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AbsTrACT
background Individuals with type 2 diabetes mellitus 
(T2DM) are more vulnerable to social disconnection 
compared with the general population; however, there are 
few relevant studies investigating this issue.
Aims To investigate whether social isolation or loneliness 
may be associated with subsequent risk of developing 
major adverse cardiovascular events, whether these 
associations vary according to fatal and non- fatal 
outcomes and how behavioural, psychological and 
physiological factors mediate these associations.
Methods This longitudinal analysis included data from 
19 360 individuals with T2DM at baseline (2006–2010) 
from the UK Biobank. Social isolation and loneliness 
were measured using self- report questionnaires. The 
study outcomes included the first events of myocardial 
infarction (MI) or stroke (n=2273) and all- cause (n=2820) 
or cardiovascular disease- related mortality through linked 
hospital data or death registries.
results Over a median follow- up of 12.4 years 
(interquartile range (IQR): 11.6–13.3 years), participants 
who were more socially isolated (most social isolation vs 
least social isolation) experienced increased risks for all- 
cause (hazard ratio (HR) : 1.33, 95% confidence interval 
(CI): 1.19 to 1.47) and cardiovascular disease (HR: 1.36, 
95% CI: 1.17 to 1.59) mortality but not first MI or stroke. 
Loneliness (yes vs no) was associated with a greater risk 
for a composite of incident MI or stroke (HR: 1.37, 95% 
CI: 1.19 to 1.57) but not mortality. Social isolation was 
associated with fatal MI and stroke, whereas loneliness 
was associated with non- fatal MI and stroke. The 
significant associations of social isolation and loneliness 
with outcomes were mainly mediated by behavioural 
factors (mediating proportion: 17.8%–28.2% and 17.6%–
17.8%, respectively).
Conclusions Among individuals with T2DM, social 
isolation and loneliness are associated with a greater risk 
of developing major adverse cardiovascular events, with 
differences in both risks stratified according to fatal and 
non- fatal events and underlying mediating factors.

InTroduCTIon
Social determinants have been increas-
ingly recognised as risk factors for multiple 

diseases and related mortality and have great 
potential for preventing these events.1 2 Social 
disconnection is a promising social determi-
nant affecting cardiometabolic health3 4 and 
mental health5 that was highlighted during 
the coronavirus disease 2019 (COVID- 19) 
pandemic.6 Social disconnection can be clas-
sified into two weakly correlated but distinct 
components: objective (social isolation) and 
subjective (loneliness) social disconnections.4 
Social isolation refers to a lack of objective 
contacts or relationships with family, friends, 
or others, or simply living alone. Loneliness 
occurs when individuals perceive themselves 
as socially isolated, even when there is suffi-
cient contact with others. Social isolation 
appears to be more consistently associated 
with fatal cardiovascular outcomes,7 8 while 

WHAT Is ALrEAdY KnoWn on THIs ToPIC
 ⇒ Social isolation and loneliness are two important so-
cial determinants that affect cardiometabolic health. 
However, it remains unknown whether social isola-
tion and loneliness are associated with cardiovascu-
lar diseases among individuals with type 2 diabetes 
mellitus, who are vulnerable to social disconnection.

WHAT THIs sTudY Adds
 ⇒ Social isolation was associated with a higher risk 
for fatal cardiovascular outcomes and mortality, 
whereas loneliness was associated with non- fatal 
cardiovascular outcomes. These associations were 
mainly mediated by behavioural factors.

HoW THIs sTudY MIGHT AFFECT rEsEArCH, 
PrACTICE or PoLICY

 ⇒ Our findings underscore the potential of enhancing 
social networks to prevent diabetes- related cardio-
vascular disease and mortality risks. This is par-
ticularly relevant considering the increasing social 
isolation and loneliness rates following the corona-
virus disease 2019 (COVID- 19) pandemic.
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loneliness is associated with the risk of developing cardio-
vascular disease (CVD) in the general population.9 10 
A recent scientific statement from the American Heart 
Association further urges the field to understand the 
independent effects of social isolation and loneliness on 
cardiometabolic health in vulnerable populations (eg, 
individuals with diabetes or CVD).4

