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Abstract

Background: Patient care teams have an important role in providing medical care to patients with chronic disease,
but insight into how to improve their performance is limited. Two potentially relevant determinants are the
presence of a central care provider with a coordinating role and an active role of the patient in the network of
care providers. In this study, we aimed to develop and test measures of these factors related to the network of
care providers of an individual patient.

Methods: We performed an observational study in patients with type 2 diabetes or chronic heart failure, who were
recruited from three primary care practices in The Netherlands. The study focused on medical treatment, advice on
physical activity, and disease monitoring. We used patient questionnaires and chart review to measure connections
between the patient and care providers, and a written survey among care providers to measure their connections.
Data on clinical performance were extracted from the medical records. We used network analysis to compute
degree centrality coefficients for the patient and to identify the most central health professional in each network.
A range of other network characteristics were computed including network centralization, density, size, diversity of
disciplines, and overlap among activity-specific networks. Differences across the two chronic conditions and
associations with disease monitoring were explored.

Results: Approximately 50% of the invited patients participated. Participation rates of health professionals were
close to 100%. We identified 63 networks of 25 patients: 22 for medical treatment, 16 for physical exercise advice,
and 25 for disease monitoring. General practitioners (GPs) were the most central care providers for the three
clinical activities in both chronic conditions. The GP’s degree centrality coefficient varied substantially, and higher
scores seemed to be associated with receiving more comprehensive disease monitoring. The degree centrality
coefficient of patients also varied substantially but did not seem to be associated with disease monitoring.

Conclusions: Our method can be used to measure connections between care providers of an individual patient,
and to examine the association between specific network parameters and healthcare received. Further research is
needed to refine the measurement method and to test the association of specific network parameters with quality
and outcomes of healthcare.

Background
Chronic disease represents a significant challenge for
health systems, because it requires major changes in the
organization of healthcare and in the tasks of many health
professionals [1]. Structured clinical management of
chronic disease improves health outcomes and efficiency

of the healthcare delivery [2]. Providing chronic care has
increasingly become the task of a patient care team,
rather than an individual health professional [3], and
improved team functioning is expected to be associated
with better quality and outcomes of healthcare delivery
[4,5]. Previous studies identified numerous factors of
team functioning associated with team performance in
healthcare, though evidence on performance of primary
care teams in treatment of chronic disease remains
ambiguous [5-7].
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It has been suggested that the presence of a central
care provider in a team, who acts as a contact point for
both patient and other health professionals and takes
responsibility for the delegation of care to others on the
team, is crucial in achieving optimal outcomes [8,9].
This could optimize the coordination of healthcare
delivery and ensure that all necessary expertise and rele-
vant patient information is present to provide effective
clinical management. Patients who receive medical care
from a team of health professionals may benefit from a
wider range of skills. The inclusion of specific indivi-
duals, such as a nurse or pharmacist, may ensure that
specific elements are more evidence-based [3]. A few
field studies showed that the type and diversity of clini-
cal expertise involved was expected to account for
improvements in patient care and organizational effec-
tiveness [10,11]. Finally, sharing knowledge in patient
care teams could lead to shared practice routines and
better coordination of care.
A key aspect of chronic illness care is that it should

take a patient-centered focus, meaning that it is respect-
ful of and responsive to individual patient preferences
and needs [12]. Ideally, it is characterized by productive
interactions between team and patient that consistently
provide the assessments, support for self-management,
optimization of therapy, and follow-up associated with
good outcomes, and these interactions are more likely
to be productive if patients are active, informed partici-
pants in their care [8]. Previous studies have focused on
patient-perceived involvement [13] and communication
of teams to patients in general [14]. Actual involvement
of individual patients in processes of healthcare delivery
was measured less frequently [15].
Network analysis is a quantitative methodology that

