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Abstract
Background: Adherence to evidence-based cardiovascular risk factor targets in patients with type 2 diabetes and microalbuminuria
has shown long-term reduction in mortality and morbidity. Strategies to achieve such adherence have been delivered at individual
patient level and are not cost-effective. Health care professional-level intervention has the potential to promote better adherence
at lower cost.
Objective: The aim of this study was to assess the effectiveness of a multifactorial technology-driven intervention comprising
health care professional training, a software prompt installed on practice systems, clinician email support, and enhanced performance
and feedback reporting.
Methods: A cluster randomized trial will be performed where the primary outcome is the proportion of eligible patients meeting
tight cardiovascular risk factor targets, including systolic and diastolic blood pressure (BP; BP<130/80 mm Hg) and total cholesterol
(TC; TC<3.5 mmol/L) at 24 months. Secondary outcomes include proportion of patients with glycated hemoglobin (HbA1c) <58
mmol/mol (7.5%), change in medication prescribing, changes in microalbuminuria and renal function (estimated glomerular
filtration rate, eGFR), incidence of major adverse CV events and mortality, and coding accuracy. Cost-effectiveness of the
intervention will also be assessed.
Results: Among 2721 eligible patients, mean age was 62.9 (SD 10.0) years, and duration of diabetes was 10.46 (SD 7.22) years.
Mean HbA1c was 59.3 (SD 17.4) mmol/mol; mean systolic and diastolic BP (mm Hg) were 134.3 (SD 14.6) and 76.1 (SD 9.5)
mm Hg, respectively; and mean TC was 4.1 (SD 0.98) mmol/L. Overall, 131 out of 2721 (4.81%) patients achieved all 3 “tight”
cardiovascular risk factor targets. Cardiovascular risk factor burden increased two-fold in those with eGFR<60 mL/min/1.73 m2
compared with those with eGFR≥60 mL/min/1.73 m2. Prevalence of microalbuminuria was 22.76%. In total, 1076 out of 2721
(39.54%) patients were coded for microalbuminuria or proteinuria on their primary care medical record.
Conclusions: The general practitioner prompt study is the largest UK primary care-based, technology-driven, randomized
controlled trial to support intensive intervention in high-risk group of multiethnic individuals with type 2 diabetes and
microalbuminuria. This paper provides contemporary estimates for prevalent cardiovascular disease and adherence to evidence-based
cardiovascular risk factor targets at baseline in a population with type 2 diabetes and microalbuminuria. The main trial results,
including cost-effectiveness data, will be submitted for publication in 2018.
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Introduction
Type 2 Diabetes and Microalbuminuria
Microalbuminuria (MA) in patients with type 2 diabetes (T2DM)
is associated with a significantly increased risk of cardiovascular
(CV) mortality and related morbidity [1]. Current evidence
advocates targeted, tight, multiple risk factor control to reduce
CV risk [2]. Recent audit data suggest that despite current
guidance, over 80% of patients with MA and T2DM do not
meet all treatment targets for blood pressure (BP), total
cholesterol (TC), and glycated hemoglobin (HbA1c) [3].

Evidence for Tighter Cardiovascular Risk Factor
Control
Previous studies have demonstrated the effectiveness of
patient-level interventions using tighter treatment targets [4,5]
including group patient education [3,6], showing long-term
beneficial microvascular and macrovascular benefits in addition
to reduced mortality.
Strategies to improve quality of care in diabetes, including health
care professional (HCP) education, providing financial
incentives, professional reminders, and audit and feedback, have
generally reported improvements in care, albeit with modest
reductions in HbA1c [7]. Due to differences in interventions,
outcome measures, and study populations, it is difficult to
compare data on effectiveness between clinician- and
patient-focused interventions [8].
Although there is evidence to suggest that patient-level
interventions to manage CV disease (CVD) are cost-effective
[9], questions loom over the ability to implement them with
limited resources available in primary care settings. Simple
prompts integrated into existing information technology (IT)
systems to identify patients during routine consultation, in
combination with education for clinicians, may serve as an
“aide-mémoire” and provide an opportunity to improve
standards of care at low cost [10-12]. More specifically, it has
been shown to improve adherence to medication in studies
targeting a reduction in CVD risk in people with T2DM [13,14].
The provision of patient “reminders” and audit and feedback
are facilitated through existing practice IT systems [15]. This
highlights opportunities for intervention in patients at the time
of clinical encounter [16] and is effective in improving HCP
behavior to achieve patient risk factor targets [15].

The General Practitioner-Prompt study
The general practitioner (GP) prompt study was designed to
test the hypothesis that a multifaceted, multifactorial intervention
in patients with T2DM and MA aimed at primary care HCPs
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aided with an electronic “Prompt” would result in a selective,
intensive, and targeted intervention of CV risk factors in these
high-risk individuals and an increase in the proportion meeting
tight multiple CV risk factor targets [2].

Methods
Study Design
This study is a pragmatic cluster randomized controlled trial
(RCT). Ethics approval was granted by the National Research
Ethics Committee: North West Lancaster on March 16, 2015
(ref: 166517).
The rationale for randomizing at the cluster level was that the
intervention was implemented across all eligible patients, and
treatment decisions regarding individual patients remained the
responsibility of HCPs at each practice [17,18].
The duration of this trial is 24 months. The installation of the
prompt took place on November 1, 2015. Patients registered
with control practices continued to receive usual care in line
with current best practice guidelines [2].
This paper reports the trial design and baseline biomedical
characteristics, including CV risk factor burden and medication
management data in this study population.

