = 0.640). In contrast we find no evidence that social support or living
alone are independent risk factors for mortality. In terms of the often made comparison with
smoking, we find that loneliness has roughly the same mortality risk as being a past smoker (HR =
1.270), but this is considerably smaller than being a current smoker (HR = 2.312). However, we
have noted that some caution should be applied to this comparison.

These results are important given that demographic changes in many countries mean that
loneliness and social isolation are increasing, with more people living alone, and living longer.
Overall, our findings suggest that interventions and policies should focus on reducing both
loneliness and social isolation, as well as encouraging active social participation in clubs and

associations.

16



References

Barnes, TL., Ahuja, M., MacLeod, S., Tkatch, R. et al. (2022). Loneliness, social isolation, and all-cause
mortality in a large sample of older adults. Journal of Aging and Health, 34, pp. 883-892.

Barr, M., Kabir, A., Harris-Roxas, B., Comino, E. et al. (2021). All-cause mortality in Australia: Impact of
social isolation and living alone. International Journal of Epidemiology, 50, Supplement 1.

Batty, DG., Zaninotto, P., Eolainio, MJ. And Hakulinen, CA. (2021). Are a lack of social relationships and
cigarette smoking really equally powerful predictors of mortality? Analyses of data from two cohort
studies. Public Health in Practice, 2, pp. 100140.

Beller, J. (2021). Loneliness and mortality: The moderating effect of positive affect. Applied Psychology:
Health and Well-Being, 15, pp. 49-65.

Bremer, D., Inhestern, L. and von dem Knesebeck, O. (2017). Social relationships and physician utilization
among older adults — A systematic review. PLOS ONE, 12, pp. e0185672.

Buecker, S., Maes, M., Denissen, JJA. And Luhmann, M. (2020). Loneliness and the Big Five personality
traits: A meta-analysis. European Journal of Personality, 34, pp. 8-28.

Buecker, S., Mund, M., Chwastek, S., Sostmann, M. and Luhmann, M. (2021). Is loneliness in emerging
adults increasing over time? A preregistered cross-temporal meta-analysis and systematic review.
Psychological Bulletin, 147, pp. 787-805.

Case, A. and Deaton, A. (2020). Deaths of Despair and the Future of Capitalism. Princeton, NJ: Princeton
University Press.

Cobb-Clark, D. and Schurer, S. (2013). Two economists’ musings on the stability of locus of control.
Economic Journal, 123, pp. F358-F400.

Cobb-Clark, D., Kassenboehmer, S. and Schurer, S. (2014). Healthy habits: The connection between diet,
exercise, and locus of control. Journal of Economic Behavior and Organization, 98, pp. 1-28.kung

Cacioppo, JT. and Patrick, W. (2008). Loneliness: Human Nature and the Need for Social Connection. New
York, WW. Norton.

Cacioppo, JT., Norris, CJ., Decety, J., Monteleone, G. and Nusbaum, H. (2009). In the eye of the beholder:
Individual differences in perceived social isolation predict regional brain activation to social stimuli.
Journal of Cognitive Neuroscience, 21, pp. 83-92.

Cacioppo, JT., Cacioppo, S. and Boomsma, DI. (2014). Evolutionary mechanisms for loneliness. Cognition
and Emotion, 28, pp. 3-21.

Cacioppo, JT., Cacioppo, S., Capitanio, JP. And Cole, SW. (2015). The neuroendocrinology of social
isolation. Annual Review of Psychology, 66, pp. 733-767.

Cacioppo, S., Grippo, Al., London, S., Goossens, L. and Cacioppo, JT. (2015). Loneliness: Clinical import
and interventions. Perspectives on Psychological Science, 10, pp. 238-249.

Cacioppo, JT. and Cacioppo, S. (2018). The growing problem of loneliness. Lancet, 391, pp. 426.

Christiansen, J., Pedersen, SS., Maar Andersen, C. et al. (2023). Loneliness, social isolation, and healthcare
utilization in the general population. Health Psychology, 42, pp. 63-72.

Cobb-Clark, D. A., & Schurer, S. (2013). Two economists’ musings on the stability of locus of control. The
Economic Journal, 123(570), F358-F400.

Crowe, CL., Domingue, BW., Graf, GH., Keyes, K. et al. (2021). Associations of loneliness and social
isolation with health span and life span in the U.S. Health and Retirement Study. Journals of
Gerontology: Medical Sciences, 76, pp. 1997-2006.

