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Abstract

Poor social networks and decreased levels of social support are associated with worse mood, 

health, and cognition in younger and older adults. Yet, we know very little about the brain 

substrates associated with social networks and social support, particularly in older adults. This 

study examined functional brain substrates associated with social networks using the Social 

Network Index (SNI) and resting-state functional magnetic resonance imaging (fMRI). Resting-

state fMRI data from 28 non-demented older adults were analyzed with independent components 

analyses. As expected, four established resting-state networks—previously linked to motor, vision, 

speech, and other language functions—correlated with the quality (SNI-1: total number of high-

contact roles of a respondent) and quantity (SNI-2: total number of individuals in a respondent’s 

social network) of social networks: a sensorimotor, a visual, a vestibular/insular, and a left 

frontoparietal network. Moreover, SNI-1 was associated with greater functional connectivity in the 

lateral prefrontal regions of the left frontoparietal network, while SNI-2 was associated with 

greater functional connectivity in the medial prefrontal regions of this network. Thus, lateral 

prefrontal regions may be particularly linked to the quality of social networks while medial 

prefrontal regions may be particularly linked to the quantity of social networks.
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Introduction

Social support and social networks are distinct, but interrelated psychological constructs. 

Social support is the perception that an individual is cared for and has support available if 

needed, the actual assistance that is received, and or the level of integration an individual has 

in a social network (Antonucci, 1990). A social network refers to a social structure 

consisting of social interactions and relationships (e.g., family, friends, coworkers, and 

neighbors) that an individual can turn to for support.
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The Social Network Index (SNI) is a widely used measure of social networks (Cohen, 

Doyle, Skoner, Rabin, & Gwalyney, 1997). The SNI measures an individual’s high-contact 

roles (SNI-1: the number of social roles that the respondent has contact with at least 

biweekly) and the number of people in an individual’s social network (SNI-2: total number 

of people in the respondents’ social network). The SNI-1 and SNI-2 scores can be thought of 

as reflecting the quality and the quantity of social interactions and relationships, 

respectively, as SNI-1 score is the number of individuals one has biweekly contact with and 

SNI-2 is the overall number of individuals, regardless of frequency of communication.

The benefits of robust social support and social networks in older adults are well supported 

in the literature. Increased social networks are associated with enhanced mental and physical 

health (Cohen & Syme, 1985) and high levels of morale in older adults (Loke, Abdullah, 

Chai, Hamid, & Yahaya, 2011). More importantly, for the present purposes, greater social 

support is associated with better cognitive functions in cognitively healthy older adults 

(Pillemer & Holtzer, 2015), and robust social networks and higher levels of perceived social 

support may have a protective effect against cognitive decline (Barnes, De Leon, Wilson, 

Bienias, & Evans, 2004; Bassuk, Glass, & Berkman, 1999; Ertel, Glymour, & Berkman, 

2008; Fratiglioni, Paillard-Borg, & Winblad, 2004; James, Wilson, Barnes, & Bennett, 2011; 

Zunzunegui, Alvarado, Del Ser, & Otero, 2003) and dementia (Fabrigoule, Letenneur, 

Dartigues, & Zarrouk, 1995). Older adults that are more socially integrated (as assessed by 

marital status, volunteer activity, and how often the respondent has contact with children, 

parents, and neighbors), for example, exhibit slower age-related memory decline than older 

adults that are less socially integrated (Ertel et al., 2008).

Despite a well-established link between social support and well-being in older adults, the 

structural and functional brain substrates associated with social support and social networks 

are not well known. A fairly large body of evidence, however, suggests that there are age-

related changes to the structure and function of the brain (Craik & Rose, 2012; Daselaar et 

al., 2001; Morcom, Good, Frackowiak, & Rugg, 2003; Raz, 2000; Raz et al., 1997; Raz & 

Rodrigue, 2006; Stebbins et al., 2002), and that these changes are different in individuals 

with mild cognitive impairment (MCI) and Alzheimer’s disease (AD; Celone et al., 2006; 

Driscoll et al., 2009; Kalpouzos et al., 2009; Whitwell et al., 2007). Given the differences 

discussed above, it is critical to first establish brain correlates of social support in normal 

aging as a prelude to understanding how these brain structures/functional networks change 

due to neurodegenerative disease.

