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Abstract.

Background: Larger, more active social networks are estimated to be associated with lower risks of cognitive decline.
However, roles of various social relationships in a broad social network in protecting against cognitive decline remain to be
elucidated.

Objective: We aimed to investigate how social roles within a social network and number of social network members are
associated with cognitive decline.

Methods: Six waves of National Health and Aging Trends Study (2011-2016, NHATS) were utilized to examine the develop-
ment of mild cognitive impairment (MCI) and probable dementia determined using validated criteria. Multivariable-adjusted
multi-state survival models were used to model incidences and transitions, jointly with misclassification errors.

Results: A total of 6,078 eligible NHAT'S participants were included (average age: 77.49 £ 7.79 years; female: 58.42%; non-
Hispanic white: 68.99%). Multivariable-adjusted analyses revealed that having more social network members was associated
with lower hazards of conversion from MCI to probable dementia (adjusted Hazard Ratio; aHR =0.82; 95% confidence
intervals; 95%CI =[0.67-0.99]), meanwhile having at least one college-educated family member within a social network was
associated with lower incidence of probable dementia (aHR =0.37 [0.26-0.51]). Having at least one friend within a social
network was associated with a lower hazard of incidence of probable dementia (aHR =0.48 [0.33-0.71]), but a higher risk
of mortality in the MCI group (aHR =2.58 [1.47—4.51]).

Conclusion: Having more social network members, having at least one friend, and having at least one college-educated
family member within a social network, were associated with lower risks of incidence of dementia or conversion from MCI
to dementia.
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INTRODUCTION

Alzheimer’s disease, the most common cause of
old-age dementias, is the 6™ leading cause of death in
the United States (U.S.) and a substantial public hea-
Ith concern[1]. As the U.S. population ages, dementia
in old age brings increasingly significant economic,
psychological, and physical burdens [2]. Given that
no effective diagnostic or therapeutic approaches for
dementia are available to date, while some risk fac-
tors for cognitive impairment can be reversible when
identified early [3], investigating modifiable risk fac-
tors associated with cognitive decline is critical to
efforts to reduce the impact of the disease [4].

Social networks, defined as the collection of soc-
ially meaningful ties that an individual subjectively
recognizes and maintains [5], is one such modifiable
factor in the cognitive aging process that has received
an increasing amount of attention [6—8]. Decades
of research have consistently revealed that the soc-
ial network play a significant role in the progression
of dementia in late life [9-11]. Some researchers
have theorized that benefits of having larger, denser,
or more active social networks result from reduced
physiological stress [12], reduced cardiovascular
risks [13], increased knowledge leading to healthier
practices, increased sense of responsibility for oth-
ers [14], or increased awareness of opportunities for
better access to health care [15]. As an umbrella con-
cept, social network definitions also can incorporate
the provision of social support as a critical process in
providing downstream health benefits [16].

Previous research has suggested that differences
in role specificity within a social network can lead
to differences in cognitive decline by providing div-
erse cognitive interactions and resources [17, 18].
Relationships with family members and friends can
provide instrumental (i.e., tangible aid and service)
and emotional support (i.e., expressions of empathy,
love, trust and caring) for health-related needs [19],
while friendships are often assumed of higher qual-
ity and can exert greater emotional influence than
family relationships [20]. Some studies even suggest
that friendship is one of the most important factors
impacting cognitive health [21]. Nonetheless, social
networks exhibit many constants at midlife, notably
in their size (i.e., number of social network mem-
bers) and their hierarchical structuring but begin to
change as individuals age. Indeed, creating and main-
taining friendships can be costly—both in the amount
of time that must be invested and the cognitive tasks

that underlie social relationships [22]. Making and
retaining social relationships as individuals age, how-
ever, can become difficult—an effect that may be
compounded by onset of mild cognitive impairment
(MCI) and dementia [23]. Yet, friendships may also
be accompanied by engagement of social and cogni-
tive skills and activities that promote both physical
and mental wellbeing, and may in turn, reduce cog-
nitive effects of aging [24].