Less attention has been devoted to individuals with type 
2 diabetes mellitus (T2DM), who are more vulnerable to 
social disconnection compared with the general popula-
tion.11 First, social disconnection is notably more common 
among individuals with T2DM (22%–38%)11 than in the 
general population (7%–10%).12 Second, recent research 
has suggested that a lack of social networks or loneliness is 
associated with an increased risk for T2DM.13 Third, social 
disconnection often occurs concomitantly with other 
traditional risk factors for T2DM or CVD, for example, 
unhealthy lifestyles, depression or anxiety, and inflamma-
tion.4 14 More importantly, in individuals with diabetes, 
social disconnection decreases their ability to control the 
disease, possibly due to increasing psychological stress, 
restricted access to healthcare services and poor medica-
tion adherence.3 As a result, previous studies have found 
that social isolation or loneliness was associated with 
worse glycaemic control15 and a higher risk of developing 
macrovascular (ie, coronary heart disease9 16 17) or micro-
vascular (ie, chronic kidney disease18) complications 
and mortality19 among individuals with diabetes. Inter-
ventions, such as socialisation, have potential benefits in 
reducing glycated haemoglobin levels.20 These previous 
studies have implied that social disconnection may play a 
critical role in the poor prognosis among individuals with 
T2DM. However, it remains largely unknown whether 
social isolation and loneliness are associated with major 
adverse cardiovascular events (MACE) and mortality in 
this vulnerable population. Furthermore, if such associ-
ations exist, identifying potential mediating factors may 
help develop novel management strategies to reduce 
these risks.

Therefore, in this large cohort of individuals with 
T2DM, using individual- level data from the UK Biobank, 
the present study aimed to investigate the following: 
whether social isolation or loneliness was associated with 
subsequent risk for developing MACE, including myocar-
dial infarction (MI), stroke and all- cause and CVD- related 
mortality; whether these associations varied according 
to fatal and non- fatal outcomes; and how behavioural, 
psychological and physiological factors mediated these 
associations.

METHods
study population
The UK Biobank is a large population- based longitudinal 
study that includes over 500 000 adults aged 40–69 years 
recruited from one of 22 assessment centres across the 
UK between 2006 and 2010. Each participant completed 
verbal interviews and touchscreen questionnaires, 

underwent multiple physical measurements and provided 
biological samples. A flowchart and a detailed descrip-
tion of the current study’s inclusion and exclusion are 
presented in figure 1 and online supplemental eText 1.

Exposures and outcomes
Social isolation was assessed using a validated question-
naire. The social isolation index score was derived from 
three questions: (1) ‘How often do you visit friends or 
family or have them visit you?’ (1 point was given for 
answering about once a month, once every few months, 
never or almost never, or no friends or family outside the 
household); (2) ‘Which of the following (sports club or 
gym, pub or social club, religious group, adult education 
class, other group activity) do you engage in once a week 
or more often?’ (1 point was given for answering none of 
the above); and (3) ‘Including yourself, how many people 
are living together in your household?’ (1 point was given 
for living alone). Using the scoring method implemented 
in previous studies,7 8 we constructed a social isolation 
index score (range: 0–3), with a higher score indicating 
a higher level of social isolation. We then divided social 
isolation into three levels: least social isolation (score=0), 
moderate social isolation (score=1) and most social isola-
tion (score=2 or 3). The two items of social isolation were 
‘contact with family/friends/groups’ (questions 1 and 2) 
and ‘living alone’ (question 3).

Loneliness was measured by the short- term University 
of California Los Angeles (UCLA) Loneliness Scale.21 The 
two questions used were: (1) ‘Do you often feel lonely?’ 
(1 point was given for answering yes) and (2) ‘How often 
are you able to confide in someone close to you?’ (1 point 
was given for answering never or almost never). The lone-
liness index score (range: 0–2) was calculated using the 
previously described scoring method.8 We defined the 
presence of loneliness as an index score of 2.8 The item 
‘lonely’ was assessed by the first question, while the item 
‘able to confide’ was assessed by the second question.8 
More details about the assessment of social isolation and 
loneliness are shown in online supplemental eText 2.

The study outcomes were MACE, including all- cause 
mortality, CVD mortality and first MI or stroke (a 
composite endpoint) with a censor date of November 
12, 2021. Data on the date and cause of death were 
collected from death certificates from the National 
Health Service Information Centre (England and Wales) 
and the National Health Service Central Register Scot-
land (Scotland). We ascertained CVD mortality based on 
the International Classification of Diseases 10th Revision 
(ICD- 10) code (I00–I99). We determined the occurrence 
of the composite of the first MI or stroke using death 
registry records or hospital admission data. The diag-
nosis of the first cardiovascular event was determined 
by having a primary or secondary diagnosis (hospital 
admission records) or underlying/contributory cause of 
death (death register) with the following ICD- 10 codes: 
MI (I21–I23, I24.1 or I25.2) and stroke (I60–I64, I69). 
We then subdivided first MI and stroke into fatal and 
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Figure 1 Flowchart of participant selection.

non- fatal subtypes. Notably, fatal MI or stroke refers to 
death due to MI or stroke without hospital admission or 
occurring on the first day of hospital admission.7 The 
person- years were calculated from the date of entry to 
the UK Biobank to the date of death, first event or cessa-
tion, whichever occurred first.

