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ABSTRACT

Objective To examine how different aspects of social
relationships are associated with incident cardiovascular
events and all-cause mortality.

Methods In 4139 participants from the population-
based Heinz Nixdorf Recall study without previous
cardiovascular disease (mean (SD) age 59.1 (7.7)

years, 46.7% men), the association of self-reported
instrumental, emotional and financial support and
social integration at baseline with incident fatal and
non-fatal cardiovascular events and all-cause mortality
during 13.4-year follow-up was assessed in five different
multivariable Cox proportional hazards regression
models: minimally adjusted model (adjusting for age,
sex, social integration or social support, respectively);
biological model (minimally adjusted+systolic blood
pressure, low-density and high-density lipoprotein
cholesterol, glycated haemoglobin, body mass index,
antihypertensive medication, lipid-lowering medication
and antidiabetic medication); health behaviour model
(minimally adjusted-alcohol consumption, smoking
and physical activity); socioeconomic model (minimally
adjusted-+income, education and employment); and
depression model (minimally adjusted+depression,
antidepressants and anxiolytics).

Results 339 cardiovascular events and 530 deaths
occurred during follow-up. Lack of financial support
was associated with an increased cardiovascular event
risk (minimally adjusted HR=1.30(95% CI 1.01 to
1.67)). Lack of social integration (social isolation) was
associated with increased mortality (minimally adjusted
HR=1.47 (95% CI 1.09 to 1.97)). Effect estimates did
not decrease to a relevant extent in any regression
model.

Conclusions Perceiving a lack of financial support is
associated with a higher cardiovascular event incidence,
and being socially isolated is associated with increased
all-cause mortality. Future studies should investigate how
persons with deficient social relationships could benefit
from targeted interventions.
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INTRODUCTION

Feeling lonely or being socially isolated is associ-
ated with a higher risk for cardiovascular events'
and all-cause mortality.” There is both evidence
that the association of social relationships with inci-
dent morbidity and mortality is to a large degree
explained by traditional clinical risk factors® and
that social relationships influence incident morbidity

and mortality independent from the modification
of traditional clinical risk factors.* Social relation-
ships have already been shown to exert a relevant
influence on mortality in epidemiological studies®
even though pathomechanisms remain unclear.’
Previous studies did not distinguish between the
effects of qualitative aspects of social relationships
(eg, being able to receive support from social rela-
tionships, representing social support) versus quan-
titative aspects (eg, number of persons to contact
or frequency of contacts, representing social inte-
gration).! While qualitative aspects of perceived
social support in terms of instrumental, emotional
and financial support were previously linked to
mortality,’ a combined analysis of quantitative and
qualitative aspects of social relationships with inci-
dent cardiovascular events and all-cause mortality
has not yet been performed. To fill this gap of
knowledge, we focused on the association of both
qualitative aspects (perceived social support, classi-
fied by the types instrumental, emotional and finan-
cial) and quantitative aspects (social integration) of
social relationships, with incident cardiovascular
events and all-cause mortality in the prospective,
population-based Heinz Nixdorf Recall study.
Furthermore, we analysed to which extent these
associations are explained by cardiovascular risk
factors, socioeconomic factors, health behaviour or
emotional factors.

METHODS

Study participants

Data were drawn from the Heinz Nixdorf Recall
study, a prospective population-based study focusing
on risk factors for cardiovascular disease and death.
A random sample of men and women aged 45-75
years were enrolled via mandatory citizen regis-
tries in Essen, Bochum and Miilheim/Ruhr between
December 2000 and August 2003 and received
two follow-up examinations after 5 years and 10
years. The study design has been described in detail
elsewhere.” All participants gave written informed
consent. The study was approved by the ethical
committee of the University of Duisburg-Essen,
Germany. From the total cohort of 4814 Heinz
Nixdorf Recall study participants, 4316 were free
of vascular disease (stroke, coronary heart disease
and peripheral artery disease) at the baseline exam-
ination. Of those, 4139 participants (mean (SD) age
59.1 (7.7) years, 46.7% men) had complete infor-
mation about social support and social integration,
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representing the sample for the following analyses. Patients or
the public were not involved in the design, conduct, reporting or
dissemination plans of our research.

