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Abstract

It has been known for decades that social networks are causally related to disease and mortality risk. However, this field of
research and its potential for implementation into diabetes care is still in its infancy. In this narrative review, we aim to address the
state-of-the-art of social network research in type 2 diabetes prevention and care. Despite the diverse nature and heterogeneity of
social network assessments, we can draw valuable lessons from the available studies. First, the structural network variable ‘living
alone’ and the functional network variable ‘lack of social support’ have been associated with increased type 2 diabetes risk. The
latter association may be modified by lifestyle risk factors, such as obesity, low level of physical activity and unhealthy diet.
Second, smaller network size and less social support is associated with increased risk of diabetes complications, particularly
chronic kidney disease and CHD. Third, current evidence shows a beneficial impact of social support on diabetes self-manage-
ment. In addition, social support interventions were found to have a small, favourable effect on HbA . values in the short-term.
However, harmonisation and more detailed assessment of social network measurements are needed to utilise social network
characteristics for more effective prevention and disease management in type 2 diabetes.
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Given the above, we need to better understand the
importance of social contacts for health in general and
for type 2 diabetes and diabetes care in particular [3]. In
this narrative review we aim to address the state-of-the-
art of social network research in type 2 diabetes preven-
tion and care. We will explicitly address objectively
measured social relationships, but exclude loneliness,
which is addressed elsewhere [4, 5] and refers to a
subjective sense of lack of number and quality of social
relationships [6].

First, we will address the aetiology that may link
social networks to type 2 diabetes. Second, we will
summarise the literature on the association between
social network characteristics and incidence of type 2
diabetes. Third, evidence on the impact of the social
network on the course of diabetes will be conferred.
Fourth, the association of the social network with
disease management will be discussed.

Structural social
network aspects

Sociostructural
conditions

The aetiology that may link social networks
to diabetes

Social networks can be defined as the web of social relation-
ships that surround an individual, connecting that individual
with family, friends, colleagues, neighbours and potentially
also health professionals. Social networks are an essential
aspect of life, serving important social, psychological and
behavioural functions. Information on how to assess social
network characteristics and the definitions of functional and
structural social network characteristics can be found in the
Text box/Fig. 1. Research into the role of social networks in
type 2 diabetes started in the early 2000s. Two main hypoth-
eses on its aetiology have been proposed: the stress-buffering
or stress-exacerbating hypothesis; and the social contagion
hypothesis or behavioural hypothesis [7, 8]. Regarding the
first hypothesis, stress in itself is able to affect physiological
processes. Stress may for instance result in weight gain or
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Fig. 1 Theoretical model of social networks and type 2 diabetes. A
discrimination can be made between functional and structural character-
istics of the social network. Functional characteristics involve a qualita-
tive scoring of the individual’s social relationships (also referred to as
social support). This includes the individual’s own perception, degree
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of satisfaction and realisation of the support from others. Structural char-
acteristics involve a quantitative scoring of the availability and number of
people around the individual. Figure based on information from Berkman
et al [8]. This figure is available as part of a downloadable slideset
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How to assess social network characteristics and the definitions
of functional and structural social network characteristics

How to assess social networks?

The ‘gold standard’ measure for social networks is the name-generator method [39]. This assesses a
person’s own social network (the ego network). This network may contain many or only few relations that are
close by or far away, face-to-face or online, and supporting or stressful. The name generator includes survey
items that asks an individual (the ‘ego’) to name a certain number of individuals (the ‘alters’) with whom they
have a certain relationship (the ‘tie’). The instrument generates a list of names of people that are, in a
predefined way, important to that individual. Various types of name-generator questions can be used (e.g.
assessing those with whom an individual is in close contact, or interacts with most frequently) [39]. The
choice of questions is adapted to the social processes of interest (e.g. in a care setting, it could be useful to
enumerate the network members that provide emotional, informational and practical support). Preferably,
information is available on the relationship, the frequency of contact, the type of support, the strength of the
relation, etc. In addition, information on the network members (alters) is collected, such as age and sex, and
also on chronic conditions (such as type 2 diabetes) or lifestyle behaviour (such as diet or physical activity).
The lists of names and the specifics of the relationships are then used to statistically compute relevant social
network characteristics. By use of algorithms and formulas, relevant concepts, such as network size, mixing
by age and sex, diversity (e.g. the number of social roles represented in the network), density (the extent to
which members know each other), proximity and social support, can be computed. The social network
is commonly described by the use of functional and structural network characteristics (illustrated in Fig. 1)
[8]. Because of the time-investment, such social network assessment may be applied by supportive
personnel, such as nurses or social workers. In addition, less time-intensive and easier to apply (online)
methods can also be used.

