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Abstract Introduction: Mechanisms underlying social determinants of stroke and dementia are unclear and
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brain-derived neurotrophic factor (BDNF) may contribute as a molecular link.
Methods: Using the Framingham Study, we examined social relationship measures as predictors of
higher serum BDNF level and cumulative incidence of stroke and dementia.
Results: Among 3294 participants, controlling for age and sex, isolation trended with lower BDNF
(odds ratio 5 0.69 [0.47–1.00]). Participants with more companionship had reduced risk for stroke
(hazard ratio [HR] 5 0.59 [0.41–0.83]) and dementia (HR 5 0.67 [0.49–0.92]). Greater emotional
support was associated with higher BDNF (odds ratio 5 1.27 [1.04–1.54]), reduced dementia risk
(HR5 0.69 [0.51–0.94], and among smokers, reduced stroke risk (HR5 0.23 [0.10–0.57]). Associ-
ations persisted after additional adjustments. BDNF partly mediated the total effect between
emotional support and dementia risk.
Conclusions: Availability of social support appears to be associatedwith increased BDNF levels and, in
certain subsets, reduce risk of subsequent dementia and stroke, thuswarranting study of these pathways to
understand their role in neuroprotection.
� 2017TheAuthors. Published byElsevier Inc. on behalf of theAlzheimer’sAssociation. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Brain-derived neurotrophic factor; Social relationships; Social support; Social networks; Dementia; Stroke;
Epidemiology; Cohort studies
1. Introduction

Social environments, particularly social relationships,
are strongly linked with physical and mental health
[1]. However, little is known about the neurobiological
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mechanisms underlying the association of social relation-
ships and healthy cognitive aging [2,3]. Because lower
circulating BDNF levels and small social networks have
separately been associated with higher risk of incident
stroke [3,4], cognitive dysfunction [2,5,6], and the
accumulation of Alzheimer’s disease pathology [7,8], we
postulated that BDNF may be a biological link between
social relationships and a reduced likelihood of
developing stroke or dementia. Brain-derived neurotrophic
factor (BDNF) may partly mediate observed associations
imer’s Association. This is an open access article under the CC BY-NC-ND
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given that it is a neuroprotective molecule critical for syn-
aptic plasticity and neuronal repair [9], which is inducible
by lifestyle factors [10,11] and, in animal models, social
enrichment [12]. BDNF crosses the blood-brain barrier
with high capacity and is highly stable over time, thus
serum BDNF is reflective of central nervous system levels
[5,13,14]. Our study is motivated by the overarching
hypothesis that social relationships alter the biology of
the brain and are crucial to reducing stroke and
dementia risk through a pathway that involves BDNF, as
suggested by the observed effect of social enrichment in
animal models and BDNF’s association with reduced
risk of stroke and dementia-related neuropathology. To
our knowledge, there has been no clinical study to date
that has systematically examined the associations between
social relationships and BDNF in humans as well as how
these associations might influence the risk for stroke and
dementia. We analyzed a sample from the Framingham
Heart Study (FHS)—one of the longest running and
most closely monitored community-based cohort studies
in the United States—to investigate the association be-
tween social relationships, serum BDNF, and risk for
stroke and dementia.
2. Methods

2.1. Standard protocol approvals, registrations, and
patient consents

Written informed consent was obtained from all partici-
pants. The Institutional Review Board of Boston University
Enrollment: Participants enrolled in
Offspring cohorts (

Inclusion: Original cohort participan
(n=703) and Offspring cohort particip

(n=3432)

Social Relationship Inform
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Fig. 1. Derivation of analytic sample used in each analysis. A
Medical Center approved the consent form and original
study design.
2.2. Participants

