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Abstract

Objectives: This study examined the association between loneliness and risk of incident all-
cause dementia and whether the association extends to specific causes of dementia.

Design: Longitudinal

Setting: Community

Participants: Participants were from the UK Biobank (AV=492,322)
Intervention: None

Measurements: Loneliness was measured with a standard item. The diagnosis of dementia
was derived from health and death records, which included all-cause dementia and the specific
diagnoses of Alzheimer’s disease (AD), vascular dementia (D), and frontotemporal dementia
(FTD), over 15 years of follow-up.

Results: Feeling lonely was associated with a nearly 60% increased risk of all-cause dementia
(HR=1.59, 95% CI=1.51-1.65; n=7,475 incident all-cause). In cause-specific analyses, loneliness
was a stronger predictor of VD (HR=1.82, 95% Cl=1.62-2.03; 7=1,691 incident VD) than AD
(HR=1.40, 95% CI=1.28-1.53; n=3135 incident AD), and was, surprisingly, a strong predictor

of FTD (HR=1.64, 95% Cl=1.22-2.20; n=252 incident FTD). The associations were robust to
sensitivity analyses and were attenuated but remained significant accounting for clinical (e.g.,
diabetes) and behavioral (e.g., physical activity) risk factors, depression, social isolation, and
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genetic risk. The association between loneliness and all-cause and AD risk was moderated by
APOE 4 risk status such that the increased risk was apparent in both groups but stronger among
non-carriers than carriers of the risk allele.

Conclusion: Loneliness is associated with increased risk of multiple types of dementia.

Keywords

Loneliness; Social disconnection; Alzheimer’s disease; Vascular dementia; Frontotemporal

dementia

There is a growing literature that implicates loneliness as a risk factor for Alzheimer’s
disease and related dementias: Individuals who feel that they do not have the social
connectedness that they desire are at greater risk for developing incident dementia compared
to individuals who perceive a match between their desired and actual social connectedness
(Sundstrém et al., 2020; Sutin et al., 2020; Wilson et al., 2007). This association is
consistent with the broader literature on loneliness and health that indicates greater
perceived feelings of disconnection, independent of objective social isolation, are associated
with worse health outcomes (Courtin and Knapp, 2017), including premature mortality
(Holt-Lunstad et al., 2015).

Not all studies, however, find an association between loneliness and risk of dementia (e.g.,
Joyce et al., 2022). Further, most research on loneliness and dementia has focused on
all-cause (Sutin et al., 2020) or Alzheimer’s disease (AD; Wilson et al., 2007), and less is
known about other causes of dementia. Some work suggests that loneliness is associated
with risk of AD but not vascular dementia (VD; Salinas et al., 2022; Sundstrém et al.,

2020). Research on mental health factors related to loneliness, however, suggest a different
pattern. Depressive symptoms (related but not equivalent to loneliness; Cacioppo et al.,
2010), for example, are associated with an increased risk of both types of dementia, but

the risk associated with depressive symptoms is much stronger for VD compared to AD
(Barnes et al., 2012). Further, we are unaware of any study that has examined the association
between loneliness and risk of frontotemporal dementia (FTD). One study on neuroticism,

a psychological trait related to loneliness (Buecker et al., 2020), found that neuroticism was
associated with an increased risk of both AD and VD but not FTD (Terracciano et al., 2021).
Whether this pattern holds for loneliness is not yet known.

The present study aims to extend previous research on loneliness and incident dementia
risk by examining this association in the UK Biobank. Two strengths of the UK Biobank
are its large sample and linked hospital and death records. With clinical diagnoses, it is
possible to test the relation with specific types of dementia, in addition to all cause, and
with the large sample size, it is possible to identify somewhat rarer causes of dementia,
such as FTD. The UK Biobank also offers the opportunity to evaluate the robustness of
the association with rich data to address whether clinical and behavioral factors related to
both loneliness and dementia risk account for the association. Although a previous study
using the UK Biobank did not find an association between loneliness and dementia risk
(Elovainio et al., 2022), with the longer follow-up used in the present study, we expect
loneliness to be associated with increased risk of incident all-cause dementia and AD due
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to the broader literature on loneliness and dementia risk. We do not make hypotheses for
VD and FTD because of the few and inconsistent findings reported in the literature. Finally,
we test whether the association between loneliness and dementia risk is moderated by the
apolipoprotein (APOE) e4 risk allele.

Participants and Procedure

Measures

Loneliness.

Dementia.

