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di Torino”, Turin, Italy on health, such as chronic stress, altered parasympathetic
Correspondence function, pro-inflammatory immune responses, and
Isabella Giulia Franzoi, Department of psychological distress. The aim of this systematic literature
Psychology, University of Turin, via Verdi 10, review is to investigate the effects of loneliness on health and
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Ermail: isabellagiulia.franzoi@unito.it the direct relationship between loneliness and cardiovascular

health, as well as the relationship between loneliness, the
immune system, and the cardiovascular system.

Methods: The review was conducted by searching Scopus,
Web of Science, PubMed, Psyclnfo, and PsycArticles
between January 2010 and March 2025, the date of the search.
We used a combination of the following keywords: (alone
OR lonel* OR isolation OR exclusion OR companionship)
AND (cardiovascular OR heart OR cardiac) AND (immun*
OR inflamm*) AND (psych* OR mental). The quality
assessment was conducted using the Critical Appraisal
Checklist of the Joanna Briggs Institute.

Results: The literature search led to the identification of
23 articles. Loneliness appears to have both direct and
indirect negative effects on cardiovascular health. It is
associated with inflammation, which in turn affects the
cardiovascular system. In addition, the associated negative
feelings can have a negative impact on health as they can
lead to increased inflammation and negative lifestyle habits
such as alcohol consumption and nicotine use, which in turn
increase inflammation.

Conclusions: From a clinical psychology perspective, it
is important to consider loneliness and social isolation as
indicators of fragility, which may be related to cultural
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differences, an unhealthy environment, the unavailability of
services, and a lack of opportunities to develop professional
and social roles.
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Statement of Contribution

What is already known?

* Neuroscientific and neuropsychoanalytical research confirms the central importance of the
relationship between the quality of the natural and human environment in which a person
lives and their psychological well-being and mental health.

* Loneliness can have a negative impact on lifestyle, leading to physical inactivity, obesity, and
alcohol abuse.

* Loneliness can have a variety of negative effects on health, such as chronic stress, altered
parasympathetic function, pro-inflammatory immune responses, and psychological distress.

What does this study add?

* Loneliness appear to have both direct and indirect negative effects on cardiovascular health.
Is associated with inflammation, which in turn affects the cardiovascular system.

* Furthermore, loneliness appears to be associated with certain biological factors that mediate
the relationship between social relationships and health, such as proteins.

e Mental health professionals are called upon to propose preventive measures aimed at
improving awareness and knowledge of loneliness and its effects among young people,
adults, the elderly, institutions, the community, the medical environment and the culture.

INTRODUCTION

Neuroscientific and neuropsychoanalytical researches confirm the central importance of the
relationship between the quality of the natural and human environment in which a person lives and
their psychological well-being and mental health (Berman et al., 2021; Das et al., 2020). The child's mind
develops subjectively in a constant interplay with the affective and cognitive qualities of its caregivers
and through the interpersonal relationship with them (Long et al., 2020), but the close interrelation
between intrapsychic and interpersonal dimensions of the mind does not end with childhood (Brumariu
& Kerns, 2022; Woodhouse et al., 2020). Even in adulthood, intrapsychic functioning, including
embodied affective experiences, is profoundly influenced by the environment in which it is expressed.
Even experiences such as the perception of body-related pleasure and pain, which we usually assume
arise on a purely intrapsychic level, are actually shaped by interactions with other bodies and minds
(Cazzato et al., 2021; Kételes, 2021).

Loneliness refers to a subjective experience of general dissatisfaction in interpersonal relationships
and social contexts, together with emotional distress characterized by the subjective feeling of being
alienated, ignored, or rejected by others, or, in other words, by the discrepancy between actual and
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desired relationships (Klein, 1959; Winnicott, 1958; Wright, 2023). By social isolation, on the other
hand, we mean the absence of interpersonal relationships and infrequent social interactions (d'Hom-
bres et al., 2021; Galanaki, 2013). Loneliness and social isolation are often experienced together (Bell
& Lawlor, 2023; d'Hombres et al., 2021). To feel socially connected, however, it is not the quantity of a
person's relationships that is decisive, but the quality of the relationship experience and the satisfaction
associated with it.

Loneliness and social isolation are on the rise worldwide: in 2018, 22% of adults in America, 23%
in the UK, and 9% in Japan reported that they often or always feel lonely, that they lack company, that
they are excluded or isolated from others, and that this has a negative impact on their lives (DiJulio
et al., 2018), while in Europe, 7% of people reported that they often feel lonely (Barjakova et al., 2023).
During the COVID-19 pandemic, loneliness has increased significantly (Horigian et al., 2021). A large-
scale representative study by Li and Wang (2020) found an increased prevalence of loneliness (35.86%)
during the COVID-19 pandemic. This finding is consistent with longitudinal data from 2221 adults,
which indicates that the prevalence of loneliness more than doubled in the UK during the COVID-19
lockdown (Mental Health Foundation, 2020). The age group most affected, according to this study, is
young adults. A total of 44% of 18—24year olds reported feeling lonely during the UK's first lockdown,
and almost half reported feeling anxious about it.

This is of great concern for public health, as loneliness and social isolation can have a variety of
negative effects on health, such as chronic stress, increased sympathetic nervous activity, altered para-
sympathetic function, and pro-inflammatory immune responses (Christiansen et al., 2021; Donovan
et al.,, 2020; Holt-Lunstad & Steptoe, 2022).

