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Abstract

INTRODUCTION: This study aimed to assess whether social relationships in mid-life

reduce the risk of dementia related to amyloid burden.

METHODS:Participants in theAtherosclerosisRisk inCommunities (ARIC) studywere

assessed for social support and isolation (visit 2; 1990–1992). A composite measure,

“social relationships,” was generated. Brain amyloid was evaluated with florbetapir

positron emission tomography (PET); (visit 5; 2012–2014). Incident dementia cases

were identified following visit 5 through 2019 using ongoing surveillance. Relative

contributions of mid-life social relationships and elevated brain amyloid to incident

dementia were evaluated with Cox regressionmodels.

RESULTS: Among 310 participants without dementia, strong mid-life social relation-

ships were associated independently with lower dementia risk. Elevated late-life brain

amyloid was associated with greater dementia risk.

DISCUSSION: Although mid-life social relationships did not moderate the rela-

tionship between amyloid burden and dementia, these findings affirm the
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importance of strong social relationships as a potentially protective factor against

dementia.

KEYWORDS

amyloid beta, Atherosclerosis Risk in Communities study, dementia, mid-life, positron emission
tomography, social relationships

1 BACKGROUND

Cortical amyloid beta (Aβ) deposition is highly associated with demen-

tia incidence, yet not everyone with amyloid deposition will develop

dementia in their lifetime.1 Such discrepancies highlight the important

role that risk factors may have in reducing the likelihood of dementia

incidence.

Among these factors, psychosocial health has been identified as a

modifiable risk factor that may be related to a reduction in dementia

incidence.2–5 Themechanismunderlying this theory has been explored

through the use of structural measures assessed via magnetic reso-

nance imaging (MRI), cerebrospinal fluid (CSF) samplesof proteins such

as Aβ and tau, and neuropsychological tests which assess age-related

cognitive decline.6–10 Likewise, other studies have shown significant

relationships between psychosocial measures and Aβ burden mea-

sured using positron emission tomography (PET).11–13 The premise

in conducting many of these studies can be summarized as attempts

to better discern the pathological mechanism in which older indi-

viduals are able to sustain cognitive function despite aging and the

neuropathology that accompanies the aging process.

A recent study in the Atherosclerosis Risk in Communities (ARIC)–

PET cohort showed that participantswith stronger psychosocial health

in mid-life were less likely to have elevated amyloid burden in late life,

compared to participants with weaker psychosocial health.13 Findings

of greater Aβ pathology in older adults who theoretically have a “pro-

tective” risk factor due to strong psychosocial health prompted the

present study to further investigate whether lifetime dementia risk,

canonically associated with amyloid burden, may be modified based

upon this factor. We hypothesized that participants with strong social

relationships in mid-life would have a reduced risk of incident demen-

tia associated with amyloid burden, relative to participants with poor

social relationships in mid-life. The measure of psychosocial health

examined was “social relationships,” which was defined based upon

measures of social support and social isolation assessed in the ARIC

cohort.

2 METHODS

2.1 Study population

The ARIC study is an ongoing community-based prospective cohort

study that enrolled 15,792 adults (aged 45 to 64 years) from four U.S.

communities at baseline (visit 1: 1987–1989).14 Self-reported ques-

tionnaires regarding psychosocial measures were collected at visit 2

(1990–1992). At visit 5 (2011–2013), the ARIC Neurocognitive Study

(ARIC-NCS) was initiated and a subset of ARIC participants without

contraindications for imaging underwent brain MRI.15,16 Among the

subset who received brain MRI, 346 participants without dementia

from three ARIC centers were recruited for florbetapir PET imag-

ing (to occur within 1 year of cognitive testing) at visit 5 as part of

the ARIC-PET ancillary study.17 Inclusion/exclusion criteria for the

present study is shown (Figure 1). For participants with imaging at the

Forsyth or Washington County sites, follow-up for the development

of incident dementia was administratively censored on December 31,

2019. For roughly 30% of the 119 participants who underwent imag-

ing at the Jackson site, follow-up data for this study were censored

through December 31, 2017, due to administrative delays. The study

was approved by Institutional Review Boards at each study center.