offers the opportunity to measure and analyze connec-
tions between health professionals in a patient care
team [16,17]. Pilot studies have examined the feasibility
and relevance of network analysis for studying patient
care teams in chronic illness care [18,19]. In these pilots,
interactions were measured in a generic way. However,
networks of health professionals differ across individual
patients, even if they have the same disease and same
primary care provider. Furthermore, the patient was not
included in the networks in these pilots. In addition,
associations between network characteristics and health-
care delivery were not yet examined in chronic illness
care. Thus, our aim was to measure information
exchange networks related to individual patients with a
chronic disease, including relevant health professionals
and the patient, and to relate network characteristics to
aspects of healthcare received.
Our study focused on three specific aspects of health-

care for patients with type 2 diabetes or chronic heart
failure (CHF): medical treatment, physical exercise

advice, and monitoring. Previous research has shown
gaps between recommended practice and healthcare
received in these patients [2,20,21], suggesting a poten-
tial for improvement. The structure of the networks of
information flows between the patient and care provi-
ders, and among care providers, was expected to be par-
ticularly related to monitoring routines. Monitoring
demands an active role of the team [22]. Furthermore, it
requires a clear task distribution, knowledge on latest
guidelines, and convincement of its benefits. Despite
recommendations in prevailing practice guidelines, these
benefits remain a topic for continuing debate [23].
Therefore, we expected that social factors would be
associated with monitoring routines.
Three specific objectives were defined. A first objec-

tive was to test the feasibility of the sampling and mea-
surement procedures, because some previous network
studies did not fully report on response rates [18,24]. A
second objective was to examine the variation of net-
work characteristics across individual patients, because
this would open the possibility that these characteristics
are related to relevant outcomes and across chronic
conditions. A final objective was to explore associations
between specific network characteristics and compre-
hensive monitoring in these patients, although the size
of our study was too small to draw firm conclusions on
these associations.

Methods
Study design
An observational study was performed for which we
invited 30 patients with type 2 diabetes and 30 patients
with CHF from three primary care practices. In each
practice, we randomly selected 10 patients with diabetes
and 10 patients with CHF in the medical record system.
Patients with diabetes were selected using available data-
sets in the practices, patients with CHF were selected
with use of the International Classification of Primary
Care(ICPC) code. If a patient was physically or mentally
incapable to participate, he or she was replaced by the
next patient on the list. The ethical committee of Arn-
hem-Nijmegen waived approval for this study. Patients,
general practitioners (GPs), practice nurses, and practice
assistants in the participating practices were asked to
complete a structured questionnaire. Written informed
consent was obtained for collecting data from the
patients’ medical record.

Measures
Patient questionnaire
Patients were asked to report on the number of disease-
specific contacts they had had in the past 12 months
concerning medical treatment, physical exercise advice,
and disease monitoring, and what health professionals
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were involved in these contacts. Medical treatment was
defined to the participants as any contact related to dis-
ease-specific medication (e.g., dosage, application,
adverse effects). Physical exercise advice was defined as
any contact related to physical exercise or its impor-
tance. Disease monitoring was defined as any contact
related to disease-specific blood monitoring. Health pro-
fessionals, both in general practice as outside the prac-
tice, were listed by discipline. Other questions
concerned general patient and disease characteristics.
Medical records
After patients’ written informed consent, we extracted
information from medical records concerning individual
characteristics and received monitoring. Parameters
included bodyweight, body mass index, blood pressure,
HbA1C (only for diabetes patients), glucose, serum crea-
tinine, potassium, sodium, and lipid values. Medication
for diabetes and cardiovascular conditions was also
extracted.
Care provider questionnaire
Health professionals in the practices were asked about
their role in diabetes and CHF care in general, and
about their collaboration with other health professionals
in medical treatment, physical exercise advice, and dis-
ease monitoring. For these three specific activities, they
were asked to report on patient-related contact with
other disciplines, both inside as outside their practice.
Health professionals were listed by discipline.

Data analysis
We used UCINET 6 for constructing networks and
obtaining network parameters, and SPSS 15 for all other
analyses. Response rates for both patients and health
professionals were determined. We determined reliabil-
ity of reported connections with other health profes-
sionals by examining the proportion of all possible
connections that were mutually reported present or
absent (called reciprocity coefficients in non-directed
networks).