Most studies have centered on social network
size, without specific considerations about the char-
acteristics of social network structures, including
components of role specificity (i.e., spouses, relat-
ives, friends, neighbors, and professionals) and char-
acteristics (i.e., age, sex, and education) of members
within a person’s social network [25]. The mecha-
nism by which social network structure facilitates
reductions in cognitive decline is less clear, such as
whether the benefits come from diverse social rela-
tionships, a certain relationship role, or merely a
larger network size [25]. Additionally, most studies
estimated associations between social network and
incidences of MCI and dementia, but few investi-
gated the effects of social networks on the series of
cognitive decline simultaneously, such as how social
networks might affect incidence of MCI, conver-
sion from MCI to probable dementia, and reversion
from MCI to being cognitively unimpaired. Yet, the
benefits to a complex social network likely oper-
ate differently at different points in time, potentially
delaying the onset of MCI and/or dementia in old
age and potentially reducing the risk of mortality
for individuals at all points in life, as knowledge-
able friends/family members seek out diagnosis and
work to improve health as people age. Furthermore,
it remains unclear including how social network
composition and role specificity affect the holistic
dementing processes stage by stage, as cognitive
declines are sometimes nonlinear processes charac-
terized by tremendous variation.

In this study, we aimed to investigate the impact
of social network structure on the incidences of MCI
and dementia, as well as on cognitive conversions
from MCI to dementia, in the general U.S. population.
While previous research commonly used traditional
survival analyses to estimate effects of risk factors
on a single cognitive outcome of interest, such as
incidence of dementia, individuals can experience
transitions between multiple cognitive stages that are
often ignored by traditional modeling efforts. Recent
advances have developed and applied a novel vali-
dated method to describe a series of change processes
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in cognitive function, which is the multi-state survival
model (MSM) [26-28]. This method can be applied in
MSMs among a large sample population to estimate
the effect of social networks on the process of cog-
nitive decline in one cohesive model, including the
possibility of reversion, rather than separate estima-
tions for different cognitive status in different models,
as was done in previous studies. Consistent with prior
analyses, we hypothesized that having a larger social
network would be associated with reduced incidence
of MCI and dementia, and lower rates of conversion
from MCI to dementia. To extend this into social
characteristics, we hypothesized that the characteris-
tics of the social network structure, including having
more friends and college-educated social network
members, will further operate to reduce the risk of
incidence of MCI and then conversion from MCI to
dementia.

METHODS
Data

Data came from National Health and Aging Trends
Study (NHATS), a national study of persons aged
65 and over, sampled from the Medicare enrollment
file (Grant number NIA U01AG032947; available at
http://www.nhats.org) and conducted by the Johns
Hopkins Bloomberg School of Public Health. The
NHATS study collects information of individuals liv-
ing in communities and residential care settings, not
from nursing homes. It allows a proxy to provide inf-
ormation for a respondent with severe cognitive,
speech, or hearing problems. We included the initial
sample recruited in 2011 and followed annually until
the wave in 2016. Although a replenishment of the
sample to maintain representation for the older Medi-
care population was conducted in 2015 [29], our ana-
Iytic sample only targeted at the first cohort enrolled
in 2011, because we could not reliably measure inc-
idence and conversion to dementia in a sample with
only two waves. We excluded respondents who had
only one wave of cognitive status, because they lac-
ked the key outcomes (transitions in cognitive
status).

Measures

Cognitive status was characterized in NHATS into
three groups, cognitively unimpaired, MCI, and prob-
able dementia, with reasonably good sensitivity and

specificity [30, 31]. This protocol used data from
three types of information: 1) self-reported or proxy-
reported physician diagnosis of dementia including
Alzheimer’s disease; 2) a score indicating proba-
ble dementia on the eight-item Dementia Screening
Interview (ADS) reported by an informant of par-
ticipants [32]; and 3) a series of cognitive tests for
memory (immediate and delayed 10-word recall test),
orientation (date, month, year, and day of the week;
naming the President and Vice President test), and
executive function (clock drawing test). Probable
dementia was identified by at least one of the fol-
lowing: 1) reported dementia diagnosis; or 2) ADS
scores >=2; or 3) a score of <1.5 standard deviations
below the mean in at least two of three (orientation,
memory, and executive functioning) cognitive func-
tioning domains tested. MCI was defined by a score of
<1.5 standard deviations below the mean on at least
one of the three cognitive tests (orientation, memory,
and executive functioning), which is the frequently
adapted “typical criteria” [33]. Respondents were
classified into cognitively unimpaired if conditions
of MCI and probable dementia were not satisfied.