Social relationships

Social support

We assessed three types of social support (instrumental,
emotional and financial). Instrumental and emotional social
support were measured with a German adaptation of the New
Haven Established Populations for Epidemiologic Studies of
the Elderly (New Haven EPESE) questionnaire in a computer-
assisted personal interview.® This questionnaire first asks for
the availability of someone to help in daily tasks like buying
groceries, house cleaning, preparing meals (instrumental
support) and someone to approach in case of emotional prob-
lems (emotional support). If support was available, participants
were asked who actually provided support during the previous
12 months or whether support was not needed during that time.
If participants reported persons who actually provided support,
they were asked whether that support had been sufficient. For
financial support, self-constructed questions analogue to the
New Haven EPESE were used. Additionally, the participants
could specify if they had refused offered financial support.
Based on the combination of this information, four categories
were defined: ‘support not needed’ (someone available but not
needed), ‘support adequate’ (someone provided support, this
support was sufficient), ‘support inadequate’ (someone provided
support, this support was insufficient) and ‘no support available’
(no one available). Lack of instrumental or emotional support
was defined as one of the latter two categories; for financial
support, refusal of offered support was additionally classified as
lack of support.”

Social integration

We assessed social integration with the social integration index
developed by Berkman et al.'® The index includes three types
of ties: (1) marital status/cohabitation, (2) contacts with close
friends/family and (3) affiliation with voluntary associations.
These types of ties each scored from 0 to 2, thus the index
ranged from 0 to 6. Marital status/cohabitation was scored as 0
if the participant was single, divorced or widowed and 2 if the
subject was married or living with a partner. Contacts with close
friends and family was scored as 0 in case of 0-2 contacts, 1 in
case of 3-11 contacts and 2 in case of =12 contacts. Affiliation
with voluntary associations was defined by membership in any
of six types of political, religious, community, sports or profes-
sional organisations and scored as 0 in case of no membership,
1 in case of membership in one organisation, and two in case of
membership in =2 organisations. The social integration index
was categorised into four levels: level I included persons who
scored 0 or 1, and levels II, III and IV included persons who
scored 2-3, 4-5 and 6, respectively. We defined lack of social
integration (social isolation) by level I.

Confounding variables
The measurement of confounding variables at the baseline exam-
ination is described in the online supplementary methods.

Follow-up

Participants were followed over a median of 13.4 (IQR 10.5-
14.2) years for the endpoint of cardiovascular events (strokes,
coronary events or independently coded causes of deaths
according to diseases of the circulatory system; detailed study

endpoint definitions are given in the online supplementary
methods). The data set was closed for the purpose of this study
in August 2017; the last participant follow-up was on 28 April
28 2017.

Statistical analysis
Continuous data are presented as mean (SD) for normally
distributed or median (IQR) for non-normally distributed data;
categorical data are shown as number (%). Statistical compar-
isons between participants reporting a lack of social support/
social integration versus no lack of social support/social integra-
tion were done by independent two-sample t-test for normally
distributed data, by Mann-Whitney tests for non-normally
distributed data and by y? tests for categorical data. Multivari-
able Cox proportional hazards models were used to evaluate the
relationship between lack of social support/social integration and
risk of cardiovascular events as well as all-cause mortality. Anal-
ysis of Schoenfeld residuals and a Kolmogorov-type supremum
test confirmed validity of the proportional hazards assumption.
Incident non-fatal cardiovascular events after the baseline exam-
ination were allocated to the date of diagnosis, incident fatal
cardiovascular events to the date of death according to the death
certificate, participants not experiencing cardiovascular events
during the follow-up were censored at the date of last contact
when the person was still alive or date of death not caused by
diseases of the circulatory system. Similar to a previous analysis
by Hakulinen ez al,’ who analysed the association of social isola-
tion and feeling lonely with incident myocardial infarction and
stroke, we used the following adjustment models:

» Minimally adjusted (adjusting for age, sex and social integra-
tion or social support, respectively).