Structural magnetic resonance imaging (MRI) studies have identified positive associations 

between social network size and gray matter volume in the ventrome-dial prefrontal cortex 

(Lewis, Rezaie, Brown, Roberts, & Dunbar, 2011) and the amygdala (Bickart, Wright, 

Dautoff, Dickerson, & Barrett, 2011), in young and middle-aged adults, respectively. Yet, at 

this time the structural brain correlates of social support and social networks in older adults 

are unknown. In addition, there are no task-related functional MRI (fMRI) studies 

examining the functional brain correlates of social support or social networks in younger or 

older adults—presumably because of the challenges associated with designing an fMRI task 

that assesses social support or social networks.
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Task-related fMRI studies of self-referential processing (Gutchess, Kensinger, & Schacter, 

2007; Kelley et al., 2002) and socially mediated memory distortions (Edelson, Sharot, 

Dolan, & Dudai, 2011), however, provide a window into the functional brain systems that 

are involved in social processing in general. Gutchess and colleagues (2007), for example, 

found that self-referencing (as assessed by adjectives related to self versus another person) 

was associated with neural activation in medial prefrontal and midcingulate cortices in both 

younger and older adults. Self-referencing in older adults also engaged supplementary 

motor, primary somatosensory, and cerebellar regions to a greater extent than self-

referencing in younger adults. The role of the medial prefrontal cortex during social 

processing has been further specified by showing that neural activation in the ventromedial 

prefrontal cortex is associated with processing information related to self, neural activation 

in the dorsomedial prefrontal cortex is associated with processing information related to 

strangers, and, finally, the dorsomedial and ventromedial prefrontal cortex is associated with 

processing information related to close others (Johnson et al., 2002; Kelley et al., 2002; 

Krienen, Tu, & Buckner, 2010; Moran, Lee, & Gabrieli, 2010; Zhu, Zhang, Fan, & Han, 

2007). Moreover, Edelson and colleagues (2011) found that socially mediated memory 

distortions (as assessed by exposing individuals to erroneous recollections generated by 

others) in younger adults were associated with neural activation in amygdala and 

hippocampal regions. Taken together, these task-related fMRI studies suggest that medial 

prefrontal, cingulate, amygdala, and hippocampal regions are engaged during social 

processing in general.

Resting-state fMRI (rfMRI) studies examine functional connectivity while the brain is at rest 

(Biswal, Kylen, & Hyde, 1997; Biswal, Zerrin Yetkin, Haughton, & Hyde, 1995) and are 

considered to reflect, and are generally consistent with, underlying anatomical connections 

between brain regions. Such studies have consistently identified resting-state networks that, 

in turn, are associated with different cognitive and motor functions (Damoiseaux et al., 

2006; Smith et al., 2009; Van Den Heuvel & Pol, 2010). The two visual resting-state 

networks, for example, are generally linked to visual functions, the sensorimotor network to 

bimanual motor functions, the vestibular/insular network to speech functions, the two 

frontoparietal networks to language (left-lateralized fronto-parietal network) and 

somesthesis (right-lateralized fronto-parietal network), and the executive control network to 

executive functions. The default mode network is a resting-state network that is consistently 

deactivated during a wide variety of externally motivated cognitive tasks and is therefore 

considered to be involved in internally motivated cognition such as reminiscence or 

imagining the future (Buckner, Andrews-Hanna, & Schacter, 2008; Raichle et al., 2001). 

The default mode network is the most studied resting-state network in older adults and has 

been shown to be disrupted during normal aging as well as in individuals with MCI and AD 

(Andrews-Hanna et al., 2007; Damoiseaux et al., 2008; Grecius, Srivastava, Reiss, & 

Menon, 2004; Hafkemeijer, van der Grond, & Rombouts, 2012). Given the challenges 

associated with designing an fMRI task that assesses social support or social networks, 

rfMRI is particularly suited for examining the functional brain systems associated with 

social support and social networks in older adults.