The UK Biobank (http://www.ukbiobank.ac.uk) is a large prospective cohort study on the
prevention, diagnosis, and treatment of common diseases. Between 2006 and 2010, more
than 500,000 individuals registered with the UK National Health Service (NHS) were
recruited and tested at 22 assessment centers across the UK. Loneliness and the covariates
were measured at this baseline assessment. Linked health records from the NHS were
used to identify incident cases of dementia. The present analysis was based on 492,322
participants; Figure 1 shows the study sample flow chart. Ethical approval for the UK
Biobank was obtained from the North West Multicenter Research Ethics Committee. All
participants gave informed consent. This research was conducted using the UK Biobank
Resource (Application Reference Number 57672).

Loneliness was measured with the item, “Do you often feel lonely?” Responses were coded
as 0=no and 1=yes. Previous research has found that this item has a similar association
with dementia risk as continuous, multi-item scales (Sutin et al., 2020) and other cognitive
outcomes (de Lange et al., 2021; Sundstrom et al., 2020).

Dementia was derived from NHS hospital (93.4%) or death (6.6%) records. We used
dementia adjudication and dates generated by the UK Biobank Outcome Adjudication
Group (http://biobank.ctsu.ox.ac.uk/crystal/crystal/docs/alg_outcome_dementia.pdf). All-
cause dementia, AD, VD, and FTD were identified from these records; not every case of
all-cause dementia had a specific cause identified. Since our focus was on incident cases of
dementia, we excluded cases that had a relevant ICD code prior to the baseline assessment or
if a diagnosis was self-reported at recruitment.

Sociodemographic covariates.

Age in years and sex (0=male, 1=female) were reported at baseline and included in all
models. Education was a university degree or equivalent (0=no, 1=yes). The Townsend
deprivation index, based on participants’ postcodes, was included as a neighborhood
measure of socioeconomic status. Total household income was the average total income

of the household before tax reported on a scale from 1 (<18,000) to 5 (>100,000); prefer not
to answer and do not know responses were set to missing.

Int Psychogeriatr. Author manuscript; available in PMC 2023 December 01.


http://www.ukbiobank.ac.uk/
http://biobank.ctsu.ox.ac.uk/crystal/crystal/docs/alg_outcome_dementia.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sutin et al.

Page 4

Depression and social isolation.

Depression was assessed with the Patient Health Questionnaire-2 (PHQ-2; Kroenke et al.,
2003), which was the sum of two symptoms rated from 0 (not at all) to 3 (nearly every day)
and dichotomized to reflect current depression (0=less than three, 1=three or higher). Social
isolation was measured with three items: household size (O=lives with others, 1=lives alone),
frequency of visits with family or friends (0=at least once per month, 1=less than once

per month), and frequency of leisure/social activities (O=at least weekly participation, 1=no
participation at least weekly in any activity). Items were summed, and isolation classified as
two or more on this index (0=less than two, 1=two or more).

Vascular and behavioral covariates.

Participants reported doctor-diagnosed diabetes, hypertension, stroke, and heart attack
(0=no, 1=yes for each disease). Smoking status was current smoker (1=current) versus

not current smoker (O=never/former). The International Physical Activity Questionnaire
was used to estimate the sum of minutes walking and moderate and vigorous activity.
Staff-assessed height and weight were used to calculate obesity (body mass index=30).
High sensitivity c-reactive protein (CRP; marker of inflammation), low-density lipoprotein
(LDL; marker of hyperlipidemia), and hemoglobin Alc (HbAlc; marker of diabetes)

were assayed from non-fasting venous blood samples obtained by trained staff (https://
biobank.ndph.ox.ac.uk/showcase/showcase/docs/serum_biochemistry.pdf).

APOE &4 risk status.

Participants with either one or two copies of the e4 allele in the APOFE gene were contrasted
against non-carries (O=carries no copies of e4 allele, 1=carries one or two copies of the e4
allele).