Covariates
Information on covariates was collected at baseline (see 
online supplemental eText 3 and eTable 1): (1) demo-
graphic factors, including age, gender, ethnicity and 
assessment centres; (2) socioeconomic factors, including 
current employment status, education and Townsend 
Deprivation Index; (3) behavioural factors, including 
smoking, alcohol consumption, physical activity, TV 
watching time, healthy diet score and sleep duration; (4) 
psychological factors, including seeking help from physi-
cians due to anxiety or depressive symptoms; (5) physi-
ological factors, including obesity, grip strength, systolic 
blood pressure, diastolic blood pressure, hyperlipidaemia 
and estimated glomerular filtration rate; (6) diabetes- 
related factors, including family history of diabetes, 
haemoglobin A1c (HbA1c) level, diabetes duration and 
diabetes medication use; and (7) comorbidities, including 
chronic kidney disease, diabetes- related microvascular 
disease, neurodegenerative disease, respiratory disease, 
digestive disease, rheumatic arthritis and osteoarthritis.

statistical analysis
The baseline characteristics are displayed as n (%) if cate-
gorical or mean (standard deviation (SD)) or median 
(interquartile range (IQR)) if continuous. To maximise 
the statistical power, multiple imputations were performed 
to impute missing data using the ‘mice’ R package (see 
online supplemental eText 4). Detailed information is 
provided in online supplemental eTable 2. Cox propor-
tional hazards models were constructed to calculate 
hazard ratios (HRs) and 95% confidence intervals (CIs) 
for the associations between social isolation, loneliness 
and their subitems with the risk of each study outcome. 
Three levels of adjustment were performed within the 
multivariate Cox models: model 1 (age and gender), 
model 2 (model 1 additionally adjusted for ethnicity, 
assessment centres, socioeconomic factors, behavioural 
and psychological factors and most of the physiological 
factors, such as obesity status, grip strength, systolic blood 
pressure, diastolic blood pressure and hyperlipidaemia) 
and model 3 (model 2 additionally adjusted for estimated 
glomerular filtration rate, diabetes- related factors and 
comorbidities). Mutual adjustment for social isolation 
or loneliness was applied to models 2 and 3. Joint anal-
yses were conducted to estimate the combined effects of 
social isolation and loneliness on the risk of developing 
vascular events or death among the T2DM population. 
Causal mediation analyses were conducted to examine 
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whether the associations between exposure and outcome 
were mediated by the potential mediators.

Several sensitivity and subgroup analyses were 
performed to demonstrate the robustness of our find-
ings: (1) using the dataset where invalid data of exposures 
were imputed (see online supplemental eText 4); (2) 
excluding participants with missing covariate data; (3) 
excluding death or first events occurring within 2 years 
after baseline and after December 31, 2019 (this date was 
considered the start of the COVID- 19 pandemic in the 
UK); (4) separating study events within the first and last 
six years to explore whether social isolation and loneli-
ness exerted longer term impacts on outcomes; (5) using 
Fine- Grey subdistribution hazards for the composites of 
the first MI or stroke to account for possible bias arising 
from competing risks across groups; (6) subgroup anal-
yses; and (7) including the cross- product terms of social 
isolation and loneliness in the models to rule out the 
impacts of their interaction on independent associations.

All statistical analyses were performed using the R 
software V.4.2.2 (R Development Core Team, Vienna, 
Austria). A two- sided p value <0.05 was considered statis-
tically significant.

rEsuLTs
The characteristics of the study sample were compa-
rable to those of the overall sample in the UK Biobank 
(see online supplemental eTable 3). The study sample 
comprised 19 360 individuals with T2DM (mean age 
(SD): 59.4 (7.0) years; 61.1% were male). During an 
average follow- up of 12.4 years (IQR: 11.6–13.3 years) 
representing 234 002 person- years, 2820 (14.6%) all- cause 
deaths occurred; 1377 (7.1%) were CVD- cause. A total of 
2273 (11.7%) patients had first events of MI or stroke 
(MI=1503; stroke=922), with 152 patients experiencing 
both MI and stroke. Among them, 170 (0.9%) patients 
with T2DM experienced fatal MI or stroke (MI=134; 
stroke=37), while 2108 (10.9%) experienced non- fatal MI 
or stroke (MI=1369; stroke=885). As displayed in table 1, 
compared with the participants with least social isolation, 
those who experienced moderate or most social isolation 
or loneliness were more likely to be younger and have 
unhealthy lifestyles and comorbid conditions.

