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Social Network Characteristics
Are Associated With Type 2
Diabetes Complications:
The Maastricht Study
Diabetes Care 2018;41:1654–1662 | https://doi.org/10.2337/dc17-2144

OBJECTIVE

The relation between clinical complications and social network characteristics in
type 2 diabetes mellitus (T2DM) has hardly been studied. Therefore, we examined
the associations of social network characteristics with macro- and microvascular
complications in T2DM and investigated whether these associations were in-
dependent of glycemic control, quality of life, and well-known cardiovascular risk
factors.

RESEARCH DESIGN AND METHODS

Participants with T2DM originated from the Maastricht Study, a population-based
cohort study (n = 797, mean age 62.7 6 7.6 years, 31% female). Social network
characteristics were assessed through a name generator questionnaire. Diabetes
status was determined by an oral glucose tolerance test. Macro- and microvascular
complications were defined as a history of cardiovascular disease and the presence
of impaired vibratory sense and/or retinopathy and/or albuminuria, respectively.
We assessed cross-sectional associations of social network characteristics with
macro- and microvascular complications by use of logistic regression adjusted for
age, HbA1c, quality of life, and cardiovascular risk factors, stratified for sex.

RESULTS

A smaller network size, higher percentages of family members, and lower percen-
tages of friends were independently associated with macrovascular complications
in both men and women. A smaller network size and less informational support
were independently associated with microvascular complications in women, but
not in men.

CONCLUSIONS

This study shows that social network characteristics were associated with macro-
and microvascular complications. Health care professionals should be aware of
the association of the social network with T2DM outcomes. In the development of
strategies to reduce the burden of disease, social network characteristics should
be taken into account.

Macro- and microvascular complications of type 2 diabetes mellitus (T2DM) are
associated with increased disability, reduced quality of life (QoL), reduced life
expectancy, and substantial economic impact for society (1). Multiple studies have
shown the beneficial effects of improved blood glucose levels, blood pressure,
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cholesterol levels, smoking cessation, and
other lifestyle behaviors on the risk of
complications (1–3). Recent data suggest
that there may be an important influence
of the social network on diabetes self-
management and complications (4–12).
Available studies in T2DM have either
focused on functional network charac-
teristics (4,5), which include measures on
social support, such as emotional support,
practical support, or informational sup-
port (13), or on structural network char-
acteristics, which refer to network size,
contact frequency, or the type of relation-
ship within the social network (14,15). For
instance, higher levels of social support, a
functional network characteristic, have
been associated with lower blood pres-
sure, lower LDL cholesterol, better glycemic
control, and improved lifestyle behaviors
(4–6). In addition, low levels of social
support have been associated with the
prevalence of T2DM (16), as well as with
lower QoL and highermortality in T2DM
(10,11). Data from the general popula-
tion have convincingly shown that a lack
of social support is associated with an
increased cardiovascular disease (CVD)
risk (17).
Structural characteristics, such as a

smaller network size, have also been
associated with the prevalence of T2DM
(16). In the general population, a smaller
network has been associated with the
incidence of stroke (18) and mortality
(19), whereas in patients with a chronic
condition, a wider variety of social in-
teractions was found to support physical
health and emotional well-being (7). Fur-
thermore, in patients with T2DM with
complications, a smaller network size
has been associated with the incidence
of chronic kidney disease and mortality
(12).
Previous studies highlight the poten-

tial of social network interventions to
lower the risk of diabetes complications
via improved glycemic control (20). How-
ever, evidence on the direct association
of functional and structural network
characteristics with T2DM complications
is scarce.
In view of the above, we assessed the

associations of functional and struc-
tural social network characteristics with
macro- and microvascular complications
in T2DM and investigated whether these
associations were independent of gly-
cemic control, QoL, and cardiovascular
risk factors.

RESEARCH DESIGN AND METHODS

Study Population
We used data from the Maastricht Study,
an observational, prospective, population-
based cohort study. The rationale and
methodology have been described pre-
viously (21). In brief, the study focuses on
the etiology, pathophysiology, complica-
tions, and comorbidities of T2DM and is
characterized by an extensive phenotyp-
ing approach. All individuals aged be-
tween 40 and 75 years and living in the
southern part of the Netherlands were
eligible for participation. Participants
were recruited through mass media
campaigns and from the municipal regis-
tries and the regional Diabetes Patient
Registry via mailings. Recruitment was
stratified according to known T2DM
status, with an oversampling of individ-
uals with T2DM, for reasons of efficiency.
The present report includes cross-sectional
data from the first 3,451 participants, who
completed the baseline survey between
November 2010 and September 2013.
The examinations of each participant
were performed within a time window of
3 months. The study has been approved
by the institutional medical ethics com-
mittee (NL31329.068.10) and the Minister
of Health, Welfare, and Sport of the
Netherlands (permit 131088-105234-PG).
All participants gave written informed con-
sent. In the present report, all participants
with T2DM (n = 975) were included. Com-
plete data on social network, potential
confounders, and macro- or microvascular
complications were available in 797 partic-
ipants. The reasons for missing data were
incomplete questionnaires (n = 97) and
missing data on covariates and macro- or
microvascular complications (n = 81) (see
Supplementary Fig. 1).

Measurements

Diabetes Status

To determine T2DM, all participants (ex-
cept those who used insulin) underwent a
standardized 75-g oral glucose tolerance
test after an overnight fast (21). T2DM was
defined according to the World Health
Organization 2006 criteria (22). Individu-
als on diabetes medication, but without
type 1 diabetes mellitus, were considered
to have T2DM (21).

Macrovascular Complications

Macrovascular complications were de-
fined as a self-reported history of myo-
cardial infarction, and/or cerebrovascular

infarction or hemorrhage, and/or percu-
taneousartery angioplastyof the coronary
arteries, abdominal arteries, peripheral
arteries, or carotid artery, and/or vascular
surgery on the coronary, abdominal, pe-
ripheral, or carotid arteries.