2.2 Psychosocial measures

Perceived social support was evaluated at visit 2 using the Interper-

sonal Support Evaluation List-Short Form (ISEL-SF; Figure S1). This

16-item scale was constructed by ARIC investigators from the origi-

nal 40-item full scale and assesses perceived social support with four

subscales including (1) appraisal support, (2) tangible assets support,

(3) belonging support, and (4) self-esteem support. The total score is an

equally weighted sum, with scores ranging from 0 to 48. Higher scores

indicate greater perceived social support.18,19 Total ISEL-SF score was

categorized into distribution-based tertiles of the total ARIC sample

assessed at visit 2 (high≥42, intermediate 36–41, and low≤35).13

Social isolation was also evaluated at visit 2 by use of the Lubben

Social Network Scale (LSNS; Figure S2). This 10-item scale assesses

the size of the participant’s active social network and the perceived

social support received by family, friends, and neighbors. The total

score is an equally weighted sum, with scores ranging from 0 to 50.

Higher scores indicate lower risk of social isolation.20,21 Although not

evenlydistributed, scoresweredivided into four categoriesbasedupon

the Lubben criteria, which has been used in subsequent ARIC papers:

≤20= isolated; 21–25= high risk for isolation; 26–30=moderate risk

for isolation;≥31= low risk for isolation.7,20–23

Following the categorization of both psychosocial measures, par-

ticipants fell into 12 different groups. Performance on the ISEL-SF and

LSNS was paired to create a measure reflecting social relationships.

Participants were classified as having strong, average, or poor social

relationships in mid-life (Figure 2). This conversion into a categorical
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RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the literature

using PubMed, specifically for studies examining psy-

chosocial health and dementia risk. Studies examining

psychosocial measures and long-term health outcomes

using a cross-sectional design are widespread, but fewer

examine how behaviors underlying social relationships,

like social support and isolation, may modify cognitive

outcomes and dementia incidence longitudinally.

2. Interpretation: Although mid-life social relationships did

not modify the association between late-life amyloid

burden and incident dementia, our results nonetheless

emphasize the important independent contributions of

mid-life social relationships to dementia risk, even in the

presence of amyloid pathology.

3. Future directions: Our findings support the protective

role that strong social relationships in mid-life may have

on dementia risk. Future studies are needed to evaluate

the most effective ways to measure social behaviors and

how such factors may preserve cognition in the presence

of brain pathology.

composite measure that encompasses both psychosocial measures

was conducted for several reasons: (1) because the relationship

between continuous ISEL-SF and LSNS scores in this sample was weak

(Figure 3; R2
= 0.2009), which may indicate that feelings of social

support and social isolation are not linear with one another; (2) to help

offset the small number of participants who were categorized as “high

risk of isolation” or “isolated”; and (3) to assess social relationships

more globally.24,25

2.3 Brain MRI and PET

Brain MRI scans, obtained at a 3T MRI facility near each field cen-

ter, were read and preprocessed centrally at the Mayo Clinic.16,26

The details of PET image processing and co-registration with MRI,

carried out at the Johns Hopkins University reading center, were

described previously.17 A global cortical measure of florbetapir uptake

was used as aweighted average (based on region of interest size) of the

orbitofrontal, prefrontal, and superior frontal cortices; the lateral tem-

poral, parietal, and occipital lobes; the precuneus, anterior cingulate,

and the posterior cingulate. An automated region for cerebellum gray

was used as reference. Because continuous florbetapir standardized

uptake values (SUVRs) are highly skewed, SUVRs were dichotomized

at the sample median of >1.2.17 Florbetapir PET scans were obtained

within 1 year ofMRI scans (ideally within 6months).