Department of Social Services / Melbourne Institute of Applied Economic and Social Research (2020). The
Household, Income and Labour Dynamics in Australia (HILDA) Survey + GENERAL RELEASE 19
(Waves 1-19) [Data set]. Canberra: Australian Data Archives Dataverse, Australian National
University. doi:10.26193/3QRFMZ

Dohmen, T., Falk, A., Huffman, D., Sunde, U et al. (2011). Individual risk attitudes: Measurement,
determinants, and behavioral consequences. Journal of the European Economic Association, 9, pp.
522-550.

Eccles, AM. and Qualter, P. (2021). Review: Alleviating loneliness in young people - a meta- analysis of
interventions. Child and Adolescent Mental Health, 26, pp. 17-33.

Elovainio M., Hakulinen, C., Pulkki-Raback, L., Virtanen, M. et al. (2017) Contribution of risk factors to
excess mortality in isolated and lonely individuals: an analysis of data from the UK Biobank cohort
study. Lancet Public Health 2, e260-266.

17



Etilé, F., Frijters, P., Johnston, DW. and Shields, MA. (2021). Measuring resilience to major life events.
Journal of Economic Behavior and Organization, 191, pp. 598-619.

Fawaz, Y. and Mira, P. (2023). Social isolation, health dynamics, and mortality: Evidence across 21
European countries. Journal of Population Economics, 36, pp. 2483-2518.

Freak-Poli, R., Ryan, J., Neumann, J., Tonkin, A. etal. (2021). Social isolation, social support and loneliness
as predictors of cardiovascular disease incidence and mortality. BMC Geriatrics, 21, pp. 1-14.

Frederick, S., Loewenstein, G., & O’Donoghue, T. (2002). Time discounting and time preference: A critical
review. Journal of Economic Literature, 40, pp. 351-401.

Foster, HME., Gill, JMR., Mair, FS., Celis-Morales, CA. (2023). Social connection and mortality in UK
Biobank: A prospective cohort analysis. BMC Medicine, 21, pp. 384.

Hajek, A. and Konig, HH. (2021). Do lonely and socially isolated individuals think they die earlier? The
link between loneliness, social isolation and expectations of longevity based on a nationally
representative sample. Psychogeriatrics, 21, pp. 571-576.

Golsteyn, BHH., Grongvist, H. and Lindahl, L. (2014). Adolescent time preferences predict lifetime
outcomes. Economic Journal, 580, pp. F729-F761.

Hakulinen, C., Pulkki-Raback, L., Virtanen, M., Jokela, M. et al. (2018). Social isolation and loneliness as
risks factors for myocardial infarction, stroke and mortality: UK Biobank cohort study of 479 054 men
and women. Heart, 104, pp. 1536-1542.

Hawkley, LC. (2022). Loneliness and health. Nature Reviews, Disease Primers, 8:22.

Hawkley, LC. and Cacioppo, JT. (2003). Loneliness and path ways to disease. Brain, Behavior, and
Immunity, 17, pp. S98-105.

Hawkley, LC. and Cacioppo, J. (2010). Loneliness matters: A theoretical and empirical review of
consequences and mechanisms. Annals of Behavioral Medicine, 40, pp. 218-227.

Hawkley, LC., Buecker, S., Kaiser, T. and Luhmann, M. (2020). Loneliness from young adulthood to old
age: Explaining age differences in loneliness. International Journal of Behavioral Development, 46,
pp. 39-49.

Holt-Lunstad, J., Smith, TB. and Layton, JB. (2010). Social relationships and mortality risk: A meta-analytic
review. PLOS Medicine, 7, pp. e1000316.

Holt-Lunstad, J., Smith, TB., Baker, M., Harris, T. and Stephenson, D. (2015). Loneliness and social
isolation as risk factors for mortality: A meta-analytic review. Perspectives on Psychological Science,
10, pp. 227-237.

Holt-Lunstad, J. (2017). The potential public health relevance of social isolation and loneliness: Prevalence,
epidemiology, and risk factors. Public Policy and Aging Report, 27, pp. 127-130.

Holt-Lunstad, J. (2018). The potential public health relevance of social isolation and loneliness: Prevalence,
epidemiology, and risk factors. Public Policy and Aging Report, 27, pp. 127-130.

Holt-Lunstad, J. (2022). Social connection as a public health issue: The evidence and a systemic framework
for prioritizing the “social” in social determinants of health. Annual Review of Public Health, 43, pp.
193-213.

Hong, JH., Nakamura, JS., Berkman, LF., Chen, FS. et al. (2023). Are loneliness and social isolation equal
threats to health and well-being? At outcome-wide longitudinal approach. SSM — Population Health,
pp. 101459.

House, JS., Landis, KR. And Umberson, D. (1988). Social relationships and health. Science, 241, pp. 540-
545.