Microvascular Complications

Microvascular complications were de-
fined as the presence of diabetic reti-
nopathy and/or impaired vibratory sense
and/or albuminuria. To determine the
presence of diabetic retinopathy, fundus
photography of both eyeswas performed.
All fundus photographs were made with a
nonmydriatic auto fundus camera (model
AFC-230; Nidek, Gamagori, Japan) and
evaluated by a trained and experienced
grader in amasked fashion, and in case of
any doubt or an abnormal finding, the
fundus photograph was discussedwith a
medical retina specialist. Based on these
fundus photographs, the presence of
diabetic retinopathy was graded accord-
ing to the Diabetic Retinopathy Disease
Severity Scale and the International Clin-
ical Diabetic Retinopathy Disease Severity
Scale (23). Fundus photography was im-
plemented somemonths after the start of
the Maastricht Study. In 107 participants
withT2DMwithout fundus photographs,
data could be supplemented by data
from the general practitioner. The high-
est grade of the left or right eye was
counted to dichotomize the presence of
retinopathy (21).

Vibration perception thresholds (VPTs)
were tested with a Horwell Neurothesio-
meter (Scientific Laboratory Supplies,
Nottingham, U.K.) in order to assess the
presence of impaired vibratory sense.
VPTs were tested three times at the dis-
tal phalanx of the hallux of the right and
left foot (21). The mean of the three mea-
surements for the least sensitive foot
was used in further analyses (impaired
vibratorysensewasdefinedasVPT.25V)
(24).

To assess urinary albumin excretion
(UAE), participants were requested to
collect two 24-h urine samples. Urinary
albumin concentration was measured
with a standard immunoturbidimetric
assay by an automatic analyzer (due to a
change of supplier, by the Beckman Syn-
chron LX20 and the Roche Cobas 6000)
and multiplied by collection volume to
obtain 24-h UAE. A urinary albumin con-
centration below the detection limit of the
assay (2 mg/L for the Beckman Synchron
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LX20 and 3 mg/L for the Roche Cobas 6000)
was set at 1.5 mg/L before multiplying by
collection volume. Only urine collections
with a collection time between 20 and 28 h
were considered valid. If needed, UAE
was extrapolated to 24-h excretion. For
this study, UAE was preferably based on
the average of two 24-h urine collec-
tions (available in .90% of the partic-
ipants) (21,25). Albuminuria was defined
as an albumin excretion $30 mg/24 h
(25).

General Measurements

Self-administered questionnaires were
used to assess educational level, employ-
ment status, smoking status, alcohol con-
sumption, and diabetes duration. BMI
and hypertension were measured at the
study center (21). Glycosylated hemo-
globin A1c (HbA1c) and total/HDL cho-
lesterol were determined as described
elsewhere (21). Health-related QoL was
assessed with the 36-item Short Form
(SF-36) Health Survey, and transformed
scale scores were calculated according
to Ware et al. (26).

Social Network Data Collection
Data on individual social networks were
collected through a questionnaire using a
name generator method, one of the most
widely used instruments for examining
egocentric network data (27,28). An ego-
centric network refers to a network cen-
tered on a specific individual (i.e., the
participant), called the ego. Each person
who has a relationship with the partici-
pant (ego) was defined as a network
member (called alter) (27,28). The name
generator/interpreter is used to map
the participants’ social network and to
collect information about the network
members (27,28). The name generator
included seven questions on different
types of contacts; participants were asked
to name a maximum of five network
members per question. Questions con-
cerned 1) people who advised them on
problems, 2) people who could offer
them practical help if they were sick,
3) people who provided emotional sup-
port when they were feeling unwell, 4)
people who helped them with small and
larger jobs around the house, 5) people
they visited for social purposes or that
they could go out with sometimes, and
6) people with whom they could discuss
important matters, and, finally, 7) par-
ticipants were asked to name a maxi-
mum number of 10 additional people

who were also important for them be-
cause of mutual activities. In total, par-
ticipants could name a maximum number
of 40 network members. After every
question and for each network member
named, they were asked to indicate their
frequency of contact with this person
over the last 6 months (daily or weekly,
monthly, quarterly, and half-yearly).
Moreover, the participants were asked
to identify their relationship to this per-
son (e.g., partner, sister, friend, neighbor,
etc. [28 options]), how far away this per-
son lived, and to indicate this person’s
sex and age.

Functional Characteristics of the Social

Network (Social Support)

Participants were asked to indicate the
names of contacts who provided infor-
mational support related to advice on
any problems, emotional support re-
lated to discomfort, emotional support
related to important decisions, prac-
tical support related to jobs, and prac-
tical support related to sickness. For
every type of support, participants could
name a maximum of five network mem-
bers. This results in a possible range of zero
to five for the functional network charac-
teristics.

Structural Characteristics of the Social

Network

The structural network characteristics
were computed from the name gener-
ator data. We calculated the social net-
work size, contact frequency, proximity,
type of relationship, single household
size, and participation in social activities.
In brief, network size was defined as the
total number of unique network mem-
bers (alters) mentioned in the question-
naire. Total contacts per half year was
defined as the sum of all contacts per
half year. In addition, the percentage of
network members that the participant
(ego) had daily/weekly contact with,
that were household members, and that
lived within walking distance and the per-
centage of network members that were
familymembers or friendswere computed.
Those social network constructs of percen-
tages within the network were defined
in steps of 10% (based on an average
network size of 10 network members,
a change in one network member cor-
responds to 10%).

Single household size (living alone)
was defined as a person who lived alone
in his household. Participation in social

activities was defined as membership in,
for instance, a religious group, volun-
teer organization, discussion group, self-
support group, internet club, or other
organization. A summary of all func-
tional and structural network character-
istics can also be found in Supplementary
Table 1.

Statistical Analysis
Descriptive analyses were performed to
examine the characteristics of the study
population. To assess the differences
between participants with and with-
out complications, we performed x2,
independent-sample Student t tests, and
Kruskal-Wallis tests, as appropriate.