2.4 Dementia

Participants with dementia at the time of the ARIC-NCS visit 5 were

previously excluded from the ARIC-PET study and not part of the

present analytic sample. As part of ARIC-NCS visits 5–7, participants

seen in-person underwent detailed cognitive testing, and a subset had

informant interviews.All participantsweregivena classificationof nor-

mal cognition, mild cognitive impairment (MCI), or dementia following

standard diagnostic criteria and a physician- and neuropsychologist-

led adjudication process.15,27 Participants had to be seen in-person

at ARIC-NCS visit 5 to be included in the primary ARIC-PET

Completed florbetapir PET scan at visit 5 (n = 346)

Demographic and clinical exclusions
Race other than Black or White (n = 2)

Dementia at time of imaging (n = 1)

Analytic sample after preliminary exclusions (n = 343)

Excluded due to missing information
Missing or miscoded psychosocial factors (n = 17)

Missing dementia adjudication after visit 5 (n = 11)

Missing vascular risk factors (n = 5)

Final analytic sample (n = 310)

F IGURE 1 Study inclusion and exclusion criteria. PET, positron emission tomography.
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Low risk  

(Score ≥ 31)  

Moderate risk 

(Score 26 – 30)  

High risk  

(Score 21 – 25) 

Isolated  

(Score ≤ 20)  

Total 

High  

(Score ≥ 42)  
93 4 2 0 99 

Intermediate  
(Score 36 – 41) 

91 12 5 2 110 

Low  

(Score ≤ 35)  

67 21 7 6 101 

 

Total 251 37 14 8 310 

F IGURE 2 Categorization of social relationships. ISEL-SF, Interpersonal Support Evaluation List-Short Form; LSNS, Lubben Social Network
Scale.

R2 = 0.2009

F IGURE 3 Two-way scatterplot displaying continuous LSNS score
and continuous ISEL-SF score. Dashed line indicates the linear fit
between continuous scores. ISEL-SF, Interpersonal Support
Evaluation List Short Form; LSNS, Lubben Social Network Scale.

sample but did not have to be seen in-person at subsequent visits for

inclusion in this sample. For post-visit 5 incident dementia case identifi-

cation, ongoing dementia ascertainment and surveillance in the parent

ARIC cohort included in-person visits and ongoing surveillance.27

Dementia cases were identified through several sources, including,

the administration of the Six Item Screener (SIS) annually by phone

and the Ascertain Dementia 8-Item Informant Questionnaire (AD8)

when appropriate.27–29 Hospitalization codes and death certificates

identified additional cases of dementia during follow-up. The date of

dementia onset was defined as the earliest date of SIS/AD8 inter-

views, the date of hospitalization records with a dementia diagnosis,

or the date of the in-person visit when a participant was classi-

fied as having dementia. Of participants with diagnoses based on

SIS/AD8, hospitalization records, or death certificates, dementia onset

was defined as 180 days prior to the interview, hospitalization, or

death.

2.5 Covariates

Covariates included age (at visit 2), sex, education (less than high

school, high school or equivalent, and greater than high school), race,

and apolipoprotein E (APOE) ɛ4 genotype (0 or ≥1 allele). Of the 310

participants, fiveweremissingAPOE genotyping. Leisure-TimePhysical

Activity (LTPA)was assessed at visit 1 using theModified Baecke Phys-

ical Activity Questionnaire.30,31 For this analysis, participants were

defined as “inactive” if they reported0min/weekof LTPAat visit 1.30–32

The Maastricht Vital Exhaustion Questionnaire was administered at

visit 2 to measure symptoms of depression and fatigue.22,33,34 Ques-

tionnaire scores were dichotomized at ≥14 to indicate depressive and

fatigue symptomology.22 Marital status was self-reported at visit 2

and characterized asmarried or notmarried (divorced, separated, wid-

owed, or never married). Vascular risk factors, such as hypertension

(systolic bloodpressure>140mmHg, diastolic bloodpressure>90mm

Hg, or use of antihypertensive medications), diabetes (fasting glucose

≥126mg/dL, non-fasting glucose≥200mg/dL, HbA1c≥6.5, self-report

of physician-diagnosed diabetes, or use of oral diabetesmedications or

insulin), smoking/drinking (self-report, binarized into current vs non),

obesity (BMI ≥30 kg/m2), and elevated total cholesterol (≥200 mg/dL)