» Biological factors (minimally adjusted+systolic blood pres-
sure, low-density lipoprotein cholesterol, high-density lipo-
protein cholesterol, glycated haemoglobin, body mass index,
antihypertensive medication, lipid-lowering medication and
antidiabetic medication).

» Health behaviour (minimally adjusted+alcohol consump-
tion, current smoking and regular physical activity).

» Socioeconomic (minimally adjusted+income, education and
employment).

» Depression (minimally adjusted+depression, antidepres-
sants and anxiolytics).

Missing values were excluded listwise. All analyses were done
with IBM SPSS Statistics V.21 for Windows.

RESULTS

Baseline characteristics

The descriptive statistics of the study cohort, also stratified by
the perceived adequacy of the different types of social support
and by social integration, are presented in table 1.

Participants with lack of instrumental support were more
likely to be female, unemployed, physically inactive, taking
antidepressants, had higher depression scores, lower income, a
lower level of education and drank less alcohol.

Participants who reported lack of emotional support were
also more likely to be unemployed, taking antidepressants, had
higher depression scores, a smaller social network, lower income
and a lower level of education.

Participants with lack of financial support similar to partic-
ipants with lack of instrumental and emotional support were
more likely to be unemployed, physically inactive, had higher
depression scores, lower income and a lower level of education.
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Cardiovascular events

Social support

Lack of instrumental support

Adjustment: HR (95% Cl)
None —_— 0.92(0.66—1.30)
Minimally —_— 0.88(0.62-1.26)
Biological factors —_— 0.86(0.60-1.25)
Health behaviour —_— 0.86 (0.60-1.23)
Socioeconomic factors e 0.85(0.59-1.22)
Depression —_— 0.94 (0.64-1.36)

Lack of emotional support

Adjustment: HR (95% ClI)
None e 0.87(0.64-1.18)
Minimally ~— —a——— 0.79 (0.56—-1.07)

Biological factors ~——8———— 0.76 (0.54-1.06)

Health behaviour ~——8———- 0.75(0.54-1.03)
Socioeconomic factors ~—————~ 0.75(0.54-1.04)

Depression ———8——— 0.74 (0.52-1.05)

Lack of financial support

Adjustment: HR (95% ClI)
None —— 1.37(1.08-1.74)
Minimally —_— 1.30(1.01-1.67)
Biological factors -—_— 1.25(0.97-1.63)
Health behaviour —8— 1.31(1.02-1.69)
Socioeconomic factors R EEE— 1.29(1.01-1.67)
Depression -— 1.26 (0.96-1.64)

05 1 1:5 2
<---Lowerrisk ---  =smesmeeee- Higher risk-=====-=- >

Figure 1  Association of different types of social support with incident
cardiovascular events.

Participants with lack of social integration similar to partici-
pants with lack of instrumental support were more likely to be
female, unemployed, physically inactive, had higher depression
scores, lower income, a lower level of education and additionally
were more often smokers.

Association of social support at baseline with incident
cardiovascular events and all-cause mortality during follow-
up

During the 13.4-year follow-up, 339 cardiovascular events (122
strokes, 183 coronary events, 34 deaths related to diseases of
the circulatory system) and 530 deaths (98 cardiovascular, 432
other causes) occurred. Lack of financial support was associated
with an increased cardiovascular event risk (minimally adjusted
hazards ratio=1.30 (95% CI 1.01 to 1.67)), which was partly
explained by biological factors (1.25 (95% CI 0.97 to 1.63)) and
depression (1.26 (95% CI 0.96 to 1.64)). Even though lack of
financial support was significantly associated with both depres-
sion and low socioeconomic status, lack of financial support still
predicted incident cardiovascular events in a multivariable model
adjusted for socioeconomic factors (1.29 (95% CI 1.01 to 1.67),

figure 1). The association of instrumental and emotional support
with cardiovascular event incidence was less strong (figure 1).
None of the types of social support was consistently associated
with all-cause mortality in adjusted models (figure 2).