Next to the characteristics directly related to the ‘ego’, Berkman et al [8] further identified sociostructural
conditions (i.e. the network properties shaped by politics, law, regional sociodemographics or by the
community itself) to be of importance in determining health outcomes or health inequities. These may include
available resources (e.g. jobs, shops, sports clubs), prevailing culture (e.g. food and exercise norms) or rules
(e.g. financial regulations for receiving care).

Functional network characteristics

Functional network characteristics include the exchange of social support or resources. Social support can
be informational (e.g. knowledge, where to find informational support, how to find informational support),
practical (e.g. transport, help around the house) and emotional (e.g. reassurance, motivational). People close
to us help with difficult decisions (such as when to start or how to adhere to treatments), help us to cope with
disease, and affect our physical and mental resilience [40]. In the case of a behavioural change, they remind
the ego that he/she is in behavioural change, join forces, reduce the risk of relapse and encourage
persistence.

Structural network characteristics

Structural network characteristics include the number, frequency, diversity and strength of relationships.
Having few social contacts is detrimental to health overall. For instance, social isolation (a small network) is
independently associated with mortality risk (HR 1.26 [95% CI 1.06, 1.56]) [41, 42]. In addition, isolation has
been associated with both the onset and the progression of CVD [43]. Living alone is an easily defined
structural social network characteristic available in many studies.

dysfunction of the hypothalamic—pituitary—adrenal axis,
which in turn can lead to type 2 diabetes. In particular, the
crosstalk between autonomic, endocrine and inflammatory
pathways may prove important. However, the lack of experi-
mental data to support these theories should be noted. In turn,
social support may alleviate stress and thus buffer the adverse
physiological changes, thereby preventing or delaying the

onset of type 2 diabetes. Conversely, negative aspects of rela-
tionships (i.e. so-called social strain) may cause stress and thus
adversely affect health outcomes. Second, the social conta-
gion hypothesis refers to the tendency of individuals to adopt
behaviours from others in their social network. For instance,
healthy or unhealthy lifestyle behaviour may be promoted via
key people within a social network. This hypothesis is

@ Springer



1908

Diabetologia (2021) 64:1905-1916

exemplified by the ground-breaking work of Christakis and
Fowler, using data from the Framingham Heart Study [9].
Their study showed that obesity spreads through social
networks and confirmed that connected people may share life-
style factors (e.g. physical activity, diet) or may experience
simultaneous events that cause them to gain or lose weight
simultaneously. Importantly, the authors’ observations
suggested that the social network also had an effect on its
own, revealing a process involving person-to-person spread
of obesity through social relations.

Social networks in type 2 diabetes

Clear differences in specific aspects of the social network have
been demonstrated when comparing men and women. For
instance, men are known to have smaller social networks than
women [10]. This also applies to men and women with type 2
diabetes (seven vs eight network members) [11]. In addition,
women receive more emotional support via their social network
than men, whereas men are thought to receive major support
from their partner [10]. Figure 2 depicts the composition of
structural network characteristics in men and women with and
without type 2 diabetes, according to data from the population-
based Maastricht Study [11]. The number of circles shown in
Fig. 2 represents the mean network size for men and women
with normal glucose metabolism and with type 2 diabetes.
Please note the smaller network size for men vs women with
normal glucose metabolism and for individuals with type 2
diabetes compared with those with normal glucose metabolism.