Statistical Approach

All analyses, except where noted, were run with SPSS version 27. Cox proportional hazard
regression was used to evaluate loneliness as a predictor of incident dementia. Time was
coded in years from the baseline assessment (2006—2010) to the first dementia report, death,
or censoring date (7 November 2021). The date of the first report of dementia was used for
both all-cause and cause-specific dementia analyses (a specific diagnosis may have occurred
in the health record after the first instance of dementia but the date of the first dementia code
was used in the analysis). Multiple models were run to evaluate the associations. Model 1
controlled for age and sex. We tested the proportional hazard assumption based on the scaled
Schoenfeld residuals using the function “test.ph” within the “survival” package (Therneau,
2019) run with R software (R Development Core Team, 2020). We then ran four sensitivity
analyses for Model 1: excluding participants with more than one cause of dementia (Model
1.1), excluding incident dementia cases within five years of baseline to reduce the likelihood
that participants already had dementia at baseline (Model 1.2), excluding dementia cases
identified through death records (Model 1.3), and excluding participants younger than 50
years old at baseline because they were less likely to develop dementia over the follow-up
(Model 1.4). Models 2-4 evaluated the robustness of the association controlling for relevant
covariates. Model 2 was Model 1 with education; Model 2.1 further included household
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income and the Townsend deprivation index as additional covariates. Model 3 was Model 2
with depression; Model 3.1 further included social isolation. Model 4 was Model 2 with the
vascular risk factors (self-reported diabetes, hypertension, stroke, heart attack, ever smoker,
obesity) added and Model 4.1 further included HbAlc, CRP, LDL, and physical activity.
Model 5 was Model 2 with the APOE 4 risk status added. Finally, we tested for an
interaction between loneliness and APOE e4 risk status on dementia risk. All analyses were
performed on all-cause dementia and each type of dementia.

Table 1 reports the descriptive statistics for all study variables. At baseline, loneliness

was reported by 18.5% of participants who remained unimpaired during the study and by
about 20% to 24% of those who later developed dementia. Over the nearly 16 years of
follow-up (range .03-15.66 years), 7,475 participants developed all-cause dementia, 3,135
developed AD, 1,691 developed VD, and 252 developed FTD. Table 2 reports the results

of the Cox regression analyses. In the basic analysis, feeling lonely was associated with a
nearly 60% increased risk of all-cause dementia. There was evidence that the assumption of
proportionality was violated based on the assessment of Schoenfeld residuals for loneliness
(p<.001). We thus performed follow-up analyses that stratified the sample by length of
follow-up. This analysis suggested that the association was stronger with shorter (<5 years)
or longer (=10 years) follow-ups (Supplemental Table S1). Supplemental Figure S1 shows
the Kaplan Meier curve for loneliness and all-cause dementia. The association between
loneliness and dementia risk was robust, with a similar HR found in each sensitivity analysis
for Model 1. The association was attenuated somewhat by the inclusion of socioeconomic,
depression/social isolation, vascular/behavioral, and genetic risk factors, but remained
associated with an about 35% to 50% increased risk of incident all-cause dementia.

The overall pattern of results was similar for the three specific types of dementia (Table

2). Specifically, loneliness was associated with an about 40% increased risk of AD, an
about 80% increased risk of VD, and an about 60% increased risk of FTD. There were two
patterns worth noting. First, contrary to previous reports on loneliness and cause-specific
dementia (Salinas et al., 2022; Sundstrém et al., 2020), loneliness had a stronger association
with VD than AD (i.e., the confidence intervals for VD and AD did not overlap). The
hazard ratio was twice as strong for VD as AD, and the confidence intervals did not overlap.
Second, loneliness was a strong predictor of FTD, which was surprising and contrary to
research on neuroticism and risk of FTD (Terracciano et al., 2021). As with all-cause
dementia, the association between loneliness and each cause-specific dementia was robust to
the sensitivity analyses as well as the additional covariates.

Finally, APOE &4 risk status moderated the association between loneliness and risk of
all-cause dementia (HRjnteraction=-75, 95% Cl=.67-.85) and AD (HRjnteraction=-77, 95%
Cl=.63-.94) but not VD (p=.057) or FTD (p=.835). Stratified analysis by APOE &4 risk
status for both all-cause and AD indicated that the association was significant in both
groups but stronger among non-carriers (all-cause: HR=1.86, 95% C1=1.70-2.02; AD:
HR=1.63, 95% CI=1.40-1.90) than carriers (all-cause: HR=1.36, 95% CI1=1.24-1.48; AD:
HR=1.22, 95% C1=1.07-1.38). A similar pattern was found for VD (non-carrier: HR=2.08,
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95% CI=1.74-2.47; carrier: HR=1.59, 95% CI=1.32-1.92), and this difference approached
statistical significance (p=.057). Interestingly, the pattern was in the opposite direction for
FTD (non-carrier: HR=1.68, 95% Cl=1.13-2.52; carrier: HR=1.91, 95% Cl=1.16-3.14), but
not statistically different (p=.835) because it was underpowered to detect differences.