Kammar-Garcia, A., Ramirez-Aldana, R., Roa-Rojas, P., Lozano-Juarez, LR. et al. (2023). Association of
loneliness and social isolation with all-cause mortality among older Mexican adults in the Mexican
health and aging study: a retrospective observational study. BMC Geriatrics, 23, pp. 1-12.

Kanbay, M., Tanriover, C., Copur, S., Peltek, IB et al. (2023). Social isolation and loneliness: Undervalued
risk factors for disease states and mortality. European Journal of Clinical Investigation, 53, pp. €14032.

Killgore, WDS., Cloonan, SA., Taylor, EC., Lucas, DA. and Dailey, NS. (2020). Loneliness during the first
half-year of COVID-19 lockdowns. Psychiatry Research, 294, pp. 113551.

Kung, CSJ., Kunz, JS. and Shields, MA. (2021). Economic aspects of loneliness in Australia. Australian
Economic Review, 54, pp. 147-163.

Kung, CSJ., Pudney, SE. and Shields, MA. (2022). Economic gradients in loneliness, social isolation and
social support: Evidence from the UK Biobank. Social Science and Medicine, 36, pp. 115122.

Kung, CSJ., Kunz, JS. and Shields, MA. (2023). COVID-19 lockdowns and changes in loneliness among
young adults in the U.K. Social Science and Medicine, 320, pp. 115692.

18



Lara, E., Moreno-Agostino, D., Martin-Maria, N., Miret, M. et al. (2020). Exploring the effect of loneliness
on all-cause mortality: Are there differences between older adults and younger and middle-aged adults?
Social Science and Medicine, 258, pp. 113087.

Lariscy, T., Hummer, R. and Rogers, R. (2018). Cigarette smoking and all-cause and cause-specific adult
mortality in the United States. Demography, 55, pp. 1855-85.

Lennartsson, C., Rehnberg, J. and Dahlberg, L. (2022). The association between loneliness, social isolation
and all-cause mortality in a nationally representative sample of older women and men. Aging and
Mental Health, 26, pp. 1821-1828.

Luhmann, M., Buecker, S. and Risberg, M. (2023). Loneliness across time and space. Nature Reviews
Psychology, 2, pp. 9-23.

Matthews, T., Danese, A. Caspi, A., Fisher, HL., Goldman-Mellor, S., Kepa, A., Moffitt, TE., Odgers, CL.
and Arseneault, L. (2018). Lonely young adults in modern Britain: Findings from an epidemiological
cohort study. Psychological Medicine, 49, pp. 268-277.

Mund, M., Freuding, M.M., Mobius, K., Horn, N. and Neyer, FJ. (2019). The stability and change of
loneliness across the life span: a meta-analysis of longitudinal studies. Personality and Social
Psychology Review, 24, pp. 24-52.

Murthy, VH. (2020). Together: The Healing Power of Human Connection in a Sometimes Lonely World.
Harper Collins, New York, New York.

Naito, R., McKee, M., Leong, D, Bangdiwala, S. et al. (2023). Social isolation as a risk factor for all-cause
mortality: Systematic review and meta-analysis of cohort studies. PLOS ONE, 18, pp. e0280308.
National Academies of Sciences, Engineering, & Medicine. (2020). Social isolation and loneliness in older
adults: Opportunities for the health care system. The National Academies Press, Washington DC.
Newall, NE. and Menec, VH. (2019). Loneliness and social isolation of older adults: Why it is important to

examine these social aspects together. Journal of Social and Personal Relationships, 36, pp. 925-939.

Niedzwiedz, CL., Richardson, EA., Tunstall, H., Shortt, NK., Mitchell, RJ. and Pearce, J.R. (2016). The
relationship between wealth and loneliness among older people across Europe: is social participation
protective? Preventive Medicine, 91, pp. 24-31.

Ninivaggi, FJ. (2019). Loneliness: A new epidemic in the USA. Psychology Today, 12th February.

Office for National Statistics (2018). Testing of loneliness questions in surveys. www.ons.gov.uk, London.

Ortiz-Ospina, E. (2020). Loneliness and social connections. Our World in Data, February.
https://ourworldindata.org.

Patterson, A. and Veenstra, G. (2010). Loneliness and risk of mortality: A longitudinal investigation in
Alameda County, California. Social Science and Medicine, 71, pp. 181-186.

Peplau, LA. and Perlman, D. (1981). Perspectives on loneliness. In LA. Peplau and D. Perlman (Eds.),
Loneliness: A Source-Book of Current Theory, Research and Therapy. Willey-Interscience Publication,
New York.

