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Abstract

Background Certain features of the social environment
could maintain and even improve not only psychological
well-being, but also health and cognition of the elderly.
Aims We tested the association between social network
characteristics and the number of chronic diseases in the
elderly.

Methods A randomized sample of the elderly population
of Brescia, Italy, was evaluated (N=200, age >65 years).
We performed a comprehensive geriatric assessment,
including information on socio-demographic variables
(family, friendships, and acquaintance contacts). We meas-
ured each person’s social network, i.e., degree, efficiency,
and variety.

Results The sample included 118 women and 82 men,
mean age 77.7 years. The mean number of chronic diseases
was 3.5. A higher social network degree, i.e., more social
connections, was associated with fewer diseases. We also
found that having more contacts with people similar to each
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other or intense relationships with people who do not know
each other were associated with fewer diseases.

Conclusion More healthy people tend to share certain
characteristics of social networks. Our study indicates that
it is important to look at diseases and health as complex
phenomena, which requires integrating different levels of
analysis.

Keywords Aging - Social networks - Health status -
Network degree - Social factors - Chronic diseases

Introduction

The number of elderly in the world has gradually increased
from ten million in 1900 to 420 million in 2000. According
to the latest estimates made by the United Nations Popu-
lation Division, the elderly population will probably reach
two billion by 2050 and they will account for about a fifth
of world population [1]. According to the Italian National
Institute of Statistics Data [2], people over 65 years, who
now account for 20.8% of the country population, will
reach 36.3% by 2050. This constitutes a population change
without precedent in human history, which will have
important social, economic, and cultural implications.
Income growth and progress in nutrition, education, san-
itation, and medicine in advanced countries has increased
life expectancy and improved general health conditions.
Chronic diseases have replaced infectious diseases as the
dominant health care burden, giving rise to the so-called
“epidemiological transition” [3]. On the one hand, this
implies that the majority of older people (ranging from 55
to 98%) are affected by multimorbidity, i.e., two or more
co-occurring chronic diseases [4]. On the other hand, the
minimization of the expected growth of health care and
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long-term care costs due to chronic diseases requires inno-
vative primary and secondary prevention. This will also
include checks for several risk factors as well as the impact
of lifestyles and social contexts on health.

Research suggests that social support has a positive
impact on health. For social support, we mean “everyday
behaviors that, whether directly or indirectly, communicate
to an individual that she or he is valued and cared for by
others” [5]. According to Uchino [6], social support may
have four functions: emotional (e.g., provision of affect,
acceptance, encouragement, and trust [7]), informative
(e.g., provision of advice and guidance), companionship
(e.g., sense of belonging), and tangible (e.g., provision of
financial assistance, material goods, or services). It may
come from both social relationships or public institutions
(e.g., care from governments or public institutions).

Here, it is important to note that given the recent reduc-
tion of public investments on healthcare not only in Italy
[8], but also in many other countries [9], private forms of
social support that come from a person’s social relation-
ships are now of paramount importance. Indeed, accord-
ing to the second European Quality of Life Survey, almost
a quarter of adults in EU27 provide care of an older rela-
tive and about 8% do so on a daily basis [10]. In Italy, fam-
ily is a key factor for elderly care [11]. Quattrini et al. [12]
estimated that in Italy, about 11% of the over 50-year-old
population provide care to an older relative, i.e., about
2,350,000 persons.

Furthermore, it is acknowledged that the social contexts
in which the elderly live (e.g., the amount and the type of
informal care provided by their family, friends, and con-
tacts) may influence their lifestyles. However, there is still
a need for a close examination of which features of these
social contexts really do matter. For instance, while recent
studies have examined health as a consequence of educa-
tion, occupation, and income, only a few have thoroughly
analyzed the impact of social networks on health in the
elderly by looking at network characteristics. Social net-
works are social structures made up of a set of individuals
connected through different ties, but they also have differ-
ent characteristics which could have important implications
for elderly status and behavior.

Indeed, it is probable that people with few social con-
tacts, typically restricted to family members, may have lit-
tle knowledge about healthy behavior, have problems in the
self-management of chronic diseases and do not use pre-
ventive services sufficiently. It is well known, for instance,
that social isolation is a major health problem among com-
munity-dwelling older adults, leading to numerous detri-
mental health conditions, including a higher risk of death
[13]. In short, social isolation has serious implications for
health, well-being, and quality of life for numerous older
adults [14]. For instance, Mazzella et al. [15] looked at the
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effect of social support and comorbidity on 12-year mortal-
ity in a sample of 1332 elders from the “Osservatorio Geri-
atrico Regione Campania”, which was a cross-sectional
study performed in 1992 in Campania, a Region in South-
ern Italy. Findings showed that higher mortality was asso-
ciated with low social support of the elderly and that this
effect was stronger in case of high levels of comorbidity.