Discussion

The present research found a robust association between loneliness and risk of all-cause and
cause-specific dementia: Feeling lonely was associated with an about 60% increased risk

of incident all-cause dementia over an up to nearly 16 years of follow-up. Most notably,

the cause-specific analyses indicated that loneliness was a stronger risk factor for VD
compared to AD, and it also emerged as a robust predictor of FTD. These associations were
somewhat attenuated by socioeconomic factors, depression and social isolation, and vascular
and behavioral risk factors that are associated with both loneliness and dementia risk, as
well as genetic risk. The associations, however, persisted after accounting for these factors.
Finally, although apparent in both groups, the association between loneliness and all-cause
dementia and AD was stronger among non-carriers than carriers of the APOE 4 risk allele.

The association between loneliness and risk of dementia is consistent with the growing
literature on the poor cognitive outcomes associated with loneliness (Lara et al., 2019;
Luchetti et al., 2020), and with worse health outcomes more generally (Courtin and

Knapp, 2017). Loneliness, for example, has been associated with poor cardiovascular health
(\Valtorta et al., 2016), disease burden (Christiansen et al., 2021), and premature mortality
(Holt-Lunstad et al., 2015). These associations may be due, in part, to health-risk behaviors.
That is, individuals who feel lonely are more likely to smoke and are less likely to be
physically active (Yang et al., 2022). The depression and the other clinical (body mass
index, the diseases, and the biomarkers) and behavioral (smoking, physical activity) risk
factors may be on the causal pathway between loneliness and dementia, whereas the
sociodemographic factors and APOE are more likely to be true confounders. As such,

the reduction in association accounting for depression and the clinical and behavioral risk
factors suggests that these factors could be mechanisms underlying the association. These
factors also do not account for all the association between loneliness and dementia risk.
This pattern suggests other mechanisms are likely to contribute to this association, such as
less engagement in cognitively stimulating activities, more sedentary behavior, less social
support, and greater stress among individuals who often feel lonely.

The present research allowed for distinguishing between causes of dementia. Most previous
research has focused on either all-cause dementia or AD (Shibata et al., 2021; Sutin et al.,
2020; Wilson et al., 2007), with less research also including VD and none with FTD. In
contrast to two previous studies on cause-specific dementia (Salinas et al., 2022; Sundstrém
et al., 2020), we found loneliness had a stronger association with risk of VD than AD. Our
results, however, are consistent with work on depressive symptoms (Barnes et al., 2012)
and neuroticism (Terracciano et al., 2021) that found stronger associations with VD than
AD. VD is generally diagnosed at relatively younger ages than AD (Goodman et al., 2017),
which might contribute to these results in at least two ways. First, participants in the UK
Biobank tend to be relatively young compared to the average age of diagnosis for AD,
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which may contribute to the slightly higher proportion of VD in this sample compared to
VD estimated in the population (Rizzi et al., 2014). Second, greater vascular risk factors
associated with loneliness may make individuals more susceptible to VD before AD can
develop. Loneliness has been associated with many clinical vascular factors that are risk
factors for vascular dementia, including diabetes (Hackett et al., 2020), coronary heart
disease and stroke (Valtorta et al., 2018), metabolic syndrome (Henriksen et al., 2019), and
cardiovascular fitness (Hawkley et al., 2003), as well as behavioral factors for poor vascular
outcomes, such as smoking (Yang et al., 2022). As noted, the association between loneliness
and VD (as well as AD) remained significant controlling for many of these risk factors.

It is possible that other vascular risk factors or constellations of risk factors explain this
association.

Of particular note, loneliness was associated with greater risk of FTD. This association was
surprising given that previous work in the UK Biobank on a related construct (neuroticism)
was unrelated to FTD risk (Terracciano et al., 2021). Further, individuals who develop

FTD tend to have an emotional profile that is not sensitive to internal feelings of distress
(Bathgate et al., 2001), which presumably could have extended to loneliness. FTD is
characterized by socially inappropriate behavior and impairment in emotion recognition
(Migliaccio et al., 2020). Interestingly, qualitative studies with loved ones of individuals
with FTD find a consistent theme of a loss of closeness and intimacy with the individual
(Shiba et al., 2022). These qualitative studies suggest that, in retrospect, loved ones tend

to point to this change in intimacy as the first sign of the disease, usually well before
diagnosis. It is of note, then, that loneliness of the individual would be a predictor of
developing FTD. Although our sensitivity analysis that excluded diagnosis within five years
only slightly reduced the HR, suggesting against reverse causality, it may be that there is

a long preclinical phase and that feeling lonely may be an early indicator of the disease
process. Future work would benefit from examining changes in loneliness prior to onset of
cognitive deficits.

