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Abstract

Background:  We assessed 10-year longitudinal associations between late-life social networks and incidence of all-cause dementia (ACD), 
Alzheimer’s disease (AD), and vascular dementia (VaD) in Japanese-American men.
Methods:  We prospectively analyzed, from baseline (1991–1993) through 1999–2000, 2636 initially nondemented Kuakini Honolulu-Asia 
Aging Study participants who remained dementia-free during the first 3 years of follow-up. Global cognition was evaluated by the Cognitive 
Abilities Screening Instrument (CASI); depressive symptoms by the 11-item Center for Epidemiologic Studies Depression (CES-D) Scale; and 
social networks by the Lubben Social Network Scale (LSNS). Median split of LSNS scores defined weak/strong social network groups. A panel 
of neurologists and geriatricians diagnosed and classified dementia; AD and VaD diagnoses comprised cases in which AD or VaD, respectively, 
were considered the primary cause of dementia.
Results:  Median (range) baseline age was 77 (71–93) years. Participants with weak (LSNS score ≤29) versus strong (>29) social networks 
had higher age-adjusted incidence (in person-years) of ACD (12.6 vs. 8.7; p = .014) and AD (6.7 vs. 4.0; p = .007) but not VaD (2.4 vs. 1.4; 
p = .15). Kaplan–Meier curves showed a lower likelihood of survival free of ACD (log-rank p < .0001) and AD (p = .0006) for men with weak 
networks. In Cox proportional hazards models adjusting for age, education, APOE ɛ4, prevalent stroke, depressive symptoms, and CASI score 
(all at baseline), weak networks predicted increased incidence of ACD (hazard ratio [HR] = 1.52, p = .009) and AD (HR = 1.67, p = .014) but 
not VaD (p > .2).
Conclusion:  Weak social networks may heighten the risk of dementia and AD, underscoring the need to promote social connectedness in older 
adults.
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In 2015 an estimated 47 million people worldwide were living with 
dementia (1). This number, doubling every 20 years, is projected to 
exceed 74 million in 2030 and 131 million by 2050 (1). AD is the 
most prevalent form of dementia, accounting for 50%–75% of cases 
(2), and is followed by vascular dementia (VaD) as the second most 
common category (3). In light of the current absence of pharmaco-
logical treatments which lead to a clinically meaningful reduction 

of symptoms associated with AD, preventive strategies focusing on 
primary preventions are urgently needed. Much research has there-
fore addressed aspects of lifestyle and environment that can be 
changed. Potentially modifiable risk factors include cognitive and 
physical inactivity (4), hearing loss (5), late-life depression (6), and 
vascular and behavioral risk factors (4). A third of dementia cases 
may be preventable (7). Even after genetic influences are taken into 
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consideration, a substantial proportion of dementia risk remains 
unexplained, highlighting the importance of determining additional 
malleable factors (8).

One modifiable factor implicated in the development of de-
mentia is social isolation (9,10). With longitudinal studies increasingly 
investigating the effects of lifestyle on cognitive decline, interest in the 
protective role of social networks has grown (9). Social networks at-
tempt to capture the nature of the social environment by measuring the 
number, frequency, and closeness of interactions with others (9). Poor 
social relationships may increase the likelihood of developing dementia 
(10), although direct comparison of research findings is hampered by 
heterogeneous measures of social connection (11).One meta-analysis 
of longitudinal cohort studies concluded that incident dementia was 
linked to factors representing a paucity of social interaction (10); how-
ever, of the 8 studies that assessed social networks in relation to de-
mentia risk, each defined social contact differently and only 2 detected 
statistically significant associations (10,11). Contradictory results exist 
regarding the impact of social network size and other aspects of social 
integration on incident dementia (10). While restricted social networks 
have been observed to augment dementia risk (12,13), 2 groups re-
ported that social isolation, social engagement, and social support did 
not predict all-cause dementia and AD during 3  years of follow-up 
(14,15). The inconsistencies may be attributed in part to methodo-
logical issues other than dissimilar definitions of social contact: rela-
tively few groups, for example, have considered the influence of APOE 
ɛ4 when examining social networks in relation to subsequent dementia 
(13,15–17). Moreover, many observational studies of social networks 
and dementia have involved follow-up periods of 5–6  years or less 
(10,18) and might suffer from reverse causation.

The highest rates of social isolation and dementia are found 
among the “oldest-old”, usually defined as ≥ 85 years of age (19). 
Investigations of social networks and incident dementia in this age 
group are still few (20) and may overlook the fact that risk fac-
tors are different for the oldest–old than for younger individuals 
(19). In the current study, social networks in late life were tested 
as predictors of incident AD, VaD, and all-cause dementia among 
Japanese-American men, participants of the Kuakini Honolulu-Asia 
Aging Study (Kuakini HAAS), over a follow-up period of 10 years. 
We hypothesized that weaker social networks would be associated 
with a greater incidence of all-cause dementia, AD, and VaD.

