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Abstract
Aims/hypothesis The aim of the study was to determine if a Beacon model of integrated care utilising general practitioners (GPs)
with special interests could achieve similar clinical outcomes to a hospital-based specialist diabetes outpatient clinic.
Methods This pragmatic non-inferiority multisite randomised controlled trial assigned individuals with complex type 2 diabetes
to care delivered by a Beacon clinic or to usual care delivered by a hospital outpatient department, in a 3:1 ratio. Owing to the
nature of the study, researchers were only blinded during the allocation process. Eligible participants were aged 18 or over, had
been referred by their usual GP to the hospital central referral hub with type 2 diabetes and had been triaged to be seen within 30
or 90 days. The intervention consisted of diabetes management in primary care by GPs with a special interest who had been
upskilled in complex diabetes under the supervision of an endocrinologist. The primary outcome was HbA1c at 12 months post-
recruitment. The non-inferiority margin was 4.4 mmol/mol (0.4%). Both per-protocol and intention-to-treat analyses are reported.
Results Between 27 November 2012 and 14 July 2015, 352 individuals were recruited and 305 comprised the intention-to-treat
sample (71 in usual care group and 234 in the Beacon model group). The Beacon model was non-inferior to usual care for both
the per-protocol (difference −0.38 mmol/mol [95% CI −4.72, 3.96]; −0.03% [95% CI −0.43, 0.36]) and the intention-to-treat
(difference −1.28 mmol/mol [95% CI −5.96, 3.40]; −0.12% [95% CI −0.55, 0.31]) analyses. Non-inferiority was sustained in a
sensitivity analysis at 12 months. There were no statistically or clinically significant differences in the secondary outcomes of BP,
lipids or quality of life as measured by the 12 item short-form health survey (SF-12v2) and the diabetes-related quality of life
(DQoL-Brief) survey. Safety indicators did not differ between groups. Participant satisfaction on the eight-item client satisfaction
questionnaire (CSQ-8) was good in both groups, but scores were significantly higher in the Beacon model group than the usual
care group (mean [SD] 28.4 [4.9] vs 25.6 [4.9], respectively, p < 0.001).
Conclusions/interpretation In individuals with type 2 diabetes, a model of integrated care delivered in the community by GPs
with a special interest can safely achieve clinical outcomes that are not inferior to those achieved with gold-standard hospital-
based specialist outpatient clinics. Individuals receiving care in the community had greater satisfaction. Further studies will
determine the cost of delivering this model of care.
Trial registration Australian New Zealand Clinical Trials Registry ACTRN12612000380897
Funding The study was funded by the Australian National Health and Medical Research Council (GNT1001157).
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Abbreviations
CSQ-8 Eight-item client satisfaction questionnaire
DBP Diastolic BP
DNE Diabetes nurse educator
DQoL-Brief Diabetes-related quality of life
GP General practitioner
GPwSI General practitioner with a special interest
HADS Hospital anxiety and depression scale
IDA Insulin dose adjustment
QoL Quality of life
SBP Systolic BP
SF-12v2 12-item short-form health survey

Introduction

Integrated care is at the forefront of healthcare reform interna-
tionally, in part driven by growing numbers of people living
with chronic disease, and the understanding that better inte-
grated care with close cooperation between specialists and
primary care providers is fundamental to future-ready
healthcare systems [1, 2]. This transformation in healthcare
delivery appears vitally important for diabetes care. The num-
ber of people with diabetes is expected to reach 592million by
2035 [3] and the direct annual global cost is already estimated
at US$827 billion per year [4].

In Australia, general practitioners (GPs) are diabetes
patients’ primary care providers, while complex diabetes
often requires referral to hospital-based specialists. This
impacts on hospital outpatient services, with increased
waiting lists having negative implications for cost and out-
comes and resulting in system fragmentation [5]. Our pre-
viously described and evaluated Beacon model offers an
alternative to standard hospital outpatient review for indi-
viduals with complex type 2 diabetes [6]. This outpatient
substitution model is vertically and fully integrated with
primary care providers and specialists co-located in a com-
prehensive service for individuals with complex diabetes
[7]. Care is delivered through a community-based general
practice where GPs with a special interest (GPwSIs) and
advanced training in diabetes work alongside an endocri-
nologist and diabetes nurse educator (DNE).

The proposed advantages of such integration that refocuses
specialist and primary care services in integrated community-
based healthcare are threefold: patient-centredness, effective-
ness and cost-efficiency. Patient benefits include improved
communication, clinic accessibility and satisfaction [8].
Evidence for the effectiveness of shared or integrated care
for long-term conditions including diabetes is more equivocal,
with trials reporting similar improvements inmetabolic control
when compared with conventional hospital-based specialist
care [9]. Our interest, therefore, in integrated diabetes care is

42 Diabetologia (2019) 62:41–52



less about identifying models superior to the status quo and
more about investigating models that deliver non-inferior clin-
ical outcomes but offer alternative benefits such as patient
satisfaction and efficiency. In this study, we expanded our
Beacon model research using a non-inferiority randomised
controlled trial and report primary and secondary outcomes,
including patient-reported outcomes and satisfactionwith care.