Loneliness is identified as a potential risk factor for cardiovascular disease, influencing health through
multiple mechanisms (Benjamin et al., 2018; Olvera Lopez et al., 2023; Xia & Li, 2018). According to
the World Health Organization (WHO, 2024), cardiovascular diseases are the leading cause of death
globally, taking an estimated 17.9 million lives each year.

Loneliness is associated with both an increase and a decrease in heart rate variability (HRV), indicat-
ing altered parasympathetic function (Roddick & Chen, 2021). Loneliness affects the immune system as
it leads to a chronic inflammatory state through the increase of many indicators such as fibrinogen, C-
reactive protein (CRP), interleukin-6 (IL-6) (Jaremka et al., 2013), risk factors for cardiovascular disease
and atherosclerotic processes. Finally, loneliness also affects other factors that are considered risk factors
for cardiovascular disease, and is associated with the presence of metabolic syndrome (Henriksen et al.,
2019), diabetes (Hackett et al., 2020), and elevated levels of glycated haemoglobin (HbAlc) (Shiovitz-
Ezra & Parag, 2019).

There is growing evidence that immune dysregulation and inflammation underlie many cardiovascu-
lar diseases, including atherosclerosis, myocardial infarction, arrhythmias, pericardial disease, valvular
heart disease, cardiomyopathies, and heart failure. Recent studies suggest that modulation of inflam-
mation can reduce cardiovascular events. The adaptive immune system's role has shown an association
with cardiovascular disease risk due to a persistent and chronic inflammatory state (Boyalla et al., 2023).
Loneliness can also affect both immune and metabolic regulation by altering concentrations of in-
flammatory cytokines and immunoglobulins, and impairing stress circuits and cardiovascular function
(Pourriyahi et al., 2021). Moreover, having few social relationships is associated with a 29% increased
risk of cardiovascular disease and a 32% increased risk of stroke (Valtorta et al., 2016). Loneliness can
also have a negative impact on lifestyle, leading to physical inactivity (Delerue Matos et al., 2021), obe-
sity (Hajek et al., 2021), and alcohol abuse (Gutkind et al., 2022), and has an effect equivalent to smoking
15 cigarettes a day (Holt-Lunstad et al., 2015). Finally, it is associated with negative feelings, such as
depression (Erzen & Cikrikci, 2018). On the other hand, feeling connected to others, support from a
partner, and stable friendships appear to have positive effects on mortality (Becofsky et al., 2015).

In view of the link between loneliness, cardiovascular diseases, and the immune system, we decided
to conduct a systematic literature review to shed light on the effects of loneliness on health and to in-
vestigate the direct relationship between loneliness and cardiovascular health as well as the relationship
between loneliness, the immune system, and the cardiovascular system.
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MATERIALS AND METHODS

This systematic review was registered in the PROSPERO database (ID CRD42022319384) and
was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines (Page et al., 2021).

Search strategies

The studies were identified by searching the following databases: Scopus, Web of Science, Pubmed,
PsycInfo and PsycArticles. We used a combination of the following keywords: (alone OR lonel* OR
isolation OR exclusion OR companionship) AND (cardiovascular OR heart OR cardiac) AND (immun*
OR inflamm*) AND (psych* OR mental). Given the different search fields and the different filters
available in the different databases, specific search criteria were used. The field (cardiovascular OR
heart OR cardiac), which should identify the target pathology of the systematic literature review, was
searched by ‘abstract/title’ in Scopus, by ‘topic’ in Web of Science, by ‘title/abstract’ in Pubmed, and
by ‘abstract’ in PsycInfo and PsycArticles. The other keywords were searched for ‘all text’” in Psyclnfo
and PsycArticles and for “all fields’ in the other databases. In Pubmed, the following filters were set:
‘adults’ in relation to age; humans’ in relation to the study population. For PsycInfo and PsycArticles,
the following filters were set: ‘adulthood’ in relation to age; ‘human’ in relation to study population;
exclusion of ‘dissertations, book reviews, non-article content’.

Data analysis was performed using an Excel data extraction sheet that included (1) general study de-
tails (authors, title, journal, year of publication), (2) characteristics of the sample, (3) instruments used,
and (4) main findings.

We decided to include all journal articles published in the selected databases between January 2010
and March 2025, the date of the search. In addition, only English language studies were included,
although this may have missed some important outcomes and reduced the data useful to support the
findings of the review. The entire process is illustrated in the PRISMA flow diagram (Figure 1).

Selection criteria

The stepwise exclusion of articles was carried out by two authors of this article [CG, MDS] who read the
title, abstract and full text. In case of disagreement, a third author [IGF] was consulted.
The inclusion criteria were:

1. Quantitative original research.
2. Research explicitly addressing the experience of loneliness and isolation.
3. Research explicitly related to the cardiac and immune system.

The exclusion criteria were:

Research papers that do not contain original findings (literature reviews, editorials, etc.).
. Dissertations or other research publications that are not articles.

Incomplete contributions (e.g., meeting abstracts).

. Lack of explicit reference to the experience of loneliness.

. Lack of explicit reference to the cardiac and immune system.

[ NS N RSO RS

. Studies that use animal models.