We used data from the community-based, prospective
FHS Original (n 5 5209, initiated 1948) and Offspring
(n5 5124, initiated 1978) cohorts from the general commu-
nity of Framingham, Massachusetts (Fig. 1). For additional
details about the FHS, see previous publications [15]. The
analytic group was derived from the 703 Original cohort
participants who attended the 23rd biennial examination
(1992–1996) and the 3432 who attended the seventh
Offspring examination (1998–2001)—when serum samples
were drawn for BDNF measurement—and were followed
for a median 11 years (range up to 16 years) with minimal
loss to follow-up. At examination, 3920 of 4135 (95%)
had social relationships assessed and 3294 of 3920 (84%)
also had serum drawn for BDNF measurement. For analysis
of dementia, persons aged ,60 years, those with prevalent
dementia, or lack of follow-up for dementia were excluded.
For analysis of stroke, those who were aged ,45 years, had
prevalent stroke, or did not have stroke follow-up were
excluded. Thus, a total of 3294 participants were available
for cross-sectional analysis of association between social re-
lationships and BDNF, 1834 participants were available for
retrospective analyses of association with dementia, and
3210 participants were available for retrospective analyses
of association with stroke. On the basis of the effect sizes
observed in a previous study that examined association be-
tween social relationships and biomarkers of inflammation
 the Original (n=5209) and 
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among 1075 participants, we estimated that it would be
possible to detect a small effect size (.8% change in
BDNF levels at the alpha level of 0.001) given a sample of
more than 3000 participants [16].

2.3. Study design

Social relationship measures were examined as cross-
sectional predictors of higher serum BDNF levels as
well as prospective predictors of cumulative stroke and de-
mentia incidence with assessment for mediation effects by
BDNF in identified associations. Results are reported in
accordance with STROBE guidelines [17]. The primary
purpose of this observational study was to investigate
whether there is an association between social relationships,
higher BDNF levels, and reduced likelihood of developing
stroke or dementia.

2.4. Measurement of BDNF

Existing mature serum BDNF data were measured from
serum samples drawn in the fasting state, aliquoted, and
immediately frozen to 280�C. Samples were thawed
only once at assay. Assays used enzyme-linked immunosor-
bent assay kits from R&D Systems. The intra-assay and in-
terassay coefficients of variation were 4.8% and 7.6%,
respectively.

2.5. Social relationships

Although social relationships are defined and operation-
alized variably between studies, these relationships broadly
consist of structural and functional components [18]. Simul-
taneously studying social relationship structural measures
(e.g., social network size) and functional measures (e.g.,
emotional, instrumental, or informational support provided
by members of the network) allows for a more robust assess-
ment of social relationships [1]. This approach is meaningful
because of the wide degree of variation that can exist in the
intensity, frequency, extent, and type of support provided
throughout a social network, particularly when some ties
may not be supportive at all [18]. The self-reported Berk-
man-Syme Social Network Index (SNI) measures both so-
cial network size and the degree of social support provided
to the individual and predicts mortality independent of
age, self-reported physical health and socioeconomic status,
lifestyle (i.e., smoking, alcohol, obesity, and physical activ-
ity), and use of preventive health services [1,19].With regard
to social networks, the SNI battery measures four types of
social connections that reflect differences in the type and
extent of social contact: marriage (no 5 0; yes 5 1);
sociability with close friends and relatives (for close
friends and relatives participants separately select “None,”
“1 or 2,” “3–5,” “6–9,” or “10 or more”; scored as �2
friends and �2 relatives 5 0 and all other scores 5 1);
participation in religious meetings or services (less than or
equal to every few months 5 0; greater than or equal to
once or twice a month 5 1); or group participation in
other community organizations (no 5 0; yes 5 1). The
SNI measure of social connections can be used to assess
for social isolation and level of social connectedness.
Consistent with extant studies of social relationships using
the SNI, showing both positive and null relationships
between exposure groups of interest [19–21], the level of
social connectedness was based on summed score cutoffs
(0 or 1 5 least socially connected; 2, 3, or 4 corresponds
to increasing levels of connectedness) and social isolation
was a dichotomous variable (no 5 0; yes 5 1) defined as
individuals with very few intimate contacts (where
marriage 5 0, ,6 friends or relatives total based on
specific responses to sociability with close friends and
relatives, and membership in church or community
groups 5 0).