Construction of networks and network parameters
For each patient, three activity-specific ego-centred net-
works were constructed, related to medical treatment,
physical exercise advice, and disease monitoring. An
activity-specific network was only constructed if the
patient reported at least one connection with a profes-
sional regarding the specific activity. A two-step proce-
dure was used to construct these networks: first, patient
questionnaires and medical records were used to iden-
tify connections between the patient and health profes-
sionals; then care provider questionnaires were used to
identify connections between health professionals, defin-
ing a connection if either one or both of the health pro-
fessionals reported to be connected.

If a patient had contact with a health professional
within a general practice (e.g., GP), all health profes-
sionals in that practice were included in the constructed
network. If a health professional was involved in an
activity-specific network (e.g., concerning medical treat-
ment), this professional was included in the other activ-
ity-specific networks of this patient as well.
If the response of a health professional was missing, it

was substituted by the response of the other individuals
in the practice. We filled in a zero indicating no contact,
if both individuals did not provide information on their
connection. This method is commonly used in network
analysis [25], though its appropriateness for this specific
context has not been tested. A ‘zero’ in the data files
therefore referred to absence of a connection, or
absence of data on presence of a connection.

Network parameters and hypotheses
We examined a number of specific network parameters,
which we hypothesised to be related to healthcare deliv-
ery and outcomes.
Size and diversity are the number of involved health

professionals and different disciplines. A high number of
involved health professionals could hinder coordination
of care for an individual patient. Multiple involved disci-
plines, however, could be beneficial because of the avail-
ability of a wider range of skills [5].
Density is the proportion of all possible connections in

a network that are actually present. In a dense network,
information can flow quickly between most individuals.
It may also be associated with a number of cognitive
social processes, which result in positive intentions in
team members to use the information in daily practice.
This could contribute to more evidence-based and more
standardized practice patterns [26].
Network centralization is a measure that expresses to

what extent a network is organized around a single per-
son. It has been suggested that the presence of a central
care provider in chronic illness care is crucial to achieve
optimal outcomes [8].
The degree centrality coefficient is the proportion of

all possible connections that are actually present for an
individual. We computed degree centrality coefficients
for the patient and for the most central health profes-
sional. The discipline of the most central health profes-
sional was also noted. A high centrality of the health
professional can contribute to coordination of care
through connection with many other involved health
professionals. When this central health professional is
one with high expertise (in a general practice usually a
GP), knowledge on the best possible care can flow
through the patient care team. Furthermore, initiatives
on improving healthcare more often focus on a central
role for the patient in its own care process [8]. We
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think active involvement of a patient will result in a
comprehensive monitoring policy in that patient.
Overlap is the proportion of present and absent ties in

an index activity-specific network that are also present
in another activity-specific network. Medication, advice,
and monitoring overlap numbers of patients were
obtained to see if different health professionals were
involved in different aspects of the care process. It was
expected that a high overlap could contribute to coordi-
nation of care, because involved health professionals will
have knowledge of the entire care process of a patient,
instead of just a smaller part.

Descriptive and comparative analysis
Descriptive statistics of network parameters and clinical
management in the previous 12 months were computed
for the two chronic conditions. For follow-up and iden-
tifying co-morbidity, it is important to establish body
mass index (BMI)/weight, systolic blood pressure, and
creatinine values at least once a year in patients with
diabetes, as well as with CHF [27,28]. We computed a
variable for received comprehensive monitoring that
indicated if all three values were obtained at least once
in the previous 12 months. Descriptive statistics for
both conditions were computed, as well as network
parameters for both groups of monitoring received (not
all monitored/all monitored). Significance of differences
in network parameters between the two conditions, and
between two monitoring groups, was tested using the
Mann-Whitney test.

Results
Feasibility
In one practice, a total of seven CHF patients could be
identified. Therefore, a total of 57 patients was invited
to participate, of whom 32 patients completed the ques-
tionnaire and gave permission for collecting data from
their medical record. Patient response rates varied
between practices and the two chronic conditions
(Table 1). Response rates of health professionals (range:
80 to 100% per practice) and reciprocity coefficients in
the three networks of healthcare professionals were high
(range: 0.667 to 0.857 per practice).