Qualter, P., Brown, SL., Rotenberg, KJ., Vanhlast, J., Harris, RA, Goossens, L., Bangee, M. and Munn, P.
(2013) Trajectories of loneliness during childhood and adolescence: Predictors and health outcome.
Journal of Adolescence, 36, pp. 1283-1293.

Qualter, P., Vanhlast, J., Harris, R., Van Roekel, E., Lodder, G., Bangee, M., Maes, M. and Verhagen, M.
(2015). Loneliness across the life span. Perspectives on Psychological Science, 10, pp. 25-264.

Raymo, M. and Wang, J. (2022). Loneliness at older ages in the United States: Lonely life expectancy and
the role of loneliness in health disparities. Demography, 59, pp. 921-947.

Rico-Uribe, LA., Caballero, FF., Martin-Maria, N., Cabello, M. et al. (2018). Association of loneliness with
all-cause mortality: A meta-analysis. PLOS ONE, 13, pp. €0190033.

Schutter, N., Holwerda, TJ., Comijs, HC., Stek, ML. et al. (2022). Loneliness, social network size and
mortality in older adults: A meta-analysis. European Journal of Ageing, 19, pp. 1057-1076.

Shiovitz-Erza, S. and Ayalon, L. (2010). Situational versus chronic loneliness as risk factors for all-cause
mortality. International Psychogeriatrics, 22, pp. 455-462.

Smith, KJ. and Victor, C. (2019). Typologies of loneliness, living along and social isolation, and their
associations with physical and mental health. Ageing and Society, 39, pp. 1709-1730.

Smith, RW., Holt-Lunstad, J. and Kawachi., I. (2023). Benchmarking social isolation, loneliness and
smoking: Challenges and opportunities for public health. American Journal of Epidemiology, 192, pp.
1238-1242.

Starmer, C. (2000). Developments in non-expected utility theory: The hunt for a descriptive theory of choice
under risk. Journal of Economic Literature, 38, pp. 332-382.

19


http://www.ons.gov.uk/
https://ourworldindata.org/

Steptoe, A., Shankar, A., Demakakos, P. and Wardle, J. (2013). Social isolation, loneliness, and all-cause
mortality in older men and women. Proceedings of the National Academy of Science, 110, pp. 5797-
5801.

Stokes, AC., Xie, W., Lundberg, DJ., Glei, DA. and Weinstein, MA. (2021). Loneliness, social isolation,
and all-cause mortality in the United States. SSM — Mental Health, pp. 100014.

Summerfield, M., Garrard, B., Hahn, M., Jin, Y., Kamath, R., Macalalad, N., Watson, N., Wilkins,
R. and Wooden, M. (2021). HILDA User Manual—Release 20. Melbourne Institute: Applied
Economic and Social Research, The University of Melbourne, Melbourne.

Surkalim, DL.., Luo, M., Eres, R., etal. (2022). The prevalence of loneliness across 113 countries: systematic
review and meta-analysis. British Medical Journal, 376, pp. e067068.

Teo, RH., Cheng, WH., Cheng, LG., Lau, Y. and Lau, ST. (2022). Global prevalence of social isolation
among community-dwelling older adults: A systematic review and meta-analysis. Archives of
Gerontology and Geriatrics, 107, pp. 104904.

U.S. Surgeon General’s Office. (2023). Our Epidemic of Loneliness and Isolation: The U.S. Surgeon
General’s Advisory on the Healing effects of Social Connection and Community. Washington, DC:
Office of the US Surgeon General.

Valtorta, NK., Collingridge, D., Barron, L et al. (2018). Older adults’ social relationships and health care
utilization: A systematic review. American Journal of Public Health (Research), 108, pp. e1-e10.
Wang, F., Gao, Y., Han, Z., Yu, Y. etal. (2023). A systematic review and meta-analysis of 90 cohort studies

of social isolation, loneliness and mortality. Nature Human Behaviour, 7, pp. 1307-1319.

Ward, M., May, P., Normand, C., Kenny, RA. (2021). Mortality risk associated with combinations of
loneliness and social isolation. Findings from The Irish Longitudinal Study of Ageing (TILDA). Age
and Ageing, 50 pp. 1329-1335.

Watson, N. and Summerfield, M. (2014). Outcomes from matching the HILDA Survey sample to the death
register. HILDA Project Technical Paper Series (No. 2/14). https://hdl.handle.net/10620/18167

Watson, N. and Wooden, M. (2021). The household, income and labour dynamics in Australia (HILDA)
survey. Jahrbiicher fir Nationalokonomie und Statistik, 241, pp. 131-141.