We conducted binary logistic regres-
sion analyses to examine the associa-
tion of the social network variables with
macro- and microvascular complica-
tions. In all analyses, associations were
assessed for macrovascular versus no
complications and microvascular versus
no complications. For every network
variable, odds ratios (ORs) and 95% CIs
were reported. For descriptive purposes,
network variables were reversed, i.e.,
multiplied by 21 (lower values on social
network variables indicated as risk fac-
tor). Associations between network var-
iables and complications were presented
in four different models, adjusted for
several confounders. In earlier studies
glycemic control, QoL, and cardiovascular
risk factors were often associated with
diabetes complications (1–3), and also
with social networks in other studies
(4,7–9,11). Therefore, we considered
these variables as potential confounders
in our analyses. Model 1 was adjusted for
age and sex as important covariates in
the relation between social networks and
health outcomes. Model 2 was addition-
ally adjusted for HbA1c to assess the
hypothesis of whether the association
is explained by the level of glycemic
control. Model 3 was additionally ad-
justed for QoL to assess whether the
association is explained by differences
in QoL. Model 4 was additionally adjusted
for cardiovascular risk factors as possible
confounders (BMI, hypertension, total-to-
HDL cholesterol ratio, smoking status,
educational level, and employment sta-
tus). As previous studies have shown
sex differences in the associations be-
tween social networks and T2DM (29–31),
we tested for statistical interactions
(effectmodification) between the network
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variables and sex. The associations be-
tween social network variables and mac-
rovascular complications showed no
interaction with sex. The majority of
the associations between social network
variables and microvascular complica-
tions showed an interaction with sex
(P, 0.1); therefore, we stratified these
analyses by sex. All analyses were con-
ducted using IBM SPSS software version
21.0 (IBM Corp., Armonk, NY). A P value
,0.05 was considered statistically sig-
nificant.

RESULTS

The study population consisted of 797
participants with T2DMwith a mean age
of 62.7 6 7.7 years, of whom about
one-third was women (31.4%). Table 1
presents the general characteristics for
the population, stratified by macro- and
microvascular complication status. In
total, 411 participants (51.6%) had no
complications, 217 participants (27.2%)
had macrovascular complications, and
254 participants (31.9%) had microvas-
cular complications (of whom 85 partic-
ipants [10.7%] had both macro- and
microvascular complications). Partic-
ipants with macro- or microvascular com-
plications were somewhat older and
more often men, had a longer T2DM
duration, a higher HbA1c, an adverse
CVD risk profile, and a lower educa-
tional level, and were less often employed
compared with participants without
complications.

Functional Network Characteristics
and Macrovascular Complications
Table 2 shows that less informational
support was associated with an 11%
higher odds of macrovascular complica-
tions, adjusted for age, sex, and HbA1c
(model 2). Additional adjustment for QoL
and cardiovascular risk factors attenu-
ated this association (OR 1.07 [0.95–
1.20]). Less emotional support on impor-
tant decisions was associated with a
13% higher odds of macrovascular com-
plications (model 2). Additional adjust-
ment for QoL and cardiovascular risk
factors attenuated this association (OR
1.04 [0.91–1.21]). Less practical support
with jobs around the house was associ-
ated with a 14% higher odds of macro-
vascular complications (model 2). Additional
adjustment slightly attenuated this as-
sociation (OR 1.12 [0.98–1.29]).

Structural Network Characteristics
and Macrovascular Complications
A smaller network size was associated
with a 6% higher odds of macrovascular
complications, compared with those with-
out complications, in the fully adjusted
model (Table 2, model 4). The average
social network size according to compli-
cation status is presented in Fig. 1.

Every additional 10% of the network
that was contacted daily or weekly was
associated with a 6% higher odds of
macrovascular complications (model 2).
These associations were slightly attenu-
ated after further adjustment for QoL
and cardiovascular risk factors (OR 1.06
[0.99–1.13]). Every additional 10% of
the network that was a family member
was associated with a 8% higher odds
of macrovascular complications, and each
10% drop in the number of friends was
associated with a 12% higher odds of
macrovascular complications, in fully
adjusted models. Living alone was asso-
ciated with a 53% higher odds of macro-
vascular complications (model 2). Additional
adjustment for QoL and cardiovascular
risk factors attenuated this association
(OR 1.28 [0.82–2.01]).

Functional Network Characteristics
and Microvascular Complications
Table 3 shows that in women, less infor-
mational support was associated with a
33% higher odds of microvascular com-
plications, after full adjustment (model 4).
Less emotional support when feeling un-
well was associated with a 33% higher
odds of microvascular complications
(model 3). Additional adjustment for car-
diovascular risk factors slightly attenu-
ated this association (OR 1.27 [0.95–1.71]).
Less emotional support with important
decisions was associated with a 27%
higher odds of microvascular complica-
tions (model 2). Additional adjustment for
QoL and cardiovascular risk factors attenu-
ated this association (OR 1.14 [0.84–
1.53]). In women, less practical support
with jobs around the house was associ-
ated with a 41% higher odds of micro-
vascular complications, after adjustment
for age (model 1). However, additional
adjustment for glycemic control, QoL, and
cardiovascular risk factors attenuated
this association (OR 1.29 [0.94–1.77]).

No significant associations between
functional characteristics of the social net-
work and microvascular complications were
observed in men (Table 3).

Structural Network Characteristics
and Microvascular Complications
In women, each fewer network member
reported (smaller network size) was as-
sociated with a 15% higher odds of
microvascular complications, compared
with those without complications, in the
fully adjusted model (Table 3, model 4).
Other structural social network charac-
teristics were not associated with micro-
vascular complications in women. In men,
living alone was associated with a 72%
higher odds of microvascular complica-
tions (Table 3, model 2); this association
attenuated to borderline significance af-
ter adjustment for cardiovascular risk
factors (OR 1.56 [0.93–2.64], P = 0.093).
Further, no significant associations be-
tween other structural characteristics of
the social network were observed in men.