Materials and Methods

Study Population
The Kuakini Honolulu Heart Program (Kuakini HHP) began in 
1965 as a longitudinal study of cardiovascular disease (CVD) in 
8006 middle-aged Japanese-American men living on the island of 
Oahu, Hawaii (21). In 1991 the HHP was extended to the Kuakini 
Honolulu-Asia Aging Study (Kuakini HAAS), designed to investigate 
aging-related neurodegenerative diseases (22). The fourth Kuakini 
HHP examination (Kuakini HAAS baseline) was performed during 
1991–1993. Of the 4671 surviving Kuakini HHP cohort members, 
almost 80% (N = 3734), who were by then 71–93 years old, partici-
pated in the Kuakini HAAS and were subsequently examined every 
2–3 years. Our study analyzed data from 4 study visits; i.e., through 
Kuakini HHP exam 7 (1999–2000), with exam 4 serving as the base-
line. Interviews were conducted in English or Japanese according to 
participant preference. The Kuakini HAAS was approved by the in-
stitutional review board of the Kuakini Medical Center (Honolulu, 
Hawaii). All participants and/or a responsible family member pro-
vided written informed consent at each examination.

The current study investigated Kuakini HAAS participants who 
were free of dementia at exam 4 and who underwent at least 1 
follow-up in-person assessment. Our analytical sample comprised 
2636 of the 3734 Kuakini HAAS participants who underwent the 
baseline examination. A flow chart of the selection process is pre-
sented in Figure 1. Excluded were men with prevalent dementia, in-
complete Lubben Social Network Scale (LSNS) responses (missing 
answers to >2 questions), and those who were still alive on the 
last day of exam 7 (October 16, 2000) but did not participate in 
follow-up exams 5, 6, or 7 and whose dementia status was there-
fore unknown. To reduce potential bias due to reverse causation, 
we also excluded the 40 individuals who were diagnosed with all-
cause dementia during the first three years (<3 years) of follow-up. 
Participants were followed up for nearly 10 years (discussed later in 
more detail).

Data Collection
Predictor variable: Social network
Data on social networks were collected using the 10-item LSNS, 
which was developed for use in an older adult population as a modi-
fication of the Berkman-Syme Social Network Index (23). By as-
sessing social network size and the frequency of social contact with 
network members, the LSNS provides an objective measure of social 
interaction. In brief, 3 questions related to size of the active family 
network and the frequency of contact with the family member with 
whom the participant is most often in touch; 3 questions capture 
the same information for friends; 2 items concern confidant rela-
tionships; 1 item inquires about the frequency of helping others; 
and one question addresses the participant’s living situation. Each 
item is scored from 0 to 5, and the total LSNS score is an equally 
weighted sum of the 10 answers so that scores range from 0 to 50. 
Higher scores indicate stronger social networks; i.e., larger social 
networks and/or more frequent social contact. Our study sample 
was dichotomized by a median split of LSNS total baseline scores 
into groups with stronger and weaker social networks (>29 and ≤29, 
respectively). Additionally, as scores below 20 may identify older in-
dividuals at risk of extremely limited social networks (23), we cre-
ated a second dichotomous variable for an exploratory analysis that 
used total LSNS scores <20 to differentiate the socially isolated from 
those with stronger social networks (≥20).

Figure 1.  Selection of our analytic sample from the Kuakini Honolulu Heart 
Program/Kuakini Honolulu Asia-Aging Study participants. LSNS  =  Lubben 
Social Network Scale.
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Outcome variables: Incident AD, VaD, and all-cause dementia
All participants underwent cognitive testing at baseline and at every 
follow-up visit. Global cognitive functioning was evaluated by the 100-
point Cognitive Abilities Screening Instrument (CASI), on which scores 
range from 0 (worst) to 100 (best) (24). The CASI has been validated 
for use in studies of dementia in the United States and Japan (24).

Participants were selected for further neurological and neuro-
psychological evaluation based on CASI score cutpoints or specified 
drop in CASI score (25). These participants were further evaluated 
by neuropsychological test batteries developed by the Consortium to 
Establish a Registry for Alzheimer’s Disease (CERAD) (26), together 
with a neurologic exam and proxy interview. To facilitate further 
subclassification, those diagnosed with dementia underwent labora-
tory tests and either brain magnetic resonance imaging or computed 
tomography. Diagnoses of all-cause dementia, AD, and VaD were 
adjudicated by a consensus panel consisting of the study neurologist 
and at least 1–2 other physicians with expertise in geriatrics and de-
mentia. Based on the results of the neuropsychological tests, neuro-
logical examination, brain imaging, and blood tests, final diagnoses 
were assigned according to criteria defined by: (a) the Diagnostic and 
Statistical Manual of Mental Disorders-III–Revised (DSM-III–R) for 
all-cause dementia, (b) the National Institute of Neurological and 
Communicative Disorders and Stroke and the Alzheimer’s Disease 
and Related Disorders Association (NINDS-ADRDA) for AD, and 
(c) the California Alzheimer’s Disease Diagnostic and Treatment 
Centers (CADDTC) for VaD. Diagnoses of Alzheimer’s disease or 
VaD comprised cases in which AD or VaD, respectively, were con-
sidered the sole or primary cause of dementia.

The dementia case-finding procedure has previously been de-
scribed in detail (25). At baseline (exam 4), the CASI was adminis-
tered at phases 1 and 2 and the neurological examination at phase 
3.  Follow-up examinations were conducted in 2 phases with the 
CASI at phase 1 and neurological examination at phase 2. Most par-
ticipants underwent all phases within 12 weeks (25).