Association of social integration at baseline with incident
cardiovascular events and all-cause mortality during follow-
up

Lack of social integration was associated with incident cardio-
vascular events (minimally adjusted HR 1.44 (95% CI 0.97 to
2.14), figure 3), and with deaths due to all causes (minimally
adjusted HR 1.47 (1.09-1.97), figure 4).

Subgroup analyses stratified by age and sex

Sex-stratified and age-stratified analyses showed that the associ-
ation between lack of financial support and increased cardiovas-
cular event incidence was stronger for men (minimally adjusted
HR 1.54 (95% CI 1.14 to 2.07)) than for women (0.89 (95% CI
0.55 to 1.42), supplementary eTable 1) and stronger for younger
(<65 years, 1.53 (95% CI 1.08 to 2.16)) than older (=635 years,
1.12 (95% CI 0.78 to 1.60), supplementary eTable 2) partic-
ipants. The association between lack of social integration and
cardiovascular events was also stronger for men (1.92 (95% CI
1.07 to 3.46)) than for women (1.12 (95% CI 0.66 to 1.90),
supplementary eTable 1) and stronger for younger (<65 years,
1.79 (95% CI 1.01 to 3.18)) than older (=65 years, 1.10 (95%
CI 0.64 to 1.91), supplementary eTable 2) participants. Simi-
larly, the association between lack of social integration and all-
cause mortality was also stronger for men (2.45 (95% CI 1.54 to
3.87)) than for women (1.11 (95% CI 0.77 to 1.62), supplemen-
tary eTable 3) and stronger in younger (1.87 (95% CI 1.22 to
2.88)) than in older (1.17 (95% CI 0.78 to 1.74), supplementary
eTable 4) participants.

DISCUSSION

Principal findings

In the population-based Heinz Nixdorf Recall study, which uses
state-of-the-art population enrolment, assessment and endpoint
evaluation methods, we for the first time demonstrate that lack
of financial support was associated with a higher incidence of
cardiovascular events, even when adjusted for cardiovascular risk
factors, socioeconomic factors, health behaviour or emotional
factors. When adding biological factors such as blood pressure,
blood lipids and blood glucose as well as medications to control
these factors or emotional factors, such as depression and medi-
cations to control depression to the model including age, sex
and social integration, effect sizes of financial support were only
slightly reduced (both by 4%). In contrast to financial support,
the association of instrumental and emotional support with
cardiovascular event incidence was less strong, and none of the
types of social support was consistently associated with all-cause
mortality. Lack of social integration however was associated with
both incident cardiovascular events and all-cause mortality.

Comparison with other studies

So far, only one study analysed the association of social support
with a combined endpoint of incident cardiovascular disease,
which was however based on a broader definition without vali-
dation by an endpoint committee as in our study.'* This analysis
of data from the English Longitudinal Study of Ageing revealed
that, similar to our results, the quality aspect of social rela-
tionships, operationalised as feeling lonely, predicted incident
cardiovascular disease. In contrast to our study, the quantity
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All-cause mortality

Social support

Lack of instrumental support

Adjustment: HR (95% Cl)
None —_— 1.29(1.01-1.65)
Minimally —_——— 1.08 (0.84-1.39)
Biological factors —_—. 1.05(0.81-1.37)
Health behaviour —_— 1.02(0.77-1.32)
Socioeconomic factors — 1.03(0.79-1.35)
Depression R 0.99(0.75-1.31)

Lack of emotional support

Adjustment: HR (95% Cl)
None —_—— 1.34(1.08-1.66)
Minimally —_—— 1.20(0.95-1.50)
Biological factors —_— 1.24 (0.98-1.57)
Health behaviour —_———— 1.20(0.95-1.52)
Socioeconomic factors —_— 1.11(0.88-1.41)
Depression —_—— 1.21(0.95-1.54)

Lack of financial support

Adjustment: HR (95% Cl)
None _— 1.29(1.06-1.56)
Minimally —_—— 1.09(0.89-1.33)
Biological factors —_— 1.05(0.85-1.30)
Health behaviour —_—— 1.01(0.81-1.24)
Socioeconomic factors —_— 1.09(0.88-1.35)
Depression —_— 1.08 (0.87-1.34)

05 1 15 2
<---Lowerrisk --- Higher risk:

Figure 2 Association of different types of social support with all-
cause mortality.