CONCLUSIONS

To the best of our knowledge, this study
is the first to specifically assess the asso-
ciation of functional and structural char-
acteristics of the social network with
clinical complications of T2DM. A smaller
social network size was associated with
macrovascular complications in both
men and women with T2DM. Moreover,
the type of relationship in terms of family
members and friends was associated
with macrovascular complications; par-
ticipants with higher percentages of
family members or lower percentages
of friends had a significantly higher OR of
macrovascular complications. These asso-
ciations appeared to be independent of
glycemic control, QoL, and other cardio-
vascular risk factors. Further, a smaller
social network size and less informa-
tional support was associated with micro-
vascular complications only in women with
T2DM. In men, living alone was associ-
ated with microvascular complications;
however, this association was explained
by QoL and CVD risk factors.

Macrovascular Complications
Functional characteristics of the social
network (lower levels of informational,
emotional, and practical support) were
significantly associated with macrovas-
cular complications in the models ad-
justed for sex, age, and HbA1c. These
observations are similar to previous
findings by Orth-Gomér et al. (17), dem-
onstrating that a lack of social support is
a risk factor for coronary heart disease.
Moreover, our findings complement
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existing literature on the beneficial ef-
fects of social support on cardiometa-
bolic control (4,5), health-related QoL
(10), and mortality (11) in patients with
T2DM.
A smaller social network size was in-

dependently associated with macrovas-
cular complications in both men and

women. Our results mirror previous find-
ings in the general population, where a
smaller social network has been associ-
ated with an increased risk for CVD (18).
In addition, another study has shown an
association of a smaller social network
with poor diabetes self-management
skills (9).

Further, we observed that in terms of
network composition, participants with
higher percentages of family members
or lower percentages of friends had a
significantly higherORofmacrovascular
complications. The results may indicate
that participants with a smaller social
network that is centralized to family

Table 1—General and social network characteristics of the study population (n = 797) stratified for the presence
of macro- and microvascular complications

No complications
(n = 411)1

Macrovascular
complications (n = 217)

P
value2

Microvascular
complications (n = 254)

P
value3

Demographic characteristics
Age (years) 61.5 6 7.8 64.1 6 7.1 ,0.001 64.2 6 7.2 ,0.001
Male sex (%) 60.8 75.6 ,0.001 80.7 ,0.001
Educational level, low/intermediate/

high (%)4 43.1/29.2/27.7 51.2/27.6/21.2 0.104 47.67/27.2/25.2 0.512
Employment status, employed/

retired/no paid job/unknown (%) 33.1/35.5/21.4/10.0 22.1/42.9/19.8/15.2 0.010 23.6/42.5/16.9/16.9 0.002
Smoking status, never/former/

current (%) 32.6/54.7/12.7 21.2/61.3/17.5 0.007 24.8/56.7/18.5 0.031
Alcohol consumption, none/low/

high (%)5 28.0/54.6/17.3 36.1/46.3/17.6 0.087 29.1/48.8/22.0 0.233
QoL, physical component 49.3 6 8.1 47.7 6 10.3 ,0.001 45.1 6 10.4 ,0.001
QoL, mental component 53.46 6 8.40 51.39 6 9.97 0.010 52.37 6 9.55 0.135

Clinical characteristics
BMI (kg/m2) 29.09 6 5.00 30.61 6 4.72 ,0.001 30.31 6 5.03 0.002
Diabetes duration (years), median (IQR) 5.0 (3–10)6 7 (3–12)7 0.007 9 (4–17)8 ,0.001
HbA1c (mmol/mol) 49.8 6 8.9 53.8 6 12.3 ,0.001 55.1 6 14.3 ,0.001
HbA1c (%) 6.7 6 0.8 7.1 6 1.1 ,0.001 7.2 6 1.3 ,0.001
Systolic blood pressure (mmHg) 140.0 6 15.8 143.0 6 18.9 0.045 145.7 6 19.0 ,0.001
Diastolic blood pressure (mmHg) 77.8 6 9.4 75.5 6 10.0 0.003 77.3 6 9.5 0.505
Hypertension (%)9 75.2 93.1 ,0.001 90.2 ,0.001
Total/HDL cholesterol (mmol/L) 3.7 6 1.2 3.7 6 1.1 0.974 3.7 6 1.1 0.980

Functional characteristics of the social
network10

Informational support 2.93 6 1.70 2.51 6 1.61 0.003 2.59 6 1.70 0.013
Emotional support (discomfort) 2.32 6 1.52 1.99 6 1.42 0.008 2.04 6 1.42 0.019
Emotional support (important decisions) 2.61 6 1.58 2.19 6 1.47 0.001 2.33 6 1.44 0.018
Practical support (jobs) 2.55 6 1.43 2.18 6 1.38 0.002 2.22 6 1.37 0.004
Practical support (sickness) 1.99 6 1.35 1.71 6 1.21 0.014 1.87 6 1.25 0.283

Structural characteristics of the social network
Network size 8.19 6 4.58 6.59 6 3.67 ,0.001 7.12 6 4.16 0.003
Contact frequency
Total contacts per half year 203.0 6 123.7 186.0 6 125.4 0.108 182.4 6 125.1 0.040
Percentage of daily-weekly contact 51.87 6 27.09 56.71 6 29.40 0.040 51.89 6 30.28 0.994

Proximity
Percentage of network members living

within walking distance 27.23 6 23.01 29.74 6 27.41 0.250 28.34 6 24.67 0.556
Type of relationship
Percentage household members 16.82 6 16.36 18.22 6 19.41 0.365 17.97 6 19.03 0.426
Percentage family members 61.97 6 25.48 67.77 6 28.70 0.013 63.09 6 27.54 0.595
Percentage friends 23.86 6 21.90 16.77 6 20.22 ,0.001 20.47 6 22.52 0.056
Single household size (living alone) (%) 19.2 26.7 0.141 24.0 0.141
Participation in social activities (%) 43.1 42.9 0.946 42.5 0.946