Covariates
Adjustment covariates were selected according to their clinical rele-
vance and probable associations with incident dementia and social 
network size. Two well-established risk factors for dementia onset 
are advanced age and the apolipoprotein E (APOE) ɛ4 allele, the 
major genetic contributor to Alzheimer’s disease (AD). APOE ɛ4 
carriers are susceptible to cognitive decline and may be more vul-
nerable to detrimental effects of behaviors such as smoking and 
heavy use of alcohol or drugs (27). Covariates in our Cox regres-
sion models included baseline demographic and clinical character-
istics such as education, APOE e4 carrier status, prevalent stroke, 
and depressive symptoms. APOE genotyping was performed at Duke 
University’s Bryan Alzheimer’s Disease Research Center (Durham, 
NC) by restriction enzyme isoform genotyping (restriction isotyping) 
using polymerase chain reaction amplification (28). Information on 
prevalent stroke was detected through a comprehensive surveillance 
system of all hospital discharge records from the island of Oahu, 
adjudicated by expert physicians using standard criteria. Years of 
formal education were obtained by self-report.

Depressive symptoms were measured by an 11-item version of 
the Center for Epidemiologic Studies Depression (CES-D) Scale (29). 
As the CES-D questionnaire contains an item on feeling lonely (29), 
perceived loneliness was implicitly included in the adjustment for 
depressive symptoms. The presence of depressive symptoms was de-
fined by CES-D scores ≥9 (30). (Scores on the 11-item CES-D Scale 

range from 0 to 33 (29). Presence of depressive symptoms does not 
imply a clinical diagnosis of depression.) Only CES-D scores with 
fewer than 3 missing answers were considered valid for inclusion in 
statistical analyses, consistent with earlier studies of Kuakini HAAS 
participants (30). Participants who did not satisfy this criterion were 
removed from analyses involving depressive symptoms.

Hypercholesterolemia, hypertension, and other vascular condi-
tions contribute to the pathogenesis of dementia, especially of the 
vascular type (31). In the Kuakini HAAS cohort, a healthful lifestyle 
at midlife was previously associated with lower late-life risk of AD 
and overall dementia (32). Most epidemiologic studies have identi-
fied CVD risk factors (eg, diabetes mellitus, elevated systolic blood 
pressure, high cholesterol, and moderate/heavy smoking) as posing a 
risk for subsequent cognitive decline and dementia only when meas-
ured in middle age, as the effects are cumulative over the years (33). 
A number of associations between midlife factors and risk for cog-
nitive impairment or dementia no longer persist into later life (34); 
hypertension may even confer protective benefits when developed in 
old age (35). Given that our study participants were already in late 
life at baseline, we did not adjust for CVD risk factors in the statis-
tical models. However, in sensitivity analyses, we tested the effects of 
total cholesterol (mg/dL), fasting plasma glucose (mg/dL), presence 
of hypertension (systolic blood pressure [BP] ≥140 mmHg, diastolic 
BP ≥90 mmHg, or history of antihypertensive medication use) (32), 
presence of diabetes mellitus (history of diabetes or use of insulin or 
oral medications for diabetes) (32), and smoking (pack-years).

Statistical Methods
General linear models adjusting for age compared baseline dementia 
risk factors between participants with stronger (LSNS score > 29) and 
weaker (LSNS score ≤ 29) social networks. Age-adjusted 10-year in-
cidence rates of incident AD, VaD, and all-cause dementia were com-
puted per 1000 person-years of follow-up and compared between 
the social network groups. Group comparisons of dementia-free sur-
vival were done using the Kaplan–Meier method with log-rank tests. 
Survival time, or time-to-event, was the period from exam 4 to the 
onset of dementia (defined as the midpoint of the interval between 
the last examination without dementia and the first follow-up exam-
ination with dementia). Participants who died were censored at the 
time of the last in-person assessment, because dementia status could 
not be confirmed between the last evaluation and death in our study. 
The final year of follow-up in our analyses was 2000.

Multivariable Cox proportional hazards models estimated the 
relative risks of incident AD, VaD, and all-cause dementia for the 
weak social network group, using the strong network group as a 
reference. Follow-up time was treated as a continuous variable; the 
Breslow method was used to handle ties; and the proportionality 
hazards assumption was tested by inspection of Kaplan–Meier sur-
vival curves. The Cox models controlled for the potentially con-
founding effects of the following variables at baseline: age (in years), 
education (in years), APOE ɛ4 carrier status (at least one e4 allele 
vs. none), prevalent stroke, presence of depressive symptoms (i.e., 
CES-D score as a categorical variable), and CASI score. Marital 
status was not included as a covariate because of its overlap with 
the LSNS. For each outcome (all-cause dementia, AD, and VaD), the 
hazard ratio was calculated using 3 Cox models: one unadjusted and 
2 adjusted for age and other relevant covariates as described in the 
next section. Although we present p values that are uncorrected for 
multiple comparisons, associations meeting the Bonferroni criterion 
for significance (p < .017=.05/3) are noted.
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To reduce the possibility of reverse causation, participants diag-
nosed with all-cause dementia within the first 3  years after base-
line were excluded from the study sample. Sensitivity analyses that 
included those individuals were conducted to evaluate the robust-
ness of our results. In additional sensitivity analyses, Cox regression 
models controlling for depressive symptoms tested the CES-D score 
as a continuous variable. We also investigated the sensitivity of the 
fully adjusted Cox model to effects of midlife and late-life CVD risk 
factors as adjustment covariates. Secondary analyses examined par-
ticipants aged 85 and older.