Yang, K. and Victor, C. (2011). Age and loneliness in 25 European nations. Ageing and Society, 31, pp.
1368-1388.

Yu, B., Steptoe, A. and Chen, Y. (2021). Social isolation, loneliness, and all-cause mortality: A cohort study
of 35,254 Chinese older adults. Journal of the American Geriatrics Society, 70, pp. 1717-1725.

Zhou, X., Yang, F. and Gao, Y. (2023). A meta-analysis of the association between loneliness and all-cause
mortality in older adults. Psychiatry Research, 328, pp. 115430.

20


https://hdl.handle.net/10620/18167

Table 1: Definitions and Summary Statistics for Main Social Relations Measures

Social Relations Definition Individuals Mean Min Max
Functional
Loneliness Loneliness in the past 2 years

(=1 if answering Yes in both

of the last 2 years) 6,551 0.101 0.000 1.000
Lack of social support Lack of social support in the

past 2 years (No one to
confide in, =1 if answering
Yes in both the last 2 years) 6,551 0.084 0.000 1.000

Structural
Social isolation Social isolation in the past 2

years (get socially less than

once per week, =1 if

answering Yes in both the last

2 years) 6,551 0.314 0.000 1.000
Active Club/Association Active member of a club or

association (=1 if answering

Yes in both the last 2 years) 6,551 0.334 0.000 1.000
Living alone Living alone in the past 2

years (=1 if living alone in

both the last 2 years) 6,551 0.232 0.000 1.000
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Table 2: Main Estimates of Social Relations Measures on Mortality (Hazard Ratios)

Social Relation Measures Model 1 Model 2 Model 2 Model 2
(Al (Al (Male) (Female)
Functional
Loneliness 1.576*** 1.413*** 1.552*** 1.241*
(1.369-1.814) (1.219-1.637) | (1.267-1.901) (0.999 - 1.542)
Lack of (emotional) social support 1.134 1.066 1.111 1.026

(0.967 - 1.330)

(0.905 - 1.257)

(0.889 - 1.390)

(0.802 - 1.312)

Structural
Social isolation 1.216%** 1.194%*** 1.240%** 1.165*
(1.090 - 1.356) (1.068 - 1.336) | (1.068 -1.439) (0.980 - 1.387)
Active Club/Association 0.604*** 0.687*** 0.724*** 0.640***
(0.536 - 0.680) (0.607 - 0.778) | (0.614 -0.854) (0.529 - 0.775)
Living alone 1.178*** 1.027 1.239 0.894
(1.051-1.320) (0.858-1.230) | (0.936-1.640) (0.703 - 1.137)
Physical health index - 0.992*** 0.991*** 0.992***
(0.989 - 0.994) | (0.988-0.994) (0.988 - 0.996)
Log household income - 0.896*** 0.921* 0.864***
(0.842 - 0.953) | (0.837-1.013) (0.795-0.939)
Basic controls X X X X
Extended controls - X X X
Individual/Month observations 767,804 752,946 346,500 406,446

Notes: Results reported as hazard ratio; 95% CI in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Basic controls:
gender; born overseas (base = born in Australia), non-English-speaking as main language (base = English as main
language), State of residence controls (base = New South Wales). Additional Extended controls: marital status
(base = Single), education attainment (base = Year 11 or below), log household income, dummy for non-positive
household income; Mental Health SF-36 (0-100), Physical Health Index (0-100), long-terms health condition
(base = no condition); degree of urbanisation (base = lives in major city), Area deprivation decile (base = SEIFA

decile 1, lowest). See Appendix Table A2 for further details.
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Table 3: Robustness Estimates of Social Relations Measures on Mortality (Hazard Ratios)

(1) Social Relations Adding Adding Adding Adding Add Smoking
Employment Household Personality, Partner and Obesity
Status Wealth LOC, Social Health
& Preferences
Functional
Loneliness 1.410%** 1.427%** 1.364*** 1.385%** 1.392%**
(1.216 - 1.634) (1.229-1.656) (1.130-1.647) (1.115-1.720) (1.134-1.709)
Lack of social support 1.069 1.073 1.051 1.144 1.074

(0.907 - 1.259)

(0.908 - 1.267)

(0.852 - 1.297)

(0.908 - 1.442)

(0.853 - 1.351)