were all collected at visit 2. As described in Section 2.4 and because

dementia was an exclusionary diagnosis for inclusion in the ARIC-PET

study, each participant’s cognitive status at visit 5 was classified as

normal cognition orMCI.
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TABLE 1 Characteristics of the ARIC-PET analytic sample at visit 2, stratified by levels of social relationships (n= 310).

Characteristics

Strong social

relationships

(n= 188)

Average social

relationships

(n= 86)

Poor social

relationships

(n= 36) p value

Age, y, mean (SD) 54.8 (5.2) 55.7 (5.4) 54.9 (4.3) 0.40

Race,N (%) 0.94

Black (n= 125) 75 (39.9) 36 (41.9) 14 (38.9)

White (n= 185) 113 (60.1) 50 (58.1) 22 (61.1)

Sex,N (%) 0.002

Female (n= 175) 119 (63.3) 44 (51.2) 12 (33.3)

Male (n= 135) 69 (36.7) 42 (48.8) 24 (66.7)

Field Center,N (%) 0.68

Forsyth 47 (25.0) 16 (18.6) 6 (16.7)

Jackson 71 (37.8) 34 (39.5) 14 (38.9)

Minneapolis — — —

Washington 70 (37.2) 36 (41.9) 16 (44.4)

APOE ε4 status,N (%) (n= 305) 0.83

Non-carrier 127 (67.6) 58 (67.4) 27 (75.0)

Carrier 58 (30.9) 27 (31.4) 8 (22.2)

Education level,N (%) 0.001

Less than high school 23 (12.2) 21 (24.4) 2 (5.6)

High school or equivalent 73 (38.8) 44 (51.2) 18 (50.0)

More than high school 92 (48.9) 21 (24.4) 16 (44.4)

Notmarried,N (%) 28 (14.9) 16 (18.6) 12 (33.3) 0.03

Elevated florbetapir global

SUVR (>1.2) at visit 5,N (%)

101 (53.7) 36 (41.9) 13 (36.1) 0.06

Cognitive status ofMCI at visit 5,N (%) 42 (22.3) 27 (31.4) 13 (36.1) 0.11

Physically inactive at visit 1 (0min/wk),N (%) 71 (37.8) 36 (41.9) 13 (36.1) 0.77

Depressive/fatigue symptoms,N (%) 42 (22.3) 34 (39.5) 15 (41.7) 0.003

Hypertension,N (%) 50 (26.6) 26 (30.2) 15 (41.7) 0.19

Diabetes,N (%) 14 (7.5) 14 (16.3) 4 (11.1) 0.08

Bodymass index (≥30 kg/m2),N (%) 50 (26.6) 25 (29.1) 14 (38.9) 0.33

Total cholesterol (≥200mg/dL),N (%) 93 (49.5) 39 (45.4) 14 (38.9) 0.47

Current smoker,N (%) 28 (14.9) 16 (18.6) 5 (13.9) 0.70

Current drinker,N (%) 103 (54.8) 44 (51.2) 17 (47.2) 0.66

Developed dementia by visit 7,N (%) 25 (13.3) 16 (18.6) 7 (19.4) 0.42

Died prior to visit 7,N (%) 13 (6.9) 7 (8.1) 3 (8.3) 0.92

Note: Baseline differences assessed with analysis of variance (ANOVA) for continuous variables and χ2 tests for categorical values. No PET scans were

conducted atMinneapolis ARIC Field Center.