Social network size and structure were measured
by the most well-known and widely used ‘“name
generator” approach [5, 34, 35], wherein responde-
nts were asked to list up to five individuals with
whom they could discuss important matters. Each
respondent completed a detailed survey discussing
relationship type and information of his/her social
network members. An individual’s social network
size is defined as a continuous variable denoting the
total number of one’s social network members. Frie-
nds were subjectively recognized by the respondents
themselves. Dichotomous variables were created
separately for having at least one family member,
having at least one friend, and having at least one
college-educated family member, within the individ-
ual’s social network. We used baseline social network
variables in data analysis.

Confounders included participant’s age in years
at baseline, sex (male or female), educational level
(Iess than high school graduate, high school graduate
and equivalent, college graduate and beyond), and
race/ethnicity (Non-Hispanic white, Non-Hispanic
black, Hispanic, other minorities). According to pre-
vious research, advanced age and sex are the two
strongest risk factors for cognitive decline. Race and
ethnicity are also found to be related to risks of cog-
nitive impairment and progression to dementia [36].
Educational level plays an important role in both cog-
nitive assessment and decline processes.
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Statistical analyses

MSM can be appropriately used to explore ind-
ividual-level longitudinal data based on the Markov
disease process, where an individual can enter or
exit one of several defined distinct states to tran-
sit at any given time during the observation period.
Just as a survival model is understood via the haz-
ard function, MSM can be understood via transition
intensity functions. In our MSMs, a state represented
the cognitive status of an individual in interview. We
used a four-state (i.e., cognitively unimpaired, MCI,
probable dementia, and death) MSM to assess tran-
sitions between these cognitive states. Transitions
from one state to another reflected changes in the
individual’s cognitive condition. In our MSMs, cog-
nitive states of respondents can transit between four
consecutive states in cognitive decline (successively
progressing from cognitively unimpaired to, MCI to,
probable dementia to death), revert from only MCI
to cognitively unimpaired, develop probable demen-
tia directly from cognitively unimpaired, and transit
to death from any state (Fig. 1) [27, 37]. Time-to-
event analyses require dates of each interview, as well
as dates of death. As such, all the follow-up dates
(month/year) were reported and each time interval
between the first survey and a follow-up interview
was measured in months. Missing values of survey
month among individuals with a follow-up year were
replaced by the modal month in that wave. Death
dates were reported by informants, and missing val-
ues of the month of death were estimated to be six
months after the last follow-up.

The test scores and diagnosis information of res-
pondents can be seen as assessments of their latent
cognitive statuses. There is a possibility that test
scores and diagnosis information of a few individu-
als were affected by measurement errors and other
types of errors, causing misclassifications of the
actual state. For example, respondents with MCI
may reasonably be misclassified as dementia, or
as cognitively unimpaired. Notably, reversion from
dementia to MCI or to cognitively unimpaired have
been found uncommon in old age, which should be
treated as misclassifications. The simple MSM model
was governed by a transition intensity matrix for
the observation process of the underlying states; to
account for misclassification, we further fit the simple
MSM with a misclassification matrix as an exten-
sion, indicating the possibility of error. Covariates
measured at baseline included age in years, sex, edu-
cation, and race/ethnicity.

Cognitively Probable
unimpaired > MCI dementia

A\

Death

Fig. 1. Four-state survival model for cognition. We built a multi-
state survival model (MSM) for cognitive functioning of the
respondents, including cognitively unimpaired state, mild cogni-
tive impairment (MCI) state, probable dementia state and death
state. The arrows indicate the feasible instantaneous state-to-state
transitions. In our model, respondents can transit between con-
secutive states in cognitive decline (i.e., successively progressing
from cognitively unimpaired to, MCI to, probable dementia to
death), revert from MCI to cognitively unimpaired, develop prob-
able dementia from cognitively unimpaired, and transit to death
from any state.

Statistical analyses were performed using a MSM
package in R Studio [38]. All statistical tests used
two-tailed alpha=0.05 to determine statistical sig-
nificance coefficients, and 95% confidence intervals
(95% CI) were also used.

RESULTS

Baseline characteristics of respondents are shown
in Table 1. A total of 6,078 respondents were in-
cluded. The respondents had an average age of
77.49 £7.79, annually followed on average of 4.72 +
1.61 years. The majority were high school or equiv-
alent graduates (51.27%) and Non-Hispanic whites
(68.99%). At baseline, their average social network
size was 1.93 & 1.29. Most respondents had at least
one family member in their social network (81.66%),
but only a few had at least one friend in their
social network (17.50%). Nearly one third of the
respondents had at least one college-educated fam-
ily member within a social network (30.07%). In
Supplementary Table 1, we presented baseline char-
acteristics of the respondents accounting for NHATS
survey design of weights, strata, and clusters [29].
The unadjusted conversion rates were reported in the
Supplementary Table 2.