As shown in figure 2 and online supplemental eTable 
4, social isolation was substantially associated with a 
greater risk for fatal but not non- fatal MACE. After full 
adjustment for demographic and socioeconomic factors, 
behavioural, psychological and physiological factors, 
diabetes- related factors and comorbidities, a higher level 
of social isolation (most social isolation vs least social 
isolation) was associated with an increased risk for both 
all- cause (HR: 1.33, 95% CI: 1.19 to 1.47) and CVD- cause 
mortality (HR: 1.36, 95% CI: 1.17 to 1.59) (figure 2A). 
However, a weak association was found between social 
isolation (most social isolation vs least social isolation) 
and incident MI or stroke (model 1: HR: 1.26 (95% CI: 
1.13 to 1.41); model 3: HR: 1.00 (95% CI: 0.88 to 1.12)). 

When MI or stroke was subclassified into fatal and non- 
fatal subtypes, in the fully adjusted model, social isolation 
showed a substantial association with a greater risk of inci-
dent fatal MI or stroke (most social isolation vs least social 
isolation: HR: 1.89, 95% CI: 1.24 to 2.87) but had a weak 
association with the non- fatal subtype (HR: 0.94, 95% 
CI: 0.83 to 1.07) (figure 2A). The pattern was generally 
similar when MI and stroke outcomes were separated (see 
online supplemental eTable 4). Regarding the subitems, 
living alone was associated with a higher risk for all- cause 
mortality (HR: 1.31, 95% CI: 1.20 to 1.42), CVD mortality 
(HR: 1.37, 95% CI: 1.22 to 1.55) and fatal MI or stroke 
(HR: 1.60, 95% CI: 1.14 to 2.24) (figure 2B). A similar 
association was found between ‘contact with family/
friends/groups’ and all- cause mortality (HR: 1.10, 95% 
CI: 1.02 to 1.19), CVD mortality (HR: 1.13, 95% CI: 1.01 
to 1.26) and fatal MI or stroke (HR: 1.35, 95% CI: 0.98 to 
1.85), but with lower HRs (figure 2B).

In contrast to social isolation, loneliness was mainly 
associated with an increased risk for non- fatal MACE 
(figure 3 and online supplemental eTable 5). Loneliness 
was not independently associated with an increased risk 
for all- cause (HR: 1.00, 95% CI: 0.87 to 1.14) and CVD 
(HR 1.03, 95% CI: 0.85 to 1.24) mortality (figure 3A). 
Participants with loneliness showed a substantially higher 
risk for incident MI or stroke (HR: 1.37, 95% CI: 1.19 to 
1.57) in the fully adjusted model. Loneliness increased 
the risk for the first non- fatal MI or stroke (HR: 1.37, 95% 
CI: 1.19 to 1.58) by 37%; it was not significantly associated 
with fatal MI or stroke as the first event (HR: 1.27, 95% 
CI: 0.78 to 2.07), however, with a wider CI for the fatal 
outcome than the non- fatal outcome (figure 3A). A small 
number of events may account for the wide CI. Similar 
patterns were observed when separately considering MI 
and stroke as outcomes. ‘Lonely’ was associated with a 
greater risk for all- cause mortality (HR: 1.11, 95% CI: 1.01 
to 1.21) and composites of incident MI or stroke (HR: 
1.21, 95% CI: 1.10 to 1.34), which were mainly driven 
by their non- fatal subtypes (HR: 1.20, 95% CI: 1.08 to 
1.34) (figure 3B). A similar pattern was found for ‘able to 
confide’ (figure 3B).

Joint analyses showed that social isolation and loneli-
ness might have additive effects. Individuals with a combi-
nation of social isolation and loneliness were generally at 
the highest risk for developing cardiovascular events or 
death compared with those with the other five combina-
tions (combinations of no loneliness and least, moderate 
or most isolation, and combinations of loneliness and 
least or moderate social isolation) (see online supple-
mental eTable 6).

The major results remained robust when the complete 
dataset was used (see online supplemental eTables 7 
and 8), when the invalid exposure data were imputed 
(see online supplemental eTables 9 and 10) and when 
study events occurring within the first 2 years (see online 
supplemental eTables 11 and 12) and after December 
31, 2019 (see online supplemental eTables 13 and 14) 
were excluded. The results were largely consistent using 
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Table 1 Baseline characteristics of patients with type 2 diabetes mellitus in the UK Biobank

Characteristics
Total
(n=19 360)

Social isolation Loneliness

Least social 
isolation
(n=7409)

Moderate 
social isolation
(n=8147)

Most social 
isolation
(n=3804)

No 
loneliness
(n=17 873)

Loneliness
(n=1487)