Many studies have shown that a rich social network
could maintain and even improve, not only psychologi-
cal well-being, but also health and cognition at different
ages [16, 17]. For instance, Rizzuto et al. [18] showed that
the median survival of the elderly with a low risk profile
(healthy lifestyle behavior, participation in at least one lei-
sure activity, and a rich or moderate social network) was 5.4
years longer than those with a high risk profile (unhealthy
lifestyle behavior, no participation in leisure activities,
and a limited or poor social network). They found that this
effect was similar even among the oldest subjects. Another
Swedish study found significant associations between
social capital and cause-specific mortality, including cancer
and stroke in the elderly [19].

However, only an in-depth analysis that looks at the type
of social contacts and resources that people have due to
their social connections can help to examine the interplay
of health and social life. Indeed, social networks can have
positive consequences on individual health by facilitating
access to health-enhancing services and amenities as well
as via the psychological process of providing effective sup-
port [16]. Possible mechanisms explaining the association
between a rich social network and better health include
higher resilience and better neuro-endocrine responses to
stress by the elderly [20]. The social environment can also
trigger better lifestyles, such as physical activity, assistance
when needed, cognitive and affective resources, not to
mention access to relevant information for disease preven-
tion [21-23].

However, it is still uncertain what are the advantage of
specific links compared to others (e.g., spouses, children,
and friendships) as well as that of the entire social network
of the elderly. Social relationships are multi-faceted and
different social network components can operate by differ-
ent processes to influence well-being. For example, does a
cohesive and closed family with strong affective relation-
ships matter more than enjoying a large network of unre-
lated friends and acquaintances? If we consider the impor-
tance of information for prevention and how much people’s
behavior is influenced by the exposure to the behavior
of others, especially of relevant people, it is important to
understand if people benefit more from having social con-
tacts among similar or different kinds of people.

Answering these questions requires looking at each per-
son’s social network in close detail, by measuring a sub-
ject’s connections on a micro scale, the characteristics of
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the contacts and the type of relationships they have. To do
so, we constructed a prospective population-based study
through a randomized sample of the elderly in Brescia,
Italy. We performed a comprehensive geriatric assess-
ment, including information on socio-demographic vari-
ables (family, friendship and acquaintance contacts) and
measured each person’s social network through a list of
questions that allowed us to comprehensively map the char-
acteristics of ties and their mutual relationships. We meas-
ured the degree, efficiency, and variety of each person’s
network (detail below), so that we could compare each per-
son involved in the sample.

Older people who are more socially isolated could be
penalized by lower access to relevant information, lower
chances to self-regulate their lifestyles through social con-
trol offered by contacts, and lack of cognitive stimuli from
participating in a vibrant social environment, e.g., connec-
tions with similarly educated friends. We wanted to verify
whether a larger network of contacts, higher intensity of
contacts, or a higher variety of social contacts in terms of
education could be associated with fewer chronic diseases.

Methods
Study design

‘ANZIANI IN-RETE’ was designed as a prospective pop-
ulation-based study. A sample of 816 people was randomly
selected by age cohort (from 65 to 74, from 75 to 84, and
>85 years) and by gender. Subjects were living in three
districts (Brescia Antica, Centro Storico Nord, and Cen-
tro Storico Sud) located in the city center of Brescia, Italy.
We requested address contacts of eligible subjects from the
municipal register. We sent a letter describing the study
design and aims. We then contacted each eligible subject
by phone to schedule an appointment for the examination.
The examinations were performed at the subjects’ home
or in the Geriatric Ward of the Spedali Civili, Brescia. Of
the original 816 people invited to participate, 372 (45.5%)
were not eligible (i.e., they had no phone contact infor-
mation). Of the remaining 444, 15 (3.4%) died before the
beginning of the study, and 8 (1.8%) moved their home
residence. Among the remaining (421), 221 (52.4%) per-
sons refused to participate, while 200 (47.5%) accepted.
Of the latter, 167 had valid data on social networks (see
Online Resource 1, Table S1). It is important to note that
the sample included not only the data of 167 subjects but
also information on their contacts, so that the whole sample
actually included 964 persons and 1984 social ties.
Comparisons between the group with no contact infor-
mation and those who were contacted showed no sta-
tistically significant differences according to mean age

and gender. The same was true for those who accepted
and those who refused to participate. The examination
took place during a 5-month period (April 2014—August
2014). A written informed consent was obtained from all
individual participants included in the study. All proce-
dures followed were in accordance with the ethical stand-
ards of the responsible committee on human experimen-
tation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008.