Data are shown as mean 6 SD, unless stated otherwise. IQR, interquartile range. 1“No complications” was defined as absence of both macro-
and microvascular complications. 2No complications vs. macrovascular complications. 3No complications vs. microvascular complications. 4Low
educational level was defined as no education, primary education, and lower vocational education. Intermediate educational level was defined as
intermediate vocational education, higher secondary education, and vocational education. High educational level was defined as higher professional
education and university. 5Low alcohol consumption was defined as #7 glasses per week for women and #14 glasses per week for men, and
high alcohol consumptionwasdefinedas.7 glasses perweek forwomenand.14glasses perweek formen. 6Data ondiabetes durationwere available
in n = 286 participants. 7Data on diabetes duration were available in n = 167 participants. 8Data on diabetes duration were available in n = 197
participants. 9Hypertension was defined as an office systolic blood pressure $140 mmHg, an office diastolic blood pressure $90 mmHg, and/or
the use of antihypertensive medication. 10Functional characteristics of the social network range from zero to five.
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members were at higher risk to develop
macrovascular complications. However, as
our study was of cross-sectional na-
ture, the order of events could also occur
vice versa. Patients with macrovascular
complications could lose friends and
may be in need of informal care of
their family members, which leads to a
smaller network that is mainly composed
of family members. This is similar to

results from Conway et al. (32), which
demonstrated that compositional changes
in social networks across the life span
due to illness was greatest among non-
family members, whereas addition of
network members was more likely
among family members. Further (longi-
tudinal) studies are needed to confirm
our findings and address the order of
events.

Microvascular Complications
In our analyses, informational, emo-
tional, and practical support were asso-
ciated with microvascular complications
in women when adjusted for age. After
adjustment for glycemic control, QoL,
and other cardiovascular risk factors,
this association was no longer significant
for emotional and practical support, but
the odds remained increased in the fully
adjusted models. Therefore, the atten-
uation due to adjustment may be attrib-
utable to a lack of power, as we had a
relatively small sample of women with
microvascular complications (n = 49). In
addition, the odds presented are con-
servative estimates, as we adjusted the
associations for a broad range of poten-
tial confounders, which may be an over-
correction. Our findings on the association
of social support with microvascular com-
plications complement existing evidence
on the beneficial effects of social support
on glycemic control and blood pressure in
T2DM (4,5), both risk factors for micro-
vascular complications (2,3).

A smaller social network size was in-
dependently associated with higher odds
of microvascular complications in women.

Table 2—Associations of social network characteristics with macrovascular complications

Macrovascular complications

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Model 1 Model 2 Model 3 Model 4

Functional characteristics of the social network§
Less informational support 1.11* (1.00–1.22) 1.11* (1.00–1.23) 1.07 (0.96–1.20) 1.07 (0.95–1.20)
Less emotional support (discomfort) 1.09 (0.97–1.23) 1.09 (0.97–1.23) 1.06 (0.93–1.20) 1.06 (0.93–1.21)
Less emotional support (important decisions) 1.13* (1.00–1.26) 1.13* (1.01–1.27) 1.07 (0.95–1.21) 1.04 (0.91–1.19)
Less practical support (jobs) 1.15* (1.01–1.30) 1.14* (1.01–1.30) 1.11 (0.97–1.27) 1.12 (0.98–1.29)
Less practical support (sickness) 1.13 (0.99–1.30) 1.13 (0.99–1.30) 1.09 (0.94–1.25) 1.08 (0.93–1.25)

Structural characteristics of the social network
Smaller social network size (for every fewer

network member) 1.08*** (1.03–1.13) 1.07** (1.03–1.12) 1.05* (1.00–1.10) 1.06* (1.00–1.1)
Contact frequency
Total contacts per half year (for every 10

additional contacts) 1.00 (0.98–1.01) 1.00 (0.98–1.01) 1.00 (0.99–1.02) 1.00 (0.99–1.02)
Percentage of daily-weekly contact (for every

additional 10%) 1.07* (1.01–1.13) 1.06* (1.00–1.13) 1.06 (0.99–1.13) 1.06 (0.99–1.13)
Proximity
Percentage of network members living within

walking distance (for every fewer 10%) 0.97 (0.91–1.04) 0.97 (0.90–1.04) 0.96 (0.89–1.03) 0.96 (0.90–1.04)
Type of relationship
Percentage family members (for every

additional 10%) 1.08* (1.01–1.15) 1.08* (1.01–1.15) 1.08* (1.01–1.15) 1.08* (1.01–1.16)
Percentage friends (for every 10% less) 1.14** (1.05–1.24) 1.15** (1.05–1.25) 1.12* (1.03–1.22) 1.12* (1.02–1.22)
Single household size (living alone) (%) 1.48 (0.99–2.21) 1.53* (1.02–2.31) 1.35 (0.88–2.08) 1.28 (0.82–2.01)
Participation in social activities (%) 0.96 (0.68–1.36) 0.96 (0.68–1.36) 1.10 (0.76–1.58) 1.11 (0.76–1.62)

Macrovascular complications n 5 217; the reference category was no complications (n 5 411). Model 1 was adjusted for sex and age. Model 2
was adjusted for sex, age, and HbA1c. Model 3 was adjusted for sex, age, HbA1c, and QoL. Model 4 was adjusted for sex, age, HbA1c, QoL,
hypertension, BMI, total/HDL cholesterol, smoking status, educational level, and employment status. §Functional characteristics of the
social network have a range from zero to five. *P # 0.05, **P # 0.01, ***P # 0.001.

