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ARTICLE INFO ABSTRACT

Keywords: Aims: This study sought to analyze the association of social isolation and loneliness with the risk of type 2
Type 2 diabetes diabetes onset.
Loneliness

Methods: Two authors systematically searched PubMed, EMBASE, and Web of Science databases for studies
published until February 2025, assessing the risk of incidence of type 2 diabetes in individuals who are socially
isolated or lonely. To quantify the risk of incident diabetes, hazard ratios (HR) for loneliness and social isolation
were pooled using a random-effects inverse-variance model with empirical Bayes estimation.

Results: Nine prospective cohort studies were included, comprising 1,112,887 individuals (60.5 % female, mean
age = 57.1 years), with 50,961 new cases of type 2 diabetes over a mean follow-up of 10.7 years. Loneliness was
associated with a 32% increased risk of type 2 diabetes (HR = 1.32 [95 % confidence interval [CI]:1.11-1.57]).
Social isolation was linked to a 20% higher risk (HR = 1.20 [95 %CI:1.01-1.43]). The included studies showed
fair-to-good methodological quality (mean score: 10.11/14) based on the Quality Assessment Tool for Obser-
vational Cohort and Cross-Sectional Studies.

Conclusions: Social isolation and loneliness are significant risk factors for type 2 diabetes. Addressing social
connectedness could be a valuable strategy for diabetes prevention, emphasizing the need to incorporate psy-
chosocial factors into public health initiatives.

Social support
Social isolation

1. Introduction associated with a greater risk of hospitalization or death from heart

failure [11], a higher incidence of pneumonia and increased all-cause

Social isolation and loneliness are increasingly recognized as sig-
nificant public health concerns, with prevalence estimates reaching up
to 25 % [1] and 21.3 % [2] in some regions, respectively. Social isolation
refers to the absence of social interactions and relationships [3], and
loneliness is a subjective negative feeling of being disconnected or un-
supported, even in the presence of others [4]. Together, these conditions
can affect individuals’ mental and emotional well-being, leading to
adverse health outcomes [5], including higher mortality risk [6].

Loneliness have been linked to a higher risk of multiple diseases [7]
including dementia [8], a greater likelihood of developing hypertension
[9], stroke and coronary heart disease [10]. Similarly, social isolation is
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mortality [12]. Despite these established connections, the association
between social relationships and the incidence of other chronic condi-
tions such as type 2 diabetes, remains relatively understudied, particu-
larly in terms of its potential role as a risk factor.

In recent years, longitudinal data from various cohorts have identi-
fied a potential link between social isolation, loneliness, and type 2
diabetes. For example, loneliness is more common amongst individuals
of lower socioeconomic status [13], and these individuals are more
likely to engage in unhealthy behaviors, such as poor dietary choices and
inactivity [14], which can contribute to insulin resistance and obesity.
These factors are in turn associated with higher risk of type 2 diabetes,

Received 25 November 2024; Received in revised form 14 March 2025; Accepted 20 March 2025

Available online 22 March 2025

0168-8227/© 2025 Elsevier B.V. All rights are reserved, including those for text and data mining, Al training, and similar technologies.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en mayo 14,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


https://orcid.org/0000-0002-9691-5998
https://orcid.org/0000-0002-9691-5998
mailto:antonio.garciah@unavarra.es
www.sciencedirect.com/science/journal/01688227
https://www.journals.elsevier.com/diabetes-research-and-clinical-practice
https://doi.org/10.1016/j.diabres.2025.112124
https://doi.org/10.1016/j.diabres.2025.112124
http://crossmark.crossref.org/dialog/?doi=10.1016/j.diabres.2025.112124&domain=pdf

Y. Ezzatvar et al.

suggesting that the influence of social relationships might be an
important risk factor associated with type 2 diabetes incidence. In the
case of social isolation, findings across studies have been inconsistent,
with some reporting significant associations [15-17] and others
showing no clear link [18]. A previous meta-analysis found that in-
dividuals who live alone face a significantly higher risk of developing
type 2 diabetes compared to those who do not live alone [19]. However,
living alone does not necessarily indicate poor social relationships, as it
does not directly reflect loneliness or social isolation. This leaves an
important knowledge gap regarding the association between poor social
relationships and an increased risk of type 2 diabetes onset, which, to
our knowledge, no meta-analysis has specifically synthesized yet.