The study was approved by the Ethical committee of
the Local Health Unit (ASL) of Brescia, Italy (reference
number 0144116).

General objectives

The general aims of the study ‘ANZIANI IN-RETE’ were
as follows: (1) to investigate somatic health, cognition,
affective status, and functional domains of a sample of
the elderly living in Brescia, Italy; (2) to map the social
network of this sample; (3) to understand the relationship
between social variables and global health status, and (4)
to derive public policy principles to improve quality of
social networks of the elderly as part of a health policy.

Data collection

Data collection consisted of a face-to-face, structured
interview and a clinical examination. The whole pro-
cess took about 1 h. The interviews were conducted by
trained physicians using an online application on a tablet
computer. Information was also collected on people liv-
ing with the interviewee and caregivers. Previous medi-
cal reports and drug boxes were checked, if available. All
data were collected by means of a structured question-
naire based on the domains of the InterRAI Home Care
Assessment System (HC), a validated and standardized
third-generation multi-dimensional evaluation tool devel-
oped by interRAI, a scientific international not-for-profit
corporation [24]). We included the following indicators:
health status number and category of chronic diseases,
sensory impairments, number and type of prescribed
drugs, presence of adverse events (i.e., falls, hospitali-
zation, etc) during the previous 3 months, presence and
characteristics of pain, skin conditions, and malnutrition.
Furthermore, we also included functional, affective and
cognitive status, adherence to screening and prevention
programs, and life styles, such as smoking, alcohol, diet
habits, and physical activity. Physical tests included basic
anthropometry (body-mass index), measurement of blood
pressure, and heart rate.
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Social networks evaluation

By following a person’s (ego) network approach [e.g.,
16-18], we mapped social networks of each individ-
ual interviewee (ego) by listing a set of questions that
included important resources typically needed by the
elderly and personal contacts that could help him/her
access them [19, 20]. These included: (a) help in house
work (e.g., gardening, wall painting, and moving furni-
ture); (b) a lift to the pharmacy or municipality offices
to run personal errands; (c) a loan of small amounts of
cash for unforeseen personal expenses; (d) personal
advice on health, affective or relational problems; (e) per-
sonal advice on savings, life insurance or pensions; (f)
a place (a room, flat or house) to stay in case of need,
due to house work or eviction [25]. The interviewee was
asked to indicate the name and surname of each person
(i.e., alter) to which he/she could ask for the resource
needed, his/her alter’s status (i.e., family member, friend,
or acquaintance) and the intensity of his/her relationship
with his/her alter (i.e., the frequency of their encounters
on daily, weekly, monthly, and yearly bases [26]). The
interviewee was also asked to indicate whether each alter
in his/her list of contacts knew each other. Finally, he/she
was asked to provide the educational qualification of each
contact (see Online Resource 2).

To understand the quality of the social network of each
interviewee (i.e., ego), we first measured the network
degree, i.e., the size of ego’s social network in terms of
number of alters and the frequency with whom each ego
usually met his/her alters. Second, we measured the net-
work efficiency [27], i.e., a structural indicator that looks
at inter-alter connectedness in each ego network. The prin-
ciple here is that the more alters are connected with each
other, the higher the probability that they come from the
same social circle and so that they provide ego with simi-
lar information and experience. Vice versa, an efficient
network is one in which ego’s alters are poorly connected
with each other, and therefore, each one provides differ-
ent informations and possibly heterogeneous new contacts
for the ego. The network efficiency held values from zero
(maximum connectedness between ego’s alters) to one
(minimum connectedness between ego’s alters). Finally, we
measured the network variety by considering the heteroge-
neity of the educational qualification of each ego’s alters.
We considered the education heterogeneity as a proxy of
the level of cognitive variety and stimuli that each ego had
by being exposed to his/her alters. The assumption was that
the higher the heterogeneity of the education profile of a
person’s contacts, the higher the variety of stimuli a person
was exposed to. We followed the heterogeneity index pro-
posed by Blau [28], which holds values from zero (=mini-
mum heterogeneity) to one (=maximum variety).