Social networks and development of type 2
diabetes

Here, we summarise evidence of social networks as risk factor
for type 2 diabetes. We focus on longitudinal data to address
the temporality of these associations, and in particular on the
social network constructs ‘living alone’ and ‘social support’.
These two constructs have a relatively uniform definition and
operationalisation across the various empirical studies and
therefore represent reproducible social network measures,
while other measures used were too diverse in methods or
nature to compile meaningfully. Although the evidence is
relatively scarce, we found several well-designed large-scale
studies on this topic (see Table 1).

First, living alone has been associated with an increased type 2
diabetes risk among men [12—14] but this may depend on life-
style factors like smoking and dietary habits in women [15, 16].
Effect estimates range from a 1.39- to 1.66-fold increase in risk of
type 2 diabetes for men living alone, which may be similar to the
imposed risk by well-known cardiovascular risk factors, like
hypertension, dyslipidaemia or obesity [17].
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Second, various measures of social support have been
prospectively associated with type 2 diabetes risk. An extensive
study by Hendryx et al [18] within the Women’s Health
Initiative showed that lack of social support increases type 2
diabetes risk. Moreover, women with the highest level of social
support had a lower type 2 diabetes risk (HR 0.93) [18]. In line
with these results, the English Longitudinal Study of Ageing
(ELSA) study [19] showed an increased type 2 diabetes risk
among individuals with low levels of social support. Of partic-
ular interest, some of the above associations were mediated by
lifestyle factors, such as smoking, physical activity, BMI and
depression. Furthermore, the MONICA/KORA study [20]
showed similar results: low social support was associated with
an increased type 2 diabetes risk in men but not in women.

In summary, results clearly show that living alone has been
associated with an increased type 2 diabetes risk, particularly
in men. Any such association in women may be mediated by
lifestyle risk factors. Furthermore, lack of social support also
increases type 2 diabetes risk, with this association being
dependent on lifestyle risk factors. Although the constructs
‘living alone’ and ‘social support’ do not reflect the complex-
ity of social networks and only partially provide targets for
intervention, they do illustrate the importance of social
networks for type 2 diabetes risk. However, the lack of exper-
imental studies and the possibility of reverse causation should
be taken into account when interpreting these results.

Social networks and diabetes complications

Next to diabetes itself, social networks may be associated with
type 2 diabetes complications. An overview of the available
literature on this topic is presented in Table 2. Cross-sectional
name-generator data from The Maastricht Study have shown
that type 2 diabetes patients with smaller social networks have
a higher prevalence of self-reported macrovascular complica-
tions such as myocardial infarction and stroke [21]. Also, a
lack of network diversity (assessed as a high percentage of
family members and a low percentage of friends within the
social network) was associated with macrovascular complica-
tions, while no association was found with emotional, infor-
mational or practical support. In addition, smaller social
networks and less informational support was related to micro-
vascular complications in women (such as albuminuria, reti-
nopathy and peripheral neuropathy) but not in men. The
observed sex difference may be due to different coping strat-
egies between men and women. Furthermore, a Japanese
study observed that higher levels of social support and a high-
ly connected social network was associated with a lower prev-
alence of diabetic nephropathy [22].