As shown in Fig. 2, we ran three MSMs accounting
for age, sex, education, and race/ethnicity, to sep-
arately explore the effects of social network size,
having a friend in the social network, and having
a college-educated family member within a social
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Table 1
Baseline demographic characteristics of eligible respondents
Characteristic N (%)
Female sex 3,551 (58.42)
Education

1,585 (26.32)
3,088 (51.27)
1,350 (22.41)

Less than high school

High school graduate or equivalent

College graduate or beyond

Race/ethnicity

Non-Hispanic white

Non-Hispanic black

Hispanic

Other minorities

Social network structure

Having at least one family member
within a social network

Having at least one friend within
a social network

Having at least one
college-educated family
member within a social network

Total 6,078
Mean (SD), N

77.49 (71.79), 6,078

4.72(1.61), 6,078

1.93 (1.29), 5,709

1.51 (1.21), 6,052

4,193 (68.99)
1,316 (21.65)
353 (5.81)
216 (3.55)

4,942 (81.66)
1,059 (17.50)

1,820 (30.07)

Age at baseline

Follow-up time (y)

Social network size
Number of family members
within a social network
Number of friends within

a social network

0.25 (0.61), 6,052

Analytic sample includes NHATS respondents who had at least
two waves of cognitive status during the follow-up period of 2011-
2016. SD, standard deviation.

network on cognitive decline. We found that having
a larger social network was significantly associated
with decreased the risk of conversion from MCI to
probable dementia (adjusted Hazard Ratio; aHR =
0.82; 95%CI [0.67-0.99]). Having at least one friend
within a social network was associated with a 52%
lower hazard of incidence of dementia (aHR =0.48
[0.33-0.71]), but an increased mortality risk in the
MCI group (aHR =2.58 [1.47-4.51]). Having at least
one college-educated family member within a social
network was associated with reduced incidence of
probable dementia (aHR =0.37 [0.26-0.51]). We did
not find statistically significant associations between
social network structure and incidence of MCI.
Particularly, among respondents who developed
probable dementia from cognitively unimpaired and
those who experienced transition from MCI to death,
we explored their demographic characteristics by
various social network structure. As is shown in
Table 2, among respondents experienced transition
from MCI to death, no significant differences in sex,
education, and race/ethnicity were observed between
respondents who had at least one friend within a
social network and who did not. Among respondents

who developed probable dementia from cognitively
unimpaired, respondents having at least one friend
within a social network were more likely to be fem-
ales (p<0.001), meanwhile those who had at least
one college-educated family member within a social
network were more likely to be college graduates
themselves (p<0.001) and Non-Hispanic whites
(p=0.0006).

In Table 3, we described the characteristics of soc-
ial network members linked to our respondents. The
majority of the social network members were females
(63.96%). They were mainly children (45.02%) and
spouse/partners (21.59%) of the participants.

The covariate effects of age, sex, education, and
race/ethnicity were also estimated in our adjusted
MSMs and presented in Supplementary Tables 3-5.
Consistent across all the MSMs, baseline age was
significantly associated with increased possibilities
of MCI and probable dementia, an increased risk of
death in the probable dementia group, as well as
an increased possibility of reversion from MCI to
cognitively unimpaired. Compared to females, males
with MCI suffered from the greater mortality risk.
Older adults with higher education levels were at
decreased risks of developing MCI and probable
dementia from cognitively unimpaired. Compared to
Non-Hispanic whites, Non-Hispanic blacks and His-
panics both suffered increased risks of incidence of
MCI and probable dementia.