Figure 1—The average social network size according to complication status.
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Our resultsmirror the study performed by
Dunkler et al. (12), which demonstrated
that a smaller social network size was an
independent risk factor for chronic kidney
disease in patients with T2DM with end-
organ damage. However, this study did
not report on any sex differences. Our
results extend their findings as we used
a population-based sample of individuals

with T2DM. Moreover, we used a more
detailed investigation of the social net-
work size with a name generator, one
of the most widely used instruments
for examining egocentric network data
(27,28). In men, living alone was associ-
ated with microvascular complications;
however, this association attenuated to
a borderline significant association in

the fully adjusted model. Nonetheless,
we did not find any other significant asso-
ciations of structural or functional social
network characteristics with microvascu-
lar complications in men.

Discrepant findings between men and
women have previously been found in
several studies that examined the asso-
ciation of social network characteristics

Table 3—Associations of social network characteristics with microvascular complications

Microvascular complications

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Model 1 Model 2 Model 3 Model 4

In women
Functional characteristics of the social network§
Less informational support 1.36** (1.10–1.68) 1.31* (1.05–1.63) 1.31* (1.04–1.65) 1.33* (1.03–1.71)
Less emotional support (discomfort) 1.45** (1.13–1.86) 1.37* (1.06–1.77) 1.33* (1.02–1.73) 1.27 (0.95–1.71)
Less emotional support (important decisions) 1.27* (1.01–1.59) 1.27* (1.00–1.62) 1.21 (0.93–1.56) 1.14 (0.84–1.53)
Less practical support (jobs) 1.41* (1.08–1.85) 1.31 (0.99–1.74) 1.26 (0.95–1.68) 1.29 (0.94–1.77)
Less practical support (sickness) 1.32 (0.96–1.81) 1.36 (0.96–1.91) 1.29 (0.92–1.83) 1.26 (0.87–1.83)

Structural characteristics of the social network
Smaller network size (for every fewer network member) 1.15** (1.05–1.27) 1.13* (1.02–1.24) 1.10 (0.99–1.22) 1.15* (1.02–1.29)
Contact frequency

Total contacts per half year (for every 10 additional
contacts) 0.97 (0.94–1.00) 0.97 (0.94–1.01) 0.97 (0.94–1.01) 0.97 (0.93–1.00)

Percentage of daily-weekly contact (for every
additional 10%) 1.09 (0.97–1.23) 1.06 (0.93–1.21) 1.01 (0.88–1.16) 1.04 (0.89–1.21)

Proximity
Percentage of network members living within walking

distance (for every fewer 10%) 0.98 (0.86–1.13) 0.99 (0.85–1.14) 0.97 (0.83–1.13) 1.01 (0.84–1.20)
Type of relationship

Percentage family members (for every additional
10%) 1.06 (0.92–1.21) 1.02 (0.89–1.18) 0.97 (0.83–1.12) 1.05 (0.89–1.25)

Percentage friends (for every 10% less) 1.14 (0.97–1.35) 1.10 (0.93–1.31) 1.02 (0.85–1.22 1.05 (0.87–1.28)
Single household size (living alone) (%) 0.83 (0.38–1.82) 0.88 (0.39–1.90) 0.86 (0.35–2.11) 0.73 (0.27–2.00)
Participation in social activities (%) 0.88 (0.61–1.30) 0.90 (0.61–1.32) 0.95 (0.63–1.41) 0.94 (0.62–1.41)

In men
Functional characteristics of the social network§
Less informational support 1.01 (0.90–1.12) 1.00 (0.90–1.12) 0.96 (0.86–1.08) 0.96 (0.85–1.09)
Less emotional support (discomfort) 0.95 (0.83–1.09) 0.94 (0.82–1.08) 0.93 (0.81–1.06) 0.93 (0.81–1.07)
Less emotional support (important decisions) 0.98 (0.86–1.12) 0.98 (0.86–1.12) 0.94 (0.83–1.08) 0.93 (0.80–1.07)
Less practical support (jobs) 1.07 (0.93–1.22) 1.06 (0.93–1.22) 1.04 (0.90–1.19) 1.05 (0.91–1.21)
Less practical support (sickness) 0.98 (0.85–1.13) 0.97 (0.84–1.13) 0.92 (0.79–1.07) 0.92 (0.79–1.08)

Structural characteristics of the social network
Smaller network size (for every fewer network member) 1.01 (0.97–1.06) 1.01 (0.96–1.05) 0.99 (0.95–1.04) 0.99 (0.94–1.05)
Contact frequency

Total contacts per half year (for every 10 additional
contacts) 1.00 (0.98–1.01) 1.00 (0.98–1.01) 1.00 (0.99–1.02) 1.00 (0.99–1.02)

Percentage of daily-weekly contact (for every
additional 10%) 0.98 (0.92–1.05) 0.97 (0.91–1.04) 0.97 (0.91–1.04) 0.97 (0.91–1.04)

Proximity
Percentage of network members living within walking

distance (for every fewer 10%) 1.00 (0.93–1.09) 0.98 (0.90–1.06) 0.97 (0.90–1.06) 0.97 (0.89–1.05)
Type of relationship

Percentage family members (for every additional
10%) 0.99 (0.93–1.07) 0.99 (0.92–1.06) 1.00 (0.93–1.08) 1.01 (0.93–1.09)

Percentage friends (for every 10% less) 1.02 (0.93–1.10) 1.01 (0.93–1.10) 1.01 (0.92–1.10) 1.01 (0.92–1.11)
Single household size (living alone) (%) 1.64* (1.02–2.62) 1.72* (1.06–2.78) 1.49 (0.91–2.45) 1.56 (0.93–2.64)
Participation in social activities (%) 0.90 (0.46–1.75) 0.98 (0.49–1.97) 1.04 (0.50–2.18) 1.41 (0.60–3.32)