Understanding this association may guide the integration of social
health factors into standard care practices, potentially improving overall
health outcomes and reducing healthcare costs. Addressing social de-
terminants of health may not only improve mental well-being but could
also lower the risk of type 2 diabetes. Our hypothesis is that individuals
experiencing social isolation or loneliness have a higher risk of type 2
diabetes. Thus, the present study aims to analyze the association of so-
cial isolation and loneliness with the risk of type 2 diabetes onset.

2. Material and methods
2.1. Protocol and registration

This study was registered in the International Prospective Register of
Systematic Reviews (PROSPERO) (Registration number:
CRD42024605115) and conducted according to the Preferred Reporting
Items for Systematic Review and Meta-analysis (PRISMA) guidelines.
The review methods were established prior to the commencement of the
review, and no significant deviations from the protocol occurred during
the process. Two investigators (Y.E. and A.G-H.) independently per-
formed the entire process from the literature selection to data extraction.
Disagreements were resolved through consensus, with O.C. serving as
the final arbiter.

2.2. Eligibility criteria

Studies were required to meet the following PECOS criteria: (1)
participants, studies included in this meta-analysis focused on in-
dividuals who were initially free of diabetes, with no history of diabetes
diagnosis or prediabetes at baseline; (2) exposure, studies that assessed
social isolation or loneliness through self-reported measures such as
validated questionnaires, specific questions or quantitative assessment
of social isolation like the number of social contacts or frequency of
interactions, were included. We categorized the studies into three
groups: (a) studies that assessed loneliness as the sole factor, (b) studies
that focused exclusively on social isolation, and (c) studies that exam-
ined both loneliness and social isolation simultaneously. Only studies
that specifically evaluated and differentiated between loneliness and
social isolation were included in the final analysis. Studies that did not
clearly distinguish between the two were excluded from the review.
Studies that considered living alone as a proxy for social isolation or
loneliness were excluded, as this does not accurately reflect an in-
dividual’s actual social interactions or feelings of loneliness. Given that
loneliness is a complex and dynamic experience rather than a simple
binary state, we included categories of persistent or severe loneliness in
our analyses whenever studies reported these distinctions; (3) outcome,
new cases of type 2 diabetes, assessed through clinical diagnoses of
diabetes (confirmed by medical records, laboratory tests like fasting
glucose, glycated hemoglobin levels, or physician reports) or self-
reported diagnoses; and (4) study design, prospective or retrospective
cohort studies, and case-control studies, with at least one year of follow-
up.

Studies were excluded if they met any of the following criteria: (1)
participants, studies involving participants who were already diagnosed
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with diabetes at the start of the study or studies focused exclusively on
participants with pre-existing chronic conditions or diseases that could
confound the relationship between loneliness/social isolation and dia-
betes onset (e.g., cancer, severe mental health disorders), or studies that
included only populations from specific clinical settings (e.g., terminally
ill patients, acute hospital care settings) where the generalizability to the
broader population of interest was limited; (2) exposure, studies that
assessed social isolation or loneliness using proxies such as “living
alone” or other non-validated measures of social isolation; (3) outcome,
studies that assessed outcomes other than new cases of type 2 diabetes
(e.g., pre-diabetes or gestational diabetes); (4) study design, studies with
less than one year of follow-up or cross-sectional studies or studies that
did not clearly report the timing of the exposure and outcome
assessment.

Searching was restricted to articles in English and Spanish languages
in peer-reviewed journals.

2.3. Information sources and search strategy

Two investigators (Y.E. and A.G-H.) independently searched in three
electronic databases (PubMed, EMBASE, and Web of Science) from
inception to February 2025. The search strategy is described in detail in
Electronic Supplementary Material (ESM) Table S1. A professional
librarian oversaw the search strategy to confirm its thoroughness and
accuracy. The reference lists of related studies were also manually
screened for eligible studies to ensure that no eligible study was missed.

