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Abstract Introduction: Mechanisms underlying social determinants of stroke and dementia are unclear and
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/).
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1. Introduction

Social environments, particularly social relationships,
are strongly linked with physical and mental health
[1]. However, little is known about the neurobiological

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

*Corresponding author. Tel.: 11-617-726-4881; Fax: 11-617-724-

7836.

E-mail address: joelsalinas@mail.harvard.edu

http://dx.doi.org/10.1016/j.trci.2017.03.001

2352-8737/� 2017 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Alzheimer’s & Dementia: Translational Research & Clinical Interventions 3 (2017) 229-237

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:joelsalinas@mail.harvard.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.trci.2017.03.001&domain=pdf
http://dx.doi.org/10.1016/j.trci.2017.03.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.trci.2017.03.001
http://dx.doi.org/10.1016/j.trci.2017.03.001


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

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

Enrollment: Participants enrolled in the Original (n=5209) and 
Offspring cohorts (n=5124)

Inclusion: Original cohort participants who attended exam 23 
(n=703) and Offspring cohort participants who attended exam 7 

(n=3432)

158 from Original and 468 from Offspring 
cohort without BDNF level measured

29 from Original and 55 from Offspring 
cohorts with prevalent stroke (29 
Original, 51 Offspring), or without 
follow-up (0 Original, 4 Offspring)

Social Relationship Information Available:  
Original cohort (n=610) and Offspring cohort (n=3310) with 

Berkman-Syme Social Network Index

93 from Original and 122 from Offspring 
cohorts without Berkman-Syme Social 
Network Index

Total Sample of 1834 
for Analysis of Dementia Risk: 

Original (n=407) and Offspring cohorts (n=1427)

Total Sample of 3210 
for Analysis of Stroke Risk:

Original (n=423) and Offspring cohorts (n=2787)

Serum BDNF Available:
Original cohort (n=452) and Offspring cohort (n=2842) with BDNF 

level measured

45 from Original and 1415 from 
Offspring cohorts with age <60 
years (0 Original, 1294 Offspring), 
prevalent dementia (21 Original, 11 
Offspring), or without follow-up (24 
Original, 110 Offspring)

Fig. 1. Derivation of analytic sample used in each analysis. Abbreviation: BDNF, brain-derived neurotrophic factor.
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