Longitudinal evidence on the association between social
network and diabetes complications comes from two large-
scale studies: an observational study from the Ongoing
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Fig. 2 Structural social network
characteristics in diabetes. The
composition of structural network
characteristics in men and women
with and without type 2 diabetes,
according to real-life data from
the population-based Maastricht
Study is shown. Blue (men) and
pink (women) circles represent
the ego, dark-red circles represent
the partner, light-red circles
represent family members, yellow
circles represent friends and the
green circles represent another
type of contact. The dashed
circles represent geographical
living distance: inner circle,
household; middle circle, walking
distance; and outer circle, more
than walking distance. The lines
between the ego and network
member represent the frequency
of contact: bold ‘ties’ represent
daily/weekly contact, whilst non-
bold ‘ties’ represent monthly or
less contact. Figure adapted from
Brinkhues et al [11] under the
terms of the Creative Commons
Attribution 4.0 International
License (http://creativecommons.
org/licenses/by/4.0/), which
permits unrestricted use,
distribution, and reproduction in
any medium. This figure is
available as part of a

Normal glucose metabolism Type 2 diabetes

N

downloadable slideset

Telmisartan Alone and in Combination with Ramipril Global
Endpoint Trial (ONTARGET) [23]; and the Women’s Health
Initiative [24]. Both used a relatively generic measure of social
network characteristics. ONTARGET investigated the associ-
ation of the social network score (SNS) with chronic kidney
disease (CKD) in high-risk individuals with type 2 diabetes
[23]. An 11% reduction in CKD risk was observed when
comparing the third with the first tertile of the SNS over
5.5 years of follow-up. This association was independent of
lifestyle and cardiovascular risk factors. The authors
suggested that a tight social network helps in the
(self-)ymanagement of diabetes and therefore prevents compli-
cations. The Women’s Health Initiative focused on the asso-
ciation of social support and smaller network size with inci-
dent CHD in postmenopausal women with type 2 diabetes
[24]. Being married or in an intimate relationship appeared
to protect against the development of CHD (HR 0.82). In
addition, being in the third quartile of social network size
was associated with a lower CHD risk, as compared with
being in the first quartile. Furthermore, this study indicated
that health behaviours, such as physical activity and healthy

J 0
[. Partner .Family OFriend OOther]

diet, might be mediators of the associations between social
network size and risk of CHD.

In summary, there is cross-sectional and longitudinal
evidence that structural (e.g. smaller network size) and func-
tional (e.g. less support) social network measures are associ-
ated with an increased risk of type 2 diabetes complications.
The potential mediating role of lifestyle factors was inconsis-
tent across studies. The study findings outlined above demon-
strate the paucity of high-quality studies on this topic but also
reveal the potential of detailed social network assessment in
the identification of targets for the prevention of type 2 diabe-
tes complications. There is also a lack of experimental data by
which to assess true causality and the possibility of reverse
causation (e.g. reduced functionality due to diabetes compli-
cations could also reduce social network size).

Social networks and diabetes management

Social networks may also impact treatment of individuals with
type 2 diabetes. Nowadays, self-management is a cornerstone
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of diabetes care. Moreover, there is increasing recognition that
self-management can be seen as a social process that involves
social networks and personal communities and requires the
mobilisation of social resources [25]. Increasing evidence
underlines the supportive role of healthcare professionals in
diabetes management and education. Also, the role of peer
support (e.g. via patient participation groups) has also gained
attention. Nevertheless, the role of informal, interpersonal
relationships in diabetes care, and the support that is provided
by an individual’s personal network, has been understudied.
In 2005, van Dam et al [26] systematically reviewed six RCTs
that applied a variety of social support interventions, but
concluded that no meaningful comparison or assessment of
potential mechanisms was possible due to the diverse nature
of the studies. A systematic review of observational studies
experienced the same difficulties [27]. Despite these limita-
tions, the authors concluded that there was some evidence for
a beneficial association between social support and glycaemic
control. Their practical recommendation was to explore the
presence of informational support within routine diabetes
care.