Methods

Study design This non-inferiority randomised controlled trial
was conducted across two hospitals and three intervention
sites in Brisbane, Australia. A third hospital withdrew early
in recruitment because of low referral rates of eligible partic-
ipants. As a pragmatic trial, it was implemented within routine
clinical practice. It investigated an integrated primary–second-
ary model of care (the Beacon model) for individuals with
complex type 2 diabetes as an alternative to usual hospital-
based specialist outpatient care. Hospital-based research staff
enrolled participants. Randomisation was achieved through a
bespoke secure internet-based randomisation program, de-
signed by the study statistician. Researchers were masked on-
ly during the allocation process. A 3:1 allocation of interven-
tion to usual care ensured a sustainable participant load and
hence financially viable business model at intervention sites.
Randomisation was stratified by the enrolling hospital.

Study authorisation was granted by the University of
Queensland Medical Research Ethics Committee and the
Metro South Health Service District Human Research Ethics
Committee. The trial was registered (Australian New Zealand
Clinical Trials Registry no. ACTRN12612000380897).
Participants provided written informed consent. The study
protocol was published in 2013 [10].

Participants Individuals referred by their GP to the diabetes
outpatient clinic of either of the participating hospitals were
assessed for eligibility. Eligible individuals were 18 years or
over, triaged according to local health department guidelines
as category 1 (seen within 30 days) or category 2 (seen within
90 days) (electronic supplementary material [ESM] Table 1),
lived inside the study’s geographical catchments and were
referred in the past 12 months. The last criterion was modified
to account for multiple referrals exceeding 12 months.
Individuals were excluded if they were on haemodialysis,
pregnant, had a terminal illness with a life expectancy of less
than 2 years, were a transplant recipient, had attended a study
site in the previous 12months or were unable to give informed
consent.

Organisation of care The intervention arm comprised a mul-
tidisciplinary team including two GPwSIs, an endocrinologist
and a DNE co-located in a community-based general practice

that hosted 4 h weekly Beacon clinics. The Beacon model
builds the capacity of primary care by allowing the DNE
and GPwSIs their full scope of practice, with the single endo-
crinologist supervising and co-consulting with GPwSIs rather
than seeing individuals individually. GPwSIs undertook a 23 h
online advanced diabetes care course, attended a 1 day work-
shop and completed an examination. The DNE is specifically
skilled in case co-ordination and comfortable working inde-
pendently between clinics.

Individuals receiving the intervention presented for a
45 min screening appointment at which the DNE reviewed
diabetic history, assessed feet, screened for depression [11]
and took anthropometric measures. DNEs also organised ap-
propriate blood and urine testing and, where on-site equip-
ment was available, facilitated retinal photos prior to initial
medical assessment. Subsequently, individuals were assessed
by a GPwSI, and an individualised diabetes management plan
was developed to address blood glucose control, BP and lipid
control, diabetes complications, lifestyle factors and any other
participant concerns. The endocrinologist then reviewed and
endorsed the management plan and, if necessary, co-consulted
with the individuals and the GPwSI. The management plan
included, where appropriate, referrals to other disease-specific
specialists, allied health professionals or to the insulin dose
adjustment (IDA) service with the DNE for insulin titration or
initiation. Medical reviews, usually 3 monthly, were conduct-
ed by the GPwSI and endocrinologist over the course of treat-
ment. Individuals were discharged to their referring GP for
ongoing diabetes management once individual clinical targets
were deemed to have been met or at 12 months, whichever
came first. The participant’s regular GP was advised to con-
tinue the usual cycle of care and given guidance about condi-
tions for re-referral.

Individuals receiving usual care were treated at the
hospital-based specialist diabetes outpatient clinic to which
they were referred, and were seen by an endocrinologist work-
ing within a hospital-based multidisciplinary team. Referrals
to allied health professionals, specialists or the IDA service
were directed as needed. The treatment plan and participant
outcomes were communicated by letter to the referring GP.

Outcomes Data from participants’ clinical records and ques-
tionnaires were collected at baseline and at 6 and 12 months.
The primary outcome was HbA1c at 12 months. Data were
analysed in accordance with current conventions for non-
inferiority trials, for both per-protocol (receiving allocated
treatment for 12 months or until discharge after having met
HbA1c, BP and lipid targets) and intention-to-treat (analysed
in the randomised group, regardless of treatment compliance)
samples [12]. Secondary outcomes included biochemical end-
points (total cholesterol, LDL-cholesterol, HDL-cholesterol,
triacylglycerol, serum creatinine and estimated [e]GFR), clin-
ical endpoints (BMI and BP), patient-reported outcomes and
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satisfaction. Patient-reported outcomes included the 12-item
short-form health survey (SF-12v2) of quality of life (QoL)
[13]; and the diabetes-related QoL (DQoL-Brief) survey [14].
Participant satisfaction with care was measured at follow-up
using the eight-item client satisfaction questionnaire (CSQ-8)
[15] and a five-item participant assessment of self-
management support [16]. Questionnaire data were available
for 274 (90%) participants at baseline, 210 (69%) at 6 months
and 187 (61%) at 12 months.