Structural
Sacial isolation 1.209*** 1.197%** 1.230%** 1.220** 1.220%**
(1.080-1.352) (1.069-1.341) (1.075-1.408) (1.047-1.422) (1.054-1.412)
Active Club/Association 0.682*** 0.695*** 0.669*** 0.702*** 0.720***
(0.603-0.773) (0.613-0.788) (0.577-0.775) (0.593-0.830) (0.616 - 0.842)
Living alone 1.035 1.019 1.007 1.066 1.153
(0.864 - 1.240) (0.848-1.223) (0.809-1.254) (0.732-1.552) (0.902 - 1.474)
Observations 752,946 717,358 658,448 529,858 489,549
(2) Social Health Social Severe Social ~ All Covariates  All Covariate Discrete
Relations Relations Fixed Baseline Time-Varying  Time Model
Defined
Over 3-Years
Functional
Loneliness 1.342%** 1.511%** 1.219** 1.237%** 1.413%**
(1.174-1.534) (1.269-1.799) (1.031-1.442) (1.065-1.437) (1.219-1.637)
Lack of social support 1.007 1.115 0.875 0.989 1.065

(0.872 - 1.162)

(0.910 - 1.366)

(0.730 - 1.048)

(0.839 - 1.166)

(0.904 - 1.255)

Structural

Social isolation 1.147** 1.385*** 1.088 1.144** 1.198***
(1.026-1.282) (1.173-1.634) (0.967-1.225) (1.022-1.280) (1.071 - 1.340)

Active Club/Association 0.724%*** 0.681*** 0.845%** 0.782%** 0.687***
(0.643-0.815) (0.602 -0.770) (0.751-0.950) (0.690 - 0.886) (0.607 - 0.778)

Living alone 1.050 1.031 1.102 1.111 1.029
(0.866-1.273) (0.862-1.234) (0.948-1.281) (0.931-1.325) (0.859 - 1.231)

Observations 683,924 752,946 752,946 752,946 752,927

Notes: Results reported as hazard ratio; 95% CI in parentheses; *** p<0.01, ** p<0.05, * p<0.1. All models include
Basic and Extended Controls (see footnote to Table 2).



Figure 1: Age First Observed in Panel (Sample 50+, in months since birth)
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Notes: Our analysis conditions on survival to age 50 years (600 months): see Methods section. Individuals may be
first observed in our panel after age 50.
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Figure 2: The Mortality-Increasing Effect of Being Lonely is Equivalent to a Reduction in Log
Household Income of about One Log-point
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Notes: ‘Income’ refers to log(household income): see main text. The chart shows predicted survival curves from age
50 for the combinations of loneliness and log-income shown, with all other covariates set at sample mean values. Let
M(L, 1) be the predicted median for values of loneliness L and log-income I, and define A = M(1, 9), B = M(1, 10), C
=M(0, 9), D = M(0, 10). The equivalent effect of loneliness in terms of log-income is the difference between the values
of log-income such that A-C = B-D, i.e., 9 and 10.
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Appendix

Table Al: Sample Characteristics

Main Controls Individuals Mean Std. dev. Min Max
Female 6,551 0.530 0.499 0.000 1.000
Born in Australia 6,551 0.694 0.461 0.000 1.000
Born overseas: English-speaking 6,551 0.151 0.358 0.000 1.000
Born overseas: Other 6,551 0.155 0.362 0.000 1.000
Speaks main language other than English 6,551 0.160 0.367 0.000 1.000
Single 6,551 0.293 0.455 0.000 1.000
Married 6,551 0.631 0.482 0.000 1.000
Cohabiting 6,551 0.076 0.264 0.000 1.000
Degree 6,551 0.162 0.369 0.000 1.000
Diploma / Certificate 6,551 0.282 0.450 0.000 1.000
Year 12 6,551 0.077 0.266 0.000 1.000
Year 11 or lower 6,551 0.479 0.500 0.000 1.000
Household income (log) 6,551 9.978 1.001 4.605 14.043
Non-positive income 6,551 0.003 0.051 0.000 1.000
Resides in major cities 6,551 0.623 0.485 0.000 1.000
Resides in inner/outer regional 6,551 0.360 0.480 0.000 1.000
Resides in remote area 6,551 0.018 0.132 0.000 1.000
Mental health SF36 score 6,551 75.623 17.491 0.000 100.000
Physical health index 6,551 71.751 26.489 0.000  100.000
Used in Robustness Test