For all comparisons, statistical significance was defined by 
a 2-tailed p < .05. Analyses were performed with the Statistical 
Analysis System, version 9.4 (SAS Institute, Inc., Cary, NC).

Results

Sample Characteristics
At baseline, the participants had a median (range) age of 76 (71–93) 
years, 12 (2–24) years of education, CES-D score of 3 (0–26), and 
CASI score of 88.9 (74.0–100.0). All participants were male; 84% 
were married, 18.5% had at least one APOE ɛ4 allele, and 8.7% had 
depressive symptoms (CES-D score ≥9). Valid baseline CES-D data 
were available for 2631 of the 2636 participants. According to the 
clinical cutpoint of 20 proposed by Lubben (23) to identify socially 
isolated individuals, 302 men (11.5%) whose baseline LSNS scores 

were below 20 could be considered at risk for severely limited social 
networks. LSNS data are summarized in Supplementary Table 1.

Table 1 presents mean baseline characteristics, as well as data 
on unadjusted dementia incidence, for the entire cohort (N = 2636) 
and for participant groups with stronger (N  =  1295) and weaker 
(N = 1341) social networks. General linear models compared baseline 
dementia risk factors between these 2 groups. Weaker social networks 
were significantly associated with older age, fewer years of education, 
lower CASI score, higher CES-D score, and greater proportions of in-
dividuals who were unmarried or had depressive symptoms.

Participants were followed for up to 9.8 years, with a median 
follow-up time of 8.2 years (range: 2.4–9.8 years). During the course 
of follow-up, 173 men (6.6%) were diagnosed with all-cause de-
mentia. Of these cases, 104 (4.0% of the total cohort) were classified 
as AD and 38 (1.4%) as VaD. The median (range) time from baseline 
to the diagnosis of all-cause dementia was 6.3 (3.0–8.9) years, with 
participants aged 83.9 (75.3–97.8) years when diagnosed. Table 2 
compares baseline characteristics between the men who developed 
incident all-cause dementia and those who remained dementia-free. 
Participants diagnosed with incident dementia were about 2 years 
older (78.5 ± 4.4 vs. 76.6 ± 3.9 years; p < .0001) and had more de-
pressive symptoms (CES-D scores: 4.2 ± 4.0 vs. 3.5 ± 3.5; p = .0007) 
and lower CASI scores (84.8 ± 6.1 vs. 88.4 ± 5.9; p < .0001). This 
group also had greater proportions of men who were unmarried 
(23.1% vs. 15.4%; p = .007) or had depressive symptoms (15.6% vs. 

Table 1.  Baseline Characteristics and Dementia Incidence of the Entire Study Population and by Social Network Group

Characteristics 
Total Cohort  
(N = 2636) 

Social Network Strength

p Value Weak (N = 1341) Strong (N = 1295) 

Baseline
  Age (years) 76.7 ± 3.9 77.3 ± 4.1 76.2 ± 3.6 <.0001
  Education (years) 11.0 ± 3.1 10.7 ± 3.0 11.2 ± 3.1 <.0001
  Not married (%)a 15.9 23.4 8.1 <.0001
  With APOE ɛ4 allele (%)b 18.5 17.4 19.6 .149
  Prevalent stroke (%) 2.47 2.76 2.16 .323
  CES-D score 3.54 ± 3.51 3.87 ± 3.57 3.20 ± 3.40 <.0001
  Depressive symptoms (CES-D ≥ 9; %)c 8.7 10.2 7.1 .0053
  CASI score 88.2 ± 6.0 87.6 ± 6.1 88.7 ± 5.8 <.0001
  Cognitively impaired (CASI score < 74; %) 0 0 0 —
  Total cholesterol (mg/dL)d 193.01 ± 31.94 193.56 ± 32.19 192.48 ± 31.69 .391
  Fasting glucose (mg/dL)e 113.36 ± 27.76 112.63 ± 26.07 114.12 ± 29.38 .171
  Diabetes mellitus (%)f 29 30 27 .038
  Hypertension (%)f 75.0 76.0 74.8 .489
  Smoking (pack-years)g 25.8 26.2 ± 34.3 25.4 ± 34.4 .578
During follow-up
  Incident ACD (N, %) 173 (6.6) 110 (8.2) 63 (4.9) .0005
  Incident AD (N, %) 104 (4.0) 68 (5.1) 36 (2.8) .0025
  Incident VaD (N, %) 38 (1.4) 24 (1.8) 14 (1.1) .1270

Notes: Values are given as mean ± SD or median (range) for continuous variables, and as percentages for categorical variables. p Values were computed by t 
test or chi-square test, as appropriate. CES-D Scale = Center for Epidemiologic Studies Depression (CES-D) 11-item Scale; CASI = Cognitive Abilities Screening 
Instrument; ACD = all-cause dementia; AD = Alzheimer’s disease; VaD = vascular dementia; SD = standard deviation. The weak social network group is defined by 
Lubben social network scale (LSNS) score ≤29, and strong social networks by LSNS score >29.

aN = 2635.
bN = 2583.
cN = 2631 (valid CES-D, with < 3 missing answers).
dN = 2603.
eN = 2602.
fN = 2604.
gN = 2596.
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8.2%; p = .0008) compared to the individuals who did not become 
demented. Prevalent stroke and the presence of the APOE ɛ4 allele 
did not differ significantly between participants who were diagnosed 
with all-cause dementia and those who were not.