Referring GPs provided baseline HbA1c measurements as
per routine referral practice, repeat blood tests were requested
if more than 4 weeks had elapsed between referral and the
participant’s first medical appointment. All blood tests, in-
cluding HbA1c, were performed at pathology laboratories
and sent to the treating team. The treating team determined
the frequency of HbA1c testing, but it was typically at 3
monthly intervals, corresponding with medical reviews. For
follow-up appointments, a 6 week window either side was
accepted for HbA1c and secondary outcomes. For participants
who withdrew or were discharged before 12 months, outcome
measures were sourced from the referring GP or directly
through pathology laboratories where available.

Safety endpoints included hypoglycaemic events and anx-
iety or depression collected as self-reported questionnaire data
at 6 and 12 months. Number of deaths was also noted.
Hypoglycaemic symptoms (e.g. shakiness, pale skin, dizzi-
ness, confusion, sweating, weakness, and fainting) and major
hypoglycaemic events (classified as a participant requiring the
emergency services or being taken to, or admitted to, hospital)
were assessed using items from the Hypo Awareness
Questionnaire [17]. Insulin therapy is reported and interpreted
as a concomitant indicator to the hypoglycaemic safety data.
A Hospital Anxiety and Depression Scale [11] score above 15
on the anxiety or depression sub-scales was reported to and
followed up by the clinical team.

Additional endpoints included the proportion of partici-
pants achieving clinical targets (HbA1c ≤53 mmol/mol
[7.0%]; systolic [S]BP ≤140 mmHg and diastolic [D]BP
≤90 mmHg; LDL-cholesterol <2 mmol/l; and targets com-
bined), with BP and LDL-cholesterol values in line with cur-
rent international guidelines [18, 19]. Pre-specified trial regis-
tration targets for BP and LDL-cholesterol (SBP ≤130 mmHg
and DBP ≤80 mmHg; LDL-cholesterol ≤2.5 mmol/l) are dual
reported. Total cholesterol is reported (<4.0 mmol/l).
Occasions of service data including did-not-attend rates and
referral data for the IDA service are also reported.

Statistical analyses The pre-defined non-inferiority margin of
4.4 mmol/mol (0.4%) was decided by a small group of clinical
experts (A.W. Russell, H.D. McIntyre and C.L. Jackson),
based on what was considered a clinically meaningful reduc-
tion in HbA1c, taking into account the recommendation of the
US Food and Drug Administration that 0.3–0.4% is an

acceptable non-inferiority margin [20]. A margin of 0.4%
has been widely used in previous trials [21].

Sample size was based on pilot study findings using an SD
of 18.6 mmol/mol (1.7%), the pre-specified non-inferiority
margin and a true difference between the groups in HbA1c at
12 months estimated to be −1.1 mmol/mol (−0.1%). Using a
3:1 allocation ratio, α = 0.05 and 80% power, we required 364
participants to complete the study. Assuming a 20% attrition
rate, the total sample size was calculated at 456. Owing to
slower than expected participant enrolment in the first
18 months of the trial, an interim analysis was undertaken
solely to confirm statistics used in the sample size calculation.
This analysis was not pre-specified. Based on 6 month prima-
ry outcome data from 134 participants, the SD was revised to
15.1mmol/mol (1.38%) and attrition to 25%. The revised total
sample size was 335.

To assess the adequacy of randomisation, baseline charac-
teristics were compared, with continuous variables presented
as mean (SD) and categorical variables as frequency (%). The
difference in HbA1c between groups was assessed using linear
regression, with treatment group as a fixed factor and baseline
HbA1c as a linear covariate for both the per-protocol and
intention-to-treat samples. A sensitivity analysis was conduct-
ed using imputation. For the intention-to-treat sample, missing
data were imputed using multivariate imputation and the ini-
tial analysis was re-run. Multiple imputation was undertaken
using a chained equation approach, which assumes data are
missing at random. The HbA1c imputation model included all
variables in the analysis model, as well the demographic, bio-
chemical, clinical and patient-reported outcome variables that
were univariably identified as being associated (at p < 0.1),
with HbA1c treated as missing using logistic regression [22].
The resulting imputation model included treatment group,
baseline HbA1c, age, education, total cholesterol, LDL-cho-
lesterol, HDL-cholesterol, triage category and the mental
health component of the SF-12v2. Fifty iterations were per-
formed. All non-inferiority models were also conducted for
differences between baseline and 6 month follow-up.