Any disagreement regarding the inclusion/exclusion of articles was discussed between the three
researchers until agreement was reached. A list of excluded studies was maintained, indicating the level

a ‘T ‘9202 '/828YY0T

wouy

1o Ar1qI7 8UIIUO 311N ‘P ABOJOUTE 10 1BWILEGSQ WED UCSIPR'USUODSIAN 10 AISBAIUN AQ 002 AUIQ/TTTT OT/0pAD Ao I

IPUOD U SLLB L 3L 805

Ao

5U8011 SUOLLILIOD SAIBID 31gEo11dde a1 Aq PRUBACB 9.2 SIPILE YO ‘381 10 SaINI 10} ARIGIT BUIIUO AB]IMA UO



LONELINESS, THE IMMUNE SYSTEM AND THE HEART

5 of 31

Identification

5,496 records were identified
through database searching:
Scopus: 4,835

WoS: 249

Pubmed: 261

Psyclnfo e PsycArticles: 151

|

Screening

5213 records remained after
duplicates were removed

5,213 records were screened

Eligibilty

343 abstracts were screened

63 full-text articles were
assessed for

cligibility

1 record

was identified by analyzing

bibliographies

4,870 records were excluded when reading the

title because:

® they had no explicit reference to the
experience of loneliness and/or the
heart and immune system (n = 4,867);

®  they were studies on animal models (n
=3).

280 records were excluded when reading the
abstract because:

they had no explicit reference to
the experience of loneliness
and/or the cardiac and immune
systems (n = 279);

they were studies on animal
models (n = 1)

23 studies were included
qualitative synthesis

in

40 records were excluded because:

they had no explicit reference to
the experience of loneliness
and/or the cardiac and immune
systems (n = 24);

they were studies on animal
models (n = 2);;

they did not present original data
(n=11);

they were not research articles (n
=3).

FIGURE 1 Preferred reporting items for systematic reviews illustrate the study selection process.

(title, abstract or full text) and the reasons for exclusion. The bibliography of selected articles and sys-
tematic literature reviews relevant to the topic was searched for potential studies that were not found in
the automatic database search. The studies identified in this step underwent the same screening process
as the studies found in the database search.
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Quality assessment

All papers included in the systematic review were rigorously appraised using the Critical Appraisal
Checklist for Cross-Sectional, Qualitative and Randomized Controlled Trials studies (Moola et al.,
2020). The Joanna Briggs Institute offers proven reliability and validity tests to assess the risk of bias
of studies (Moola et al., 2020; https://jbi.global/critical-appraisal-tools). Two authors of this papet [CG,
MDS] independently assessed the quality of each study. In case of discrepancies, a third author [IGF]
was consulted. Disagreements regarding one article (8.33%) were resolved by discussion and consensus
with the third author. Following this assessment, all articles received an acceptable quality rating for
inclusion in this review. The articles were assessed using the following criteria: studies at LOW risk of
bias with more than 70% ‘yes’ score; studies at MODERATE risk of bias with 50%—69% ‘yes’ score;
and studies at HIGH risk of bias with less than 49% ‘yes’ score. As recommended in the JBI reviewer
handbook, all decisions regarding the scoring system and cut-off points were approved by all reviewers
before the critical appraisal process began. The assessment of the quality of the included articles is given
in Table S1.

RESULTS

The automatic database search yielded a total of 5315 articles, which became 5213 after the manual
elimination of duplicates. One article was identified by reading bibliographies. About 5172 articles were
excluded based on the title and abstract, and 40 were excluded based on the full-text evaluation. The
remaining 23 articles were analysed qualitatively (Figure 1). Table 1 summarizes the information on the
studies.

Study characteristics

Nine articles were published from 2010 to 2014, seven articles from 2016 to 2022, and seven articles
from 2023 to 2024. The publication of articles tended to be constant, with an average of 1/2 article per
year, with the exception of 2011-2023 and 2024, when three articles were published.

We decided to include only the most recent literature in this systematic review. Therefore, as in other
systematic reviews, only the last 13 years were considered (Kriakous et al., 2021; Pollard & Lee, 2003;
Speroni et al., 2023). The 23 studies included in the systematic review were mostly conducted in the
USA (#=38, Ford et al., 2019; Heffner et al.,, 2011; Kapoulea et al., 2023; Kim et al., 2016; McMahon
et al., 2024; Mezuk et al., 2010; Nagayoshi et al., 2014; Norman et al., 2011; Pavela et al., 2018; Putra
et al., 2023; Ross et al., 2024; Yang et al., 2013), including one in collaboration with Japan (Nagayoshi
et al., 2014), three in England (Hackett et al., 2012; Shankar et al., 2011; Shen et al., 2025), includ-
ing one in collaboration with Sweden (Vingeliene et al., 2019) and one in collaboration with China
(Liang et al., 2024), and five in Europe, namely, in: Netherlands (Brouwers et al., 2014), Finland
(Kraav et al., 2021), Ireland (O'Luanaigh et al., 2012), Sweden (Djekic et al., 2020), Germany (Otten
et al., 2023). Other studies were conducted in China (Li et al., 2022). In 11 articles, participants were
recruited from other studies: The RAND Health and Retirement study (Pavela et al., 2018), The Multi-
Ethnic Study of Atherosclerosis (Mezuk et al., 2010), The Dublin Healthy Ageing Study (O'Luanaigh
et al., 2012), The English Longitudinal Study of Ageing (Shankar et al., 2011; Vingeliene et al., 2019),
Framingham Offspring Study (Kim et al., 2016), The National Longitudinal Study of Adolescent to
Adult Health (Ford et al., 2019), Third National Health and Nutrition Examination Survey (Yang
etal., 2013), The Atherosclerosis Risk in Communities Study (Nagayoshi et al., 2014), The Pilot Swedish
CArdioPulmonary biolmage Study (Djekic et al., 2020), Whitehall study IT (Hackett et al., 2012), The
MIDUS Refresher Biomaker and the MIDJA 2 Biomaker studies (Kapoulea et al., 2023). Three sam-
ples were from the general population (Heffner et al., 2011; Kraav et al., 2021; Norman et al., 2011),
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while one study recruited outpatients diagnosed with cardiac arrest (Brouwers et al., 2014). The studies
identified were predominantly longitudinal in design (#=28; Brouwers et al., 2014; Kim et al., 2016;
Kraav et al., 2021; Mezuk et al., 2010; Nagayoshi et al., 2014; Pavela et al., 2018; Putra et al., 2023;
Shen et al., 2025; Vingeliene et al., 2019; Yang et al., 2013), three were observational studies (Liang
et al., 2024; Otten et al., 2023; Ross et al., 2024), eight were cross-sectional (Djekic et al., 2020; Ford
et al., 2019; Hackett et al., 2012; Kapoulea et al., 2023; McMahon et al., 2024; O'Luanaigh et al., 2012;
Shankar et al., 2011), one of which included a placebo control group (Norman et al., 2011), and two were
case-cohort studies (Heffner et al., 2011; Li et al., 2022).