Dementia Incidence
When age-adjusted rates of incident dementia per 1000 person-years 
of follow-up were compared between the strong and weak social 
network groups, weaker social networks at baseline were associated 
with a greater likelihood of subsequent all-cause dementia (10.8 vs. 
6.7 per 1000 person-years; p = .002) and AD (6.7 vs. 4.0 per 1000 
person-years; p = .007). Social network strength showed no signifi-
cant relationship to age-adjusted rates of incident VaD, which were 
2.4 and 1.4 per 1000 person-years, respectively, for participants with 
weak and strong social networks (p = .15).

Kaplan–Meier Survival Curves
Figure 2 displays Kaplan–Meier curves for 10-year survival free of 
incident all-cause dementia, AD, and VaD by the weak and strong 
social network groups. When the log-rank test was used to assess 
statistical differences, individuals with strong versus weak social net-
works differed significantly in the incidence of all-cause dementia 
(p < .0001) and AD (p = .0006), but not VaD (p = .081). As shown 
by the survival curves, participants with weak social networks were 
more likely to develop all-cause dementia and AD. The curves di-
verged with time so that differences between groups became greater 
with longer follow-up. The probability of survival that was free of 
overall dementia at almost 10 years was approximately 93.8% for 
individuals who had strong social networks; for those with weak so-
cial networks, this probability was 89.0% (11% incidence). Curves 

for both groups exhibited the steepest declines after about 6 years 
of follow-up when the median participant age was approximately 
82. The same pattern, less pronounced, was seen in the curves for 
AD-free survival.

Multivariable Cox Regression
The impact of social networks on the 10-year incidence of all-cause de-
mentia, AD, and VaD was evaluated using separate Cox proportional 

Table 2.  Baseline Characteristics of Study Population by Participants Diagnosed With All-Cause Dementia During Follow-Up and Those Who 
Remained Dementia-Free

Characteristics 

Incident All-Cause Dementia

p Value Yes (N = 173) No (N = 2463) 

Age (years) 78.5 ± 4.4 76.6 ± 3.9 <.0001
Education (years) 10.7 ± 3.1 11.0 ± 3.1 .219
Not married (%)a 23.1 15.4 .007
With APOE ɛ4 allele (%)b 20.9 18.3 .397
Prevalent stroke (%) 2.9 2.4 .710
CES-D score 4.2 ± 4.0 3.5 ± 3.5 .014
Depressive symptoms (CES-D ≥ 9; %)c 15.6 8.2 .0008
CASI score 84.8 ± 6.1 88.4 ± 5.9 <.0001
LSNS score 27.6 ± 7.5 29.0 ± 7.7 .014
LSNS score ≤ 29 (%) 63.6 50.0 .0005
Total cholesterol (mg/dL)d 189.2 ± 30.2 193.3 ± 32.0 .10
Fasting glucose (mg/dL)e 114.1 ± 24.3 113.3 ± 28.0 .73
Diabetes mellitus (%)f 30.6 28.8 .61
Hypertension (%)f 79.2 75.2 .23
Smoking (pack-years)g 22.9 ± 31.7 26.0 ± 34.5 .25

Notes: Values are given as mean ± SD for continuous variables and as percentages for categorical data. CES-D Scale = Center for Epidemiologic Studies Depres-
sion (CES-D) 11-item Scale; CASI = Cognitive Abilities Screening Instrument; LSNS = Lubben Social Network Scale; SD = standard deviation.

aN = 2635.
bN = 2583.
cN = 2631.
dN = 2603.
eN = 2602.
fN = 2604.
gN = 2596.

Figure 2.  Kaplan–Meier survival curves for all-cause dementia (left), 
Alzheimer’s disease (middle), and vascular dementia (right) in groups 
stratified by median split of baseline Lubben Social Network Scale (LSNS) 
scores. LSNS scores > 29 are indicated by the solid red line, and LSNS scores 
≤ 29 by the dashed brown line. p Values were determined by log-rank tests.
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hazards models that included adjustment for confounding baseline 
variables (Table 3). The proportionality hazards assumption was 
met for all regressions. Model 1 was unadjusted; Model 2 adjusted 
for age, education, APOE ɛ4 allele status and prevalent stroke; and 
Model 3 added depressive symptoms (as a dichotomized variable) 
and CASI score to the covariates. Weak social networks at baseline 
were significantly associated with an increased risk of all-cause de-
mentia and AD in all models. As shown by Model 2, weak social 
networks predicted a higher incidence of all-cause dementia (hazard 
ratio [HR] = 1.64, 95% confidence interval [CI]: 1.20–2.24; p = .002) 
and AD (HR  =  1.79, 95% CI: 1.19–2.70; p  =  .005) compared to 
strong social networks independently of age, education, APOE ɛ4, 
and prevalent stroke. These relationships persisted when the fully 
adjusted model (Model 3)  controlled for baseline CASI score and 
depression in addition to the other variables: weak social networks 
were associated with greater incident all-cause dementia (HR = 1.52, 
95% CI: 1.11–2.08; p = .009) and AD (HR = 1.67, 95% CI: 1.11–
2.51; p = .014). The results for AD and all-cause dementia survived 
Bonferroni correction for multiple comparisons (p < .017). Social net-
works were not linked to the incidence of VaD.