DISCUSSION

The social network is a central part of everyday
life and a critical component to healthy aging of older
adults. Controlling for baseline age, sex, education,
and race/ethnicity, our results suggested that social
network structure in later life was effectual in reduc-
ing the risk of cognitive decline. Here, we found
three aspects of social networks that are protective
against worse cognitive decline, including: 1) having
more social network members, 2) having at least one
friend within a social network, and 3) having at least
one college-educated family member within a social
network. These findings supported multiple potential
pathways, including social network size and specific
type and characteristic of social network members,
that link social networks to the incidence and transi-
tion of MCI and dementia. In particular, we add to the
previous literature on the benefits of social network
structure by defining the role of network diversity
against abnormal aging processes.
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Cognitively R0 1052 AHR-042 10467 Probable
unimpaired > MCI »| dementia
aHR=1.26 [0.98, aHR=0.95 [0.86,
1.62] Lol
aHR=1.13 [0.91, 1.42]
aHR=1.03 [0.83, 1.28] aHR=1.04[0.92, 1.17]
v
Death

A) Adjusted hazard ratios of social network size (see Supplementary Table 3 for full results)

Co gnltlyely aHR-101 1075 R0 [020, Probabl‘e
unimpaired > MCI 1.30] dementia
aHR=1.03 [0.41, AHR=0.48 (0.3,
2.61] " 0,71]l
aHR=2.58 [1.47, 4.51]
aHR=0.76 [0.32, 1.79] aHR=0.75 [0.41, 1.36]
v
Death

B) Adjusted hazard ratios of having at least one friend within a social network (see

Supplementary Table 4 for full results)

Cognitively | anr-1.06 o0, ) Probable
€ . 139] o MCI aHR=1.27 [0.55, N
unimpaired > 2521 5|  dementia
aHR=121 [0.58, aHR=0.37 [0.26,
252 0.51]
aHR=0.75 [0.40, 1.39]
aHR=0.93 [0.68, 1.27]
aHR=0.81[0.41, 1.61]
v
Death

C) Adjusted hazard ratios of having at least one college-educated family member within a social

network (see Supplementary Table 5 for full results)

Fig. 2. Four-state survival models for adjusted Hazard Ratios of social network structure on cognitive transitions. Adjusted hazard ratios
of social network size (see Supplementary Table 3 for full results). B) Adjusted hazard ratios of having at least one friend within a social
network (see Supplementary Table 4 for full results). C) Adjusted hazard ratios of having at least one college-educated family member within
a social network (see Supplementary Table 5 for full results). Numbers expressed as pooled adjusted Hazard Ratios with [95% Confidence
Interval]. Full results emerging from multivariable adjusted models are presented in Supplementary Tables 3-5.

We found important protective effects of having
more social network members, consistent with pre-
vious studies. Indeed, since Berkman and Syme’s
seminal paper revealed the strong associations
between social networks and health outcomes [39],
a number of studies have confirmed that individuals
who have fewer social members tend to have worse
cognitive function and more severe cognitive decline
[40, 41]. Crooks and colleagues demonstrated that

women with one more social network member have
adecreased adjusted hazard ratio of dementia of 0.74,
compared to those who had one less [41]. Our results
support this work in suggesting that even one more
social network member specifically provides an 18%
reduction of risk of dementia.

Our findings also provide evidence for the ben-
eficial effects of having friends within one’s social
network, showing that the resilient protective effects
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Table 3

Characteristics of social network members linked to NHATS respondents

Social network
members of all
the respondents

Social network members of
respondents who experienced
incidence of dementia from
cognitively unimpaired

Social network members of
respondents experienced
mild cognitive
impairment to death

Characteristics N (%) N (%) N (%)
Female sex 7063 63.96 553 62.2 114 69.51
Relationship type

Spouse/partner 2384 21.59 139 15.64 26 15.85
Children 4972 45.02 477 53.66 76 46.34
Sibling 1254 11.36 74 8.32 9 549
Parent 36 0.33 3 0.34 2 1.22
Grandchildren 156 141 21 2.36 1 0.61
Niece/nephew/cousin 282 2.55 41 4.61 10 6.1
Aunt/uncle 23 0.21

Other relative 40 0.36 6 0.67 1 0.61
Friend 1506 13.64 81 9.11 26 15.85
Other non-relative 390 3.53 47 5.29 13 7.93
Total 11043 100 889 100 164 100

This table describes characteristics of social members linked to NHATS respondents.

brought by role specificity of social networks play
a significant role in compensating for cognitive
damages. Research posits that social network struc-
ture affects cognitive decline by shaping the flow of
resources related to access to opportunities and con-
straints on behavior [42, 43]. As health declines, older
adults tend to seek immediate and tangible support
from family members [44], while their friends can
bring opportunities for diverse social engagements
and social resources that help to promote emotional
health, further help to maintain good cognitive func-
tion [12].