The variables involved in the studies were measured using self-report measures of the experience
of loneliness, blood tests for inflammatory markers and blood pressure, the presence of atherosclero-
sis and previous cardiovascular disease in terms of cardiac function. The sample size ranges from 40
(Norman et al., 2011) to 13,686 people (Nagayoshi et al., 2014). The age range is 24—84 years. Three
studies (Ford et al., 2019; Norman et al., 2011; Ross et al., 2024) were conducted on a sample of young
adults (aged 24—34years), while the other studies (Brouwers et al., 2014; Djekic et al., 2020; Hackett
etal., 2012; Heffner et al., 2011; Kapoulea et al., 2023; Kim et al., 2016; Kraav et al., 2021; Li et al., 2022;
Liang et al., 2024; Mezuk et al., 2010; Nagayoshi et al., 2014; O'Luanaigh et al., 2012; Otten et al., 2023;
Pavela et al., 2018; Putra et al., 2023; Shankar et al., 2011; Shen et al., 2025; Vingeliene et al., 2019; Yang
et al., 2013) were conducted on middle-aged or older people (aged 40—84years). One study was con-
ducted on a group of young and middle-aged people (aged 18—55years).

Only two of the 23 studies were conducted on an all-female (Ford et al., 2019) or all-male (Kraav
et al.,, 2021; Ross et al., 2024) sample.

Qualitative synthesis

The results of the articles were grouped into 12 categories according to their specific focus (each article
could be grouped into more than one category if relevant): (1) The direct relationship between loneliness
and the cardiac system (8 articles); (2) The role of the immune system in the relationship between
loneliness and the cardiac system (14 articles); (3) Loneliness and risk factors for the cardiac and immune
system (10 articles); (4) Loneliness and lifestyles affecting health (8 articles); (5) Loneliness and sleep (2
articles); (6) Loneliness and depression (4 articles); (7) Loneliness, oxytocin, and the cardiac system (1
article); (8) Marital status and the relationship between loneliness and health (3 articles); (9) Relationships
and health (3 articles); (10) Nationality, gender, and risk factors for the cardiac and immune system (1
article); (11) Depression and the cardiac system (2 articles); (12) The role of proteins in the relationship
between social isolation, loneliness, and the cardiac system (1 article).

The assessment using the Joanna Briggs Institute checklist (Moola et al., 2020; https://jbi.global/
critical-appraisal-tools) showed that all articles received an acceptable quality rating for inclusion in
this review. Nine (60%) studies were cross-sectional and six (40%) were cohort studies. All nine cross-
sectional studies assessed were at low risk of bias. Of the six cohort studies assessed, four articles had a
low risk of bias and two had a moderate risk of bias.

The direct relationship between loneliness and the cardiac system

Five studies investigated the relationship between loneliness, social isolation and the cardiovascular
system. Kraav et al. (2021) reported that only loneliness predicted mortality from cardiovascular
disease, except in the model adjusted for depression scores. Consistently, in the studies performed
by Li et al. (2022) and by Liang et al. (2024), a statistically significantly increased risk of developing
cardiovascular diseases (Li et al., 2022) and diseases of the circulatory system (Liang et al., 2024) was
observed in subjects who reported loneliness. Shankar et al. (2011) showed that loneliness did not
correlate with blood pressure, while social isolation was slightly associated with a small increases in
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blood pressure (systolic and diastolic). In terms of blood pressure, the study by O'Luanaigh et al. (2012),
in which the sample was divided into ‘lonely’ and ‘not lonely’ groups based on their response to the
question ‘Do you feel lonely?’, reported that both groups had systolic hypertension.

Two studies have investigated the relationship between social isolation and the heart. The case-
cohort study by Heffner et al. (2011) reported that 22% of those with lower levels of social integration
died of coronary heart disease during the follow-up period (15years). Those with lower levels of social
integration were more than twice as likely to die from coronary heart disease as those with the highest
levels of social integration. High levels of social isolation correlated with an increased risk of dying from
cardiovascular disease, as reported in the study by Yang et al. (2013).