Inwomen,microvascular complications n5 49; the reference categorywas no complications (n5 161). Inmen,microvascular complications n5 205; the
reference category was no complications (n5 250). Model 1 was adjusted for age. Model 2 was adjusted for sex, age, and HbA1c. Model 3 was adjusted
for sex, age, HbA1c, and QoL. Model 4 was adjusted for sex, age, HbA1c, QoL, hypertension, BMI, total/HDL cholesterol, smoking status, educational
level, and employment status. §Functional characteristics of the social network have a range from zero to five. *P # 0.05, **P # 0.01.
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and the development of T2DM (29–31) or
metabolic control in patients with T2DM
(5,33). A possible explanation is that
these discrepancies may be attributable
to different coping strategies amongmen
and women, as men more frequently
use problem-solving coping strategies and
seek less social support, whereas women
integrate social and emotional aspects
more frequently into their coping strat-
egies (34–36). This suggests that preven-
tive strategies based on social network
characteristics aiming to reduce micro-
vascular complications should primarily
be tailored to women. Yet, further research
is needed to corroborate our findings in
women with T2DM. In addition, the un-
derlying mechanisms for sex-specific dif-
ferences in microvascular complications
should be investigated.

Strengths and Limitations
The strengths of this study include its
population-based design and the com-
prehensive assessment of functional and
structural network characteristics and
macro- and microvascular T2DM com-
plications. In addition, we used a name
generator, one of the best-known, most
detailed, and most widely used instru-
ments to examine egocentric network
data (27,28). Furthermore, study partic-
ipants were well characterized, allowing
adjustment for an extensive series of
potential confounders, which makes re-
sidual confounding unlikely, and there-
fore conservative estimates of the actual
associations are presented.
Some limitations should also be men-

tioned. This study was cross-sectional in
nature, and therefore, causality could not
be examined. In addition, nonsignificant
findings in women with microvascular
complications may be attributable to low
power, as we had a relatively low number
of women with microvascular complica-
tions in our study population.

Conclusion and Recommendations
To conclude, the current study shows
that social network characteristics were
associated with macro- and microvas-
cular T2DM complications, in part inde-
pendent of glycemic control, QoL, and
cardiovascular risk factors.
The current study highlights the im-

portance of social support and social
network members for patients with
T2DM. Health care professionals should
be aware of the relation of the social

network with T2DM outcomes. Knowl-
edge of a patient’s network and social
support may render treatment strategies
and lifestyle interventions more effective
when tailored to the specific needs and
network characteristics of a patient with
diabetic complications. Further studies
are needed to determine the potential
role of network characteristics in the
development of diabetic complications
and their interaction with treatment.
Social network characteristics may be
an independent target in nonpharma-
ceutical and nonmedical interventions
that aim to prevent the development
of clinical complications in T2DM. Our
findings support the efforts to develop
effective interventions that tailor social
network characteristics (13,37,38); how-
ever, it is important to assess whether
these interventions meet the needs of
patients with T2DM with complications.
Based on the results of our study, we
would suggest that social network size
and the type of relationships and social
support should be addressed in future
interventions aiming to reduce the bur-
den of disease in T2DM. For example,
broadening the social network should be
encouraged, as reinforcement of social
networking has been shown to improve
HbA1c and blood glucose (37). Moreover,
interventions aiming to generate behav-
ioral change (e.g., physical activity) may
also tailor to the social network of the
participant, as it has been shown that
network targeting can be used to in-
crease the adoption of specific public
health interventions (38). Finally, when
designing such interventions, potential
differences in social network character-
istics between males and females should
be taken into account.

Funding and Duality of Interest. The Maas-
tricht Study was supported by the European
Regional Development Fund via OP-Zuid, the
Province of Limburg, the Dutch Ministry of
Economic Affairs (grant 31O.041), Stichting
De Weijerhorst (Maastricht, the Netherlands),
the Pearl String Initiative Diabetes (Amsterdam,
the Netherlands), the Cardiovascular Center
(Maastricht, the Netherlands), School for Cardio-
vascular Diseases (CARIM,Maastricht, the Nether-
lands), Care andPublicHealthResearch Institute
(CAPHRI, Maastricht, the Netherlands), School
for Nutrition and Translational Research in Me-
tabolism (NUTRIM, Maastricht, the Nether-
lands), Stichting Annadal (Maastricht, the
Netherlands), Health Foundation Limburg
(Maastricht, the Netherlands), and by unre-
stricted grants from Janssen-Cilag B.V. (Tilburg,

the Netherlands), Novo Nordisk Farma B.V.
(Alphen aan den Rijn, the Netherlands), and
Sanofi-Aventis Netherlands B.V. (Gouda, the
Netherlands). No other potential conflicts of
interest relevant to this article were reported.
AuthorContributions. S.B. contributed to con-
ception and design, participated in acquisition
of data, analyzed and interpreted data, drafted
the manuscript, revised the manuscript critically
for important intellectual content, and provided
final approval of the version to be published.
N.H.T.M.D.-M., C.J.P.A.H., P.H.M.S., N.C.S., and
M.T.S. contributed to conception and design,
contributed to analyses and interpretation of
data, revised the manuscript critically for impor-
tant intellectual content, and provided final ap-
proval of the version to be published. C.J.H.v.d.K.,
A.K., R.M.A.H., and C.D.A.S. contributed to con-
ception and design, revised the manuscript crit-
ically for important intellectual content, and
provided final approval of the version to be
published. S.B. and M.T.S. are the guarantors
of this work and, as such, had full access to all
the data in the study and take responsibility for
the integrity of the data and the accuracy of
the data analysis.
Prior Presentation. Parts of this study were
presented in abstract form at the Annual Dutch
Diabetes Research Meeting, Oosterbeek, the
Netherlands, 30 November–1 December 2017.