Age, mean (SD), years 59.4 (7.0) 60.0 (6.9) 59.3 (7.1) 58.6 (7.1) 59.6 (7.0) 58.0 (7.2)

Gender, male, n (%) 11 820 (61.1) 4594 (62.0) 4811 (59.1) 2415 (63.5) 10 884 (60.9) 936 (62.9)

Ethnicity, white, n (%) 17 057 (88.1) 6587 (88.9) 7162 (87.9) 3308 (87.0) 15 746 (88.1) 1311 (88.2)

Assessment centre, n (%)

  England 17 237 (89.0) 6549 (88.4) 7295 (89.5) 3393 (89.2) 15 925 (89.1) 1312 (88.2)

  Scotland 1233 (6.4) 481 (6.5) 495 (6.1) 257 (6.8) 1124 (6.3) 109 (7.3)

  Wales 890 (4.6) 379 (5.1) 357 (4.4) 154 (4.0) 824 (4.6) 66 (4.4)

Currently employed, n (%) 8545 (44.1) 3135 (42.3) 3680 (45.2) 1730 (45.5) 7937 (44.4) 608 (40.9)

College or university degree, n (%) 4776 (24.7) 1888 (25.5) 1945 (23.9) 943 (24.8) 4485 (25.1) 291 (19.6)

Townsend Deprivation Index* −0.5 (3.4) −1.2 (3.1) −0.4 (3.4) 0.5 (3.6) −0.6 (3.3) 0.4 (3.6)

Current smokers, n (%) 2228 (11.5) 638 (8.6) 946 (11.6) 644 (16.9) 1974 (11.0) 254 (17.1)

Alcohol consumption status, n (%)

  Not current 2867 (14.8) 935 (12.6) 1222 (15.0) 710 (18.7) 2572 (14.4) 295 (19.8)

  Less than three times a week 10 545 (54.5) 3770 (50.9) 4552 (55.9) 2223 (58.4) 9713 (54.3) 832 (56.0)

  Three or more times a week 5948 (30.7) 2704 (36.5) 2373 (29.1) 871 (22.9) 5588 (31.3) 360 (24.2)

Physical activity (MET score), mean (SD) 9.6 (5.1) 10.3 (4.9) 9.5 (5.1) 8.8 (5.2) 9.7 (5.0) 8.7 (5.3)

TV watching time (hours/day), mean (SD) 3.4 (2.0) 3.3 (1.7) 3.5 (1.9) 3.8 (2.4) 3.4 (1.9) 4.0 (2.5)

Healthy diet score, median (IQR) 3 (2–4) 3 (2–4) 3 (2–4) 3 (2–3) 3 (2–4) 2 (2–3)

Sleep duration, n (%)

  Short (<7 hours/day) 5382 (27.8) 1754 (23.7) 2326 (28.6) 1302 (34.2) 4771 (26.7) 611 (41.1)

  Normal (7–8 hours/day) 11 719 (60.5) 4746 (64.1) 4893 (60.1) 2080 (54.7) 11 043 (61.8) 676 (45.5)

  Long (>8 hours/day) 2259 (11.7) 909 (12.3) 928 (11.4) 422 (11.1) 2059 (11.5) 200 (13.4)

Anxiety, n (%) 89 (0.5) 24 (0.3) 43 (0.5) 22 (0.6) 78 (0.4) 11 (0.7)

Depression, n (%) 296 (1.5) 66 (0.9) 135 (1.7) 95 (2.5) 240 (1.3) 56 (3.8)

Ever seeking help from physicians due to anxiety 
or depressive symptoms, n (%)

6797 (35.1) 2298 (31.0) 2954 (36.3) 1545 (40.6) 5982 (33.5) 815 (54.8)

Obesity status (kg/m2)

  Underweight or normal weight, n (%) 1893 (9.8) 713 (9.6) 812 (10.0) 368 (9.7) 1776 (9.9) 117 (7.9)

  Overweight, n (%) 6548 (33.8) 2697 (36.4) 2702 (33.2) 1149 (30.2) 6141 (34.4) 407 (27.4)

  Obese, n (%) 10 919 (56.4) 3999 (54.0) 4633 (56.9) 2287 (60.1) 9956 (55.7) 963 (64.8)

Grip strength (kg), mean (SD) 30.6 (11.1) 31.1 (11.1) 30.4 (11.0) 30.1 (11.0) 30.7 (11.0) 29.6 (11.2)

Systolic blood pressure (mm Hg), mean (SD) 145 (18) 145 (18) 145 (18) 144 (19) 145 (19) 142 (18)

Diastolic blood pressure (mm Hg), mean (SD) 83 (10) 83 (10) 83 (10) 83 (11) 83 (10) 83 (10)