There is a paucity of rfMRI studies investigating the relationship between social networks 

and resting-state networks in older adults. One rfMRI study has linked amygdala–cortical 
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connectivity to social networks size in younger adults (Bickart, Hollenbeck, Barrett, & 

Dickerson, 2012), but resting-state connectivity associated with social networks has not been 

examined in older adults. As mentioned previously, identifying resting-state networks 

associated with social networks is important because there are known age-related and AD-

related changes to the structure and function of the brain (Craik & Rose, 2012; Daselaar et 

al., 2001; Morcom et al., 2003; Raz, 2000; Raz et al., 1997; Raz & Rodrigue, 2006; Stebbins 

et al., 2002). Identifying the neural systems associated with social networks may also shed 

light on the ways in which social support influences health, mortality, and well-being, as 

well as inform the development of interventions that can be specifically targeted or 

optimized for different older adult populations. Determining whether the brain systems 

associated with social networks are particularly spared or particularly affected by normal 

aging, MCI, or AD, for example, could be useful for determining who will benefit from 

interventions focused on building, maintaining, or strengthening social support and social 

networks.

Our specific aim for this study was to identify functional resting-state networks associated 

with the quality and quantity of social networks in non-demented, community-dwelling 

older adults. Using the SNI (Cohen et al., 1997), we examined the shared and distinct 

relationship between functional resting-state networks and the quality and quantity of social 

networks. Given that social support has been linked to social, physical, as well as cognitive 

well-being in the past, we hypothesized that several resting-state networks, rather than one 

specific resting-state network, would be associated with the quality and quantity of social 

networks in older adults—and therefore used a whole-brain, multivariate analytic approach 

to explore this issue.

Methods

Participants

The sample (N = 28) consisted of community-residing non-demented older adults enrolled 

in a longitudinal cohort study entitled “Central Control of Mobility in Aging.” The primary 

aim of the study is to examine cognitive predictors of mobility function, mobility decline, 

and disability in the aging population (Holtzer, Wang, & Verghese, 2014; Holtzer et al., 

2014). Participants received a telephone interview prior to inclusion in the study, which 

consisted of verbal consent to participate in the study, a medical history questionnaire, a 

mobility questionnaire, and cognitive screens to rule out dementia (Buschke et al., 1999; 

Galvin et al., 2005). Additionally, the participants were required to be residents of 

Westchester County, New York, at least 65 years of age, and English-speaking. General 

exclusion criteria consisted of severe auditory or visual disturbances that would interfere 

with testing, self-reported cognitive difficulties, inability to walk the length of a room or 

climb stairs without assistive devices or assistance from another person, any medical/

neurological history that may interfere with performance on cognitive and motor tests, and a 

diagnosis of dementia, as diagnosed via consensus diagnostic case conference procedures 

once the participant is enrolled (Holtzer, Verghese, Wang, Hall, & Lipton, 2008). MRI-

specific exclusion criteria included left-handedness, which was assessed using the Edinburgh 
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Handedness Inventory (Oldfield, 1971), claustrophobia, and surgically implanted metallic 

devices (e.g., pacemaker).

After completing the phone interview and meeting eligibility, participants were invited for 

two 3-h visits at the research center. The Albert Einstein College of Medicine Institutional 

Review Board approved the study and written informed consent is obtained from all subjects 

prior to participation. Participants completed two visits for the calendar year (about a week 

apart). On the first visit, participants completed a battery of neuropsychological tests, a 

walking paradigm, and a series of questionnaires. On the second visit, participants received a 

full neurological examination, walking and balance measures, computerized cognitive 

paradigms, and a series of questionnaires. Participants in the Central Control of Mobility in 

Aging study are followed longitudinally at yearly intervals. If a participant is interested and 

eligible for MRI, he or she is evaluated to determine eligibility. If participants are deemed 

eligible for MRI, they are invited back for a third visit in which they will undergo imaging. 

During rfMRI acquisition, each participant was instructed to relax, clear their minds, and try 

not to think of anything in particular when they are undergoing the brain scan. Prior to 

imaging, the participants have each completed the SNI on the second study visit of the year.