With regard to function of social relationships, the
following additional items in the SNI battery measure how
often dimensions of social support are provided (modeled
dichotomously as “most or all of the time” versus “none, a
little, or some of the time”): listening (Can you count on
anyone to listen to you when you need to talk?); advice (Is
there someone available to give you good advice about a
problem?); affection (Is there someone available to you
who shows you love and affection?); and emotional support
(Can you count on anyone to provide you with emotional
support?). Given the study’s primary aim to examine associ-
ations between social support constructs, BDNF, and risk of
stroke and dementia, we investigated individual dimensions
of social support over a composite social support score [18].
Psychometrics on the SNI and additional evidence for
the scale’s predictive validity are available in previous
publications [19,20].
2.6. Ascertainment of stroke and dementia

Full details regarding the FHS stroke surveillance proto-
col, including diagnosis, classification, and assessment of
severity have been published previously [22]. As previously
outlined in the screening and surveillance methods for the
development of incident all-cause dementia, all FHS
participants are under continuous surveillance for impair-
ment in cognitive function [23]. Dementia was diagnosed
according to the criteria of the Diagnostic and Statistical
Manual of Mental Disorders (Fourth Edition) [24]. Median
duration of follow-up was 11 years for both stroke and
dementia cases.
2.7. Covariates

Information regarding covariates was collected during
the visit at which BDNF was measured. Because factors
such as age, sex, education, physical activity, and smoking
status may determine social relationships and also influence
BDNF levels, dementia risk, and stroke risk, we parsimoni-
ously adjusted for a priori variables [4,25,26]. Covariates
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included components of the Framingham Stroke Risk Profile
[27] that have been previously described, including age in
years, systolic blood pressure, current smoking status, and
antihypertensive treatment (both categorized as yes/no),
and the presence or absence of diabetes, atrial fibrillation,
and cardiovascular disease [28]. Depressive symptoms
were assessed using the Center for Epidemiologic Studies
Depression Scale with established cutoff score �16 used
to indicate high depressive symptomatology [29,30].
Educational achievement was assessed using a three-level
variable (no high-school diploma, high-school diploma
only, or at least a college degree). The Physical Activity In-
dex was based on information collected from a structured
questionnaire at examination 7 (Offspring cohort only) and
calculated as a composite score [31]. Apolipoprotein E
(APOE) genotype was determined by isoelectric focusing
of the plasma and confirmed by DNA genotype [32].
2.8. Statistical analysis

We used multivariable logistic regression models to
examine cross-sectional associations of social relationship
measures with circulating BDNF levels. On the basis of
the previous FHS findings suggesting nonlinear functional
form of BDNF effects in reducing dementia risk and
acknowledging the possibility of detecting potential dose-
response as part of an exploratory study, circulating BDNF
was modeled as a dichotomous variable (above versus below
median) [5]. To examine the association of social relation-
ship measures with incident dementia and stroke, we used
Cox (proportional hazards) models. Given previous associa-
tion of smoking with increased risk of stroke and increased
serum BDNF levels [26], we tested for interaction effects
of social relationship measures with smoking status. We
used interaction terms in individual Cox regression models
and stratified by smoking status if the interaction term was
significant (P , .10).

All primary analyses were first adjusted for age and sex.
We then additionally adjusted for baseline BDNF levels
(model B) to see if this partially attenuated and thus contrib-
uted the association observed. In secondary models (model
C), we additionally adjusted for educational achievement,
Center for Epidemiologic Studies Depression Scale, smok-
ing status, and either for APOE ε4 genotype in the dementia
analysis or for the following stroke-predominant risk factors
in the stroke analysis: systolic blood pressure, atrial fibrilla-
tion, diabetes mellitus, current antihypertensive treatment,
and prevalent cardiovascular disease. The covariates
adjusted for in model C were available for all participants.
Model D for dementia and stroke was additionally adjusted
for Physical Activity Index, which was available only for the
Offspring cohort.

In mediation analysis, we derived estimators of direct and
indirect effects with binary outcome of new-onset stroke and
dementia, in separate models for each, using the Cox
proportional hazard model adjusted for age and sex, and
the continuous mediator (BDNF) was modeled using linear
regression [33]. To address the possibility of reverse causal-
ity from mild cognitive impairment affecting social relation-
ships before diagnosis of dementia, sensitivity analysis was
performed by excluding participants with prevalent mild
cognitive impairment [34]. Statistical significance for re-
gressions was set at a two-sided a � 0.05 without adjusting
for multiple comparisons given the study’s aim for hypothe-
sis generation in which results would need to be validated in
additional studies. All analyses were conducted using SAS
version 9.4 (SAS Institute, Inc, Cary, NC).
3. Results