Cardiovascular events
Social integration

Lack of social integration

Adjustment: HR (95% CI)
None B R E——— 1.23(0.84-1.81)
Minimally - 1.44(0.97-2.14)
Biological factors - 1.40 (0.94-2.10)
Health behaviour —_— 1.20(0.79-1.82)
Socioeconomic factors - 1.37(0.91-2.05)
Depression - 1.57 (1.04-2.38)
05 1 15 2 25
<---Lowerrisk === ==m--e--ees Higher rigk-----=------- >

Figure 3  Association of social integration with incident cardiovascular
events.

All-cause mortality
Social integration

Lack of social integration

Adjustment: HR (95% Cl)
None —_— 1.51(1.14-2.01)
Minimally e 1.47 (1.09-1.97)
Biological factors —_— 1.39(1.03-1.89)
Health behaviour —_— 1.23(0.91-1.66)
Socioeconomic factors —_———— 1.29(0.94-1.75)
Depression —_— 1.39(1.01-1.91)

05 1 15 2 25
<---Lowerrisk === --m---mooe- Higher rigk------------- >

Figure 4 Association of social integration with all-cause mortality.

aspect, also operationalised by the concept of social isolation,
did not predict incident cardiovascular disease. In contrast to our
study, it cannot be disentangled, which types of social support
participants were missing. Multivariable regression models were
adjusted for sociodemographic and cardiovascular risk factors
but not emotional factors as in our study. Depression, which
is associated with increased cardiovascular risk by itself,'* can
impair social contacts due to disturbed social behaviour. The role
of depression in the association of loneliness and social isolation
with incident stroke and myocardial infarction was supported
by evidence of the population-based UK biobank cohort study.’
Similar to our results, participants of the UK biobank study,
who reported loneliness and social isolation, were more likely
to suffer from depressed mood, were more often smokers and
had lower education and lower household income compared
with those not reporting social isolation and loneliness. The
authors also analysed the extent to which baseline biological,
behavioural and socioeconomic factors as well as depression
explained the association of loneliness and social isolation with
stroke and myocardial infarction. Whereas the effect of social
isolation was, similar to our results, only slightly explained by
depression (8% for acute myocardial infarction, 6% for incident
stroke), the effect of loneliness was, in contrast to our results for
social support, to a considerable degree explained by depression
(20% for myocardial infarction, 15% for stroke). These results
highlight the importance of a clear definition of the different
aspects of social relationships.®

We for the first time analysed prevalence and health conse-
quences of three important types of support that is available
via social relationships, that is, instrumental support, implying
help in activities of daily living like buying groceries, house
cleaning and preparing meals; emotional support, implying
counselling and comforting in case of problems; and financial
support, implying paying bills and household expenses. Our
observation of an increased incidence of cardiovascular events
when individuals feel that they have no financial support or
did not get enough financial support might be explained by
the stress response caused by this perception of lack of finan-
cial support.”® '* Consistent with our results regarding lack of
financial support, participants of the Jackson Heart study expe-
riencing high financial stress were more likely to be depressed,
were more often smokers and had lower education and income
compared with participants not experiencing financial stress.'*
In contrast to our results, which showed that the association of
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lack of financial support with incident cardiovascular disease
was only slightly explained by depression (4%), the Jackson
Heart study showed the association of financial stress with
coronary heart disease was considerably influenced by depres-
sion (20%), which was also assessed with the Center for Epide-
miological Studies - Depression Scale (CES-D), as in our study.
Similar to our study, effect estimates were not considerably
reduced after adjustment for socioeconomic, health behaviour
and cardiovascular risk factors.'* Thus, it can be concluded
that the association between perceived lack of financial support
and elevated cardiovascular event risk is not solely based on
increased cardiovascular risk factor burden, low socioeconomic
status, unhealthy lifestyle or emotional problems. This supports
the main effect model of social support, stating that social
support has an overall beneficial effect in contrast to the buff-
ering model stating that social support protects from potentially
adverse effects of stressful situations.'’