Secondary outcomes were analysed for the intention-to-
treat sample without and with imputation, using the chained
equation approach. The imputation model for the secondary
outcomes included all variables in the analysis model as well
as all secondary outcomes. Between-group differences for the
secondary biochemical and clinical outcomes and patient-
reported outcomes were assessed using linear regression with
treatment group as a fixed factor and the baseline value of the
outcome of interest as a linear covariate. Satisfaction with care
measures were compared at 12 months using unpaired t tests.
Binary safety data were assessed using logistic regression.
Occasions of service data were analysed using either linear
or logistic regression, depending on the outcome. Data analy-
ses were conducted using Stata software v14.2 (StataCorp,
College Station, TX, USA).
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Results

Between November 2012 and July 2015, 869 referrals were
assessed for eligibility, with 254 not meeting eligibility criteria
and a further 263 declining to participate. Of the 352 eligible
consenting individuals, 83 and 269 were randomised to usual
care and intervention, respectively (Fig. 1). A further 32 partic-
ipants (six usual care, 26 intervention) were excluded from the
analysis as they dropped out of the trial before any data were
collected for them, and five participants (two usual care, three
intervention) were excluded as they were found to be ineligible
(i.e. category 3 individuals). Four participants (one usual care,
three intervention) died during the treatment phase and were
excluded from analyses. Six participants (three per group)
moved beyond the study catchment area before receiving
follow-up care at 6 months. The per-protocol population (main
primary outcome analysis) was confined to individuals who
completed the 12 month study protocol or were discharged
having met clinical targets, yielding a sample of 55 in usual
care and 185 in the intervention (discharge HbA1c was used for
15 participants who met clinical targets and were discharged
before 12 months). The intention-to-treat population included
71 usual care participants and 234 intervention participants.

Baseline characteristics were similar across groups
(Table 1): 61% were male (usual care 67.6%, Beacon model
59.4%); mean age was 55.7 years; and average duration of
diabetes was 10 years. Diabetes complications were common,

with 17.6% diagnosed with stage 3 or higher kidney disease,
22% with known cardiovascular disorders and 22.9% with ret-
inopathy. Baseline HbA1c was 79.4 mmol/mol (9.4%) in the
usual care group and 80.4 mmol/mol (9.5%) in the Beacon
group. Educational status differed significantly, with interven-
tion participants less likely to have completed high school.

The mean difference in HbA1c between the two groups at
study completion was −0.38 mmol/mol (95% CI −4.72, 3.96)
(−0.03% [−0.43, 0.36]) for the per-protocol sample and
−1.28 mmol/mol (−5.96, 3.40) (−0.12% [−0.55, 0.31]) for the
intention-to-treat sample. The upper limit of the 95% CI fell
below the pre-defined non-inferiority margin of 4.4 mmol/mol
(0.4%) for both samples, as well as for the imputed model, sat-
isfying the hypothesis that the Beacon model is non-inferior to
usual care at 12 months (Fig. 2). Non-inferiority was confirmed
at 6 months, with the exception of the imputed intention-to-treat
model (ESM Fig. 1). Both treatments reduced HbA1c post-
baseline (Fig. 3). Most gain was made between baseline and
6 month follow-up, and HbA1c reduction was sustained at
12months for both groups. The proportions of participants meet-
ing clinical targets at 12 months were similar between groups:
23% of the usual care group and 26% of the intervention group
achieved an HbA1c of 53 mmol/mol (7.0%) or less (Fig. 4).

Secondary outcomes were consistent across non-imputed
(ESM Table 2) and imputed models (Table 2). A significant
between-group difference was reported for eGFR (mean dif-
ference 3.42 ml min−1 [1.73 m]−2 [95% CI 0.23, 6.61], p =

83 Allocated to usual care 

6   No baseline HbA
1c

2   Found to be ineligiblea

75 Received USUAL CARE 

269 Allocated to intervention

26   No baseline HbA
1c

3     Found to be ineligiblea

240 Received INTERVENTION

16 Not per-protocol

16 Discontinued usual carec

0  Treated at intervention site

49 Not per-protocol

47 Discontinued interventionc

2   Treated at usual care site

869 Assessed for eligibility

254 Did not meet inclusion 

criteria

263 Declined to participate

352 Randomised

57.2% Participation

Enrolment

Allocation

185 Per-protocol, completers

234 Intention-to-treat

200 with 12 month HbA
1c 

data

34 without 12 month HbA
1c 

data

55 Per-protocol, completers

71 Intention-to-treat

60 with 12 month HbA
1c

 data

11 without 12 month HbA
1c 

data

Analysis

4 Lost to follow-up

1 Deceased 

3 Moved out of catchment areab

6 Lost to follow-up

3 Deceased 

3 Moved out of catchment areab 

Follow-up

Fig. 1 CONSORT diagram of
recruitment and follow-up.
aCategory 3 individuals. bOnly
baseline data available
(withdrawn prior to 6 months of
treatment). cIncludes participants
who: had two or more did-not-
attend instances (diabetes care
returned to their referring GP);
were too busy or ill; moved out of
the study catchment after
6 months of treatment; and were
no longer interested or ceased
attending the clinic
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Table 1 Baseline characteristics
Characteristic Usual care

n = 71

Beacon

n = 234

Demographic
Male, n (%) 48 (67.6) 139 (59.4)
Age, years, mean (SD) 55.4 (12.1) 55.8 (11.3)
Duration of diabetes, years, mean (SD) 9.5 (7.8) 10.2 (8.1)
Education, n (%)*