Abbreviations: APOE, apolipoprotein E;MCI, mild cognitive impairment; SUVR, standardized uptake value ratio.

2.6 Statistical analysis

Participant characteristics were evaluated in the analytic sample

(Table 1) and the total ARIC visit 2 sample (Table S1). Cox propor-

tional hazards regression models were used to estimate hazard ratios

(HRs) and 95% confidence intervals (CIs) for the association between

elevated global SUVR and incident dementia between ARIC-PET visit

5 and December 31, 2019 (with visit 5 considered to be time 0).

Within models, the contributions of mid-life social relationships as a

categorical measure (strong, average, or poor) in addition to dichoto-

mous florbetapir SUVR were evaluated independently. To evaluate

for effect modification, we tested for multiplicative interactions by

including an interaction term between social relationships and ele-

vated global SUVR. Model 1 was adjusted for demographics (age,
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TABLE 2 Adjusted hazard ratios for association of mid-life social relationships and elevated florbetapir global SUVRwith dementia risk
(n= 305).

Variables Model 1 HR (95%CI) Model 2 HR (95%CI) Model 3 HR (95%CI)

Strong social relationships 0.32 (0.12–0.86)* 0.35 (0.13–0.94)* 0.45 (0.16–1.23)

Average social relationships 0.29 (0.10–0.80)* 0.27 (0.10–0.78)* 0.28 (0.10–0.80)*

Poor social relationships Reference Reference Reference

Elevated florbetapir global SUVR>1.2 4.04 (1.93–8.46)** 4.14 (1.93–8.87)** 3.25 (1.47–7.17)**

Age (per 1 year) 1.15 (1.07–1.23)** 1.15 (1.07–1.23)** 1.16 (1.08–1.25)**

Race (Black) 1.71 (0.90–3.22) 1.97 (1.01–3.82)* 1.94 (0.99–3.80)

Sex (Female) 0.55 (0.29–1.03) 0.58 (0.28–1.18) 0.56 (0.27–1.16)

APOE ε4 carrier 2.27 (1.25–4.14)** 2.06 (1.11–3.81)* 2.13 (1.15–3.94)*

Education

Less than high school 2.80 (1.31–5.96)** 2.99 (1.27–7.01)* 3.61 (1.51–8.65)**

High school or equivalent 0.79 (0.38–1.65) 0.91 (0.40–2.04) 1.06 (0.47–2.38)

More than high school Reference Reference Reference

Notmarried 1.17 (0.53–2.59) 0.86 (0.35–2.10) 1.02 (0.41–2.55)

Depressive/fatigue symptoms — 0.91 (0.43–1.94) 0.98 (0.45–2.13)

Hypertension — 1.02 (0.54–1.95) 1.20 (0.62–2.32)

Diabetes — 2.77 (1.20–6.37)* 2.04 (0.84–4.96)

Bodymass index (≥30 kg/m2) — 1.73 (0.88–3.40) 1.88 (0.96–3.71)

Total cholesterol (≥200mg/dL) — 0.52 (0.27–0.98)* 0.54 (0.29–1.00)

Current smoker — 1.22 (0.48–3.10) 1.50 (0.58–3.89)

Current drinker — 0.54 (0.28–1.05) 0.68 (0.34–1.35)

Physical inactivity at visit — 0.75 (0.39–1.43) 0.76 (0.40–1.45)

HavingMCI at visit 5 — — 2.47 (1.22–5.00)*

Note: Model 1 adjusted for age, race, sex, APOE ε4, education, and marital status. Model 2 adjusted for model 1 covariates in addition to depressive/fatigue

symptoms, vascular risk factors, and physical inactivity. Model 3 adjusted for model 2 covariates in addition to havingMCI at visit 5.

Abbreviations: APOE, apolipoprotein E; CI, confidence interval; HR, hazard ratio; MCI, mild cognitive impairment; SUVR, standardized uptake value ratio.