2.4. Data collection process

We extracted the following data from each study that met our se-
lection criteria, using an Excel spreadsheet designed for the present
study: (1) study characteristics (first author’s name, publication year,
study location, source of information, follow-up duration, sample size
and study design); (2) participant information (sex, age, body mass
index [BMI]); (3) methods of assessment of loneliness and of social
isolation; (4) all reported measures of type 2 diabetes incidence, prior-
itizing laboratory-confirmed diagnoses but including self-reported cases
when necessary; and (5) covariates, including demographic character-
istics (i.e., age, sex, race/ethnicity), socioeconomic information (i.e.,
household income, educational level, employment), lifestyle (i.e.,
smoking, alcohol intake, physical activity), body mass index, family
history of type 2 diabetes, prediabetes, medical conditions (i.e., hyper-
tension, dyslipidemia, heart disease, stroke), or treatments for chronic
conditions (i.e., anti-hypertension, anti-hyperlipidemia therapies). If
studies reported multiple measures or time points, we included the most
comprehensive or final follow-up data. Missing data from the included
studies were requested via email from the corresponding authors of the
original published papers, although no replies were received.

2.5. Study risk of bias assessment

To evaluate risk of bias of the included studies, the Quality Assess-
ment Tool for Observational Cohort and Cross-Sectional Studies [20]
was used independently by two authors. This tool assesses various do-
mains, including study population, sample size justification, participant
selection, measurement of exposures and outcomes, statistical analyses,
and confounding variables. Any disagreements between the two authors
were resolved through discussion or consultation with a third reviewer
(0.C).

2.6. Statistical analysis

All analyses were conducted using Stata version 17.0 (StataCorp,
College Station, TX, USA). Meta-analysis was performed using the
random-effects inverse-variance model with empirical Bayes estimation.
We used the random-effects inverse-variance model because our
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analysis showed substantial heterogeneity across studies, indicating that
effect sizes varied due to real differences rather than random error.
Hazard ratios (HRs) were pooled separately to compare social isolation
and loneliness, using individuals without social isolation or loneliness as
the reference group in relation to the incidence of type 2 diabetes. When
studies reported multiple categories of loneliness, we included persistent
or severe loneliness in the analyses. Meta-analyses were only performed
for outcomes that were included in three or more studies; and when
studies presented several statistical risk-adjustment models, only HRs
associated with the statistical models that contained the highest number
of additional covariates were considered. The heterogeneity index (1%)
was used to estimate the percentage of variation across studies
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attributable to heterogeneity rather than chance. I values of 25 %, 50
%, and 75 % were considered low, moderate, and high degrees of het-
erogeneity, respectively [21]. Publication bias and small study effects
were visually assessed by Doi funnel plot and statistically assessed by
Luis Furuya-Kanamori (LFK) test [22]. However, this analysis was only
performed when five or more studies were available, to ensure sufficient
data for reliable evaluation.

2.7. Certainty of the evidence

We evaluated the evidence using the Grading of Recommendations

Assessment, Development and Evaluation (GRADE) framework,
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Fig. 1. PRISMA flow diagram.
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considering factors such as risk of bias, publication bias, indirectness,
imprecision, and inconsistency [23]. The evidence was classified into
high, moderate, low, or very low certainty, based on the degree of
confidence in how closely the true effect lies close to that of the esti-
mated effect. Each domain could lead to a downgrade of up to three
levels in the overall rating.

3. Results
3.1. Study selection

The electronic search retrieved 605 articles. After removing dupli-
cates and assessing titles and abstracts, 23 studies were assessed for
eligibility based on full text; and among these, 14 articles were excluded,
resulting in nine studies included in the systematic review and seven in
the meta-analysis. The reference list of excluded studies and reasons for
exclusion are provided in ESM Methods 1. A PRISMA flow diagram
depicting the number of studies at each stage of the study is presented in
Fig. 1.

3.2. Study characteristics

The general characteristics of the studies are shown in Table 1. Nine
prospective cohort studies were included, with a total sample of
1,117,850 individuals (60.5 % female) and a mean age of 55.9 years.
The mean BMI of participants, reported by only two studies [18,24], was
29.3 kg/m?2. The studies took place in different countries, including
Denmark [15,25], Sweden [26], the United Kingdom [16-18], Norway
[27], the United States [24,28], and China [16], with sample sizes
ranging from 1,713 [24] to 439,337 [17]. A total of 51,104 new cases of
type 2 diabetes mellitus were diagnosed during a mean follow-up
duration of 10.7 years (which ranged from 4 [24] to 20 [27] years).

3.3. Summary measures (exposure)

Loneliness was evaluated using the UCLA 3-item loneliness scale
[15,17,18,24,25], items from the Center for Epidemiological Studies
Depression Scale (CES-D) [16], and a single-item question on feeling
lonely within the last two weeks [27]. Social isolation was assessed using
multiple indices, which generally measured the frequency of social
contact [15,17,18], engagement in social activities [16], or social
network size [28].