The presence of at least one copy of APOE e4 is a genetic risk factor for Alzheimer’s
disease (Verghese et al., 2011). In the present study, the association between loneliness and
dementia risk was independent of this genetic risk factor. There is some previous evidence
for an interaction between neuroticism and the presence of the risk allele such that higher
neuroticism amplified the risk associated for APOE e4 (Dar-Nimrod et al., 2012), although
other studies have not replicated this interaction (Terracciano et al., 2014). The present
research found the opposite pattern: Loneliness was a stronger predictor of risk of all-cause
dementia and AD among individuals who did not carry any copies of the risk allele. It is
possible that the genetic risk associated with the e4 allele is a strong enough predictor of
AD that it overwhelms the risk associated with other factors, such as loneliness. When the
genetic risk associated with e4 is not present, aspects of social health, like loneliness, may
be more potent predictors of poor cognitive outcomes.

The present study builds on recent work published in International Psychogeriatrics. A
recent review, for example, highlighted the role of loneliness in the development of
depressive symptoms and maintenance of depression (Van As et al., 2022). Depression
may be one mechanism through which loneliness is associated with increased risk of
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dementia. In the present study, however, depression did not account for all the association,
so there are likely to be other important mechanisms as well. In addition, treatment of
loneliness may help to support cognitive function. There is recent evidence, for example,
that change in neuroticism after treatment for depression is associated with preserving

more cognitive function over time (Steffens et al., 2022). Decreases in loneliness may be
similarly protective of cognitive function and help delay the development of dementia.
Greater feelings of social integration may also help buffer against negative life events that
may pose threats to health and well-being in older adulthood (Switsers et al., 2021), and may
extend to cognitive health as well.

Two previous studies that used the UK Biobank did not find an association between
loneliness and all-cause dementia risk controlling for social isolation (Elovainio et al.,

2022; Shen et al., 2022), whereas the current study did find this association. There are at
least two differences between these two studies and the current one that might explain this
discrepancy. First, the follow-up interval was longer in the current study (Mfoliow-up=12.38
years versus Mroliow-up=8-8 [Elovainio et al., 2022] and Mo|jow-yp=11.7 years [Shen et al.,
2022]) and with more cases of dementia identified over this follow-up (n=7,475 versus
n=1444 [Elovainio et al., 2022] and n=4,998 [Shen et al., 2022]), there may have been

more power to detect an association. Second, the present study used a measure of loneliness
consistent with previous research on loneliness and dementia (e.g., Sundstrém et al., 2020)
that has been found to have the same predictive power as validated scales (Sutin et al.,
2020), whereas the other studies used an unusual aggregate of items that classified some
people with loneliness as non-lonely (both items had to be endorsed to be classified as
lonely; associations with the second item were similar but lower in magnitude in the present
study [Supplemental Table S2]). The association between loneliness and dementia was likely
diluted because participants who endorsed loneliness on one item but not the other were
classified as not lonely. These differences in the length of follow-up, number of cases, and
assessment of loneliness may account for the different results.

The present study has several strengths, including the large sample size, clinical diagnosis of
dementia, analysis of cause-specific dementia risk, up to nearly 16-years of follow-up, and
the inclusion in the analyses of multiple risk factors for dementia. There are some limitations
that could be addressed in future research. First, some dementia cases, especially during

the early phases, are likely to be missed by medical records. Second, the sample was based
entirely on adults living in the UK. Future research could evaluate this association in other
cultural and economic contexts, particularly in low- and middle-income countries. Third,

we did not identify mechanisms that accounted for all the associations between loneliness
and dementia risk. Future research could take a more comprehensive approach to potential
mediators, especially across types of dementia. Finally, we considered loneliness measured
at a one-time point. Future research could distinguish between transient and persistent
loneliness and whether each type is differentially associated with dementia risk. Despite
these limitations, the present research supports the literature on loneliness and dementia risk
and indicates some differential associations across causes of dementia.
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Figure 1.

Flow chart of study participants selection and dementia outcome.
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Cox regression analysis predicting risk of all-cause, Alzheimer’s disease, vascular dementia, frontotemporal

dementia from loneliness.