Employed 6,551 0.297 0.401 0.000 1.000
Household wealth (log) 6,348 13.206 3.258 -15.420 17.847
Extroversion 5,544 4.330 0.976 1.000 7.000
Agreeableness 5,543 5.452 0.915 1.000 7.000
Conscientiousness 5,534 5.256 0.944 1.000 7.000
Emotional stability 5,526 5.569 0.960 1.000 7.000
Openness 5,622 4.007 1.040 1.000 7.000
Locus of control 6,119 5.169 1.224 1.000 7.000
Risk preference 6,452 3.507 0.636 1.000 4.000
Time preference 6,485 2.922 1.556 1.000 6.000
Never smoke 6,497 0.495 0.482 0.000 1.000
Past smoker 6,497 0.386 0.453 0.000 1.000
Current smoker 6,497 0.120 0.300 0.000 1.000
Heavy drinker 6,503 0.204 0.346 0.000 1.000
Obese 6,503 0.212 0.367 0.000 1.000
Underweight 6,503 0.036 0.160 0.000 1.000

Note: Statistics for SEIFA decile and State of Residence not shown.
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Table A2: Full Estimates of Social Relations Measures on Mortality

Model 1 Model 2 Model 2 Model 2
Covariates (Al (Al (Male) (Female)
Loneliness 1.576%** 1.413%** 1.552%** 1.241*
(1.369 - 1.814) (1.219-1.637) | (1.267 -1.901) (0.999 - 1.542)
Lack of social support 1.134 1.066 1.111 1.026
(0.967 - 1.330) (0.905 - 1.257) | (0.889 - 1.390) (0.802 - 1.312)
Social isolation 1.216%** 1.194%** 1.240*** 1.165*
(1.090 - 1.356) (1.068 - 1.336) | (1.068 - 1.439) (0.980 - 1.387)
Active Club/Association 0.604*** 0.687*** 0.724*** 0.640***
(0.536 - 0.680) (0.607 - 0.778) | (0.614 - 0.854) (0.529 - 0.775)
Living alone 1.178*** 1.027 1.239 0.894
(1.051 - 1.320) (0.858 - 1.230) | (0.936 - 1.640) (0.703 - 1.137)
Female 0.540*** 0.491*** - -
(0.486 - 0.601) (0.437 - 0.552)
Born overseas: English-speaking 0.953 1.018 1.137 0.900
(0.823 - 1.104) (0.871-1.189) | (0.931-1.388) (0.696 - 1.163)
Born overseas: Other 1.151 1.107 1.175 1.063
(0.896 - 1.478) (0.848 - 1.445) | (0.833 - 1.656) (0.688 - 1.642)
Speak language other than English 0.752** 0.780* 0.732* 0.831
(0.583 - 0.969) (0.598 - 1.016) | (0.519 - 1.034) (0.543 - 1.272)
Married - 0.886 0.900 0.978
(0.740-1.062) | (0.689 -1.176) (0.754 - 1.269)
Cohabiting - 1.102 1.202 0.895
(0.756 - 1.606) | (0.758 - 1.907) (0.408 - 1.964)
Degree - 1.069 1.221 0.996
(0.871-1.312) | (0.915-1.630) (0.738 - 1.343)
Diploma / Certificate - 0.913 0.977 0.765*
(0.798 - 1.046) | (0.830 - 1.150) (0.579 - 1.010)
Year 12 - 0.925 0.893 1.053
(0.760 - 1.126) | (0.685 - 1.166) (0.779 - 1.422)
Household income (log) - 0.896*** 0.921* 0.864***
(0.842 -0.953) | (0.837-1.013) (0.795 - 0.939)
Non-positive income - 0.423* 0.402 0.741
(0.165-1.085) | (0.133-1.219) (0.096 - 5.717)
Mental health SF-36 score - 1.003* 1.006** 1.001
(1.000 - 1.007) | (1.001 -1.010) (0.995 - 1.006)
Physical health index - 0.992*** 0.991*** 0.992***
(0.989 - 0.994) | (0.988 - 0.994) (0.988 - 0.996)
Sensory - 0.903 0.872 0.957
(0.765 - 1.066) | (0.700 - 1.086) (0.736 - 1.246)
Mobility / Movement - 1.035 1.114 0.964
(0.875-1.225) | (0.891-1.392) (0.740 - 1.256)
Respiratory - 1.422%** 1.334** 1.610%**
(1.177-1.719) | (1.034-1.723) (1.206 - 2.151)
Mental - 0.981 0.982 1.015
(0.734 - 1.311) | (0.683-1.411) (0.615 - 1.673)
Chronic pain - 0.974 0.853 1.137
(0.791-1.199) | (0.641-1.134) (0.832 - 1.554)
Other conditions - 1.455*** 1.705*** 1.210

(1.252 - 1.691)

(1.400 - 2.076)