Did not complete secondary school 20 (31.2) 100 (45.7)
Completed secondary school 33 (51.6) 91 (41.5)
Tertiary qualifications 11 (17.2) 28 (12.8)

Biochemical
HbA1c, mean (SD)

mmol/mol 79.4 (23.9) 80.4 (19.5)
% 9.4 (2.2) 9.5 (1.8)

Triacylglycerol mmol/l, mean (SD) 2.7 (2.9) 2.7 (2.8)
Total cholesterol mmol/l, mean (SD) 4.5 (1.5) 4.6 (1.3)
LDL-cholesterol mmol/l, mean (SD) 2.3 (1.0) 2.4 (1.0)
HDL-cholesterol mmol/l, mean (SD) 1.0 (0.3) 1.0 (0.3)
Serum creatinine mmol/l, mean (SD) 88.1 (32.5) 84.0 (46.7)
eGFR, ml min−1 [1.73 m]−2, mean (SD) 77.1 (19.9) 79.5 (18.7)

Clinical
Triage category, n (%)

Category 1 13 (18.3) 42 (17.9)
Category 2 58 (81.7) 192 (82.1)

BMI for all participants, kg/m2, mean (SD) 34.6 (8.8) 34.8 (7.2)
Male 34.4 (8.5) 33.3 (6.3)
Female 35.3 (9.8) 37.0 (7.9)

SBP, mmHg, mean (SD) 134.9 (16.4) 132.2 (16.8)
DBP, mmHg, mean (SD) 79.0 (12.4) 78.6 (10.0)
Smoking, n (%)

Past 21 (33.9) 55 (23.8)
Present 16 (25.8) 51 (22.1)
Never 25 (40.3) 125 (54.1)

Diabetes complications present, n (%)
Microalbuminuria/macro/proteinuria 21 (37.5) 73 (38.4)
Chronic kidney disease ≥ stage 3 13 (21.3) 38 (16.7)
Retinopathy 17 (31.5) 43 (20.7)
Neuropathy 13 (20.0) 33 (14.5)
Foot ulcera 3 (5.0) 11 (4.8)
Previous amputationa 2 (3.3) 0 (0.0)

Known cardiovascular disorders, n (%)
Cardiovascular complication 18 (25.4) 49 (20.9)
CVA/mini strokea 4 (5.6) 14 (6.0)

Patient-reported outcomes
Diabetes-related QoL, mean (SD) 3.4 (0.7) 3.4 (0.7)
SF-12v2, physical component, mean (SD) 42.3 (8.3) 41.5 (10.4)
SF-12v2, mental component, mean (SD) 47.0 (10.2) 45.2 (11.2)

Safety measures
Hypoglycaemic symptoms, past month, n (%) 21 (38.9) 84 (45.7)
Major hypoglycaemic event, past 6 months, n (%) 2 (3.5) 14 (6.6)
HADS, depression or anxiety score ≥ 15, n (%) 2 (3.6) 16 (8.3)

Intention-to-treat sample

Variables with missing data: 5 duration of diabetes; 12 education; 20 triacylglycerol; 14 total cholesterol; 53 LDL-
cholesterol; 43 HDL-cholesterol; 58 serum creatinine; 16 eGFR; 9 BMI; 1 SBP; 1 DBP; 12 smoking; 59
microalbuminuria/macro/proteinuria; 16 chronic kidney disease; 43 retinopathy; 13 neuropathy; 14 foot ulcer;
14 previous amputation; 32 diabetes-related QoL; 35 SF-12v2 physical component; 34 SF-12v2 mental compo-
nent; 48 hypoglycaemic symptoms; 37 major hypoglycaemic event past 6 months; 48 HADS
a Expected count had fewer than five in one or more groups, Fisher’s exact test used

*p < 0.05
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0.04). No statistical or clinical between-group differences
were found for any other clinical secondary outcomes or for
any patient-reported outcomes (diabetes-related QoL, physi-
cal and mental components of the SF-12v2). Both groups
were mostly satisfied with the treatment received (CSQ-8),
but participants in the Beacon group were significantly more
satisfied (mean 28.4, SD 4.9) than the usual care group (mean
25.6, SD 4.9) (p < 0.001) and reported better self-management
support (p = 0.03).