Sensitivity Analyses
When the Cox models considered CES-D score as a continuous in-
stead of categorical variable, the results (data not shown) were nearly 
identical to those presented earlier. Qualitatively similar though less 
striking results were produced by sensitivity analyses that included 
the individuals with dementia onset within 3  years post-baseline 
(total N  =  2676). Participants with weak social networks (rela-
tive to strong) had significantly greater age-adjusted rates of all-
cause dementia (12.6 vs. 8.7 per 1000 person-years of follow-up; 
p = .014) and a trend toward increased risk of AD (7.4 vs. 5.4 per 
1000 person-years of follow-up; p =  .078). Kaplan–Meier survival 
curves (data not shown) and log-rank tests demonstrated that weak 
social networks, compared to strong, were significantly associated 
with a higher incidence of all-cause dementia (p =  .0007) and AD 
(p = .010). In multivariable Cox regression models adjusted for base-
line age, education, prevalent stroke, and presence of an APOE ɛ4 
allele, weak social networks were significantly related to increased 
risk of all-cause dementia (HR = 1.44, 95% CI: 1.09–1.91; p = .010) 
and AD (HR = 1.48, CI: 1.03–2.13; p = .036). When baseline CASI 
score and depression were added as covariates, these relationships 
lost significance (p = .052 for all-cause dementia; p = .10 for AD).

Finally, we performed sensitivity analyses that added major CVD 
risk factors as covariates to the fully adjusted Cox model (Model 3). 
Fasting plasma glucose, diabetes mellitus, hypertension, total chol-
esterol, and smoking were considered, using data available at our 
study baseline (HHP exam 4, or late life) as well as at HHP exam 1 
(mean age = 51.7 ± 4.0 years, closer to midlife). Because of the collin-
earity between CVD variables at midlife and at baseline, the effects 
of CVD risk at these 2 timepoints were examined in separate Cox 
regression models. Controlling for baseline CVD risk (in addition to 
age, education, APOE ɛ4 allele status, prevalent stroke, depressive 
symptoms, and CASI score), weak social networks predicted higher 
incidence of all-cause dementia (HR  =  1.58, 95% CI: 1.15–2.17; 
p = .005) and AD (HR = 1.72, 95% CI: 1.14–2.60; p = .009), but 
not VaD (HR = 1.44, 95% CI: 0.71–2.91; p = .309) relative to strong 
social networks. The inclusion of baseline CVD risk did not appre-
ciably change the results of Model 3. Similarly, when Model 3 ad-
justed for midlife CVD factors (with baseline age replaced by age at 
HHP exam 1), weak social networks (compared to strong) predicted 
greater risk of all-cause dementia (HR = 1.49, 95% CI: 1.08–2.04; 
p = .015) and AD (HR = 1.56, 95% CI: 1.03–2.36; p = .035), but did 
not relate to incident VaD (HR = 1.35, 95% CI: 0.69–2.66; p = .39). 
Thus, although midlife CVD risk factors slightly attenuated social 
network effects on incident dementia and AD, there was no substan-
tial change in the findings.

Secondary Analyses
Only 138 men in our study sample were aged ≥ 85 years at base-
line, making meaningful stratified analyses of dementia incidence 
in the oldest–old impossible. To compare the effects of social net-
work groups (LSNS score >29 and ≤29) on incident AD between 
the younger–old (age <85) and oldest–old (≥85), we modeled age at 
follow-up timepoints as a time-dependent covariate in Cox regres-
sion analyses. Defining the binary variable age_85  =  baseline age 
+ years of follow-up as 1 if age_85 ≥ 85 and 0 if age_85 <85, we 
tested social network group × age_85 interaction effects in the fully 
adjusted Cox model (Model 3 in Table 3). The interaction was not 
significant (p = .73), so the effects of weak social networks on AD 
incidence did not differ between the oldest–old and younger–old in-
dividuals; i.e., weak networks conferred the same AD risk in both 
age groups. Similar results were obtained for all-cause dementia 
(p = .23) and VaD (p = .14).

Table 3.  Hazard Ratios of Incident Dementia (With 95% CI) for Participants With Weak Social Networks (LSNS score ≤ 29), Computed by Cox 
Proportional Hazards Models for the First 10 Years of Follow-Up

Model N Baseline Covariates 

Hazard Ratio (95% Confidence Interval) and p Value

All-Cause  
Dementia  
(N = 173) p Value 

Alzheimer’s Disease  
(N = 104) p Value 

Vascular  
Dementia  
(N = 38) p Value 

1 2636 None (unadjusted) 1.85 (1.36–2.52) <.001 2.01 (1.34–3.01) <.001 1.78 (0.920–3.45) .086
2 2583 Age, education, APOE ɛ4, and 

prevalent stroke
1.64 (1.20–2.24) .002 1.79 (1.19–2.70) .005 1.50 (0.77–2.93) .238

3 2578 Age, education, APOE ɛ4, 
prevalent stroke, depressive 
symptoms, and CASI score