Hyperlipidaemia, n (%) 13 265 (68.5) 5129 (69.2) 5558 (68.2) 2578 (67.8) 12 217 (68.4) 1048 (70.5)

Estimated glomerular filtration rate, mean (SD), 
mL/min/1.73 m2

89.8 (15.6) 89.5 (15.1) 90.0 (15.7) 90.3 (16.2) 89.7 (15.5) 91.2 (16.3)

Family history of diabetes, n (%) 7061 (36.5) 2690 (36.3) 3034 (37.2) 1337 (35.1) 6484 (36.3) 577 (38.8)

HbA1c, median (IQR), % 6.8 (6.2–7.5) 6.7 (6.1–7.4) 6.8 (6.2–7.5) 6.8 (6.2–7.7) 6.7 (6.2–7.5) 6.9 (6.2–7.7)

Diabetes duration, median (IQR), years 4.0 (1.0–8.0) 4.0 (1.0–8.0) 4.0 (1.0–8.0) 4.0 (1.0–8.0) 4.0 (1.0–8.0) 4.1 (1.0–9.0)

Diabetes medication use, n (%)

  Neither 7227 (37.3) 2877 (38.8) 3007 (36.9) 1343 (35.3) 6752 (37.8) 475 (31.9)

  Oral antidiabetic drug only 9584 (49.5) 3628 (49.0) 4036 (49.5) 1920 (50.5) 8822 (49.4) 762 (51.2)

  Insulin 2549 (13.2) 904 (12.2) 1104 (13.6) 541 (14.2) 2299 (12.9) 250 (16.8)

Chronic kidney disease, n (%) 328 (1.7) 107 (1.4) 141 (1.7) 80 (2.1) 298 (1.7) 30 (2.0)

Diabetes- related microvascular disease, n (%) 321 (1.7) 102 (1.4) 145 (1.8) 74 (1.9) 290 (1.6) 31 (2.1)

Continued
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Characteristics
Total
(n=19 360)

Social isolation Loneliness

Least social 
isolation
(n=7409)

Moderate 
social isolation
(n=8147)

Most social 
isolation
(n=3804)

No 
loneliness
(n=17 873)

Loneliness
(n=1487)

Neurodegenerative disease, n (%) 52 (0.3) 15 (0.2) 19 (0.2) 18 (0.5) 43 (0.2) 9 (0.6)

Respiratory disease, n (%) 717 (3.7) 227 (3.1) 301 (3.7) 189 (5.0) 627 (3.5) 90 (6.1)

Digestive disease, n (%) 269 (1.4) 78 (1.1) 118 (1.4) 73 (1.9) 243 (1.4) 26 (1.7)

Rheumatoid arthritis, n (%) 318 (1.6) 124 (1.7) 135 (1.7) 59 (1.6) 289 (1.6) 29 (2.0)

Osteoarthritis, n (%) 2130 (11.0) 774 (10.4) 882 (10.8) 474 (12.5) 1927 (10.8) 203 (13.7)

*Positive values of the index indicate areas with high material deprivation, whereas those with negative values indicate relative affluence.
HbA1c, haemoglobin A1c; IQR, interquartile range; MET, metabolic equivalent of task; SD, standard deviation.

Table 1 Continued

Figure 2 Association of social isolation (A) and its items (B) with subsequent risk for major adverse cardiovascular events, 
including mortality, MI or stroke following type 2 diabetes mellitus. HRs were adjusted for demographic behavioural, 
psychological, physiological and diabetes- related factors, and comorbidities. CI, confidence interval; CVD, cardiovascular 
disease; HR, hazard ratio; MI, myocardial infarction.

the whole sample for the first 6 years (see online supple-
mental eTables 15–18).

For mediation analyses (see online supplemental 
eTable 19), the effects of social isolation on mortality and 
composites of fatal MI or stroke were mainly mediated 
by behavioural factors (range of mediating proportion: 
17.8%–28.2%), followed by physiological factors (6.5%–
7.6%), comorbidities (7.3%–8.4%) and diabetes- related 
factors (4.6%–5.6%), while the effects of loneliness on 
outcomes were mainly mediated by behavioural (range of 
mediating proportion: 17.6%–17.8%) and physiological 

factors (6.0%–6.7%), followed by diabetes- related factors 
(7.2%–7.7%) and comorbidities (4.1%–4.9%).