Safety indicators did not differ between the groups at either
time point (Table 3). From baseline to participants’ final med-
ication adjustment (either at 12 months or discharge), use of
insulin therapy (including insulin plus oral glucose-lowering
agent combined therapy and insulin-only therapy) increased
from 50.7% to 75.0% for usual care, and from 51.1% to 66.3%
for participants in the Beacon group. Despite increases in in-
sulin use in both groups, neither major hypoglycaemic events
nor hypoglycaemic symptoms increased.

Occasions of service data show Beacon participants had,
on average, 4.1 (SD 1.4) doctor visits over the 12 month

follow-up period compared with 3.0 (SD 1.3) for the usual
care group (Table 4). The mean number of DNE appointments
was also greater in the Beacon model, 2.4 (SD 1.3) compared
with 1.8 (SD 1.5). Duration of treatment until discharge was
similar across the two treatment groups for the per-protocol
sample. On average, participants receiving usual care attended
44.4 weeks of treatment and those receiving the Beacon inter-
vention 47.0 weeks. Referrals to the IDA service were higher
for the Beacon model, with 46.2% of participants referred to
the service comparedwith 28.2% in usual care. Did-not-attend

Per-protocol

(n=240)

Intention-to-treat

(n=260)

Intention-to-treat, imputed

(n=305)

Pre-defined

NI margin

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

Favours Beacon model Favours usual care

Treatment difference (mmol/mol)

Fig. 2 Treatment difference, 95%
CIs and non-inferiority margin for
HbA1c at 12 months. A 95% CI
that lies entirely to the left of the
non-inferiority margin of
4.4 mmol/mol (0.4%) indicates
the new treatment is non-inferior.
Treatment difference (95% CI):
per-protocol, −0.38 (−4.72, 3.96);
intention-to-treat, −1.28 (−5.96,
3.40); intention-to-treat, imputed,
−0.37 (−5.06, 4.31). Error bars
indicate 95% CIs. Treatment
difference is intervention minus
control. To convert values for
HbA1c to %, divide by 10.93. NI,
non-inferiority
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rates were highest (13.6%) for doctor appointments at usual
care; all other did-not-attend rates were below 10%.

Discussion

The Beacon model of community-based integrated diabetes
care for complex type 2 diabetes provided by upskilled GPs
supported by a specialist endocrinologist was non-inferior to

usual care at specialist diabetes outpatients. Non-inferiority
was achieved for the pre-specified outcome and maintained
with a sensitivity analysis using a robust model for dealing
with missing data. Although the mean HbA1c achieved at
12 months was 67 mmol/mol (8.3%) and 68 mmol/mol
(8.4%) in the Beacon model and usual care groups, respec-
tively, this was a significant improvement from baseline and
reflects the average HbA1c (67 mmol/mol, SD 3.70 [8.3%, SD
1.9]) achieved in diabetes centres across Australia [23]. The

Table 2 Secondary outcomes at
12 months Outcome Usual care

n = 71

Beacon

n = 234

Difference

(95% CI)

p value

Biochemical, mean (SD)

Total cholesterol (mmol/l) 4.3 (1.1) 4.2 (1.1) −0.14 (−0.47, 0.19) 0.41

LDL-cholesterol (mmol/l) 2.3 (1.0) 2.1 (0.9) −0.17 (−0.44, 0.09) 0.20

HDL-cholesterol (mmol/l) 1.0 (0.3) 1.0 (0.3) 0.04 (−0.03, 0.12) 0.25

Triacylglycerol (mmol/l) 2.4 (1.8) 2.4 (2.3) 0.11 (−0.68, 0.89) 0.79

Serum creatinine (mmol/l) 90.5 (35.5) 84.9 (40.9) −2.85 (−9.53, 3.83) 0.40

eGFR (ml min−1 [1.73 m]−2) 74.1 (20.2) 79.2 (19.7) 3.42 (0.23, 6.61) 0.04

Clinical

BMI (kg/m2) 35.3 (8.3) 34.9 (6.9) −0.70 (−1.70, 0.30) 0.17

SBP (mmHg) 131.4 (13.7) 131.3 (14.3) −0.49 (−5.38, 4.39) 0.84

DBP (mmHg) 75.7 (9.7) 77.2 (8.7) 1.07 (−1.904, 4.04) 0.48

Patient-reported outcomes

Diabetes-related QoL 3.6 (0.6) 3.7 (0.7) 0.12 (−0.04, 0.27) 0.14

SF-12v2, physical component 43.9 (10.4) 42.5 (11.3) 0.53 (−2.12, 3.18) 0.70

SF-12v2, mental component 46.1 (10.3) 45.6 (10.1) −0.94 (−4.30, 4) 0.58

Satisfaction with care

Client satisfaction questionnaire scorea 25.6 (4.9) 28.4 (4.9) 2.73 (1.43, 4.03) <0.001