A total of 28 participants who completed the SNI questionnaire and underwent rfMRI with 

less than 2 mm of movement in any direction (x, y, or z) were included in this study. 

Baseline demographic characteristics are presented in Table 1. The study sample (N = 28) 

had a mean age of 72.71(± 5.25) years, a mean education level of 15.07 (± 2.73) years, and a 

gender distribution of 57% female. The mean Repeatable Battery for Assessment of 

Neuropsychological Status (RBANS) standardized total score (95.46, ±11.60) was in the 

average range of cognitive function. The low disease comorbidity summary score (1.29, 

±1.08) was indicative of relatively good health.

Measures

Social Network Index

The SNI is a tool used to assess involvement in 12 different types of social relationships 

(Cohen et al., 1997). The SNI examines relationships with a spouse, parents, parents-in-law, 

children, close family members and friends, coworkers, classmates, volunteers, religious 

groups, and other groups. The SNI is divided into two scores: SNI-1 and SNI-2. The SNI-1 

score represents the number of high-contact roles of a particular individual. The respondent 

is in touch with high-contact roles at least biweekly. The maximum number of high-contact 

roles an individual can have is 12, and these include: spouse, parent, child, child-in-law, 

close relative, close friend, religious group member, student, employee, neighbor, volunteer, 

and group member. The SNI-2 score represents the total number of people with whom the 

respondent has contact. This score is computed by summing up the number of people the 

respondent has contact with across the 12 domains (Cohen et al., 1997).

Global cognitive functioning was assessed using the RBANS total score. Although 

considered a screening battery (see measures for details), the variability of the RBANS total 

scores among non-demented older adults is substantial as evidenced by published normative 

data (Duff et al., 2008). The RBANS total score is a standardized score with a mean of 100 
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and a standard deviation of 15 (Duff et al., 2008). Sub-scores for immediate memory, 

delayed memory, attention, visuospatial, and language abilities can also be obtained. A 

disease comorbidity summary score (ranging from 0 to 10) was computed by the presence or 

absence of diabetes, chronic heart failure, arthritis, hypertension, depression, stroke, 

Parkinson’s disease, chronic obstructive lung disease, angina, and myocardial infarction, as 

previously described (Holtzer et al., 2008).

MRI data acquisition

MRI scanning was performed using a Philips 3T Achieva Quasar TX multinuclear 

MRI/MRS (Magnetic Resonance Spectroscopy) system equipped with a Dual Quasar High 

Performance Gradient System, 32-channel broadband digital RF system, Quadrature T/R 

Head Coil, RapidView reconstructor, Intera Achieva ScanTools Pro R2.5 Package, 

NetForum and ExamCards, and SENSE parallel imaging capability. The T1-weighted whole 

head structural image was acquired using axial 3D-MP-RAGE (magnetic prepared rapid 

acquisition gradient echo) parameters over a 240 mm field of view (FOV) and 1.0 mm 

isotropic resolution, TE = 4.6 ms, TR = 9.9 ms, a = 8o, with SENSE factor 2.5. Blood-

oxygen-level dependent (BOLD; T2*-weighted) images were obtained with echo planar 

imaging using a whole-brain gradient over a 240 mm FOV on a 128 × 128 acquisition 

matrix, 3 mm slice thickness (no gap); TE = 30 ms, TR = 2000 ms, flip angle = 90° and 42 

trans-axial slices per volume. A neuroradiologist reviewed each MRI scan to verify that 

there were no clinically significant findings for any of the participants. During the rfMRI 

task, the participants were asked to keep their eyes closed, lie still in the scanner, and not fall 

asleep for the 6 min of recording time (Van Dijk et al., 2010).