(0.952 - 1.537)
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Inner/Outer Regional - 0.978 0.945 1.044
(0.864 - 1.106) | (0.801-1.116) (0.865 - 1.262)
Remote areas - 0.842 0.842 0.925
(0.544 - 1.305) | (0.474 - 1.496) (0.468 - 1.828)
SEIFA 2nd decile - 1.032 0.902 1.198
(0.849 - 1.256) | (0.690 - 1.180) (0.893 - 1.607)
SEIFA 3rd decile - 1.077 1.140 1.012
(0.871-1.330) | (0.859 -1.514) (0.732 - 1.401)
SEIFA 4th decile - 0.918 0.806 1.055
(0.732-1.150) | (0.594 - 1.095) (0.750 - 1.484)
SEIFA 5th decile - 0.947 0.868 1.045
(0.756 - 1.186) | (0.643-1.172) (0.740 - 1.476)
SEIFA 6th decile - 0.881 0.903 0.824
(0.707 - 1.097) | (0.675 - 1.208) (0.584 - 1.163)
SEIFA 7th decile - 0.892 0.881 0.924
(0.693 - 1.149) | (0.626 - 1.241) (0.632 - 1.352)
SEIFA 8th decile - 0.900 0.793 1.060
(0.712-1.139) | (0.573-1.099) (0.751 - 1.496)
SEIFA 9th decile - 1.063 1.004 1.133
(0.835-1.352) | (0.726 - 1.389) (0.785 - 1.635)
SEIFA 10th decile - 0.701** 0.592*** 0.869
(0.529 - 0.928) | (0.401-0.874) (0.575 - 1.315)
Victoria 0.934 1.002 1.041 0.965
(0.818 - 1.067) (0.870 - 1.154) | (0.859 - 1.262) (0.781 - 1.193)
Queensland 0.909 0.914 0.999 0.807*
(0.783 - 1.056) (0.782-1.069) | (0.812-1.230) (0.632 - 1.031)
South Australia 0.936 0.880 0.917 0.850
(0.779 - 1.124) (0.724-1.068) | (0.705-1.192) (0.632 - 1.142)
Western Australia 0.826* 0.876 0.827 1.002
(0.681 - 1.002) (0.716 - 1.072) | (0.627 - 1.091) (0.742 - 1.352)
Tasmania 1.096 0.999 0.963 1.010
(0.835 - 1.439) (0.744 - 1.341) | (0.648 - 1.430) (0.642 - 1.587)
Northern Territory 1.791 1.663 1.130 1.794
(0.799 - 4.014) (0.707 - 3.911) | (0.154 -8.277) (0.645 - 4.986)
Australian Capital Territory 0.778 0.916 1.538 0.652
(0.471 - 1.284) (0.5631-1.582) | (0.744-3.178) (0.283 - 1.503)
Observations (Individual-month) 767,804 752,946 346,500 406,446

Notes: Results reported as hazard ratio; 95% CI in parentheses; *** p<0.01, ** p<0.05, * p<0.1.
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Table A3: Estimates of Social Relations Measures (when included separately) on Mortality

Social Relations Model 2 Model 2 Model 2 Model 2 Model 2
(Al (Al (Al (Al (Al

Functional

Loneliness 1.474%** - - - -

(1.277 - 1.700)
Lack of social support - 1.220** - - -
(1.041 - 1.429)
Structural
Social isolation - - 1.291%** - -
(1.159 - 1.440)
Active Club/Association - - - 0.672*%** -
(0.595 - 0.758)
Living alone - - - - 0.966

(0.811 - 1.152)

Notes: Results reported as hazard ratio; 95% CI in parentheses; *** p<0.01, ** p<0.05, * p<0.1. All models include
Basic and Extended Controls (see footnote to Table 2).

Table A4: Robustness Estimates of Social Health Measures on Mortality Risk (Hazard Ratios)

Social Relations Excluding Sample 40+ No Age
Waves 15-19 Restrictions

Functional

Loneliness 1.325%** 1.415%** 1.475%**
(1.119-1.570) (1.228-1.632) (1.288-1.688)

Lack of social support 1.088 1.036 1.044

(0.903 - 1.310)

(0.883 - 1.216)

(0.895 - 1.218)

Structural

Social isolation

Active Club/Association

Living alone

1.193%**
(1.048 - 1.359)
0.702%**
(0.609 - 0.810)
0.996
(0.809 - 1.227)

1.185%**
(1.064 - 1.320)
0.691%**
(0.613 - 0.778)
1.003
(0.846 - 1.189)

1.144%%
(1.031 - 1.269)
0.688%**
(0.612 - 0.772)
0.979
(0.834 - 1.149)

Notes: Results reported as hazard ratio; 95% CI in parentheses; *** p<0.01, ** p<0.05, * p<0.1. All models include
Basic and Extended Controls (see footnote to Table 2).
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