1.52 (1.11–2.08) .009 1.67 (1.11–2.51) .014 1.34 (0.68–2.64) .392

Notes: The group with strong social networks is used as a reference. Results are shown for unadjusted models and with adjustment for baseline covariates (age, 
education, APOE ɛ4 status, prevalent stroke, and depressive symptoms [CES-D score ≥ 9]), as indicated. p Values shown in bold indicate associations that are sig-
nificant after Bonferroni correction for multiple comparisons. LSNS = Lubben Social Network Scale; CES-D Scale = Center for Epidemiologic Studies Depression 
(CES-D) 11-item Scale; CASI = Cognitive Abilities Screening Instrument.
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Exploratory Cox regression analyses that used Lubben’s cutpoint 
for social isolation (23) to define weak and strong social network 
groups by LSNS score <20 (N = 302) and ≥20 (N = 2 334), respect-
ively, produced nonsignificant results (data not shown): social net-
work strength did not relate to the risk of all-cause dementia, AD, or 
VaD (all p ≥ .3 in fully adjusted models).

Discussion

Weaker social networks in late life independently predicted higher in-
cident all-cause dementia and AD after controlling for confounders, 
but showed no association with the development of VaD. The re-
sults of this study are supported by prior research. Larger social 
networks have been related to better global cognition in late life 
(36); despite measurement uncertainties (37), systematic reviews and 
meta-analyses confirm a risk-attenuating effect of large, robust late-
life social networks on dementia (10,37,38). Our observation that 
weaker social networks in late life increased the risk of all-cause 
dementia is also in line with a previous examination of Kuakini 
HAAS participants. In that study, social engagement was assessed by 
summing 5 indicators to generate an index representing the number 
of social ties, a measure more limited than the LSNS score (13). 
Limited late-life social engagement was related to an elevated risk of 
all-cause dementia over an average period of 4.6 years (13). Similar 
results were observed for both incident AD and VaD (13), in partial 
agreement with our findings. We have extended the work to show 
that a weak social network in late life may predict the development 
of AD and overall dementia up to a decade later.

Converging data suggest that social relationships may modify 
associations of neuropathological changes with cognitive decline in 
preclinical AD. Loneliness correlated with brain amyloid burden in 
cognitively normal older adults (39), corroborating an observed link 
between loneliness and the risk of AD (40). Whereas social isolation 
is the objective condition of having few social contacts, loneliness is 
a subjective sense of distress stemming from a perceived deficiency 
in the number or quality of social relationships (41). Social isola-
tion can contribute to loneliness, although each may occur without 
the other (40). In dementia-free individuals, the availability of so-
cial listening (a form of social support) has been associated with 
total cerebral volume, a neuroanatomical measure of early vulner-
ability to AD (42). Participants who had high listener availability 
showed smaller decreases in global cognition with lower cerebral 
volume (42). Social support was concluded to reduce AD risk by 
enhancing cognitive resilience so that cognitive performance is better 
than would be predicted by brain structure (42).

The processes which enhance cognitive resilience are not well 
understood. Perhaps the most compelling model of how social-
ization modulates dementia risk is that of cognitive reserve (38). 
Cognitive reserve provides resilience to brain pathology (43), may 
account for different trajectories of cognitive decline over time (43), 
and in particular, may explain how malleable risk factors affect the 
clinical onset of AD (44). The Rush Memory and Aging Project re-
ported that social network size modified the relationship between 
AD pathology and cognitive loss; that is, cognitive function correl-
ated inversely with pathology measures but remained higher in par-
ticipants who had larger social networks (9). Cognitive resilience is 
likely a consequence of biological mechanisms that regulate synaptic 
plasticity and neurogenesis. Greater emotional support was cross-
sectionally associated with higher serum levels of brain-derived 
neurotrophic factor (BDNF) in the Framingham Heart Study (FHS) 
(16). BDNF stimulates neurogenesis (45), induces neuronal repair 

and survival (46), and promotes synaptic growth, function, and plas-
ticity (46). Not surprisingly, it may play a key role in AD neuropath-
ology, which is characterized by widespread synaptic and neuronal 
loss (47). BDNF crosses the blood–brain barrier with ease (48) and 
its fluctuations in peripheral circulation parallel those in the central 
nervous system (16). Post-mortem analyses have revealed decreased 
brain BDNF concentrations in neurodegenerative diseases, including 
AD (49). In the FHS cohort, high serum BDNF was a longitudinal 
predictor of reduced risk of dementia and AD (50). Notably, social 
interaction has reversed memory deficits by increasing hippocampal 
BDNF and neurogenesis in a mouse model of AD (51). Similar mech-
anisms, by which neurotrophic factors mediate the beneficial action 
of strong social networks (or conversely, the exacerbating effects of 
weak social networks) on aging-related brain changes, may underlie 
the findings of our study. Such processes do not exclude other neuro-
biological pathways through which the social environment may in-
fluence the brain and cognitive health, as social relationships may 
work through various mechanisms (52). A rich social network can 
improve lifestyle and behavior, thereby reducing vascular risk (eg, 
through participation in physical activities) (18); it may also pro-
vide a buffer against stress, which is associated with hippocampal 
damage and greater AD risk (18).