One study examined the relationship between social support and the cardiac system. Djekic
et al. (2020) reported that women with lower social support were more likely to have a family history of
premature CVD and a higher risk of CAD; and those with lower social integration have a ‘vascular age’
higher by about 14 years, that is, 50-year-old women with low integration and 64-year-old women with
moderate social integration have the same prevalence of CACS >0.

The role of the immune system in the relationship between loneliness and the
cardiac system

Four studies have reported a link between loneliness and inflammation as measured by indicators such as
C-reactive protein, fibrinogen, interleukins and ferritin, lymphocytes, leucocytes and monocytes, all of
which are risk factors for cardiovascular disease. Worthy of note, the study by Pavela et al. (2018) found
no significant correlations between C-reactive protein levels and loneliness, whereas in a sensitivity
analysis, loneliness levels were associated with increased high-sensitivity C-reactive protein (HsCRP) in
men. Hackett et al. (2012) reported that loneliness was associated with increased levels of inflammation
(particularly higher levels of I1.-6, IL.-1Ra, and MCP-1) in women (independent of age, occupational
status, BMI, and smoking status). Liang et al. (2024) showed that inflammatory components (leucocytes,
platelets, platelet crit, lymphocytes, monocytes, neutrophils, eosinophils, basophils, C-reactive protein)
were potential explanatory factors for the association between loneliness and cardiovascular diseases. In
the study by Vingeliene et al. (2019), different results were reported depending on gender: men who had
high levels of loneliness at follow-up also had elevated levels of all three inflammatory indicators; onset
of loneliness and persistent loneliness were positively associated with increased C-reactive protein. In
women, however, there was a statistically significant negative association between prolonged loneliness
and ferritin levels. In contrast to the studies presented so far, the study by O'Luanaigh et al. (2012)
found no association between loneliness and inflammation levels (CRP).

Two studies have examined loneliness and isolation in relation to inflammation, and the data are
contradictory. The study by Kraav et al. (2021) reported that loneliness was positively correlated with
levels of HsCRP, while it found no association with social isolation. Contrasting results were found in
the study by Shankar et al. (2011), in which social isolation was positively associated with C-reactive
protein and fibrinogen, while loneliness was not associated with an increase in these indicators.

The study by Yang et al. (2013) reported on the impact of social isolation on inflammation; specif-
ically, social isolation negatively impacted overall mortality and was positively correlated with higher
levels of inflammation (as measured by CRP, fibrinogen, and the inflammatory index); socially isolated
men were 58% more likely to have elevated levels of C-reactive protein and 94% more likely to have
higher levels of fibrinogen; social isolation was positively correlated with inflammatory burden and had
an impact on mortality (inflammation-mediated effect). Socially isolated women were 38% more likely
to have high fibrinogen levels.

One study reported that social isolation was associated with increased leucocyte and fibrinogen lev-
els, but not CRP levels (Kraav et al., 2021).

Two studies have found an association between social integration and inflammation. The case cohort of
Heffner et al. (2011) showed that individuals with lower social integration were more than twice as likely to
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have high CRP levels than those with higher social integration and that high CRP levels were a significant
predictor of death from coronary heart disease (CHD). In the study by Ford et al. (2019), no association
was found between social integration and inflammation (HsCRP markers). However, an important finding
emerged for relationship quality (assessed by indicating the level of happiness in the current romantic rela-
tionship and the petceived closeness of the mother and/or father figure), which was significantly negatively
associated with inflammation. In particular, women who were happy in their romantic relationship and were
faitly/very close to the maternal figure were less likely to have elevated levels of inflammation (HsCRP).

Three studies have examined the relationship between inflammation and social support. The study by
Mezuk et al. (2010) showed that lower levels of social-emotional support were significantly associated with
increased fibrinogen levels. On average, women had higher inflammation levels, which increased with age.
In men, there was a negative association between the level of emotional support and C-reactive protein
levels, while in women aged 45—64 years, a high level of emotional social support positively influenced and
reduced the association between high stress and CRP. The cross-sectional study by Djekic et al. (2020)
showed that only women with low levels of social support had higher white blood cell counts and higher
mean HsCRP levels. The longitudinal study by Nagayoshi et al. (2014) reported that the concentration of
HsCRP correlated with the perceived value of social support, but not with the value of the social network.
However, individuals with a small social network were more likely to have high levels of HsCRP.

The study by Kim et al. (2016) reported that social connectedness was associated with fibrinogen
levels, with higher social connectedness being associated with lower fibrinogen levels (higher levels in
women) and the latter increasing with age.

Loneliness and risk factors for the cardiac and immune system

A study by Dijekic et al. (2020) reported that women with low social support had higher average
triglyceride levels and lower average HDL cholesterol levels.