MRI image preprocessing

fMRI image preprocessing was performed using Functional MRI of the Brain (FMRIB) 

Software Library (FSL) (Version 4.1), FSL (http://fsl.fmrib.ox.ac.uk/fsl) (Jenkinson, 

Beckmann, Behrens, Woolrich, & Smith, 2012; Smith et al., 2004; Woolrich et al., 2009) 

and consisted of non-brain removal using brain extraction tool (Smith, 2002), motion 

correction with motion correction using FMRIB’s linear image registration tool (Jenkinson 

et al., 2012; Jenkinson and Smith, 2001), slice-timing correction for interleaved acquisitions 

using Fourier-space time-series phase shifting, high-pass temporal filtering using Gaussian-

weighted least-squares straight line fitting (σ = 50 s); spatial smoothing using a Gaussian 

kernel with full-width half-maximum 8 mm, co-registration to high-resolution T1-weighted 

images, and normalization to standard space (Montreal Neurological Institute atlas, using 

resolutions of 4 × 4 × 4 mm) using combined affine and nonlinear registration (FSL 

FMRIB’s nonlinear image registration tool, with warp resolution = 10 mm).

Statistical analysis

Independent components analysis

For each participant, the normalized fMRI images were concatenated across time to form a 

single 4D image. This 4D image was then analyzed with FSL Multivariate Exploratory 

Linear Optimized Decomposition into Independent Components (MELODIC 3.0 software, 

Version 4.1; Beckmann & Smith, 2004). MELODIC is an independent component analysis 
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(ICA) that separates the BOLD signal into statistically independent spatial components and 

their associated time series. This ICA permits the removal of structured and random noise, 

and the isolation of task-activated neural networks (Beckmann, DeLuca, Devlin, & Smith, 

2005; Cole, Smith, & Beckmann, 2010; Fox & Raichle, 2007; Greicius et al., 2004; Murphy, 

Birn, & Bandettini, 2013), and has been frequently used to identify resting-state low-

frequency neural networks in the past (Beckmann et al., 2005; Beckman & Smith, 2004; 

Cole et al., 2010; Fox & Raichle, 2007; Greicius et al., 2004; Murphy et al., 2013). We used 

this technique to identify functional resting-state networks that correlated with SNI-1 and 

SNI-2 scores in two separate regression models. Based on previous rfMRI studies, we 

limited our ICA analyses to 20 components that correlated with these two distinct aspects of 

social networks (Smith et al., 2009). Criterion for statistical significance was set at p < .05.

Manual classification of components

Even after conventional preprocessing steps, several confounding factors including head 

movement and physiological activity could compromise interpretation of rfMRI data 

(Bhaganagarapu, Jackson, & Abbott, 2013; Kelly et al., 2010; Power, Barnes, Snyder, 

Schlaggar, & Petersen, 2012). In fact, the removal of artifacts related to participant motion 

and physiological sources (e.g., cardiac and respiratory cycles) is imperative to limit 

illegitimate findings of rfMRI analyses (Murphy et al., 2013; Thomas, Harshman, & Menon, 

2002). To classify independent components generated in our ICA analyses as artifacts or 

neural signals of interest, we employed an operationalized fMRI denoising procedure that 

has been shown to be reliable and to enhance the sensitivity of results from rfMRI data 

(Kelly et al., 2010). According to this denoising procedure, components are considered 

artifactual if >90% of activation or deactivation is observed in peripheral regions, or in a 

random scattered pattern over one-fourth or more of the brain without correspondence to 

functional-anatomical boundaries. By contrast, components are considered neural signals of 

interest if >10% of activation or deactivation is observed in small to large gray matter 

clusters in non-peripheral regions. Additional criteria for noise considered with this 

denoising procedure are high-frequency activity, spikes, sinus coactivation, and saw tooth 

pattern.

Results

Of the 20 components generated from our ICA that correlated with SNI-1 and SNI-2 scores, 

16 components were determined to be artifactual following the operationalized fMRI 

denoising procedure. The remaining four components were determined to be neural signals 

of interest (see Figure 1). All anatomical and functional descriptions were classified with 

reference to the underlying standard-space images in concordance with several atlases 

(Lancaster et al., 1997, 2000). The components were then compared to previously identified, 

well-established resting-state networks derived from large meta-analyses (Smith et al., 2009; 

Ystad et al., 2011).

As expected, SNI-1 and SNI-2 scores were correlated, r = .58, p = .001, df = 26. The SNI-1 

and SNI-2 was not associated with global cognition as assessed with RBANS total scores, r 
= .181, p = .357, df = 26 and r = .110, p = .577, df = 26, respectively. Using linear regression 
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analysis among the five cognitive domains or tests that contribute to the RBANS total score, 

only the delayed memory score was associated with SNI-1, B = .061, R = .412, p = .029. 