The lack of a significant relationship between social networks 
and incident VaD in our cohort may be attributed to insufficient 
statistical power due to the low number of VaD cases. Yet it is also 
possible that differences between the 2 forms of dementia give rise to 
the association observed between social networks and incident AD 
but not VaD. VaD has a variable course and several clinically identifi-
able subtypes corresponding to different underlying vascular factors 
(53). Cognitive impairment in AD progresses in a more predictable 
manner with neuronal injury and death (53). Our findings are diffi-
cult to compare with published results as most prior studies of social 
interaction and dementia did not examine VaD separately. However, 
frequent social activity (>once/week) has been correlated with de-
creased risk of AD but not of VaD (54), and loneliness was identified 
as a risk factor for all-cause dementia and AD, but not for VaD (40).

For reasons that are obscure, AD may be more sensitive than 
VaD to the ameliorating effects of cognitive stimulation through 
social interaction. Both conditions can affect every cognitive do-
main, but VaD primarily impairs executive functioning and atten-
tion, whereas episodic memory decline is more prominent in AD 
(55). AD and VaD are characterized by distinct cognitive profiles 
and by different brain structural changes associated with the pat-
terns of impairment; for instance, hippocampal atrophy is more pro-
nounced in AD than in VaD and correlates with dementia severity 
(56). Patterns of correlation between gray matter and white matter 
degeneration are distinct in these two disorders, suggesting different 
underlying pathomechanisms (57). Myelin loss in the frontal lobes is 
more severe in VaD compared to AD (58), so cellular pathology may 
contribute to varied effects of supportive social interactions on func-
tional resilience. In contrast to AD, VaD is generally not classified as 
a neurodegenerative disorder. Differences between the two dementias 
(or differences in aging-related cognitive decline) may be explained 
by different roles played by the frontal and medial-temporal sys-
tems (59). At least two mechanisms have been proposed as contrib-
uting to brain aging, one driven by AD-type pathology (longitudinal 
shrinkage of the entorhinal cortex, a medial-temporal structure), and 
the other associated with VaD risk and with reductions of prefrontal 
but not entorhinal volumes (59). Individuals with “mixed” dementia 
due to concomitant vascular and neurodegenerative pathologies 
exhibit aspects of both disorders (60). Unlike individuals in early 
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old age who are likely to manifest a pattern of cognitive impair-
ment resembling that of AD (61), those over 80 years old typically 
have a range of cognitive deficits across domains, corresponding to 
the mixed pathology that is more common in later old age than in 
younger (62). Our results for all-cause dementia may reflect associ-
ations among cases of mixed dementia; i.e., those not diagnosed as 
pure AD or VaD.

Strengths of the present study are the well-characterized Kuakini 
HAAS cohort; the decade-long follow-up period; our use of a stand-
ardized and validated scale, the LSNS, to assess social networks; 
and our analysis of incident AD and VaD in addition to all-cause 
dementia. Other strengths include the use of accurate, reliable de-
mentia case-finding methods and good retention rates at follow-up 
visits. Data on social contact and dementia risk in Asians are rela-
tively sparse because the majority of studies have been conducted 
in largely Caucasian populations. Our work provides evidence of 
similar relationships in a large sample that is racially and ethnically 
Japanese. The participants were older at baseline than those in many 
investigations of social network effects. Our study addresses a gap 
in the literature on the oldest–old, the fastest-growing segment of 
the population throughout much of the world (19). Identification 
of a weak social network in later life as a risk factor for dementia 
and AD is timely, especially because the risk of isolation for this age 
group has been heightened by restrictions imposed during the re-
cent COVID-19 pandemic (63) over and above the shrinking social 
networks that accompany aging (64). While social isolation in older 
adults may signal prodromal dementia (14), the association between 
social networks and incident dementia found in this study is unlikely 
to be due to reverse causation given our exclusion of individuals who 
became demented in the first 3 years. If confirmed, the deleterious ef-
fect of restricted social networks in late life may have practical impli-
cations for interventions designed to increase social interaction (65).

This work also has limitations. The cohort of Japanese-American 
men was not representative of the older population racially, cultur-
ally, or by sex. Older men and women tend to have different patterns 
of social networks, and the effects of those networks on dementia 
may be gender-specific (17). We did not control for indices of phys-
ical ill-health (eg, vitamin D deficiency, which is linked to an elevated 
risk of AD and all-cause dementia (66)). Mortality as a competing 
risk for dementia was not taken into account in survival analyses. 
Our cutoff for weak social networks was not motivated by prior 
studies but was defined by median split of LSNS scores. We did 
not examine satisfaction with social relationships, and we utilized 
a composite measure of social networks rather than distinguishing 
among domains. Furthermore, with its focus on family and friends, 
the LSNS overlooks peripheral or weak ties, although social inter-
actions with “consequential strangers” may complement close ties in 
their enhancement of quality of life (67).

An important step for future research is the inclusion of 
nonlinear effects in predictive models of social networks and 
dementia. Nonlinear associations between social contact and 
psychological well-being have identified a moderate level of so-
cializing as optimal, beyond which outcomes do not improve (68). 
A focus on social network size and frequency may mask the ad-
verse effects of toxic relationships (20), so qualitative aspects of 
social networks should be carefully considered. Further studies 
must determine which social network features afford the greatest 
protection against specific forms of dementia or cognitive decline, 
paving the way for clinical trials to test the efficacies of different 
social interventions in preventing or slowing AD, VaD, and other 
dementia types.

Conclusion

Weak social networks in late life were associated with an elevated 
risk of incident AD and all-cause dementia. Preventive strategies 
against social disengagement, even when implemented at an older 
age, may prevent or delay the onset of these diseases.
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