Two studies examined the impact of support, social integration, and loneliness on glycated haemoglobin
and diabetes. Women with low levels of social support had higher mean glycated haemoglobin (HbAlc); in
both sexes, low levels of social integration were associated with the presence of diabetes mellitus (Djekic
et al., 2020). Similar results were obtained in the study by O'Luanaigh et al. (2012), who found a significant
positive association between the degree of loneliness and glycated haemoglobin (HbAlc). Normally, gly-
cated haemoglobin is used as an indicator of the presence of diabetes and is therefore correlated with diabe-
tes, but in this study, the association also existed in the non-diabetic group and was therefore independent
of diabetes. Finally, the group categorized as ‘lonely” had a significantly higher average prevalence of type 2
diabetes than the group categorized as ‘not lonely’ (15% vs. 8.2%). Kapoulea et al. (2023) reported an asso-
ciation between loneliness and metabolic dysregulation (MetD) (measured by blood pressure, HDL levels,
body mass index, and waist circumference), which in turn can be considered a risk factor for the cardiac
system. In contrast, Ross et al. (2024) found that loneliness was negatively correlated with LDL and total
cholesterol levels, but this association was only observed in sexual minority men who had used metham-
phetamine. The study by Nagayoshi et al. (2014) found that people with a small social network (compared
with people with more social contacts) were more likely to develop diabetes (19.1% vs. 14.5%). However, this
association was not found in the studies by Pavela et al. (2018), Mezuk et al. (2010), and Heffner et al. (2011).

Finally, one study (Hackett et al., 2012) reported on the association between loneliness and cortisol:
in women, cortisol levels after stress were inversely associated with the degree of loneliness, and the
cortisol response had no effect on the positive association between loneliness and inflammation.

Loneliness and lifestyles that affect health

Four studies have reported on the effects of loneliness, isolation and social support on body mass index.
O'Luanaigh et al. (2012) conducted a cross-sectional study in which the sample was divided into two
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groups based on the response to the following question ‘Do you feel lonely?” from the CES-D (Centre
for Epidemiologic Studies Depression Scale) (Radloff, 1977). The results show that the lonely group
had a significantly higher mean body mass index than the non-lonely group. Other behaviours such as
alcohol consumption, smoking and physical activity were also examined, but no significant differences
were found between the two groups.

Djekic et al. (2020) found that only women with low levels of social support were more likely to have
a higher mean body mass index and a larger waist circumference. In the study by Vingeliene et al. (2019),
men who felt lonely were more likely to be underweight or obese. A similar result was seen in the study
by Kraav et al. (2021), which found that social isolation was positively associated with body mass index.
This study also analysed the effect of loneliness, which was positively associated with alcohol consump-
tion. In contrast, the study performed by Putra et al. (2023) did not suggest any significant mediation
by loneliness in the association between obesity and physiological dysregulation, measured through
biomarkers such as cholesterol, blood sugar, and blood pressure. Two studies reported that people with
a small social network were more likely to be smokers (35.9% vs. 20.3%) (Nagayoshi et al., 2014) and
people with low social support were more likely to become smokers (Mezuk et al., 2010).

Finally, three studies reported that loneliness and isolation were associated with smoking and lower
physical activity. Shankar et al. (2011) examined the impact of feelings of loneliness and social isolation
and reported that an increases in both feelings of loneliness and social isolation was associated with
an increased likelihood of being a smoker and/or being physically inactive (results were stronger for
social isolation); when comparing the two measures, the authors found that a one standard deviation
increase in loneliness and social isolation scores was associated with a 10% and 32% increased likeli-
hood of being a smoker, 13% and 23% increased likelihood of being physically inactive, and 16% and
56% increased likelihood of engaging in both behaviours. Similar results were found in the study by
Djekic et al. (2020); in particular, low levels of social integration in men were associated with smoking
(in both sexes) and physical inactivity, low levels of emotional attachment with smoking in men and with
smoking and physical inactivity in women. The same result was seen in the study by Kraav et al. (2021),
which emphasized that loneliness and social isolation were negatively associated with physical activity.

Loneliness and sleep

Two studies investigated the effects of loneliness on sleep quality and quantity. Specifically, Kraav
et al. (2021) reported that both feelings of loneliness and social isolation were negatively correlated
with sleep quantity, while Kapoulea et al. (2023) found an interaction between loneliness and sleep
disturbance as measured by the Pittsburgh Sleep Quality Index (PSQI).

Loneliness and depression

Two studies have investigated the link between loneliness and depression. The study by Brouwers
et al. (2014), conducted in a group of outpatients with heart failure, examined the association between
loneliness and depressive symptoms at baseline and at follow-up (after 12months) and found that
loneliness was significantly associated with depression at baseline and was a significant predictor of
depressive symptoms at follow-up.

In the study by O'Luanaigh et al. (2012), they reported a prevalence of loneliness of 15.7%, which
dropped to 11.8% after excluding those diagnosed with depression.

Two studies have investigated the relationship between loneliness, isolation, and depression. Kraav
et al. (2021) showed a positive correlation between loneliness, social isolation and levels of depres-
sion (a correlation that was stronger for loneliness), and depression influenced the association between
loneliness and cardiovascular disease mortality. The study by Shankar et al. (2011), using data from
the English Longitudinal Study of Ageing (ELSA: cross-sectional survey of the health of the English
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population), found that both loneliness and social isolation were positively correlated with depression;

however, the positive association between social isolation and loneliness was reduced in the model ad-
p

justed for age, gender and depression.

Loneliness, oxytocin and the cardiac system

One study investigated the effect of oxytocin on cardiac autonomic control and its association with
loneliness. Norman et al. (2011). Oxytocin led to a significant increase in high heart rate variability
(HRV) and reduced the pre-ejection period. However, regression analysis revealed that subjects with
high levels of loneliness were less sensitive to the effects of oxytocin on HRV and total cardiac autonomic
regulation index.