More importantly, for the present purposes, SNI-1 and SNI-2 scores were associated with 

four resting-state networks: a sensorimotor, a vestibular/insular, a visual, and a left 

frontoparietal network. The first shared network (sen-sorimotor) was bilateral and included 

the primary motor cortex, the somatosensory cortex, and the dorsomedial prefrontal cortex. 

The sensorimotor network is often bilateral and has been consistently identified during rest 

(Beckmann et al., 2005; Biswal et al., 1997; Smith et al., 2009). The second shared network 

(visual) was also bilateral and encompassed the primary and secondary visual cortices. 

Associations between this network and functionally identified visual regions have been well 

established in the rfMRI literature (Beckmann & Smith, 2005). The third network 

(vestibular/insular) was also bilateral and included the insula and the ventromedial prefrontal 

cortex. The fourth shared network (left frontoparietal) was left-lateralized, and included the 

left dorsomedial prefrontal cortex, left ventrolateral prefrontal cortex, left posterior 

cingulate, and the precuneus. Frontoparietal networks have been strongly lateralized in the 

rfMRI literature (Smith et al., 2009).

SNI-1 score compared with SNI-2 score

In general, we observed comparable associations between SNI-1 and SNI-2, and 

sensorimotor, visual, and vestibular/insular networks. Notable differences, however, were 

visually observed in the left frontoparietal network (see Figure 2). While SNI-1 was 

associated with greater functional connectivity in the lateral pre-frontal cortex regions of the 

left frontoparietal network, SNI-2 was associated with greater functional connectivity in the 

medial prefrontal cortex regions of this network. Our analytic approach did not permit us to 

formally evaluate these differences, and therefore these findings should be replicated and/or 

evaluated with other analytic methods in upcoming studies.

Discussion

The present study revealed that four resting-state networks were associated with the quality 

and quantity of social networks in non-demented older adults: a sensorimotor, a visual, a 

vestibular/insular, and a left frontoparietal network. We also found that the quality of social 

networks in older adults was associated with greater connectivity in the lateral prefrontal 

portions of the left frontoparietal network, while the quantity of social networks in older 

adults was associated with greater connectivity in the medial prefrontal regions of this 

network. The resting-state networks associated with social networks in the present study 

encompass brain regions that have been linked to social processing in task-related fMRI 

studies and highlight that these regions do not work in isolation, but are components of 

stable resting-state neural networks that are important for a wide range of perceptual, 

cognitive, and motor functions.

Increases in the quality and quantity of social networks were associated with greater 

functional connectivity in a sensorimotor resting-state network. This network was composed 

of brain regions in the primary motor cortex, the somatosensory cortex, and the dorsomedial 

prefrontal cortex. This sensorimotor resting-state network has been previously linked to 
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bimanual motor actions (Biswal et al., 1995; Smith et al., 2009), including complex motor 

actions such as walking and walking while talking (Yuan, Blumen, Verghese, & Holtzer, 

2015). Shared functional brain substrates between social networks and motor actions are 

expected because individuals with robust social networks are more physically active than 

individuals with poor social networks (for a review, see McNeill, Kreuter, & Subramanian, 

2006). Shared functional brain substrates between social networks and motor actions are 

also expected because late-life participation in social activities has been shown to reduce 

age-related motor decline (Buchman et al., 2009). The dorsomedial pre-frontal regions of 

this resting-state network contained supplementary motor regions previously linked to motor 

planning as well as dorsomedial prefrontal regions previously linked to processing social 

information related to strangers and close others (Goldberg, 1985; Johnson et al., 2002; 

Kelley et al., 2002; Krienen et al., 2010; Moran et al., 2010; Nachev, Kennard, & Husain, 

2008; Zhu et al., 2007).