In our analytic sample of 3294 participants, 116 (4%)
were socially isolated. The mean (standard deviation) serum
BDNF of the analytic sample was 23,754 (8279) pg/mL, the
mean (standard deviation) age was 65 (11) years, and 1849
(56%) were women. Baseline characteristics are presented
in Table 1. Controlling for age and sex, social isolation
trended with lower serum BDNF (for BDNF above the
median: odds ratio, 0.69; 95% confidence interval [CI],
0.47–1.00; P5 .052) (Table 2). Social connectedness (either
as a multilevel or continuous variable), however, was unas-
sociated with serumBDNF.With regard to dimensions of so-
cial support, having someone provide emotional support
most or all of the time was the only dimension associated
with higher BDNF (for BDNF above the median: odds ratio,
1.27; 95% CI, 1.04–1.54; P 5 .021).

During a median 11 years of follow-up, 243 of 1834
(13%) participants developed incident dementia and 183 of
3210 (6%) had incident stroke. Social isolation and social
connectedness were unassociated with incident stroke or de-
mentia (Table 3). Adjusting for age and sex, participants who
had someone available to listen to them most or all of the
time had a reduced risk for stroke (hazard ratio [HR],
0.59; 95% CI, 0.41–0.83; P 5 .003) and dementia (HR,
0.67; 95% CI, 0.49–0.92; P 5 .012). This reduced risk per-
sisted after additional adjustment for potential confounders.

Having someone provide emotional support most or all of
the time was associated with reduced risk of dementia (HR,
0.69; 95% CI, 0.51–0.94; P 5 .018) (Table 3). The associa-
tion with dementia persisted unchanged after adjusting for
the serum BDNF level, thus suggesting serum BDNF is
likely not a significant mediator of this relationship.
Although, in causal mediation analysis, the size of the indi-
rect effect suggests that about 1.6% of the total effect (stan-
dardized b 5 0.69; 95% CI, 0.51–0.94; P 5 .017) between
emotional support and dementia risk is mediated through
an increase in serum BDNF.

For interactions between social relationships and smok-
ing status on stroke risk, we found significant associations
between decreased risk of stroke and having someone avail-
able to give advice (HR, 0.39; 95% CI, 0.16–0.95; P5 .037),
listen (HR, 0.21; 95% CI, 0.09–0.53; P, .001), and provide
emotional support (HR, 0.23; 95% CI, 0.10–0.57; P, .001)



Table 1

Baseline characteristics

Variable Total sample Dementia sample Stroke sample

Number of participants 3294 1834 3210

Age, y, mean (SD) 65 (11) 72 (8) 65 (11)

Women, n (%) 1849 (56) 809 (44) 1808 (56)

Education, n (%)

No high-school diploma 239 (7) 189 (11) 223 (7)

High-school diploma only 1008 (32) 637 (36) 982 (32)

Some college 902 (28) 484 (27) 881 (28)

College graduate 1050 (33) 482 (27) 1031 (33)

CES-D, median (IQR) 3 (1–7) 3 (1–6) 3 (1–7)

CES-D �16, n (%) 263 (8) 134 (7) 257 (8)

BMI, mean (SD), kg/m2 28 (5) 28 (5) 28 (5)

Current smoker, n (%) 360 (11) 134 (7) 353 (11)

Physical Activity Index, mean (SD) 38 (6) 38 (6) 38 (6)

Prevalent comorbidity, n (%)

Cardiovascular disease* 569 (17) 446 (24) 489 (15)

Stroke 80 (2) 61 (3) 3210 (100)

Atrial fibrillation 193 (6) 153 (8) 177 (6)

Diabetes mellitus 408 (13) 275 (17) 384 (13)

Stage 1 or higher JNC-VII hypertension 1671 (51) 1143 (62) 1602 (50)

Systolic blood pressure, mean (SD), mm Hg 129 (20) 134 (20) 129 (20)

Total cholesterol, mean (SD), mg/dL 199 (37) 197 (37) 199 (37)

BDNF by Social Network Index,y median (IQR), pg/mL

Low 24,112 (18,926–29,314) 22,708 (17,342–28,067) 24,112 (19,045–29,314)

Medium 23,237 (17,807–28,944) 22,612 (17,579–28,154) 23,623 (17,887–28,969)

Medium-high 23,804 (18,267–29,287) 22,961 (17,996–29,122) 23,789 (18,266–29,286)

High 22,759 (17,647–28,236) 22,801 (17,767–28,530) 22,759 (17,675–28,287)

Abbreviations: BDNF, brain-derived neurotrophic factor; BMI, body mass index; CES-D, Center for Epidemiologic Studies Depression Scale; JNC, Joint

National Committee; IQR, interquartile range; SD, standard deviation.