Self-management support scoreb 69.0 (27.0) 76.4 (23.8) 7.36 (0.80, 13.92) 0.03

Intention-to-treat sample with imputation
a Range 8–32, higher score is better
b Range 0–100, higher score is better

Table 3 Safety indicators by
treatment group Indicator Usual care

n = 71

Beacon

n = 234

OR (95% CI) p value

Hypoglycaemic symptoms, past month, n (%)

6 month 22 (47.8) 76 (48.1) 1.0 (0.5, 2.0) 0.97

12 month 15 (37.5) 58 (40.9) 1.2 (0.6, 2.4) 0.70

Major hypoglycaemic event, past 6 months, n (%)

6 montha 4 (8.7) 8 (4.9) 0.5 (0.2, 1.9) 0.34

12 montha 2 (5.0) 10 (7.0) 1.4 (0.3, 6.9) 0.65

Severe depression or anxiety (HADS ≥15), n (%)

6 montha 2 (4.8) 7 (4.5) 0.9 (0.2, 4.7) 0.93

12 montha 2 (5.0) 9 (6.4) 1.3 (0.3, 6.3) 0.75

Variables with missing data: 101 hypoglycaemic symptoms 6 months; 123 hypoglycaemic symptoms 12 months;
97 major hypoglycaemic event 6 months; 123 major hypoglycaemic event 12 months; 103 severe anxiety or
depression 6 months; 122 severe anxiety or depression 12 months
a Expected count had fewer than five in one or more groups, Fisher’s exact test used
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difficulty in obtaining a better average HbA1c indicates the
complexity of individuals with long-standing diabetes and
50% insulin usage at baseline. Of the individuals in the study,
20–25% also had known cardiovascular and/or chronic kid-
ney disease. The complexity is as expected, as ongoing man-
agement of the individuals was beyond the capacity of their
usual GP, warranting referral to specialist diabetes services.
We previously reported, in our non-randomised pilot study
of the Beacon model, a significant improvement in HbA1c

compared with usual care [6]. Despite correction for differ-
ences in baseline HbA1c, a greater reduction in HbA1c can be
obtained from a higher starting value [24]. Importantly, we
have now demonstrated in a randomised controlled trial that
this Beacon model of integrated care is non-inferior to the
gold-standard care delivered by a hospital-based specialist di-
abetes outpatient clinic.

The intensification of blood glucose-lowering therapy in-
creases the risk of hypoglycaemia. Insulin usage increased by
15.2% and 24.3% in the Beacon and usual care groups, re-
spectively (no significant difference), with no increased rates
of hypoglycaemia. There was no evidence of harm related to
the Beacon model, with no increase in number of deaths
(3/240 Beacon model vs 1/75 usual care) or progression of
renal disease. Rather, there was a lower rate of renal decline
favouring the Beacon model.

The microvascular, macrovascular and overall mortality
benefits of a multifactorial intervention in type 2 diabetes
management, addressing BP, lipids and glucose control, have
been well documented in the Steno-2 study [25]. The Beacon
model aimed to manage individuals’ BP, lipids and glucose to
target before discharge. At 12 months, there were no differ-
ences in BP or lipids between participants receiving usual care
or the intervention. Compared with the Steno-2 study, the
percentage of people achieving clinical targets in the Beacon
and usual care groups was higher for HbA1c, comparable for
BP and lower for cholesterol [25].

Given the Beacon model has shown non-inferiority in
terms of clinical outcomes, the benefits and translation of such

a model rely on demonstrating greater patient QoL, satisfac-
tion and/or cost-effectiveness. In this study, the model of care
under which participants were managed made no difference to
their QoL as assessed with the SF-12v2 or DQoL-Brief.
However, participants receiving the Beacon intervention re-
ported higher satisfaction with care scores compared with usu-
al care, although this difference was small; they also reported
better self-management support. We previously explored indi-
viduals’ views of the Beacon model via a qualitative sub-study
[26]. Most participants found the experience enabling as it was
convenient, flexible and provided prompt communication
back to their usual GP. Participants also found clinicians col-
laborative, which improved engagement and motivation.

The average duration of treatment was similar between the
Beacon model and usual care. However, occasions of service
data differed between the groups. IDA referrals were more
common for Beacon participants, explained in part by hospital
processes whereby endocrinologists facilitated insulin
stabilisation or participants undertook self-titration according
to provided written algorithms, with neither of these captured
as an IDA referral. The DNEs and supervising endocrinolo-
gists previously worked within the hospital outpatient clinics,
ensuring consistent insulin management protocols across
groups. A higher number of doctor and DNE visits with the
Beacon model may reflect a more flexible model, featuring
improved patient access and real-time follow-up, but also
raises issues about cost. We previously reported costings of
the pilot study, favouring the Beacon model despite twice the
number of visits compared with usual care [27]. In other stud-
ies, integrated care in diabetes has been implemented at great-
er cost [28] or has been cost neutral [29]. A cost-minimisation
analysis comparing the operating costs of the Beacon clinic
with those of the hospital outpatient alternative is currently
under way.