The Fine- Grey subdistribution hazards models showed 
a similar pattern (see online supplemental eTable 20). 
Most of the results of the subgroup analyses were consis-
tent when stratified according to age, gender, socio-
economic deprivation, smoking, alcohol consumption, 
physical activity, obesity and HbA1c (all p>0.05) (see 
online supplemental eTables 21 and 22). Social isolation 
and loneliness were not statistically interacted regarding 
any outcome (all pinteraction>0.1) (see online supplemental 
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Figure 3 Associations of loneliness (A) and its items (B) with subsequent risk for major adverse cardiovascular events, 
including mortality, MI or stroke following type 2 diabetes mellitus. HRs were adjusted for demographic behavioural, 
psychological, physiological and diabetes- related factors, and comorbidities. CI, confidence interval; CVD, cardiovascular 
disease; HR, hazard ratio; MI, myocardial infarction.

Figure 4 Social isolation, loneliness and subsequent risk for major adverse cardiovascular events, including mortality, 
myocardial infarction or stroke following type 2 diabetes mellitus. Social isolation was associated with a higher risk of fatal 
events, including mortality and fatal MI or stroke. Conversely, the association of loneliness with the risk of first MI or stroke was 
mainly driven by non- fatal events. CI, confidence interval; CVD, cardiovascular disease; MACE, major adverse cardiovascular 
events; MI, myocardial infarction.
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eTable 23). These independent associations remained 
robust after adjusting for the interaction.

dIsCussIon
Main findings
There were several noteworthy findings in this analysis of 
data from the UK Biobank, including 19 360 individuals 
with T2DM (234 002 person- years) (figure 4). First, social 
isolation and loneliness were distinctly associated with 
fatal and non- fatal outcomes among patients with T2DM. 
Social isolation was associated with an increased risk for 
all- cause and CVD- related mortality and the first fatal MI 
or stroke, which directly resulted in death without associ-
ated hospital admission. In contrast, loneliness was asso-
ciated with an increased risk for non- fatal MI or stroke 
(hospital admission as the first event without death) but 
had little effect on fatal MACE. Second, the main find-
ings were robust across various sensitivity and subgroup 
analyses. Finally, the association of social isolation on 
mortality and composites of fatal MI or stroke was mainly 
mediated by behavioural factors, whereas the effects of 
loneliness on the composites of incident MI or stroke and 
composites of non- fatal MI or stroke were mainly medi-
ated by behavioural and physiological factors.

Although previous studies have revealed a link between 
social isolation, loneliness and vascular events in patients 
with diabetes, they have reported inconsistent findings. 
Several cohort studies have consistently reported that 
social isolation—rather than loneliness—was significantly 
associated with an increased risk for mortality among the 
general population8 or in patients with existing CVDs.22 
Conversely, a recent study from the UK Biobank by Wang 
et al reported that loneliness—instead of social isolation—
was associated with an increased risk of developing cardio-
vascular events among individuals with diabetes.9 Other 
studies have found that social isolation and loneliness 
were both potential risk factors for CVD or mortality.23 24 
These inconsistencies are perhaps due to these studies 
which did not differentiate between fatal and non- fatal 
outcomes. Recently, a longitudinal study classified CVD 
outcomes into fatal or non- fatal events and demonstrated 
that social isolation had little impact on new- onset non- 
fatal CVD but was more related to fatal events directly 
leading to death before arriving at hospitals.7 However, 
a similar study by Wang et al9 overlooked fatal outcomes. 
Instead, we alluded to these previous studies by showing 
that the associations of social isolation and loneliness with 
diabetic vascular events differed substantially between 
fatal and non- fatal subtypes among patients with T2DM. 
Our study is clinically important because it expands the 
literature by selecting a high- risk population (ie, patients 
with T2DM) who are vulnerable to both social disconnec-
tion and CVD. Collectively, these findings underscore the 
necessity of separately considering the effects of social 
isolation and loneliness on cardiometabolic health in 
future research.

Our findings corroborate the results of earlier studies 
in this field, reporting a modest association between 
unsatisfactory social relationships, for example, smaller 
network size,16–19 less social support,16 17 higher social 
strain17 or loneliness,9 and the risk of vascular complica-
tions in patients with diabetes. We also advanced the liter-
ature by reporting that social isolation was as important 
as loneliness in increasing the risk of a poor T2DM 
prognosis. Notably, several methodological concerns 
in previous studies may have limited their ability to 
measure causal inference and generalisability, including 
their cross- sectional design,16 small sample size,16 highly 
selected samples (eg, postmenopausal women with 
diabetes treated,17 patients from an ongoing trial18) or 
recall bias (eg, self- reported outcomes17). Moreover, 
we extend previous studies by revealing the potentially 
additive effect(s) of social isolation and loneliness on 
diabetes- related vascular risks and mortality. These find-
ings suggest that patients with diabetes, who are subjected 
to both social isolation and loneliness, should devote 
particular attention to preventing future vascular events 
and death.