In three out of 32 patients, no connections with health
professionals could be deduced from either question-
naires or medical record, so these patients were
excluded from further analysis. Of the theoretical maxi-
mum of 87 activity-specific networks, a total of 72 net-
works were identified: 24 for medical treatment, 20 for
physical exercise advice, and 28 for disease monitoring.
Four patients with CHF had received all treatment in
hospital rather than primary care in the previous 12
months. These patients were excluded for further analy-
sis, leaving a total number of 25 patients with 63 net-
works: 22 for medical treatment, 16 for physical exercise
advice, and 25 for disease monitoring. Table 2 illustrates
patient characteristics of our study population. Figure 1
and 2 illustrate networks for medical treatment of a
patient with diabetes and a patient with CHF.

Variation of network characteristics
Table 3 shows the mean and standard deviation of size,
diversity, density, centrality, and overlap of activity-spe-
cific networks for the total number of patients, as well
as differences in mean between patients with diabetes
and patients with CHF. Substantial variation existed
between individual patients, as well as between diabetes
and CHF. Differences were found in size and diversity
of networks between diabetes and CHF. For all three
activities, more health professionals and disciplines
tended to be involved in diabetes, though differences
were not found to be significant. Density of networks
and the total number of connections tended to be
higher for diabetes, though only difference in density of
physical exercise advice networks was found to be sig-
nificant (p = 0.005). The difference in the total number
of connections in a network was only found to be signif-
icant (p = 0.034) for medical treatment. Network centra-
lization seemed to be equal for medical treatment and
monitoring, and showed a (non-significant) difference
for physical exercise advice. On all three activities,
degree centrality of the most central health professional
tended to be higher for diabetes, though this difference
was significant for physical exercise advice only. The
patients’ degree centrality tended to be higher for physi-
cal exercise advice only, though no significant difference

Table 1 Response rates per practice and condition, and reciprocity of health professionals

Practice 1 Practice 2 Practice 3 Total

Patients Total 45.0% (9/20) 80.0% (16/20) 41.2% (7/17) 56.1% (32/57)

Diabetes 40.0% (4/10) 90.0% (9/10) 50.0% (5/10) 60.0% (18/30)

Chronic heart failure 50.0% (5/10) 70.0% (7/10) 28.6% (2/7) 51.9% (14/27)

Health professionals 100.0% (6/6) 100.0% (6/6) 80.0% (8/10) 90.9% (20/22)

Reciprocitya 0.667 0.800 0.857

Reciprocity is the proportion of all possible connections that are mutually reported present or absent by health professionals.
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was found. Overlap values did not vary much between
the chronic conditions.
Table 4 shows the clinical management in the pre-

vious 12 months for both chronic conditions. The total
number of disease-specific contacts was higher for dia-
betes patients, and so was the number of contacts for
blood value monitoring. Variation existed on received
monitoring.

Association network parameters with received monitoring
Ten out of 25 patients (40%) received monitoring on
BMI/weight, systolic blood pressure, and creatinine.
Table 5 shows values of network parameters for patients
who did receive and did not receive this comprehensive

monitoring. Differences were found in size of networks,
network centralization of medical treatment and advice,
degree centrality of health professionals and patients,
and in overlap of medical and advice networks. Central-
ity of the most central health professional was positively
associated with monitoring received, while the associa-
tion of patient centrality with monitoring received was
ambiguous for specific activities. A positive association
was observed for physical exercise, while a negative
association was found for monitoring and no association
was observed for medical treatment. Only differences in
size of medical and advice networks, and the number of
connections in advice networks, were found to be
significant.