TheWorld Health Organization recognises poor integration
of primary, secondary and tertiary care results in reduced qual-
ity and inefficiency of healthcare as well as inconvenience to
patients [30]. Evidence that integrated care leads to improved

Table 4 Occasions of service
Service Usual care Beacon MD or OR

(95% CI)

p value

Doctor visits per participant, mean (SD) 3.0 (1.3) 4.1 (1.4) 1.1 (0.7, 1.5) <0.001

DNE visits per participanta, mean (SD) 1.8 (1.5) 2.4 (1.3) 0.5 (0.1, 0.9) 0.01

Average duration of treatmentb, weeks (SD) 44.4 (18.8) 47.0 (14.5) 2.6 (−2.2, 7.3) 0.29

IDA referrals, n (%) 20 (28.2) 108 (46.2) 2.2 (1.2, 3.9) 0.008

DNA rate (%)

Doctor appointments 13.6 9.0

DNE appointments 4.8 3.6

a Includes screening appointment and any subsequent education
b Excludes individuals lost to follow-up

DNA, did-not-attend
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clinical outcomes is limited, with systematic reviews inconsis-
tently demonstrating clinical benefits [9, 31, 32]. Relevant to
diabetes, three randomised controlled trials of primary–sec-
ondary integrated models have been conducted, looking at:
combining upskilled GPs with practice visits by a DNE [33];
interdisciplinary diabetes team case discussions [28]; and a
virtual clinic including a diabetes nurse and endocrinologist
[34]. Similar to our trial, none of these integrated models
demonstrated superior improvements in HbA1c compared
with usual care at 12–18 months’ follow-up. Compared with
these trials, all advanced diabetes care was managed in the
Beacon clinic, and thus it is a true model of hospital outpatient
avoidance.

There is no single form of integrated care; it is expressed
and defined in a multitude of ways involving diverse elements
and initiatives [7]. As such, disentangling the multi-
components of the Beacon model and determining which as-
pects are most effective is difficult. It is a fully integrated
vertical primary–secondary model of care that relies on co-
location, co-consultation and care co-ordination. While inte-
grated models differ in their scope and nature, one key ele-
ment is the patient perspective [7]. Previous qualitative re-
search based on patient appraisals identified the Beaconmodel
as patient-centred and empowering, with patients valuing the
supportive interpersonal communication and seeing them-
selves as part of the care team [26, 35].

In the UK, specialist outreach clinics improved access to
specialist services and quality of healthcare, but at potentially
higher cost depending on the number of individuals seen [36].
The Beacon model offers more than a specialist outreach clin-
ic; it also emphasises the education and training of GPwSIs.
Compared with the model of GPwSIs in the UK [29], the
Beacon model ensures the endocrinologist continues to men-
tor and supervise the GPs and actively participates, where
necessary, in a co-consultation with the individuals, ensuring
the delivery of care remains at the quality of a specialist ser-
vice. The Beacon model also amplifies skills, which the
GPwSIs take back to their routine practice, so they become a
referral point and source of knowledge for colleagues, poten-
tially reducing referrals to specialist clinics.

The study has some limitations. The sustainability of the
benefits is unknown, although from a clinical perspective
most improvement in HbA1c was achieved at 6 months and
then maintained. The recruitment period was longer than
expected, with an interim analysis performed to reassess
the power calculations. The pragmatic nature of the trial
can make it difficult to recruit and keep participants as well
as to obtain all the required outcome data. There was a 57%
participation rate with potential participation bias, and the
response rate for the 12 month questionnaire was 61%. The
primary outcome, HbA1c, was not available for 15% of the
intention-to-treat population, but this was managed with
robust statistical modelling. The generalisability of the

results to other locations is unknown. The Beacon model
is suitable for urban settings, where a relatively small num-
ber of Beacon practices can be established to serve a large
population. It may be less relevant for rural and remote
situations where a ‘physician in the practice’ model may
be more feasible, with the endocrinologist holding case
conferences with the GP [37].

We have published a case study on lessons learned and
challenges with establishing Beacon clinics and emphasise
the need for clinician leadership and adequate resourcing to
facilitate the sustainability of the model [38]. Proactive plan-
ning improves GPwSI retention, and sustainability is en-
hanced by having a dedicated training position, in which a
new GPwSI is trained every 12 months. The pilot Beacon site
has now operated for more than a decade, an indication of the
sustainability of the model. Sustainability is also reinforced
with an appropriate business model required to fit within the
local health system infrastructure, contractual and financial
arrangements.

In summary, these results show a primary–secondary inte-
grated model of care for the management of complex type 2
diabetes can be delivered in the community with similar clin-
ical outcomes to those achieved in a hospital-based specialist
diabetes outpatient clinic. It achieved this without harm but
with greater patient satisfaction. Translation relies on success-
ful implementation at other sites and application to other
chronic diseases.
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