*p≤ 0.05.

**p≤ 0.01.

sex, education, race, marital status) and APOE ε4 status. Model 2 fur-

ther adjusted for depressive/fatigue symptoms, vascular risk factors,

and physical inactivity. Model 3 additionally included cognitive sta-

tus at visit 5. However, primary inferences should be drawn from

model 2 because MCI is likely on the causal pathway between the

exposures and incident dementia. Exploratory analyses examined the

three-way interaction between sex, amyloid burden, and dementia

risk. Sensitivity analyses were conducted in models stratified by cog-

nitive status at visit 5, excluding participants with prevalent stroke

at visit 5, and using global SUVRs as a scaled continuous measure

(scaled = SUVR × 10). Additional sensitivity models assessed the con-

tributions of social support and social isolation as continuous and

categorical measures. Because these factors were paired to create the

“social relationships” variable, the purpose of these analyseswas to see

whether the observed effects of psychosocial measures on the associ-

ation between amyloid burden with dementia were congruent across

different behaviors related to psychosocial health. Stata SE, version

17 for Macintosh (Stata Corp) was used for all analyses; p < 0.05 was

considered statistically significant, and testing was two-sided.

3 RESULTS

3.1 Characteristics of the analytic sample

A total of 310 participants comprised the analytic sample; 175 (56.5%)

were women and 125 (40.3%) were Black (Table 1). The mean (SD) age

of participants at visit 2 when psychosocial measures were evaluated

was 55.1 (5.1) years and the mean age at visit 5 when PET imaging

occurredwas 77.8 (5.3) years. Themedian follow-up after PET imaging

was 4.7 years (interquartile cut-points: 4.0 and 5.2 years), duringwhich

48 participants (15.5%) developed dementia.

3.2 Contributions of social relationships and
brain amyloid to dementia risk

Across models, participants with elevated global SUVR had greater

risk of developing incident dementia (Table 2). Independent of this

effect, model 2 further showed that participants with strong (HR 0.35,
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F IGURE 4 Kaplan-Meier curves for dementia-free survival by social relationships and elevated florbetapir global SUVR status. Follow-up time
begins at ARIC-PET visit 5 (mean (SD) age 77.8 (5.3) years), whereas social relationships weremeasured inmid-life at ARIC visit 2 (mean (SD) age
55.1 (5.1) years). Rates of dementia incidence differed significantly (log-rank p< 0.001) in participants with varying levels of social relationships
and elevated global SUVR. SUVR, standardized uptake value ratio.

95% 0.13–0.94) or average social relationships in mid-life (HR 0.27,

95% CI 0.10–0.78), relative to those with poor social relationships in

mid-life, had a reduced risk of developing incident dementia (Table 2).

The relative contributions of mid-life social relationships and elevated

global SUVR on dementia risk are shown (Figure 4). Although social

relationships in mid-life independently predicted dementia risk, this

factor did not interact with elevated global SUVR on a multiplica-

tive scale (p-interaction values between 0.41 and 0.93). Consistent

with published results,27 older age, APOE ε4, and lower educational

attainment were associated with elevated risk of incident dementia

in late life (Table 2). Exploratory analyses that examined the three-

way interaction between sex, amyloid burden, and dementia risk were

not statistically significant. Sex-stratified model findings are shown

(Table S2).

3.3 Sensitivity analyses

Models stratified by cognitive status at visit 5 showed independent

associations between elevated global SUVR with dementia risk in

both cognitive groups, but otherwise the only significant association

to persist was that between average social relationships in mid-life

and dementia risk in participants with MCI (Table S3). Notably in MCI

participants, the interaction between mid-life social relationships and

elevated global SUVR approached statistical significance across mod-

els (p<0.10), but given small numbers, this result should be interpreted

with caution. Inmodels that excludedparticipantswith reportedpreva-

lent stroke at visit 5 (n = 13) or used scaled continuous global SUVRs

(scaled = SUVR × 10), independent associations, like those reported

in the full sample, were shown (Tables S4 and S5). However, the asso-

ciation between strong social relationships in mid-life with dementia

riskwas no longer significant inmodels using scaled continuous SUVRs,

and the effect size of the association between scaled continuous SUVR

with dementia risk was smaller than that observed between binary

elevated SUVR and dementia risk.