3.4. Risk of bias within studies

Each study fulfilled a minimum of nine out of 14 criteria on the
Quality Assessment Tool for Observational Cohort and Cross-Sectional
Studies, reflecting fair-to-good methodological quality. The average
score across studies was 10.22 out of 14. (ESM Table S2).

3.5. Synthesis of results

Results regarding the association between loneliness and the risk of
type 2 diabetes are illustrated in Fig. 2. The pooled HR across studies was
1.32 (95 % CI: 1.11, 1.57), indicating a 32% increased risk of type 2
diabetes among individuals experiencing loneliness compared to those
who do not. Sensitivity analysis was conducted using the leave-one-out
method to assess the influence of omitting individual studies on the
overall pooled effect regarding loneliness and the onset of type 2 dia-
betes. The analysis showed that no single study drastically altered the
overall effect. The HR remained statistically significant (p < 0.05) in all
cases, ranging from 1.22 to 1.39. Overall, findings remain stable and
reliable (ESM Fig. 2). Based on meta-regression analyses, no significant
effects of age (p — 0.023 [95 % CI — 0.06, 0.019]; p = 0.288) or length of
follow-up were found ( 0.017 [95 % CI — 0.21, 0.056]; p = 0.380) (ESM
Fig. 1). Major asymmetry suggestive of small-study effects (LFK = —
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4.55; ESM Fig. 3) was detected.

The association between social isolation and the risk of developing
type 2 diabetes is shown in Fig. 3. The pooled HR was 1.20 (95 % CI:
1.01, 1.43), indicating a 20% increased risk of type 2 diabetes among
socially isolated individuals compared to those who are not. Publication
bias and sensitivity analysis were not conducted due to the insufficient
number of studies required for meaningful interpretation.

3.6. Certainty of evidence

The GRADE assessment of overall certainty of evidence is presented
in ESM Table S3 in the supplementary. Certainty of evidence was
considered moderate for social isolation primarily due to some incon-
sistency in the findings, and low for loneliness due to concerns about
publication bias and detected inconsistency. More detailed information
for the basis of these judgements is shown in ESM Table S3.

4. Discussion

The present systematic review and meta-analysis sought to analyze if
poor social connections (i.e., loneliness, social isolation) are associated
with the onset of type 2 diabetes. As hypothesized, this study found that
individuals experiencing loneliness or social isolation had a 33% and
20% increased risk, respectively, of type 2 diabetes compared to those
who did not. These results suggest that both emotional and structural
isolation may play a role in diabetes development, highlighting the
significant public health importance of fostering social connectedness.

Our findings showed that loneliness, was significantly associated
with the onset of type 2 diabetes. Unlike structural isolation, loneliness
reflects a subjective experience that can persist even in the presence of
social contacts [29], suggesting that the emotional quality of social
connections may be particularly relevant to metabolic health. In this
sense, humans are naturally social beings, and the experience of lone-
liness can activate psychosocial, behavioral, and physiological responses
through different pathways. For example, it can trigger a stress response
that promotes increased alertness to potential threats, compensating for
the lack of mutual support [30]. This is often accompanied by depression
and anxiety, which can disrupt metabolic processes, as these conditions
independently elevate the risk of developing diabetes [31]. Likewise,
social isolation, which is defined as an objective state characterized by
the absence or limited frequency of social interactions, relationships,
and engagement with others, was also associated with an increased 20 %
risk of developing type 2 diabetes. As seen with loneliness, social
isolation can be also be perceived as a danger, activating both psycho-
logical and behavioral responses through biological and molecular
pathways [32]. This sense of threat may initiate hormonal, vascular, and
immune reactions, leading to changes such as increased activation of the
hypothalamic-pituitary—adrenal axis and augmented inflammation
[30,33,34], which are known to disrupt insulin sensitivity and glucose
regulation. For instance, cortisol stimulates gluconeogenesis in the liver,
leading to increased glucose production [35], which, when unchecked,
contributes to hyperglycemia. Additionally, cortisol interferes with in-
sulin signaling pathways at the cellular level, disrupting the body’s
ability to properly regulate glucose [36]. Chronic inflammation further
exacerbates these disruptions. Pro-inflammatory cytokines and chemo-
kines, which are released during periods of sustained stress and isola-
tion, impair insulin signaling across various tissues, and also interfere
with the binding of insulin to its receptors, altering intracellular
signaling pathways and promoting insulin resistance [37]. From a
behavioral perspective, individuals who are socially isolated or lonely
have been shown to be engaged in fewer health-promoting activities,
such as regular exercise or maintaining a healthy diet, and are more
likely to adopt unhealthy behaviors, such as smoking [38], unhealthy
diet [14] or physical inactivity [39]. These factors further exacerbate the
risk of incident type 2 diabetes.