To the best of our knowledge, this is the first study to 
illustrate the mediating pathways linking social isolation 
or loneliness with vascular events or mortality among the 
diabetic population, in which social isolation leads to fatal 
outcomes largely via maladaptive behavioural factors, 
whereas loneliness leads to non- fatal outcomes mainly via 
maladaptive behavioural and physiological factors. These 
speculations are supported by previous studies demon-
strating that associations of social isolation and loneliness 
with mortality or dementia were mediated by lifestyle, 
depressive symptoms or biological factors.8 25 Previous 
evidence has suggested that the risk of fatal events or 
mortality associated with social isolation is likely due to 
the lack of immediate help from another individual in 
seeking emergency care.7 Our finding that living alone 
was associated with a greater risk for fatal MI or stroke 
and mortality further supports this speculation. Mean-
while, feelings of loneliness do not necessarily mean that 
individuals do not live with other people; instead, they 
may be eager for contact or attention from others.26

Beyond these differential pathways, social isolation 
and loneliness may share common underlying pathways, 
including elevated activities of the hypothalamic–pitu-
itary–adrenal axis and sympathetic nervous system,27 a 
higher degree of proinflammatory response and oxida-
tive stress.28 These pathophysiological changes may lead 
to poor glycaemic control, accelerated atherosclerosis 
and increased peripheral pressure and promote the 
development of cardiovascular complications in patients 
with diabetes.

Given the rapidly increasing rates of social isolation and 
loneliness, particularly post COVID- 19 pandemic, our 
findings may be important for policy and clinical appli-
cation. First, early screening for both social isolation and 
loneliness should be encouraged to detect excess cardio-
vascular risk following diabetes. For patients with T2DM 
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who are socially isolated or living alone, it is necessary to 
enhance emergency care by providing personal emer-
gency alarms. Intervention frameworks across individuals, 
communities and other levels of society29 are needed to 
support socially isolated patients in improving their 
behaviours. Meanwhile, for those feeling lonely, mental 
health professionals are encouraged to aid in diabetes 
management by offering psychological therapies to lower 
the mental distress of loneliness.26 29 In addition, inter-
ventions targeting mediating factors, such as unhealthy 
behaviours, depressive symptoms or other physiological 
factors, could generate extra benefits for the prevention 
of vascular events or premature death in this vulnerable 
population.

The current study has several strengths, such as its longi-
tudinal design, the large sample size enabling the clas-
sification of CVD events into fatal and non- fatal groups 
and the concurrent consideration of social isolation and 
loneliness in a vulnerable population. Additionally, the 
current study is one of the few studies to compare the 
potentially distinct associations of objective and subjec-
tive social disconnections on CVD outcomes. We found 
that social isolation and loneliness were associated with 
a greater risk of developing MACE, with differences in 
risk stratified according to fatal and non- fatal events and 
underlying mediating factors.

Limitations
Some limitations should be considered when interpreting 
these findings. First, the UK Biobank cohort mainly 
comprises participants of European descent, limiting our 
findings’ generalisability to other ethnic groups. Second, 
social isolation and loneliness were assessed using simple 
questionnaires, which may have induced recall bias. The 
social isolation questionnaire only considered in- person 
contact and did not include virtual connections or other 
aspects of social relationships. Loneliness was defined 
using only two items from the UCLA scale, which may 
have led to an underestimation of loneliness. However, 
the current definitions of social isolation and loneliness 
have been widely adopted by several previous studies 
involving different cohorts.7–9 24 27 Third, we were unable 
to delineate time- varying associations because we used a 
single time point measure of social isolation and loneli-
ness in the UK Biobank. Nevertheless, a previous meta- 
analysis suggested that these traits were stable across 
patient lifespans.30 Fourth, participants who experienced 
social isolation were more likely to die alone, thereby not 
contributing to a known cause of death. This study may 
have underestimated the rate of fatal MI or stroke, which 
may have rendered the estimated association null. Finally, 
residual confounding was inevitable owing to the obser-
vational design of the study. The time lag analysis, which 
excluded events occurring in the first two years, yielded 
robust results, suggesting that the documented associa-
tions were less likely to be biased by reverse causality. 
Nevertheless, we could only infer an association, not 
causation.

Implications
In a large population- based sample of individuals with 
T2DM, social isolation and loneliness were associated 
with fatal and non- fatal MACE, respectively. The asso-
ciations between social isolation on mortality and fatal 
MACE were mediated mainly by behavioural factors. In 
contrast, the effects of loneliness on overall and non- fatal 
MACE were primarily mediated by behavioural and phys-
iological factors.
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