@ Springer

Figure 1a, b, ¢ shows the different types of social net-
works that were detected in the sample. Figure la repre-
sents an example of a ‘closed’ social network: i.e., where
almost each alter knew each other. While the presence of
strong links may provide subjects with time, resources, and
love shared by his/her contacts, this type of networks can-
not guaranteed ego access to new information, because his/
her alters tend to have similar information. Figure 1b shows
an example of an ‘open’ social network: i.e., where the ego

Fig. 1 a Example of a ‘closed’ social network. b Example of an
‘open’ social network. ¢ Example of a ‘mixed’ social network



Aging Clin Exp Res (2017) 29:1173-1179 1177

Table 1 Baseline characteristics of the study population by age groups

All (n=200) 65-74 years (n=80) 75-84 years (n=80) 85+ years (n=40)
Age, mean, years, (SD) 77.7 (7.6) 70.1 (2.4) 79.5 (2.9) 89.1 (3.4)
Female, number (%) 118 (59) 50 (62.5) 42 (52.5) 26 (65)
Married, % 95 (47.5) 51 (63.8) 32 (40) 12 (30)
Living alone, % 57 (28.5) 20 (25) 23 (28.8) 14 (35)
Widow, % 52 (26.1) 8 (10) 27 (34.2) 17 (42.5)
Number of chronic diseases, mean 3.5@2.1) 2.8 (1.8) 3.72.2) 4.7 (2.3)

was the only common tie among his/her alters who did not
know each other. While this type of networks is beneficial
in allowing ego access to a variety of information and so
ideally exploit different resources from different unrelated
alters, they have poor affective value. Finally, Fig. 1c¢ shows
an example of a ‘mixed’ social network: i.e., where the ego
had a network that included different kinds of links and so
could balance access to a variety of information and affec-
tive components.

Statistics

Regression models were run to measure the effect of social
variables on the total number of diseases (GLM regres-
sion). We built a GLM regression model on the follow-
ing variables: gender, age, marital status, network degree,
network efficiency, education-level heterogeneity of ego’s
alters, and frequency of ego’s relationship with his/her
alters. To look at the association between network structure
(i.e., network degree and efficiency) and the characteristics
of the social ties (i.e., the intensity of relations and the het-
erogeneity of contacts), we included two interaction terms
(see Table 2). Interaction effects allowed us to understand
if the effect of a group of independent variables (i.e., net-
work structure) on the total number of diseases varied as a

function of a second group of independent variables (i.e.,
characteristics of the social ties). All p values <0.10 were
considered significant. For the statistical analysis, we used
the following software packages: Stata (version 12), E-Net
(version 0.41), and R (version3.2.2).

Results

Comparisons of demographic characteristics showed
that the mean age of the original randomized sample was
77.6 years (SD 8.4) vs. 77.7 years (SD 7.6) of those who
accepted to participate (p=0.860). The percentage of
women in the original sample was 63.9 and 59.0% for those
included (p=0.202).

The sample included 118 women (59%) and 82 men
(41%). The youngest participant was 66, while the old-
est was 102 years; 40 (20%) participants were 85+ years.
Ninety-seven participants (47.5%) were still married, while
53 (26.5%) were widows. The mean number of chronic dis-
eases was 3.5, median 3, ranging from O (12 cases) to 11
(two cases). The most frequent diseases were as follows:
hypertension (n= 108, 52.4%), malignancy (n=41, 19.9%),
diabetes (n=24, 11.7%), hypothyroidism (n=23, 11.2%),

Table 2 GLM regression

. ¢ Estimate Std. Error z value Pr(>lzl)

model testing social networks

characteristics and number of (Intercept) 0.84082  0.73212 1.148 025077

chronic discases Age_75+ 0.3128 0.09994 3.13 0.00175%#
GenderM 0.03932 0.09963 0.395 0.69305
Civil status —0.07492 0.10781 -0.695 0.48711
Network_degree —0.22093 0.1185 —1.864 0.06226*
Network_efficiency 1.50995 0.70744 2.134 0.032817%*
Interaction frequency 0.31387 0.2513 1.249 0.21167
Education level heterogeneity —0.12093 0.08549 —-1.414 0.15722
Network_degree: interaction frequency 0.0138 0.03676 0.375 0.7073
Network_degree: education level heterogeneity 0.03906 0.01434 2.724 0.00644***
Efficiency: education level heterogeneity —0.01954 0.09514 —0.205 0.83727
Efficiency: interaction frequency —0.58571 0.23664 —2.475 0.01332%*

£p<0.1, *p <0.05, ***p <0.01
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chronic obstructive pulmonary disease (n=20, 9.7%), and
stroke (n=18, 8.7%).