All-cause dementia

Alzheimer’s disease

Vascular dementia

Frontotemporal dementia

Model 1, # cases
Model 1, HR (95% CI)

7,475/484,847
1.59 (1.51-1.65)

Sensitivity analyses / Robustness check

Model 1.1, # cases -

Model 1.1, HR (95% CI) -

Model 1.2, # cases 6,740/476,541
Model 1.2, HR (95% CI) ~ 1.54 (1.46-1.64)
Model 1.3, # cases 7,056/484,847
Model 1.3, HR (95% CI)  1.60 (1.52-1.69)
Model 1.4, # cases 7,342/369,932
Model 1.4, HR (95% CI)  1.58 (1.49-1.67)
Socioeconomic covariates
Model 2, # cases

Model 2, HR (95% CI) ~ 1.57 (1.48-1.66)
Model 2.1, # cases 5,588/412,722
Model 2.1, HR (95% CI) ~ 1.42 (1.33-1.51)
Depression and Social Isolation

Model 3, # cases 6,791/455,659
Model 3, HR (95% Cl)  1.44 (1.35-1.53)
Model 3.1, # cases 6,791/455,621
Model 3.1, HR (95% CI) ~ 1.37 (1.29-1.46)

7,475/484,847

Vascular and Behavioral covariates

Model 4, # cases 7,475/484,847
Model 4, HR (95% CI)  1.48 (1.40-1.56)
Model 4.1, # cases 4,874/348,596

Model 4.1, HR (95% CI)  1.45 (1.35-1.56)
APOE ¢4 risk allele covariate

Model 5, # cases 6,017/398,859
Model 5, HR (95% CI)  1.56 (1.46-1.66)

3,135/484,846
1.41 (1.29-1.54)

2,726/484,844
1.39 (1.27-1.53)
2,828/476,541
1.40 (1.27-1.53)
3,000/484,761
1.40 (1.28-1.53)
3,107/369,931
1.40 (1.28-1.53)

3,135/484,846
1.38 (1.27-1.51)
2,291/412,722
1.24 (1.12-1.38)

2,856/455,659
1.32 (1.20-1.45)
2,856/455,621
1.28 (1.16-1.41)

3,135/484,846
1.34 (1.23-1.46)
2,049/348,596
1.30 (1.17-1.46)

2,524/398,858
1.34 (1.21-1.48)

1,691/484,846
1.83 (1.63-2.04)

1,301/484,622
1.92 (1.69-2.18)
1,502/476,533
1.74 (1.54-1.97)
1,627/484,622
1.83 (1.63-2.05)
1,678/369,931
1.82 (1.62-2.03)

1,691/484,846
1.78 (1.59-1.99)
1,258/412,722
1.56 (1.37-1.79)

1,522/455,659
1.54 (1.36-1.76)
1,522/455,621
1.46 (1.28-1.66)

1,691/484,846
1.56 (1.39-1.75)
1,102/348,596
1.57 (1.36-1.81)

1,346/398,696
1.78 (1.57-2.02)

252/483,992
1.65 (1.23-2.21)

194/483,992
1.62 (1.16-2.26)
215/476,200
1.55 (1.12-2.13)
236/483,992
1.68 (1.25-2.28)
241/369,159
1.78 (1.33-2.39)

252/483,992
1.65 (1.23-2.22)
187/411,648
1.76 (1.25-2.47)

230/454,882
1.61 (1.17-2.22)
230/454,844
1.58 (1.14-2.19)

252/483,992
1.61 (1.20-2.16)
172/348,029
1.51 (1.05-2.18)

213/398,209
1.77 (1.29-2.42)

Notes. Model 1 to Model 1.4 include the covariates age and sex; Model 1.1 excludes cases with more than one type of dementia code (e.g., AD and
VD); Model 1.2 excludes incident cases of dementia within 5 years of baseline assessment; Model 1.3 excludes dementia ascertained from death
records; Model 1.4 excludes participants younger than age 50 at baseline; Model 2 includes the covariates of Model 1 plus education; Model 2.1
further adds household income and the Townsend deprivation index; Model 3 includes the covariates of Model 2 plus depression; Model 3.1 further
adds social isolation; Model 4 includes the covariates of Model 2 plus vascular risk factors (self-reported diabetes, hypertension, stroke, heart
attack, ever smoker, BMI > 30); Model 4.1 further add HbA1c, CRP, LDL, and the sum of minutes performing walking, moderate and vigorous
activity. Model 5 is Model 2 with APOE e4 risk allele status. HR = Hazard Ratio; Cl = Confidence Interval.
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