*Includes coronary heart disease, congestive heart failure, peripheral vascular disease, ischemic cardiomyopathy, stroke, and transient ischemic attack.
ySocial Network Index score summed to categorize individuals into four levels of social connection based on summed score cutoffs: 0 or 1 being the low

socially connected category and 2 (medium), 3 (medium-high), or 4 (high) corresponded to categories of increasing social connectedness.
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(Supplementary Table 1). These stratum-specific associa-
tions remained unchanged after additional adjustment.
Sensitivity analysis performed by excluding participants
Table 2

Association between social relationships and serum BDNF levels

(N 5 3294)

Independent variable*

Above versus below median BDNF

No. (%) Odds ratio (95% CI) P value

Social isolationy 116 (4) 0.69 (0.47–1.00) .05

Support itemsz

Listening 2817 (86) 1.09 (0.90–1.33) .38

Advice 2607 (80) 1.05 (0.89–1.25) .56

Affection 2854 (87) 1.18 (0.96–1.46) .12

Emotional 2804 (86) 1.27 (1.04–1.54) .02

Abbreviations: BDNF, brain-derived neurotrophic factor; CI, confidence

interval.

*Adjusted for age and sex.
yNot married, fewer than six friends or relatives, and no membership in

either church or community groups.
zSeparate models for each dimension of social support based on fre-

quency provided (i.e., most or all of the time versus some, little, or none

of the time): Listening, “Can you count on anyone to listen to you when

you need to talk?”; Advice, “Is there someone available to give you good

advice about a problem?”; Affection, “Is there someone available to you

who shows you love and affection?”; and Emotional, “Can you count on

anyone to provide you with emotional support?”
with mild cognitive impairment revealed minimal change
in b estimates for Cox proportional hazards models.
4. Discussion

In our community-based cohort, we explored the associ-
ations between social relationships and risk of stroke and de-
mentia. A key finding was that social isolation trended with
lower serum BDNF after controlling for age and sex; mean-
while, having someone available to provide emotional sup-
port most or all of the time was associated with higher
BDNF. The association with BDNF was not observed with
other social support items. A second key finding was that,
among individuals free of dementia at baseline, social isola-
tion was not associated with incident dementia in follow-up
yet having someone available to listen and to provide
emotional support most or all of the time each independently
reduced dementia risk. In addition, stroke-free participants
who reported having someone available to listen to them
had a lower risk of subsequent stroke when compared with
others. The associations between certain elements of social
support and risk of stroke were greater in smokers.

Strengths of this exploratory study include its
community-based design, large sample of stroke-free and
dementia-free participants, and continuous, rigorous



Table 3

Association between social relationships and risk for incident dementia and stroke