While our study focuses on the relationship between loneliness,
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Table 1

Characteristics of included studies.

Diabetes Research and Clinical Practice 223 (2025) 112124

Study Study design

Data source

Follow-
up
(years)

n total

Age
(years)

New
diabetes
cases

Loneliness measurement

Social isolation

Christiansen
et al. (2021)

Prospective
cohort study

Hackett et al.
(2020)

Prospective
cohort study

Hendryx et al.
(2019)

Prospective
cohort study

Henriksen
et al. (2023)
Hilding et al.
(2015)

Prospective
cohort study
Prospective
cohort study

Rosenkilde
et al. (2024)

Prospective
cohort study

Song et al.
(2023)
CHARLS

Prospective
cohort study

Chen et al.
(2024)

Prospective
cohort study

2013 Public Health
Survey “How are you?”
combined with
National Danish
Patient Registry
English Longitudinal
Study of Ageing

Women'’s Health
Initiative (WHI)

Trgndelag Health

Study (HUNT study)
Stockholm Diabetes
Prevention Program

Danish Health and
Morbidity Survey or
the Danish National
Health Survey

China Health and
Retirement
Longitudinal Study
(CHARLS)

UK Biobank

5

12

14

20

6.3

5.8

12.7

24,687

4112

139,924

24,024

4963

465,290

13,800

439,337

54.65

65.02

63

45.6

47.5

NR

58.3

56.3

NR

264

19,240

1179

143

13,771

1249

15,258

Three-Item Loneliness Scale

Three-item revised UCLA
Loneliness Scale

Question: ‘In the last 2 weeks,
have you felt lonely?”

Question “Does it ever happen
that you are alone, even though
you would prefer to be together
with other people?”. Also: Three-
Item Loneliness Scale

Single question from the Center
for Epidemiological Studies
Depression Scale, “In the past
week, how often did you feel
lonely?

Two questions derived from the
UCLA loneliness scale: i) “Do you
often feel lonely?” (yes, 1 point)
and ii) “How often are you able to
confide in someone close to
you?” (never or rarely, 1 point)

Social isolation was measured
using a simple index based on
questions regarding social
contact.

Participants were asked about
frequency of contact with
their children, other family
and friends

Social network size
(information on intimate
spouse/partner, club ties,
religious ties, and number of
living first-degree relatives
were collected) was
categorized in 4 quartiles

Availability of social
integration by six questions:
(1) number of people you
know and have contact with,
who share your interest, (2)
number of people you meet or
talk to during an ordinary
week, (3) number of friends
who could feel comfortable to
come to your home at any
time and wouldn’t be
embarrassed if it was untidy,
(4) number of friends or
family members you can talk
openly without having a
thinking first, 5) someone
available in your environment
that you can ask small favors,
(6) someone available; apart
from your closest family; you
can turn to if you have
problems.

Social isolation was evaluated
based on the number of
household members,
frequency of social activities,
contact with others, and
marriage status

“Contact with family/friends/
groups” and “live alone.”
“Contact with family/friends/
groups” was constructed from
two questions: i) “How often
do you visit friends or family
or have them visit you?”
(friends and family visit less
than once a month, 1 point);
and ii) “Which of the
following (sports club or gym,
pub or social club, religious
group, adult education class,
other group activities) do you
engage in once a week or
more often?” (none of the
above, 1 point). “Live alone”
was assessed using the
question: “Including yourself,
how many people are living

(continued on next page)
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Table 1 (continued)
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Study Study design Data source Follow- n total Age New Loneliness measurement Social isolation
up (years) diabetes
(years) cases
together in your household?”
(living alone, 1 point)
Kuczmarski Prospective Healthy Aging in 4 1713 56.6 NR UCLA 3-item loneliness scale -
etal. (2023)  cohort study Neighborhoods of

Diversity across the
Life Span study,
2013-2017

Abbreviations: NR, not reported; UCLA, University of California in Los Angeles.