The diversity of the social roles of social network
members can better capture the provision of differ-
ent and complementary resources for various needs
in specific situations [25]. One interesting study
classified social networks into four types (diverse,
friend-focused, family-focused, and restricted) by a
K-means clustering method [45] and then reported
a vicious cycle emerged when worse cognitive fun-
ctioning degraded relationship-diverse and friend-
focused networks to become more restricted, which
in turn might cause a greater reduction of health ben-
efits from social networks [45]. As people age, they
gradually lose, forget, or withdraw from their origi-
nal social network connections, and they also lose the
ability to form new relationships [46]. Consequently,
the presence of family members within a social net-
work increases while other roles decrease. Yet, cog-
nitive decline brought by the loss of friends and
neighbors is ultimately irreplaceable by an increase in
the presence of family members in the social network

[47]. Tt further indicates a worrying crisis character-
ized by the accelerated decline of cognitive function,
as people age and lose friends. It is important to
address not only social network size, but also the
structure of social networks, which is commonly
underscored.

Apart from the significant effects of role specificity
within a social network, our results further highlight
the impact of education levels of social network mem-
bers on the cognitive decline of the network owner.
Independent from one’s own education level, an indi-
vidual having at least one college-educated family
member within a social network had a lower risk
of dementia incidence (aHR =0.37 [0.26-0.51]). We
propose that the benefits of having college-educated
family members come from the provision of social
networks with embedded social resources brought by
college-educated family members within social net-
works, which can help stimulate the brain and retards
cognitive decline [48]. Increased health knowledge
and access to health information can help reduce
the effects of stress on the central nervous sys-
tems, which otherwise would alter immune response,
impair cardiovascular function and memory process.
At the same time, increased knowledge and a better
awareness of access to health care brought by com-
munications with college-educated people can lead to
healthier behaviors. In the classical cognitive reserve
theory, education is said to help maintain cognitive
function in late life by buffering against the effects of
clinical neuropathology expression [49]. Expanding
on the theory of cognitive reserve, our study uniquely
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noted the importance of benefits provided by having
college-educated social network members. This is a
novel finding, and future research could further inves-
tigate this phenomenon and mechanisms behind.

Our analysis of the characteristics of our respon-
dents further demonstrated that, compared to people
who do not have any family member within a social
network, those who have are more likely to be col-
lege-educated himself/herself and a non-Hispanic
white. This reveals a potential family clustering of
cumulative effects of education on cognitive decline,
considering that college-educated older citizens tend
to have college-educated family members within their
social networks, and vice versa. Independent of one’s
own education level, an individual can be affected by
his/her family members’ education levels. The val-
ues, norms, and attitudes prevalent in social networks
have been shown to influence family members in
ways that can promote or damage health [50]; for
example, unhealthy habits can be accepted or encou-
raged easily within the family environment. Mean-
while, consistent with previous evidence of racial/
ethnic disparities, minority groups of non-Hispanic
black and Hispanic have an increased cognitive dec-
line risk compared to non-Hispanic whites. Racial/
ethnic groups are at obvious disadvantages in edu-
cation, further raising a concern of the hidden risks
and disparities among less educated minority groups,
which calls for special further attention. In sum,
socioeconomic status (SES) and cultural conditions
shape the nature and characteristics of an individual’s
social network, which in turn impacts one’s cog-
nitive health by providing different interaction and
exchanges.

Given the significant protective role and modifiable
nature of social networks, interventions that lever-
age social networks to decrease the risk of cognitive
decline are supported [10]. Our research recommends
the provision of sophisticated network models, not
only to correspond to the popular “aging in place”
model [51], which assumes that living in a residence
of an individual’s preference can help better maintain
a familiar and well-rounded life, but also to tap into
the many more dimensions of social and community
ties, especially with friends and higher educated peo-
ple, in addition to the original social ties [52]. Those
social ties can offer opportunities for social engage-
ment and help reinforce social ties within family,
community, and even beyond, which in turn provide
a sense of value, belonging and attachment and facili-
tate better access to social resources through the flow
of social networks.

Strengths and limitations

Commonly used approaches to analyze the effects
of social networks on cognitive decline in previous
studies include the Cox proportional hazards regres-
sion and multilevel modeling, but these approaches
are increasingly recognized as being impeded by mul-
tiple barriers, which fail to provide insights into the
processes that occur after the first event of interest
[53-55]. Thus, our study is novel in using MSMs and
a national sample to explore the effects of social net-
work structure on the processes of cognitive decline.
Especially, our MSMs used a non-homogeneous
Markov process to simulate the entire dementing pro-
cesses accounting for potential misclassifications.