Discussion
This study showed that it is possible to construct net-
works of health professionals for individual patients with
diabetes and CHF using simple structured question-
naires for patients and health professionals, and patients’
medical records. Our study population was small,
because we aimed to develop and test the method
before applying it on a larger scale. Of all invited
patients, about 50% was willing to participate. The relia-
bility of the reported connections (in terms of connec-
tions’ reciprocity) was high for health professionals.
Network characteristics varied substantially across indi-
vidual patients, as well as across chronic conditions. We
observed an association between a high degree centrality

Table 2 Patient characteristics study population (n = 25)

Disease Diabetes 72% (N = 18)

Chronic heart failure 28% (N = 7)

Gender Male 44% (N = 11)

Female 56% (N = 14)

Age Mean 72.83 (sd = 10.72)

Ethnicity Dutch 100% (N = 25)

Living situation Alone 56% (N = 14)

Spouse 36% (N = 9)

Spouse and children 8% (N = 2)

Education None 4% (N = 1)

Primary 36% (N = 9)

Secondary 56% (N = 14)

Higher 4% (N = 1)

Figure 1 Network of a patient with diabetes for medical
treatment. Circle: patient; square: health professional in practice;
triangle: health professional outside practice. Included for illustration
of the method used. The network illustrates the patient and the
health professionals involved. Lines resemble a connection between
two specific individuals.

Figure 2 Network of a patient with CHF for medical treatment.
Circle: patient, square: health professional in practice, triangle: health
professional outside practice. Included for illustration of the method
used. The network illustrates the patient and the health
professionals involved. Lines resemble a connection between two
specific individuals.
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of the most central health professional and comprehen-
sive disease monitoring, but further research is needed
to draw firm conclusions.
Some limitations of this study have to be mentioned.

The study was based on a small convenience sample of
patients from a few general practices. Differences in
response rate were found between the three primary
care practices. Due to the short timeframe, study partici-
pants were not sent a reminder; However, this is recom-
mended for future studies to elevate response rates.
Furthermore, the Dutch healthcare system includes a
well-developed primary care system with financial

incentives to provide chronic care in primary care set-
tings, so the results cannot be generalized to other set-
tings. The selection of patients with CHF might not be
completely appropriate due to inaccurate use of ICPC
coding. Care provider questionnaires focused on
patient-related contacts with other professions in gen-
eral, not specific contacts for each individual patient.
Asking for specific contacts would give a more accurate
network for each individual patient; however, it would
become more time consuming and therefore less feasi-
ble. Furthermore, health professionals were grouped by
discipline, not by name individually. This could result in

Table 3 Mean and standard deviation of network parameters, and differences between chronic conditions

Total Standard
deviation

Diabetes Chronic heart
failure

Significance of difference between
conditions

Size and
diversity

Treatment Number of professionals 8.14 2.336 8.56 7.00 0.133

Different disciplines 4.77 1.232 5.00 4.17 0.170

Advice Number of professionals 7.88 2.778 8.54 5.00 0.080

Different disciplines 4.69 1.401 4.92 3.67 0.257

Monitoring Number of professionals 7.64 2.059 7.94 6.86 0.336

Different disciplines 4.40 1.080 4.56 4.00 0.271

Density

Treatment Density 0.4803 0.1048 0.4900 0.4543 0.376

Number of connections 19.05 10.96 21.06 13.67 0.034

Advice Density 0.3520 0.1284 0.3906 0.1845 0.005

Number of connections 16.62 9.44 18.46 8.67 0.121

Monitoring Density 0.4659 0.1527 0.4896 0.4049 0.348

Number of connections 18.52 11.91 20.56 13.29 0.192

Centrality

Treatment Network centralization 51.85 12.80 52.87 49.14 0.652

Most centralized health prof. GP GP GP

Degree of most central
health prof.

85.44 15.44 87.31 80.46 0.337

Patient’s degree centrality 52.72 23.88 53.06 51.83 0.679

Advice Network centralization 41.03 13.08 42.44 34.90 0.593

Most centralized health prof. GP GP GP

Degree of most central
health prof.

63.52 17.57 68.47 42.06 0.027

Patient’s degree centrality 52.26 22.56 55.43 38.49 0.225

Monitoring Network centralization 50.13 12.05 50.51 49.16 0.847

Most centralized health prof. GP GP GP

Degree of most central
health prof.