Contrary to financial support, instrumental and emotional
support were not associated with incident cardiovascular events
in our study. Especially for instrumental support, this may be
caused by our method of assessing social support, since we only
assessed the harmful effect of ‘no’ or ‘not enough’ support, but
not of ‘too much’ support. Overprotective social support has
been shown to increase cardiovascular reactivity in stressful
situations due to threatening self-efficacy and autonomy.'® '’
Furthermore, we did not analyse the effect of ‘no support’ and
‘not enough’ support separately due to lack of statistical power.
Also, the quality of the relationship towards the supporting
persons might be relevant, since receiving support from ambiv-
alent persons, who sometimes provide and sometimes do not
provide support, has been shown to increase stress responses.'®
Additionally, receiving high amounts of support can cause feel-
ings of commitment to return the support received due to the
reciprocal nature of social relationships.'” Unfortunately, only
reception, but not provision of social support, was assessed in
the present study.

Regarding the outcome of all-cause mortality, previous
studies similar to our observation revealed that quality aspects
of social relationships, like feeling supported, were not predic-
tive.”” All-cause mortality was rather predicted by quantitative
aspects of social relationships, like social network size, diversity
or frequency of contact.”’ *! This evidence suggests that quan-
titative aspects of social relationships may be more important
to support recovery after illness than prevent incidence of new
disease. Support for this theory comes from the UK biobank
study, which showed that social isolation, but not loneliness, was
associated with increased mortality in participants with a history
of stroke or myocardial infarction.?

The influence of age and sex on the association between
different aspects of social relationships and incident cardiovas-
cular events as well as all-cause mortality has not been system-
atically analysed before. We for the first time observed that the
association of financial support and social integration with inci-
dent cardiovascular events was stronger for men than for women
and stronger for younger than older participants. The associ-
ation between social integration and all-cause mortality was
also stronger for men than for women supporting results of the
British Whitehall IT cohort study, which showed that a low level
of social contacts was significantly associated with increased all-
cause and cardiovascular mortality in men but not in women.*
We observed a stronger association between social integration
and all-cause mortality in younger than in older participants
contradicting previous results from a smaller American health-
care cohort with a broader age range, which revealed that social

network measures were significantly associated with all-cause
mortality only in persons =75 years.”!

Clinical implications

Although scientific evidence confirms that social relationships are
a major determinant of cardiovascular morbidity and mortality
with effects being as strong as or even exceeding that of well-
established clinical risk factors such as blood pressure, choles-
terol and obesity,* ?* they are often ignored in clinical practice.
To improve awareness of social factors in healthcare, the Amer-
ican Centers for Medicare and Medicaid Services are currently
testing whether systematically identifying and addressing social
health-related risk factors can actually improve individual
and population health and reduce healthcare costs.” ** The
causal mechanisms through which social relationships affect
health remain to be explored to be able to customise targeted
interventions.**

What is already known on this subject?
» Social relationships have been associated with cardiovascular
morbidity, cardiovascular mortality and all-cause mortality.

What might this study add?

» Previous studies did not further characterise different
aspects of social relationships. In the population-based
prospective Heinz Nixdorf Recall study, we analysed how
both qualitative aspects of social relationships (perceived
adequacy of instrumental, emotional and financial support
from social relationships) and quantitative aspects of social
relationships (number of social contacts, social integration)
were associated with incident cardiovascular events and all-
cause mortality. Using state-of-the-art population enrolment,
assessment and endpoint evaluation techniques, we showed
that especially lack of financial support was associated with
increased cardiovascular event incidence, whereas lack of
social integration was associated with increased all-cause
mortality.

How might this impact on clinical practice?

» Qualitative and quantitative aspects of social relationships
should better be captured and targeted in cardiovascular
diseases.
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