Nevertheless, despite the key strengths above, there
are some limitations in our research worth consider-
ing when examining the conclusions of this study.

First, the NHATS study design included oversam-
ples of older age groups and black individuals race
on the Medicare enrollment file. However, the MSM
package we used does not yet allow researchers to
account for the survey design [38], thus we reported
unweighted analyses, thereby diminishing generaliz-
ability in particular by over-weighting populations,
such as the oversampled minorities.

Second, NHAT'S participants were classified based
on cut offs of cognitive tests with some complemen-
tary information, rather than clinical diagnosis, which
may cause misclassifications. However, though impe-
rfect, NHATS protocol can still be seen as a validated
screening approach with reasonably good sensitivity
and specificity in population study [30, 31]. Also,
the standardized informant reporting metrics were
used to help indicate dementia diagnoses. Further-
more, our MSMs accounting for misclassifications
also helped improve the estimating accuracy.

Third, we allowed some direct progressions from
cognitively unimpaired to probable dementia in MS
Ms, ignoring their transitional MCI states. This
relationship, although successfully modeled here,
indicated rapid decline in the dementing processes
among some individuals. These individuals experi-
enced more rapid cognitive decline than the general
population. We anticipate that these individuals are
more likely to have dementia from cerebrovascular
disease, which has been previously shown to cause
rapid declines in cognition [56]. Future studies on
cognitive transitions could follow up and observe
more frequently to explore.

Fourth, potential confounding effects coming from
SES and mental and physical function are also
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important to consider and account for in future
research. Social networks are often confounded with
marital status, which is a social network in itself,
but also with higher SES and its relevant influence
on social contextual factors including community
social capital. Higher SES is known to increase access
to beneficial social networks—indeed, prominent
sociomedical theories, including Fundamental Cause
Theory [57, 58], argue that higher SES is character-
ized by the presence of so-called beneficial social
networks. Household income and the life-longest
occupation of the respondents could help explain our
finding regarding the presence of college-educated
social network members. However, due to limitations
that regularly occur when MSMs incorporate larger
numbers of covariates, these models did not con-
verge, and we therefore suggest that future research
should focus explicitly on understanding the causal
relationship between SES and social networks when
examining outcomes relating to the onset of later-life
health performances including MCI and dementia.
Concurrently, mental and physical health could also
confound the relationships between various social
network characteristics and cognitive outcomes. We
have separately examined adding physical perfor-
mance tests, and chronic diseases and conditions
into multivariable-adjusted MSMs models, which
routinely failed to converge. We also attempted to
incorporate the depression status of the respondents
into our models but concerned about the validity of
the brief screening instrument, which consisted of
merely two questions, led us to avoid incorporating
depression into our final models. In sum, although
we have explored the following confounding vari-
ables, including marital status, household income,
life-longest occupation, physical performance, and
chronic diseases and conditions, we cannot include
them at this time.

Fifth, although education levels of all types of
social network member and frequency of social inter-
actions can provide supplementary information on
the effects of social ties and social interactions, we
failed to assess such effects due to lack of data. Future
research that focuses on both social network structure
and the frequency of social interactions can contribute
to a better understanding of the effects of social net-
works on cognitive decline.

Finally, considering our relatively short follow-up
period for both observation of incidence of MCI and
conversion to dementia, there is an increased concern
regarding the potential for reverse causation result-
ing from the potential for characteristics of social

networks to be influenced by the MCI process at base-
line. Moreover, our research is limited in representing
the analyses of only one study. Thus, further replica-
tion of these results with longer observation times is
left open for future studies.

CONCLUSIONS

Our study jointly estimated correlates of social net-
work structure on the processes of cognitive decline
and dementia in a large national longitudinal cohort.
Our results suggest that having more members, hav-
ing at least one friend, and having at least one
college-educated family member within a social net-
work are associated with decreased risks of cognitive
decline and dementia. In particular, our results fur-
ther demonstrated the protective effects of having
college-educated social network members against
incidence of dementia. We also proposed the cumu-
lative effects of education from family clustering on
cognitive decline. Considering the effects of educa-
tion, race/ethnicity, and social network structure, it
is imperative to pay special attention to monitoring
the rising inequality of dementia incidence in less
educated families. Our findings contribute to a better
understanding of the risk factors implicated in the
process of developing MCI and dementia, to help
pave the way for novel networks-based intervention
strategies.
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