Table 1 shows baseline characteristics of the whole sam-
ple and age groups.

Social network and number of chronic diseases

Table 2 shows a GLM regression model that considered the
association between social network characteristics and the
number of chronic diseases. While being older (75 or more
years) was associated with a higher number of chronic dis-
eases, a higher social network degree was associated with
fewer chronic diseases. The higher the number of contacts
in a person’s network, the lower the number of chronic
diseases. This effect was moderated by network variety as
higher network variety decreased the impact of the degree
on chronic diseases. Network efficiency also had a signifi-
cant impact on the number of chronic diseases. On the one
hand, an efficient network with low intensity of relation-
ships was associated with a high number of chronic dis-
eases. However, having efficient networks with high inten-
sity of the relationships was associated with less chronic
diseases.

Discussion

Our findings show that some characteristics of social net-
works are associated with health in the elderly. This would
confirm recent findings on networks and diseases by Li
and Zhang [29] and Steptoe et al. [30] and suggest that
the effect of social networks is significant also on chronic
diseases [31]. In particular, we found that a higher social
degree of network was associated with a lower number of
chronic diseases. This effect was moderated by network
variety, i.e., the higher the network variety, the lower the
impact of the degree on the number of chronic diseases
was. This would indicate that subjects benefit from more
contacts, especially when these contacts are similar. Fur-
thermore, network efficiency had a significant impact on
the number of chronic diseases. On the one hand, having
efficient networks, when the intensity of the relationships
was low, was associated with more chronic diseases. On the
other hand, we found fewer chronic diseases when persons
had efficient networks and high intensity of the relation-
ships. This would indicate the complex mix of effects that
certain network characteristics have on the health of the
elderly [32].

In general, similar to Rafnsson et al. [33], we found two
combinations of positive network effects on our sample,
that is more contacts similar to each other and more intense
relationships between unrelated contacts. This meant that,
on the one hand, certain social network characteristic could
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have more important effects. On the other hand, we also
found that different combinations of network characteris-
tics might trigger a similarly positive effect. For example,
it seems beneficial to have a dense network of similar con-
tacts for the elderly, which probably ensures close attention
to symptoms, prevention and guaranteed help, or intense
relationships with unrelated contacts, which probably
ensures access to a high variety of information and cogni-
tive stimuli (e.g., [34, 35]).

Strengths and limitations

The main limitations of this study are the cross-sectional
analysis and the small sample size. Indeed, the small size of
our sample could reflect a selection bias due to several rea-
sons. While selection bias is hard to control in all research,
whose samples depend on participant decision, obviously
a larger sample could help to reduce it. Despite we cannot
completely rule out that refusals were sicker than partici-
pants, the two groups did not differ by age, and thus, it is
unlikely that they had a very different number of comorbid-
ities which are strongly related to age. Our low rate could
be explained by a variety of other different mechanisms,
including the fact that not all subjects were prone to share
data on their social networks. Finally, the sample is consid-
erably large when we consider the typical sample of social
network analysis. As regards to the association between
social network and health variables, longitudinal data of the
study will be analyzed as soon as available. On the other
hand, the strength of our study lies in the fact that each
person was evaluated by trained physicians, so that partici-
pants or their caregivers gave information directly.

Conclusions

Our study indicates that it is important to look at diseases
and health as complex phenomena, which requires integrat-
ing different levels of analysis [36]. People do not live in
isolation. It is not simply the social structure of how every-
day life is embedded which has important consequences on
cognitive stimuli, prevention, and lifestyles. Access to rel-
evant information and learning by observing others’ behav-
ior requires good social connections. It also potentially
hosts important resources, e.g., emotive support, informa-
tion, and relevant contacts that a complexity-friendly health
policy should try to activate to protect old persons from
diseases [37]. This is an important message as only a new
alliance between medicine and social sciences can help
develop policies that truly reflect the complexity of health
and explore innovative ways to respond to the needs of an
aging society.
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