83.69 14.39 86.12 77.43 0.085

Patient’s degree centrality 52.60 23.81 53.14 51.21 0.801

Overlap

Treatment - advice 0.7571 0.0956 0.7643 0.7283 0.615

Treatment - monitoring 0.8747 0.0673 0.8796 0.8617 0.788

Advice - monitoring 0.7653 0.0731 0.7617 0.7810 1.000
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overestimation of connections when more than two
health professionals of a discipline are involved in a
practice. Reporting contact with that discipline will
result in a connection with all health professionals of
that discipline, where only one of those health profes-
sionals might be meant. Finally, connections with disci-
plines outside the practice (e.g., physiotherapist) were
constructed as one health professional, where in reality
more health professionals might be involved per disci-
pline. This could result in underestimation of the total
number of involved health professionals.
From a clinical perspective, it is worth mentioning

that the variation in our outcome ‘disease monitoring’
was mainly related to varying levels of creatinine testing,
i.e., monitoring of kidney functioning. Clinical research
has confirmed the relevance of this in both diabetes
patients and CHF patients. In diabetes, testing for creati-
nine is important in identifying affected kidney function-
ing due to damaged blood vessels and nerves, resulting
in higher risk for renal failure and cardiovascular dis-
eases. In CHF, kidney functioning may be limited
because of an affected blood circulation, and creatinine

testing provides an important measure to observe dis-
ease development and effectiveness of medication
[27,28]. Periodic monitoring could therefore be benefi-
cial for a patients’ health status, and may help to reduce
healthcare costs by reducing numbers of hospital admis-
sions [23].
For most patients, a GP was the most central health

professional for all three specific activities. Previous
research suggested a positive association between a cen-
tral network position and knowledge transfer [29]. A
central position of a health professional with high exper-
tise could therefore be of importance to the team’s
knowledge and skills, and as a result enhance efficiency
of care delivery and clinical outcomes. The degree cen-
trality of the most central health professional varied
across chronic conditions and monitoring groups. For
the latter, differences were small, but a positive associa-
tion was observed between higher degree centrality and
receiving comprehensive disease monitoring. In addition,
network centralization seemed to be positively asso-
ciated with received monitoring for medical treatment
and physical exercise advice. This could indicate a bene-
ficial influence of a central health professional on coor-
dination of practice routines and delegation of care to
the team [8]. While this finding is not entirely new, the
added value of network analysis was that it provided a
quantitative measure of the ‘centrality’ of the central
health professional. The method used in this study did
not examine individual roles and performance of profes-
sionals comprehensively, but focused on the presence of
a central care provider based on centrality degree. Pre-
vious research associated ‘leadership clarity’ with com-
mitment to excellence and clear team objectives [9],
which could also enhance efficiency of care delivery.
Further research should examine specific individual
roles of professionals (e.g., association between central
position and leadership) in a network, and their relation
with received healthcare.
Previous research has shown that patient perceptions

of involvement were associated with higher enablement,
particularly of the patient highly preferred to be
involved [30]. On the other hand, receiving highly struc-
tured chronic care was associated with lowered enable-
ment in another study [31]. In the current study, we
used the patients’ position in the network of connec-
tions among health professionals to determine their role
in healthcare delivery. Although a substantial variation
was observed with respect to patients’ degree centrality,
we did not identify clear patterns with respect to asso-
ciations with disease monitoring. Thus the potentially
beneficial influence of a highly central role of the patient
was not confirmed. Given the limitations of our study,
we recommend further research to explore the impact
of patients’ position in the network on delivery and

Table 4 Clinical management in the previous 12 months

Diabetes CHF

Mean number of contacts

Disease specific consultation 10,17 3,71

Blood value monitoring 4,44 3,14

Monitoring in % (N)

Weight 94 (17/18) 43 (3/7)

Body Mass Index 83 (15/18) 29 (2/7)

Systolic blood pressure 100 (18/18) 86 (6/7)

HbA1C 83 (15/18) -

Glucose 78 (14/18) 57 (4/7)

Creatinine 44 (8/18) 86 (6/7)

Potassium 39 (7/18) 71 (5/7)

Sodium 22 (4/18) 71 (5/7)

Total cholesterol 50 (9/18) 57 (4/7)