The lack of structured and standardised social network
measures in literature led to a qualitative meta-synthesis being
undertaken [25]. This analysis identified three key social
network mechanisms in diabetes management: (1) sharing
knowledge and experiences in a personal community; (2)
accessing and mediation of resources; and (3) awareness of
and ability to deal with network relationships (which is
required for self-management support). These key mecha-
nisms may provide the essential background for applying
theory-based interventions in diabetes care and were used to
guide later studies. For instance, one such study, by
Koetsenruijter et al [28], evaluated the role of social support
and self-management capabilities in type 2 diabetes using
state-of-the-art measures of social support. In this study,
which was embedded within the EU-WISE project,
higher educational level and income were negatively
related to self-management capabilities but larger infor-
mational and emotional support networks showed a
positive association with self-management capabilities.
In the same study population, social support from indi-
viduals and community organisations was associated
with better health status and health-related behaviours,
especially in low-income populations [29]. Finally, a
Korean study in women with type 2 diabetes found that
social support positively affected self-efficacy of diabe-
tes management, including diet, frequency of exercise
and symptom management [30].

In summary, we conclude that the limited evidence avail-
able illustrates that social support may promote self-
management of type 2 diabetes. Many lacunes remain to
provide clear advice on social network interventions in type
2 diabetes management.

@ Springer

Potential for social networks
in the prevention of type 2 diabetes

As described by Christakis and Fowler [9], risk factors for the
development of type 2 diabetes, such as obesity, may spread
via the social network. Their study also showed that specific
ties, such as mutual friendships, same-sex friends or spouses,
are important with regard to the spread of obesity. Social
closeness appeared to be more important than geographical
distance. Further analyses on the Framingham Heart Study
also showed that obesity and type 2 diabetes within a person’s
social network were associated with an increased risk of
developing type 2 diabetes, and that these associations were
mediated by shared health behaviours, such as diet and phys-
ical activity [31]. Additional support for these observations
comes from Bot et al [32], who reported that adults with larger
and denser social networks have healthier lifestyles, including
higher levels of vegetable consumption and physical activity
and lower levels of sedentary behaviour.

A recent meta-analysis [33] summarised RCTs that
assessed the effectiveness of social network interventions on
HbA |, quality of life and social support. Despite the highly
heterogeneous, insufficiently detailed interventions and study
designs, a small favourable effect of social support was found
for HbA . at 3 months (a mean 0.25 percentage points
[1.55 mmol/mol] decrease). The authors conclude that there
is a need for clear theories and hypotheses that will enable
firmer assessment of the potential of social support interven-
tions in diabetes care.

Conclusions

In summary, previous research opens new doors for using
social network interventions in type 2 diabetes prevention,
prevention of type 2 diabetes complications and diabetes
self-management. Social network ties are important in deter-
mining one’s perception, behaviour and norms regarding
health behaviour. However, intervention research using the
social network in the implementation of lifestyle interventions
or disease management is only just starting to develop. Studies
that specifically assess the additional value of involving a
person’s social network in interventions are urgently needed.
A recent critical synthesis on the integration of social network
properties in obesity prevention may provide some first clues
for designing future interventions [34].

Research into the impact of social networks on health is a
relatively new field of research. This is demonstrated by the
large variety of social network concepts and measurements
that have been used in previous studies, which hampers the
ability to draw firm conclusions and lessons for clinical prac-
tice. There is a clear need for harmonisation of social network
measurements and the collection of detailed high-quality data
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that enable replication of findings. Obviously, we lack specific
knowledge about which network aspects play a role, alone and
in combination, in type 2 diabetes onset, type 2 diabetes
management and care, and in which contexts they apply.
More explicit knowledge is needed to enable development
of specific interventions.

However, despite these methodological difficulties, there
are lessons learned. First, there is convincing longitudinal
evidence that living alone, particularly in men, and lack of
social support for both men and women are associated with
an increased type 2 diabetes risk. In scientific studies these
social characteristics clearly precede the development of type
2 diabetes and may thus serve as an indicator for increased
type 2 diabetes risk. Second, lack of structural or functional
social support is associated with an increased risk of severe
type 2 diabetes complications, such as CKD and CHD. Third,
although the evidence base may be less extensive, social
support may help to implement or improve diabetes self-
management. Finally, these associations may, in part, be
mediated by lifestyle risk behaviours, such as obesity, lack
of physical activity and an unhealthy diet.
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