Models assessing the independent contributions of mid-life mea-

sures of social support and social isolation on the association between

elevated global SUVR with incident dementia risk are shown (Tables

S6–S8). Across models, elevated global SUVR predicted dementia risk.

Associations between continuous ISEL-SF and LSNS scores with ele-

vated global SUVR were non-significant. In models which used the

ISEL-SF categorically, only participants with intermediate social sup-

port in mid-life, relative to low social support, were less likely to

develop dementia (models 1 and2). Inmodelswhich used the LSNS cat-

egorically, participants with low risk or high risk of social isolation in

mid-life were less likely to develop dementia, relative to participants

who were categorized as isolated (models 1-3). This association was

not statistically significant in participantswith amoderate risk of social

isolation in mid-life. No multiplicative interactions between mid-life

measuresof social support (or social isolation) andamyloidburdenwith

dementia risk were shown.

4 DISCUSSION

Contrary to our hypothesis we did not find evidence that strong social

relationships in mid-life significantly modify the relationship between

amyloid burden and dementia risk. However, we found that mid-life
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social relationships and elevated amyloid burden independently con-

tribute to subsequent risk of dementia. Specifically, we observed that

participants who were categorized as having strong or average social

relationships in mid-life had a lower risk of developing dementia, rela-

tive to participants who had poor social relationships in mid-life. This

finding is consistent with previous studies which have shown that

strong social relationships help to preserve cognitive function, thus

prolonging the development of dementia.6,11 Furthermore, the find-

ing that elevated global SUVR predicted increased risk of dementia is

consistent with previous studies.27 Model findings remained robust to

adjustments for demographics,APOE ε4, depressive/fatigue symptoms,

vascular risk factors, and physical inactivity. Associations between

strong social relationships inmid-life and dementia riskwere no longer

statistically significant when MCI was added to the model. This likely

reflects that MCI is on the causal pathway to dementia and model 3

may be over-adjusted as a result.

Similar to the null interaction effect in the present study, no

effect modification was shown in a recent ARIC study that examined

how mid-life vascular risk factors, including hypertension, smoking,

diabetes, obesity, and total cholesterol, may modify the association

between amyloid burden and incident dementia.27 This may reflect

that mid-life factors (including but not limited to psychosocial and/or

vascular risk factors) are driving dementia risk through processes that

are independent of amyloid and may include other mechanisms such

as neuroinflammation, cerebrovascular burden, or tauopathy. Such

ideas have been proposed by others studying protective risk factors

for elevated amyloid burden and Alzheimer’s disease (AD)–related

pathology.8,11,35–38

Across sensitivity analysis models using mid-life social support and

social isolation as exposure measures, elevated global SUVR predicted

dementia risk. In models assessing mid-life social support as a categor-

ical measure, participants with intermediate social support, relative to

lowsocial support,were less likely todevelopdementia.Models assess-

ing levels of mid-life social isolation with dementia risk showed that

participants at “risk for social isolation,” compared to those categorized

as “isolated,” were less likely to develop dementia. Altogether, these

findings reiterate the protective effect psychosocial factors may have

on dementia risk.