Marital status and the relationship between loneliness and health

Three studies have examined the role of marital status. In particular, the results of Mezuk et al. (2010)
showed that married people have higher social-emotional support and that the levels of perceived social-
emotional support and inflammation (CRP, fibrinogen and IL.-6) varied significantly with marital
status. However, in multivariate regression analyses, the relationship between stress and inflammation
was not significantly modified by marital status. Shankar et al. (2011) reported that the association
between social isolation and blood pressure, C-reactive protein and fibrinogen was no longer significant
when the marital status variable was excluded from the analysis, suggesting that this effect was due to
the marital status variable. However, these results were not found in the study by Kraav et al. (2021).

Relationships and health

One study (Heffner et al., 2011) examined the association between the individual components of
the social integration index (unmarried, contact with family/friends, religious affiliation, voluntary
participation in community groups) and mortality due to CRP and CHD and reported that religious
affiliation and voluntary participation in groups were negatively associated with CHD mortality in the
unadjusted (regression) model (for age and other control variables).

One study examined the association between relationship quality and inflammation; in particular,
the results of the analysis by Ford et al. (2019) reported that women who described themselves as very
happy with their romantic relationship were less likely to have elevated levels of HsCRP (compared with
those who desctibed themselves as faitly happy or unhappy); women who teported being fairly/very
close to their mother or not having a mother figure were less likely to have elevated levels of HsCRP
(risk for CVD) than those who reported not being close to their mother figure. No significant data were
found between father figure and HsCRP levels.

Another study investigated the interaction between social group membership and cardiovascular
adaptation. McMahon et al. (2024) showed that having a social network could improve physical health
and stress tolerance, as they found a positive association between social group membership and systolic
blood pressure reactivity and diastolic blood pressure reactivity (but not heart rate reactivity) measured
in response to a stress task.

Nationality, gender and risk factors for the cardiac and immune system

One study examined the interactions of nationality and gender on metabolic dysregulation (MetD) and
inflammation. In particular, Kapoulea et al. (2023) showed that Japanese adults had significantly lower
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MetD and inflammation than US adults. As far as gender is concerned, women reported significantly
lower blood pressure and MetD, but higher inflammation than men.

Depression and cardiac system

Two studies investigated the role of depressive symptoms in predicting the incidence of cardiovascular
diseases. The analyses performed by Li et al. (2022) and by Otten et al. (2023) suggested that the
presence of depressive symptoms can be associated with a statistically significantly increased risk of
incident cardiovascular diseases.

The role of proteins in the relationship between social isolation, loneliness and
cardiac system

One study focused on the causal relationship between proteins and loneliness and delved into the
potential mediating role of proteins, which have been implicated as causally linked to loneliness, in the
relationship between loneliness and health outcomes. Shen et al. (2025) reported that the five proteins
(GFRA1, ADM, FABP4, TNFRSF10A, ASGR1), which were causally linked to loneliness, significantly
mediated the association between loneliness and cardiovascular diseases, stroke, and mortality.

DISCUSSION

This is the first systematic literature review that analyses the relationship between loneliness, the cardiac
system, and the immune system and shows how loneliness primarily affects the cardiac system either
directly or indirectly. The scientific statement from the American Heart Association highlights the need
for more data on strategies to improve cardiovascular health for people who are socially isolated or
lonely, as well as more robust evidence showing how these experiences affect brain health.

Regarding the direct pathway, loneliness and isolation appear to be associated with cardiovascu-
lar disease mortality (Alcaraz et al., 2019; Stringhini et al., 2018) and elevated systolic blood pressure
(Hawkley et al., 20006), while living alone is associated with a higher risk of CVD (Chen et al., 2024).

The indirect pathway works in several ways (Yang et al., 2022).

Loneliness appears to be associated with inflammation, which in turn affects the cardiac system and
in particular increases the levels of many inflammatory indicators (fibrinogen, CRP, IL.-6) (Jaremka
et al., 2013). It is also associated with risk factors for the heart and immune system, such as elevated
glycated haemoglobin levels (Stokes & Carr, 2020), an increased likelihood of diabetes, and elevated
cholesterol levels (Richard et al., 2017), and an increase in cortisol (Doane & Adam, 2010). Furthermore,
loneliness appears to be associated with certain biological factors that mediate the relationship between
social relationships and health, such as proteins (Hodgson et al., 2020). Loneliness appears to lead to
negative lifestyle choices, such as dysregulated eating, alcohol consumption, nicotine use, and lack of
physical activity— all factors that increase inflammation and are less conducive to health.

In literature, several studies show mixed achievements regarding the relationship between loneliness
and obesity and the cardiac system: some results showed that social isolation was significantly associated
with CVD-related mortality in people with obesity.

It is already known that social support is strongly linked to a reduced risk of CVD (Singh et al., 2023;
Teshale et al., 2023; Freak-Poli et al., 2021;). Social interaction and social support can reduce stress,
promote healthy behaviours, provide emotional support, and reduce CVD risk through positive social
engagement; social isolation can weaken these protective factors, leading to an increased risk of CVD
(Zheng et al., 2023; Zhou et al., 2024); other studies, however, show no relationship between loneliness,
obesity, and the cardiac system, attributing the existing connection between obesity and heart problems
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solely to biological factors (Teshale et al., 2023; Vasan et al., 2024). This discrepancy would require fur-
ther studies that emphasize the influence that variables, such as culture, gender, biological markers (i.c.,
blood sugar and blood pressure), and psychological factors exert on food intake.