Independent variable*

Dementiay 243/1834 Strokez 183/3210

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Model Ax

Social isolation{ 1.12 (0.59–2.13) .73 1.24 (0.58–2.64) .58

Listening 0.67 (0.49–0.92) .01 0.59 (0.41–0.83) .003

Advice 0.87 (0.65–1.15) .32 0.80 (0.57–1.12) .19

Affection 0.89 (0.62–1.26) .50 0.79 (0.53–1.19) .26

Emotional 0.69 (0.51–0.94) .02 0.73 (0.50–1.06) .10

Model B#

Social isolation 1.13 (0.60–2.15) .71 1.24 (0.58–2.64) .58

Listening 0.68 (0.50–0.92) .01 0.59 (0.41–0.83) .003

Advice 0.87 (0.65–1.15) .33 0.80 (0.58–1.12) .20

Affection 0.88 (0.62–1.26) .49 0.79 (0.53–1.20) .27

Emotional 0.69 (0.51–0.94) .02 0.73 (0.51–1.07) .11

Model C**

Social isolation 0.87 (0.45–1.68) .68 1.15 (0.42–3.19) .79

Listening 0.72 (0.52–0.99) .05 0.55 (0.35–0.87) .01

Advice 0.98 (0.73–1.32) .88 0.80 (0.52–1.24) .32

Affection 0.93 (0.65–1.34) .70 0.73 (0.43–1.23) .23

Emotional 0.78 (0.56–1.09) .14 0.79 (0.48–1.29) .35

Model Dyy

Social isolation 1.54 (0.37–6.40) .56 1.17 (0.42–3.23) .77

Listening 0.59 (0.35–0.99) .05 0.55 (0.35–0.87) .01

Advice 1.00 (0.62–1.62) .99 0.80 (0.51–1.24) .31

Affection 1.18 (0.62–2.25) .61 0.73 (0.43–1.23) .24

Emotional 0.85 (0.48–1.50) .58 0.79 (0.48–1.30) .35

Abbreviation: CI, confidence interval.

*Participants aged 45 years and older.
ySeparate models for social isolation and for each dimension of social support based on frequency provided (i.e., most or all of the time versus some, little, or

none of the time): Listening, Can you count on anyone to listen to you when you need to talk?; Advice, Is there someone available to give you good advice about

a problem?; Affection, Is there someone available to you who shows you love and affection?; and Emotional, Can you count on anyone to provide you with

emotional support?
zParticipants aged 45 years and older.
xModel A was adjusted for age and sex.
{Not married, fewer than six friends or relatives, and no membership in either church or community groups.
#Model B was additionally adjusted for serum brain-derived neurotrophic factor level.

**Model C for dementia was additionally adjusted for apoliproprotein ε4 genotype and educational achievement, Center for Epidemiologic Studies Depres-

sion Scale, and current smoking status. Model C for stroke was additionally adjusted for systolic blood pressure, atrial fibrillation, diabetes mellitus, current

antihypertensive treatment, and prevalent cardiovascular disease as well as educational achievement, Center for Epidemiologic Studies Depression Scale,

and current smoking status.
yyModel D, for both dementia (106 of 1324 cases) and stroke (114 of 2604 cases), was additionally adjusted for Physical Activity Index, which was available

only for the Offspring cohort.
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surveillance for clinical end points with minimal loss to
follow-up. Although the possibility of reverse causality
cannot be eliminated in observational studies, a
community-based prospective cohort is ideal to identify
novel pathways that might be involved in brain health
because studies of prospectively collected data are better
able to distinguish the temporal direction of any observed as-
sociation to help separate probable cause and effect. For
example, given that cognitive impairment can affect social
relationships, social determinants would need to be ascer-
tained years before the onset of age-related neurologic dis-
ease. Results, however, must be interpreted in the context
of observational study limitations. Although adjustment
was possible for multiple potential confounders, other un-
known factors may have biased results. Moreover, the
effect size of associations with BDNF in the brain may
have been more pronounced if plasma BDNF, pro-BDNF,
or postmortem BDNF levels had been used. Hence, our
findings should be considered hypothesis generating and
replicated in other cohorts. With regard to generalizability,
our sample in some of the stratified categories was small
and largely of European ancestry so our results also need
replication in other race and ethnic groups.

The principal findings contribute to existing literature in
three major areas. First, to our knowledge, this is the first
study to investigate the relationship between social isolation
and serum BDNF levels in humans; our findings are consis-
tent with similar results in animal models [12]. This is also
the first study to associate higher serum BDNF with a spe-
cific type of social support, emotional support. Second, re-
sults for the association between social support measures
and the risk for stroke and dementia have not been
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previously reported in the Framingham Study. Our findings
build on previous studies demonstrating an association be-
tween social relationships and reduced risk of dementia by
identifying two specific forms of social support associated
with lower dementia risk: having someone available to listen
and having someone available to provide emotional support.
One previous study of 1189 participants aged 70 to 79 years
found an association between emotional support (although
not social ties) and better cognitive function assessed by a
neuropsychological battery [35]. Our findings not only sup-
port this study but also suggest a potential relationship with
BDNF given that emotional support, in particular, was asso-
ciated with higher serum BDNF levels. The association of
serum BDNF with social isolation as a measure of extreme
lack of social connectivity and the small mediation effect
of BDNF on the association between emotional support
and dementia risk may be a result of using serum BDNF
rather than BDNF levels. Although serum BDNF parallels
relative difference in BDNF levels, BDNF levels may be
substantially higher, have attenuated effects over time, and
may be subject to variability of effect because of differences
in the expression levels of BDNF receptors [8]. Moreover,
our findings suggest an additional association specifically
between having someone available to listen and reduced
risk of dementia. Although we did not find an association be-
tween social isolation and risk of incident dementia, this may
be because of the social isolation measure consisting of a
smaller segment of our total sample and its construct using
deficiency across several types of intimate contacts (i.e.,
marriages, friends, relatives, and community groups) given
that previous studies have found that specific types of social
isolation were associated with increased dementia risk
[36,37]. Although we did not find an association between
social isolation and increased stroke risk, specific aspects
of social support reduced stroke risk. The stronger impact
of social support in smokers may indicate an underlying
mechanism in determining stroke risk that involves BDNF,
such as greater sensitivity to BDNF effects on neuronal
repair or synaptogenesis potentially induced by both
smoking and the absence of social isolation in the setting
of chronic neurovascular endothelial injury [3,26].