References
1. International Diabetes Federation. IDF Dia-
betes Atlas. 7th ed. Brussels, Belgium, Interna-
tional Diabetes Federation, 2015
2. Holman RR, Paul SK, Bethel MA, Matthews DR,
Neil HA. 10-year follow-up of intensive glucose
control in type 2 diabetes. N Engl J Med 2008;359:
1577–1589
3. Holman RR, Paul SK, Bethel MA, Neil HA,
Matthews DR. Long-term follow-up after tight
control of blood pressure in type 2 diabetes. N
Engl J Med 2008;359:1565–1576
4. Strom JL, Egede LE. The impact of social
support on outcomes in adult patients with type
2 diabetes: a systematic review. Curr Diab Rep
2012;12:769–781
5. Stopford R, Winkley K, Ismail K. Social support
and glycemic control in type 2 diabetes: a system-
atic review of observational studies. Patient Educ
Couns 2013;93:549–558
6. Rees CA, Karter AJ, Young BA. Race/ethnicity,
social support, and associations with diabetes
self-care and clinical outcomes in NHANES. Di-
abetes Educ 2010;36:435–445
7. Reeves D, Blickem C, Vassilev I, et al. The
contribution of social networks to the health and
self-management of patients with long-term con-
ditions: a longitudinal study. PLoS One 2014;9:
e98340
8. Koetsenruijter J, van Lieshout J, Lionis C, et al.
Social support and health in diabetes patients:
an observational study in six European coun-
tries in an era of austerity. PLoS One 2015;10:
e0135079
9. Vassilev I, Rogers A, Kennedy A, et al. Social
network type and long-term condition manage-
ment support: a cross-sectional study in six
European countries. PLoS One 2016;11:
e0161027
10. Bourdel-Marchasson I, Druet C, Helmer C,
et al. Correlates of health-related quality of life

care.diabetesjournals.org Brinkhues and Associates 1661

http://care.diabetesjournals.org


in French people with type 2 diabetes. Diabetes
Res Clin Pract 2013;101:226–235
11. Zhang X, Norris SL, Gregg EW, Beckles G.
Social support and mortality among older persons
with diabetes. Diabetes Educ 2007;33:273–281
12. Dunkler D, Kohl M, Heinze G, et al.; ONTARGET
Investigators. Modifiable lifestyle and social
factors affect chronic kidney disease in high-risk
individuals with type 2 diabetes mellitus. Kidney
Int 2015;87:784–791
13. Heaney CA, Israel BA. Social networks and
social support. In Health Behavior and Health
Education: Theory, Research, and Practice. Glanz
K, Rimer BK, Viswanath K, Eds. San Francisco,
CA, Jossey-Bass, 2008, p. 189–210
14. Antonucci TC, Lansford JE, Schaberg L, et al.
Widowhood and illness: a comparison of social
network characteristics in France, Germany, Japan,
and the United States. Psychol Aging 2001;16:
655–665
15. Ashida S, Heaney CA. Differential associa-
tions of social support and social connectedness
with structural features of social networks and
the health status of older adults. J Aging Health
2008;20:872–893
16. Brinkhues S, Dukers-Muijrers NHTM, Hoebe
CJPA, et al. Socially isolated individuals are more
prone to have newly diagnosed and prevalent
type 2 diabetes mellitus - the Maastricht Study.
BMC Public Health 2017;17:955
17. Orth-Gomér K, Rosengren A, Wilhelmsen L.
Lack of social support and incidence of coronary
heart disease in middle-aged Swedish men. Psy-
chosom Med 1993;55:37–43
18. Nagayoshi M, Everson-Rose SA, Iso H,
Mosley TH Jr., Rose KM, Lutsey PL. Social network,
social support, and risk of incident stroke: Athero-
sclerosis Risk in Communities Study. Stroke 2014;
45:2868–2873
19. Ellwardt L, van Tilburg T, Aartsen M, Wittek
R, Steverink N. Personal networks and mortality

risk in older adults: a twenty-year longitudinal
study. PLoS One 2015;10:e0116731
20. Qi L, Liu Q, Qi X, Wu N, Tang W, Xiong H.
Effectiveness of peer support for improving
glycaemic control in patientswith type 2 diabetes:
a meta-analysis of randomized controlled trials.
BMC Public Health 2015;15:471
21. Schram MT, Sep SJ, van der Kallen CJ, et al.
The Maastricht Study: an extensive phenotyp-
ing study on determinants of type 2 diabetes,
its complications and its comorbidities. Eur J
Epidemiol 2014;29:439–451
22. World Health Organization. Definition and
Diagnosis of Diabetes Mellitus and Intermedi-
ate Hyperglycaemia. Geneva, Switzerland,
World Health Organization, 2006
23. AmericanAcademyofOphthalmology Retina/
Vitreous Panel. Preferred Practice Pattern Guide-
lines. Diabetic Retinopathy. San Francisco, CA,
American Academy of Ophthalmology, 2014
24. Boulton AJ, Malik RA, Arezzo JC, Sosenko
JM. Diabetic somatic neuropathies. Diabetes
Care 2004;27:1458–1486
25. Martens RJ, Kooman JP, Stehouwer CD, et al.
Estimated GFR, albuminuria, and cognitive per-
formance: the Maastricht Study. Am J Kidney
Dis 2017;69:179–191
26. Ware JE, Koskinski M, Keller SD. SF-36 Phys-
ical and Mental Health Summary Scales: A User’s
Manual. 2nd ed. Boston, MA, The Health Institute,
1994
27. Marsden PV. Network data and measure-
ment. Annu Rev Sociol 1990;16:435–463
28. McCallister L, Fischer CS. A procedure for
surveying personal networks. Sociol Methods
Res 1978;7:131–148
29. Altevers J, LukaschekK, Baumert J, et al. Poor
structural social support is associated with an
increased risk of type 2 diabetes mellitus: findings
from the MONICA/KORA Augsburg cohort study.
Diabet Med 2016;33:47–54

30. Meisinger C, Kandler U, Ladwig K-H. Living
alone is associated with an increased risk of
type 2 diabetes mellitus in men but not women
from the general population: the MONICA/KORA
Augsburg Cohort study. Psychosom Med 2009;71:
784–788
31. Hilding A, Shen C, Östenson C-G. Social
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