HR Weight

Study with 95% Cl (%)

Christiansen et al. (2021) = 1.98 (1.47, 2.67) 14.43

Hackett et al. (2020) L 1.41 (1.04, 1.91) 14.31

Rosenkilde et al. (2024) - 1.15(1.07, 1.24) 24.16

Song et al. (2023) —— 1.21(1.07, 1.36) 22.55

Chen et al. (2024) . 1.26 (1.19, 1.34) 24.56

Overall - 1.32 (1.11, 1.57)

Heterogeneity: 12 = 0.03, 12 =91.05%, H?>=11.17

Test of 6, = 8: Q(4) = 14.41, p = 0.01

Testof 6=0:z2=38.19, p=0.00

1 267
Random-effects empirical Bayes model
Fig. 2. Forest plot showing the association between loneliness and risk of type 2 diabetes.
HR Weight
Study with 95% CI (%)
Christiansen et al. (2021) S —— 1.56 (1.12, 2.18) 16.70
Hackett et al. (2020) 1.49(0.79, 2.81) 6.38
Song et al. (2023) —i— 1.22(1.06, 1.40) 34.18
Chen et al. (2024) - 1.04 (1.00, 1.09) 42.74
Overall -~ 1.20 (1.01, 1.43)
Heterogeneity: 12 = 0.02, I> = 72.32%, H2 = 3.61
Test of 8, = 6;: Q(3) = 10.95, p = 0.01
Testof 8 =0:z=2.09, p=0.04
1 2

Random-effects empirical Bayes model

Fig. 3. Forest plot showing the association between social isolation and risk of type 2 diabetes.

social isolation, and the onset of type 2 diabetes, it is also important to
consider the potential for a bidirectional relationship. Diabetes com-
plications, such as functional and cognitive disability, altered vision, or
affective disorders [40], may limit social engagement and strain re-
lationships, potentially increasing loneliness and social isolation. These
dynamics may, in turn, exacerbate metabolic dysfunction and worsen
health outcomes. Future research should investigate this reciprocal
relationship to gain a deeper understanding of how social factors in-
fluence diabetes progression.

Our findings highlight the importance of promoting social engage-
ment as a strategy for preventing and managing diabetes. To reduce

loneliness, efforts should focus on improving social skills, enhancing
support, and increasing social opportunities, such as home visitation or
daily contact, especially for older adults or individuals with disabilities
[41]. Addressing maladaptive social cognition can also help reshape
negative perceptions. Some initiatives are already in place to tackle this
issue, including social prescribing—a promising approach where gen-
eral practitioners connect patients with community-based services and
voluntary activities, as seen in healthcare systems like the National
Health System [42].
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4.1. Limitations

Our meta-analysis had several strengths, notably the large sample
size, with over one million participants, which improves the generaliz-
ability and power of the findings. The inclusion of diverse populations
across different regions and settings further strengthens the external
validity of the results. However, there were limitations. For instance,
there was a considerable degree of heterogeneity across studies, which
may be due to differences in populations and the methods used to assess
loneliness and social isolation. For example, while some studies
employed a single-item direct measure of loneliness [27], which could
have underestimated its prevalence due to the stigma often associated
with loneliness, others used validated scales [15,17,24,31], which assess
multiple dimensions of loneliness. Additionally, one study [25] used a
single-item measure asking about feeling “unwanted alone” as a proxy
for loneliness, which may not capture the full emotional experience of
loneliness. Similarly, social isolation was evaluated differently across
studies, with measurements focusing on factors as the frequency of so-
cial contact [15,17,18], engagement in social activities [16], or social
network [28]. Furthermore, the outcome assessment for type 2 diabetes
was not always based on objective clinical diagnoses, with some studies
relying on self-reports, which may not provide the same accuracy as
clinical assessments. These factors should be considered when inter-
preting the findings.

5. Conclusion

Our study identified loneliness and social isolation as factors signif-
icantly associated with the onset of type 2 diabetes mellitus. As social
determinants of health become increasingly recognized as critical
components of patient-centered care, addressing loneliness and social
isolation could play a vital role in diabetes prevention. Promoting social
connections may not only improve psychological well-being but also
support metabolic health, ultimately reducing the burden of type 2
diabetes.
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