In addition, loneliness and social isolation appear to affect the quality and quantity of sleep, which in
turn have a negative impact on health (Azizi-Zeinalhajlou et al., 2022; Benson et al., 2021). Finally, it is
associated with internal states such as abandonment, sadness, depression, social rejection, exclusion, and
stressors, which can also promote inflammation (Brandt et al., 2022; Wolters et al., 2023) and increase
the risk of developing cardiovascular diseases (KKhandaker et al., 2020).

These findings confirm that loneliness is associated with negative health outcomes, health be-
haviours, and healthcare utilization (Hawkley, 2022; Holt-Lunstad, 2021).

On the contrary, the presence of meaningful relationships and a support network is a protective
factor (Hutten et al., 2021). Studies that have examined the relationship between marital status and
blood pressure report that interactions with family members and the spouse are associated with lower
ambulatory blood pressure (Holt-Lunstad et al., 2008); conversely, negative marital relationship quality
tends to increase blood pressure (Holt-Lunstad et al., 2008). In addition, satisfaction with a romantic
relationship has a positive effect on health, inflammation, and HRV (Donoho et al., 2013, 2015). Finally,
oxytocin appears to have a positive effect on cardiovascular reactivity, while loneliness reduces this
benefit (Norman et al., 2011).

This underlines how important and crucial the quality of a relationship is. Indeed, the presence of
relationships enables the development of social networks that facilitate access to many resources (e.g.,
economic) and opportunities (e.g., jobs) (Cohen, 2004), while socially isolated individuals have a smaller
network from which to draw help (Steptoe et al., 2013).

In line with literature, our study highlights the role of variables such as gender and nationality on
MetD mechanisms and their impact on health. In addition, the perception of loneliness is culturally
driven and influenced by gender, which is an important factor in shaping social relationships (Heu
et al., 2019; Maes et al., 2019).

Some major scientific institutions such as the American Heart Association are already asking doctors
to ask their patients how often they socialize and whether they are satisfied with the amount of interac-
tion they have with friends and relatives or with people who share the same interests. We are living in
an age where loneliness is more prevalent, particularly among older people, and doctors should take this
into account when assessing risks (European Society of Cardiology Council on Cardiovascular Nursing
and Allied Professions, 2018).

Research examining this phenomenon finds that when people are isolated and lonely, they are more
likely to suffer also from life-threatening cardiovascular events. Essentially, the impoverishment of
social relationships seems to pave the way for comparable or even greater effects than traditional risk
factors. This is a problem that should by no means be underestimated. The epicentre concerns the el-
derly: according to the latest data from the Istituto Superiore di Sanita, one in seven over-65s is at risk
of social isolation.

Among the most likely biological mechanisms underlying the increased risk are the hypothalamic—
pituitary—adrenal (HPA) axis and the activation of the sympathetic nervous system in response to stress.
In the long term, stress can damage the immune system and the cardiovascular system. Another branch
of research is concerned with proteomics, that is, the proteins that circulate in the blood (EuroHeartcare,
2018).

In terms of clinical implications, loneliness is a huge scourge of our time, and an issue that is
receiving more and more attention on the international agenda and is also a particular challenge for
public health. Loneliness is a kind of silent killer, and in this regard, initiatives to raise awareness
among the population, clinicians, and institutions would be needed to improve knowledge about
it. To address this complexity, health services are increasingly moving towards implementing mul-
tidisciplinary treatment protocols that adequately address the interrelationships between physical,
psychological, and social components. Mental health professionals are therefore called upon to pro-
pose preventive measures aimed at improving awareness and knowledge of loneliness and its effects
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among young people, adults, the elderly, institutions, the community, the medical environment, and
the culture. In addition, the data reported in this review show a significant link between mind and
body.

Limitations

Our review has some important limitations. First, only a small number of eligible articles were found,
providing a limited amount of evidence. Furthermore, this search strategy did not allow us to analyse
the individual effect of each of these components or to compare the different facets of loneliness. Most
of the studies considered have samples older than 40/50years, so the results of the review cannot be
generalized to all age groups.

In addition, some important findings may have been overlooked in this review as only English lan-
guage publications were included. Finally, few studies dealing with the circulatory and immune systems
include an analysis of clinical-psychological variables such as loneliness. Therefore, this systematic re-
view may in any case provide an incomplete picture of the relationship between loneliness, the immune
system, and cardiovascular health.

Conclusions

Our systematic literature review confirms that loneliness is an important risk factor for cardiovascular
health via direct and indirect pathways (e.g., the immune system).

From a clinical psychology perspective, it is therefore important to consider loneliness and social iso-
lation as indicators of fragility, which may be related to cultural differences, an unhealthy environment,
the unavailability of services, lack of opportunities to develop professional and social roles, disabilities,
or a state of non-independence: these are multifactorial risk factors with a significant impact on physical
and mental health, quality of life, and social costs.

It is therefore necessary to tackle loneliness and social isolation at the public health level.

Policymakers and health professionals should emphasize the need to develop interdisciplinary pre-
vention and promotion strategies that include psychological and psychotherapeutic interventions. In
addition, future research should be encouraged to investigate the relationship between loneliness and
health and to develop and evaluate integrated interventions that could help to reduce the negative ef-
fects of loneliness. Moreover, fututre lines of research could focus on the assessment of loneliness and
the subsequent identification of risk factors, the design and implementation of specific interventions
for different groups of people (the elderly, young people, etc.) and the evaluation of the effectiveness of
interventions.
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