Improved quality and quantity of social networks in older adults were also associated with 

greater functional connectivity in a bilateral visual resting-state network. This resting-state 

network was primarily composed of the primary and secondary visual cortices, and as 

mentioned previously, associations between this network and functionally identified visual 

processing regions are well established (Beckmann & Smith, 2005). Visual perception is 

also important for processing socially relevant information and can influence, and be 

influenced by, social cognition and social behaviors (Adolphs, 2001). Shared functional 

brain substrates of social networks and visual processing are also expected because 

participation in social activities has been shown to reduce age-related decline in visual 

processing speed (Lövden et al., 2005).

Enhanced quality and quantity of social networks in older adults were also associated with 

greater functional connectivity in a vestibular/insular resting-state network. More 

specifically, greater connectivity in the insula and ventromedial prefrontal cortex were 

associated with greater quality and quantity of social networks in our sample of non-

demented older adults. This vestibular/insular network has been consistently linked to the 

perception and execution of speech (Beckmann & Smith, 2005), which is an integral part of 

social communication. Task-based fMRI studies have also linked the ventromedial prefrontal 

cortex to self-referencing, person perception, self-reflection, and emotional support 

(Gutchess et al., 2007; Johnson et al., 2002; Kelley et al., 2002; Krienen et al., 2010; Onoda 

et al., 2009), and the insula to emotion, self-awareness, and interpersonal experiences 

(Murray, Debbané, Fox, Bzdok, & Eickhoff, 2014).

The fourth shared resting-state network associated with the quality and quantity of social 

networks in older adults was a left-lateralized frontoparietal network, which included lateral 

and dorsomedial prefrontal regions, the posterior cingulate, and the precuneus. Recent 

literature has focused on the lateralization and distinct functions of frontoparietal resting-

state networks (Smith et al., 2009). In general, the left-lateralized frontoparietal network has 

been linked to language functions, and the right-lateralized frontoparietal network has been 

linked to somesthesis. More specifically, the left-lateralized frontoparietal network has been 

linked to language and facial recognition (Leube, Erb, Grodd, Bartels, & Kircher, 2003), 

both of which are key components of social communication and interaction. Task-based 

Pillemer et al. Page 9

Soc Neurosci. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



fMRI studies have also linked the cingulate to perceived partner support (Eisenberger, 

Taylor, Gable, Hilmert, & Lieberman, 2007) and the precuneus to self-attribution (Cabanis et 

al., 2013).

While the quality of social networks in older adults was associated with greater connectivity 

in the lateral pre-frontal regions of the left frontoparietal network, the quantity of social 

networks in older adults was associated with greater connectivity in the medial prefrontal 

regions of this network. This finding is interesting in given the old age of our participants 

because medial prefrontal regions are less susceptible to age-related atrophy than lateral 

prefrontal regions (Salat et al., 2004; Sowell et al., 2003). As mentioned previously, the 

SNI-1 score encompasses the number of high-contact social roles in which the participant 

reports regular contact (at least once every 2 weeks), and the SNI-2 score encompasses the 

total number of people with whom the participant has contact. Thus, this finding suggests 

that maintaining high-quality social relationships may be more dependent on lateral 

prefrontal regions, and consequently more sensitive to age-related changes (Lieberman, 

2007). However, future studies that contrasts the resting-state networks associated with the 

quality and quantity of social networks in young and old, or examine the resting-state 

networks associated with the quality and quantity of social networks in a longitudinal 

sample of older adults, are needed to confirm this proposition.

Limitations

Several limitations of this study should be considered. The participants in this study were all 

community-dwelling, cognitively healthy older adults. Therefore, the results of the current 

study may not be generalizable to older adults with significant physical and/or cognitive 

impairments, such as older adults with Parkinson’s disease, MCI, or AD. Future studies are 

needed to extend and/or delineate the boundaries of these findings in larger, more diverse 

populations of older adults. Without a young or a middle-aged comparison group (or 

longitudinal data), it is also unclear if the relationships between social networks and resting-

state networks observed in this study are age-general or age-specific. Without a formal 

evaluation of the differences in functional connectivity associated with SNI-1 and SNI-2, 

these differences also need to be replicated and/or evaluated with different analytic methods 

in upcoming studies. Additionally, as the SNI is a self-report measure, there are some 

concerns that participants may exaggerate or underreport their perceived level of social 

support to either make their situation seem worse or minimize their problems, respectively.