Our findings might extend observed effects of BDNF and
lifestyle factors on human studies [38] as well as on animal
models associating BDNF with the broader construct of so-
cial enrichment [12]. Emotional support and, in particular,
having someone available to listen are forms of social sup-
port that may independently help reduce the risk of stroke
and dementia. Animal and human studies suggest that
different aspects of social support may have variable effects
because of differences in how different forms of social sup-
port influence other mediating pathways, such as cognitive
stimulation [12], systemic inflammation [20], or lifestyle
habits [39,40]. Clinically, these findings suggest that the
relatively simple intervention of developing and
implementing strategies that provide greater social support
(i.e., increasing availability of persons who can provide
companionship and emotional support to older adults at
risk of stroke and dementia) may help reduce risks.
Although the availability of emotional support was
associated with both increased serum BDNF levels and
decreased risk of dementia and stroke, BDNF levels only
explained a small portion of the observed association with
disease. Although social interaction and relationships may
reduce the risk of stroke and dementia through several
candidate behavioral, psychological, and physiological
mechanisms, our exploratory findings help to begin
disentangling the relationship for observed associations
between social isolation and increased risk of age-related
neurologic disease by supporting a role for specific types
of social support and potential mediating effects through
neuronal repair or synaptogenesis tied to the expression of
BDNF. For example, individuals in small social networks
who have limited social support may be more likely to
participate in adverse health behaviors, such as cigarette
smoking, poor diet, physical inactivity, and substance abuse
[41]. There are also associations between social
isolation and both psychological and physiological stress
(e.g., dysfunction of platelets and endothelium, increased
markers of chronic inflammation, and increased activity of
the neuroendocrine system) [16,42]. Hence, further study
of the biological and social mechanisms through which
support from social networks may protect against age-
related neurologic disease is needed.

Admittedly, it is not possible to clearly establish a causal
relationship between social relationships and risk of stroke
and dementia from observational studies alone [43]. Our re-
sults and the findings of previous studies may reflect residual
confounding from the inability to accurately measure and
adequately adjust for factors such as diet, health service use,
longstanding psychiatric symptoms, and additional social
and environmental exposures that are challenging to capture,
may have differed between comparison groups, and could
affect the risk of incident stroke or dementia. Our results
may also reflect some residual reverse causality bias from
homophily or propinquity that are challenging to account for
in observational studies whereby lifestyle choices, health-
related behaviors, or geographymay contribute to determining
social relationships [1]. These complex relationships need to
be explored further with techniques such as Mendelian
randomization and in interventional trials.
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the litera-
ture using traditional sources (e.g., PubMed). Recent
studies support associations between social integra-
tion and reduced risk of stroke and dementia, and
these are appropriately cited. This is the first study
building on animal models to investigate the associ-
ation between social isolation and BDNF levels in
humans. This is also the first study using the Fra-
mingham Study to investigate links between social
relationships and risk for stroke and dementia.

2. Interpretation: Our findings contribute to the litera-
ture by proposing that (1) lower BDNF is associated
with social isolation; (2) individual social support
subtypes are associated with lower dementia risk;
and (3) BDNF may partly mediate associations be-
tween greater availability of social relationships
and reduced risk of stroke and dementia.

3. Future directions: Our results can inform studies
aimed at disentangling how social determinants of
stroke and dementia may alter neurobiology.
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