The rationale that led us to primarily examine social relationships

as a composite measure was based upon the idea that social support

and social isolation are independent constructs yet with underlying

similarities.24,25 The ISEL-SF is thought to measure perceived social

support, which has been shown to vary little over time, and focuses on

the support that participants feel they are receiving with little empha-

sis on reciprocated social support.25 The LSNS is largely objective and

captures many aspects of social relationships including social support,

relationship closeness with friends and family, and aspects of loneli-

ness, all of which may vary situationally and temporally.25 Both scales

have a collective emphasis on relationships closeness with friends

and family, with a lesser focus on how individuals see themselves

and their role within their greater community. Continuing to view

psychosocial health as a comprehensive measure will likely remain

important as the field aims to design and tailor intervention meth-

ods that are able to successfully target many facets of psychosocial

health.4,37

Psychosocial measures were surveyed at visit 2 and amyloid burden

was not measured until visit 5. We acknowledge that social relation-

ships often change as individuals age from their mid-50s to late 70s,

and that psychosocial health in later life may have a stronger influence

on amyloid burden. An optimal way to capture these changes would be

to have psychosocial factors measured at multiple timepoints. Despite

having psychosocial measures solely evaluated in mid-life, the longi-

tudinal design of this study can be considered a strength for several

reasons. First, it means that there is a smaller chance that our results

are reflecting reverse causation, which remains a major challenge in

observational research.37 Next, assessments of psychosocial factors

cross-sectionally are limited in their ability to make inferences about

the life course or the mechanism by which such pathological changes

occur over time.3–5 Moreover, the assessment of psychosocial factors

in late life is arguably too late for meaningful intervention. Relatedly,

preliminary intervention efforts have favored a preventive approach,

which suggests that engaging in meaningful relationships in mid-life

means individuals are more likely to retain those relationships and

habits as they age.4

There are limitations to the present study. Survival bias may have

influenced our findings and the relationships observed in a few dif-

ferent ways. First, to be included in this analytic sample, participants

had to be non-demented and alive well into their 70s. Still, sensitiv-

ity analyses that stratified the sample by cognitive status at visit 5

indicated that associations between social relationships inmid-life and

dementia risk may have been driven by the portion of the sample

that had MCI (n = 81). Although this can be viewed as a limita-

tion, it may also indicate that in a sample with poorer overall health,

mid-life social relationships may have had larger implications on the

association between amyloid burden and incident dementia risk. This

was further supported by the marginally significant interaction effect

betweenmid-life social relationships and elevated global SUVR inMCI

participants.

Next, we observed that the proportion of participants who devel-

oped incident dementia in this study sample (15.5%) is closely aligned

with global estimates of AD in this age group,39,40 whereas the preva-

lence of amyloid positivity in this sample is relatively high (48.4%).

It remains possible that a clinical effect from amyloid burden would

have emerged over a longer follow-up period (median follow-up from

amyloid PET was 4.7 years). Taken together, these findings pose the

question as to how many more participants in this group will eventu-

ally develop incident dementia. We recognize that there remain other

factors that may impact amyloid burden, yet not dementia. Ultimately,

such factors should be taken into consideration prior to generalizing

the associations shown in this study to the entire population. Likewise,

the sample represented in this study was limited to Black and White

participants. We are hopeful that others will continue to build upon

our findings and refine ourmeasure of social relationships in additional

ethnically diverse populations.

Finally, some of the associations shown between psychosocial mea-

sures with dementia risk lacked a clear dose-response relationship;
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nor were the same associations consistently shown when examining

categorical levels of social support, isolation, or relationships. This may

reflect that the numeric cut-offs used to distinguish levels of eachmea-

sure are not sufficiently sensitive to pick up the degree of variation

attributed to each. For this purpose, we also assessed findings with

the ISEL-SF and LSNS scored continuously but did not find significant

associations with amyloid burden or effect modification on dementia

risk.

In conclusion, stronger social relationships in mid-life were associ-

atedwith a lower risk of developing dementia, independent of elevated

global SUVR. Despite no statistical evidence of an interaction, our

results nonetheless emphasize the important independent contribu-

tions of mid-life social relationships to dementia risk, even in the

presence of amyloid pathology. Future studies are needed to evalu-

ate the most effective ways to measure social behaviors and how such

factors may preserve cognition in the presence of brain pathology.
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