Conclusions and future research recommendations

As expected, the present study showed that the quality and quantity of social networks in 

older adults were associated with four well-established sensorimotor, vestibular/insular, 

visual, and left frontoparietal resting-state networks. These resting-state networks have been 

previously linked to a wide range of motor, visual, speech, and (other) language functions. 

As such, the link between these functional brain systems and social networks in older adults 

is consistent with studies showing that robust social support and social networks are 

associated with a wide range of positive outcomes, including mental, physical, and cognitive 

well-being. In addition, the present study provided preliminary support for a differential 
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relationship between resting-state networks and the number of high-contact roles (SNI-1) 

and the quantity of individuals (SNI-2) in a social network. More specifically, higher levels 

of high-contact roles were associated with greater connectivity in the lateral prefrontal 

regions of the left frontoparietal network, while a higher number of individuals in a social 

network were associated with greater connectivity in the medial prefrontal regions of this 

network. This finding suggests that different brain substrates may be important for 

maintaining the number of high-contact roles and the overall number of members in a social 

network. To our knowledge, this is the first study to use rfMRI to examine the functional 

brain systems associated with social networks in older adults.

In order to directly examine the resting-state networks associated with social networks as a 

function of normal and pathological aging, future research should contrast the resting-state 

networks associated with social network in non-demented older adults with younger and/or 

middle-aged adult cohorts, as well as older adults with MCI and AD. The relationship 

between social networks, resting-state networks, and different cognitive domains also needs 

further study. We have previously shown that perceived social support is associated with 

global cognition (Pillemer & Holtzer, 2015). In the current study of a fairly small sample of 

non-demented older adults, the quality and quantity of social networks were not associated 

with global cognition, yet the quality of social networks was associated with delayed 

memory performance. Future studies of larger, and more cognitively diverse samples of 

older adults, will determine if these effects are indeed reliable. Such investigative efforts will 

increase knowledge of the brain systems associated with social networks and might also lead 

to targeted interventions designed to promote social engagement in older adults.
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Figure 1. 
Resting-state networks associated with SNI 1 score (a) and SNI2 score (b). This figure 

shows the three most informative axial, sagittal, and coronal slices of each resting-state 

network superimposed on the Montreal Neurologic Institute (MNI) template supplied by 

MRIcron software. The left side of the image corresponds to the left side of the brain. All 

ICA spatial maps were converted to z statistic images via a normalized mixture-model fit, 

and then thresholded at z = 2.30.
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Figure 2. 
Overlay of the left frontoparietal resting-state networks associated with SNI1 (red) and SNI2 

(blue) on the same template. The purple color represents the areas in which the networks 

overlap. The red color shows where the SNI1 networks extend beyond the SNI2 networks. 

The blue color shows where the SNI2 networks extend beyond the SNI1 networks.

Pillemer et al. Page 18

Soc Neurosci. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pillemer et al. Page 19

Table 1

Descriptive statistics of demographic information (N = 28).

M (SD) Range

Age (years) 72.71 (5.25) 65–87

Gender (% female) 57.14

Education (years) 15.07 (2.73) 12–20

Global health status score 1.29 (1.08) 0–3

RBANS (standard total score) 95.46 (11.60) 78–119

RBANS Immediate Memory Index 100.07 (10.99) 81–122

RBANS Delayed Memory Index 95.54 (11.15) 76–118

RBANS Attention Index 104.04 (14.13) 62–134

RBANS Visuospatial Index 92.79 (12.53) 62–118

RBANS Language Index 95.68 (10.16) 65–115

SNI-1 Score 5.54 (1.64) 1–9

SNI-2 Score 28.25 (27.07) 4–138

Global health status score (range 0–10) obtained from dichotomous rating (presence or absence) of diabetes, chronic heart failure, arthritis, 
hypertension, depression, stroke, Parkinson’s disease, chronic obstructive pulmonary disease, angina, and myocardial infarction; RBANS: 
Repeatable Battery for the Assessment of Neuropsychological Status; SNI-1: Social Network Index 1 Score; SNI-2: Social Network Index 2 Score.
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