HDL 50 (9/18) 57 (4/7)

LDL 44 (8/18) 57 (4/7)

Triglycerides 61 (11/18) 57 (4/7)

Treatment in % (N)

No treatment 11 (2/18) -

Diet 28 (5/18) -

Oral medication 67 (12/18) -

Insulin 22 (4/18) -

Antihypertensive 89 (16/18) 100 (7/7)

Lipid-lowering medication 78 (14/18) 57 (4/7)

ACE-inhibitor - 57 (4/7)

Beta blocker - 86 (6/7)

Furosemide + ACE-inhibitor in comb. w/NSAID - 43 (3/7)
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outcomes of healthcare. This research should take into
account that the patients’ role in healthcare delivery
encompasses more than contacts with health profes-
sionals (e.g., self-management).
A number of other network characteristics were exam-

ined in our study. Previous research has associated the
diversity of clinical expertise in a team with better-per-
ceived team effectiveness [32], and it is expected to
account for improvements in patient care and organiza-
tional effectiveness [10,11]. Our results showed small dif-
ferences in diversity of clinical expertise, though it tended
to be slightly higher for patients who did not receive com-
prehensive monitoring. It must be noted that obtained
data on interactions between health professionals con-
cerned practice in general and not specific patients, and
therefore most obtained network parameters were not

independent. Size of networks, for example, was found to
be strongly related to practice size. The positive associa-
tion of network size with monitoring received might there-
fore actually reflect the association of practice size with
quality of chronic disease management found in earlier
research [33]. Other than testing for significance of differ-
ences, we did not perform statistical analyses on the data
due to the low number of patients. Future research could
focus on multi-level analysis of network parameters to test
their association with healthcare delivery.
The application of network analysis on healthcare

delivery by patient care teams provides a new frame-
work for examining organization of chronic care. Our
pilot study combined patient and health professional
perspectives to reflect chronic care practice, and is, to
our best knowledge, the first to examine the relation

Table 5 Network characteristics by groups of monitoring (BMI/Weight, systolic blood pressure, and creatinine)

No comprehensive monitoring Comprehensive monitoring Significance

Size and diversity

Treatment Number of professionals 7,08 9,67 0,025

Different disciplines 5,08 4,33 0,222

Advice Number of professionals 6,56 9,57 0,029

Different disciplines 5,00 4,29 0,299

Monitoring Number of professionals 6,87 8,80 0,085

Different disciplines 4,67 4,00 0,160

Density

Treatment Density 0,4707 0,4941 0,566

Number of connections 13,31 27,33 0,078

Advice Density 0,3416 0,3653 0,662

Number of connections 10,89 24 0,009

Monitoring Density 0,4600 0,4748 0,817

Number of connections 13,67 25,80 0,265

Centrality

Treatment Network centralization 49,72 54,93 0,314

Most centralized health prof. GP GP

Degree of most central health prof. 82,54 89,63 0,381

Patient’s degree centrality 53,44 51,69 0,987

Advice Network centralization 37,58 45,46 0,365

Most centralized health prof. GP GP

Degree of most central health prof. 61,57 66,01 0,897

Patient’s degree centrality 48,33 57,30 0,518

Monitoring Network centralization 50,05 50,25 0,967

Most centralized health prof. GP GP

Degree of most central health prof. 82,25 85,84 0,604

Patient’s degree centrality 56,48 46,78 0,672

Overlap

Treatment - advice 0,8014 0,7066 0,076

Treatment - monitoring 0,8807 0,8661 0,910

Advice - monitoring 0,7838 0,7416 0,391

Weenink et al. Implementation Science 2011, 6:66
http://www.implementationscience.com/content/6/1/66
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between specific network parameters and clinical func-
tioning of a patient care team for individual patients.
This method could potentially identify improvements of
care for individual patients, as well as improvements for
the organization and effectiveness of patient care teams
in general, though research is needed on the association
between network structure, received healthcare, and
actual clinical outcomes, and on possibilities to change
networks of patient care teams. Our findings support
undertaking further research to refine the measure
method and to examine associations between network
parameters and received healthcare.
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