Setting
Eligible practices (using EMIS Web or SystmOne IT systems
and a list size of >6000 patients) within the recruitment area of
Leicester City and Leicestershire County were sent an invitation
summarizing the study design and protocol. Staff members who
expressed an interest were offered a meeting with a member of
the study team to clarify any queries regarding the study.
Informed consent and information governance approval was
sought among eligible practices willing to participate and
documented from a senior GP partner or practice manager and
Caldecott Guardian. Practices were then randomized by a
member of the Leicester Clinical Trial Unit (not involved with
the study) to the intervention or control arm. A 1:1
randomization was stratified based on size of diabetes register
(small practices <600 patients, large practices >600 patients).

Patient Inclusion Criteria
Patient-level data were extracted for individuals aged between
17 and 76 years with a Read code for T2DM and MA or overt
proteinuria on their clinical record, or individuals with T2DM
and albumin-creatinine ratio (ACR)>2.5 in males and >3.5 in
females on 2 consecutive occasions of >90 days and <180 days
apart, having excluded a urinary tract infection [2].
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Patient Exclusion Criteria

Data Extraction

Data were not extracted if patients fulfilling the inclusion criteria
were pregnant, terminally ill, or excluded from the Pay for
Performance—Quality and Outcomes Framework (QOF; whole
domain diabetes) [19].

Primary outcome is measured at baseline, 12, and 24 months
post randomization in control practices and every 3 months in
intervention practices to allow reporting of audit and feedback
data to this group of practices.

Intervention

One line per patient anonymized data is extracted using a
standardized morbidity information query and export syntax
(MIQUEST) query [22] in line with local governance regulations
[23,24]. Time frames for data extraction are shown in Table 1.
Data extraction is carried out remotely using Away from My
Desk (Away From My Desk Limited, United Kingdom) [25]
software. Results are uploaded to a secure online database and
transferred to the research team via encrypted National Health
Service email systems.

The multifactorial intervention uses an IT software prompt and
care template to alert HCPs to eligible patients attending a
routine consultation (Multimedia Appendices 1 and 2). The
software prompt and care template was developed by an external
software company, with refinement informed by feedback from
HCPs during an initial focus group. The prompt and care
template is triggered when patients with T2DM and MA as well
as BP, TC, or HbA1c above target attend a consultation. The
HCP is alerted to risk factors that are above target and displays
the patient’s last 12-month values for each risk factor. The
prompt also allows the clinician to access an evidence-based
treatment algorithm recommending specific therapies that can
be followed to achieve tight-targeted risk factor control
(Multimedia Appendix 3). If sufficient control cannot be
achieved, a link to a study email address is available for HCPs
to request further individualized advice. This advice is provided
within 1 week via email by a study clinician. An existing patient
education leaflet emphasizing the importance of treatment
adherence will also be available for eligible patients. Practice
staff attended training before the prompt was installed and are
provided with ongoing support and feedback during the study
period (Multimedia Appendix 4).

Analysis Plan

Primary and Secondary Outcomes

We are using a cluster randomized design with repeated
measurements, and therefore, there is a high likelihood that
biomedical characteristics may correlate within a cluster. We
will perform linear and logistic multilevel regression analyses
to study the effects of the intervention with cluster as the random
effect, adjusted for the baseline value of the outcome both at
practice and individual levels, using the missing indicator
method for “missing” baseline data. Data will be analyzed as
intention-to-treat, and differences in outcomes measures between
the intervention and control groups will be calculated with 95%
CI. It is also likely that not all individuals from the control group
will have had regular appointments with their GP; hence, we
will perform a sensitivity analysis to compare “attenders” at
similar time points in the intervention versus control group.

The primary outcome is the proportion (%) of eligible patients
meeting both of the following CV risk factor targets: BP<130/80
mm Hg and TC<3.5 mmol/L. These outcomes were selected as
they are current recommended care processes and clinical
outcomes of care for the management of individuals with T2DM
and MA [20,2].

For presentation of baseline data, we will use Pearson chi-square
to analyze differences in proportions between intervention and
control groups. Independent samples t tests will be used to
analyze differences in continuous variables between study
groups. Statistical analyses of the baseline data and all future
analysis will be carried out using STATA version 14 [26].

Secondary outcomes include the following: incidence of CV
events and all-cause mortality, smoking status glycemic control
assessed by HbA1c, progression in MA assessed by change in
ACR, kidney function measured by change in estimated
glomerular filtration rate (eGFR), changes in T2DM, BP, and
cholesterol-lowering medication prescribing, including
contraindications and adverse reactions. Data extracted relate
to blood samples that are previously collected as part of routine
care and analyzed in accordance with relevant regulations and
standard operating procedures.

Modeling the Economic Costs of the Intervention

Sample Size Considerations
Assuming 7.5% of patients with T2DM and MA meet enhanced
targets for BP (<130/80 mm Hg) and TC (<3.5 mmol/L) in the
standard care group with an intraclass correlation of .05, an
average of 118 patients with MA per practice (ranging from 27
to 549), data are required from 18 practices (9 in each arm) to
detect an increase to 18% or higher in the proportion meeting
both enhanced targets in the intervention group, with 80% power
at the 5% significance level. The inflation for unequal cluster
size is based on a coefficient of variation of 1.11 [21].
http://www.researchprotocols.org/2018/6/e152/
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Decision-analytic modeling will be undertaken to estimate the
long-term effectiveness of the intervention compared with usual
care. The costs of setting up and providing the intervention are
being collected. Ongoing costs will be combined with unit costs
to produce the total cost of the intervention over the 24-month
study period. Unit costs for health care resources will be
calculated from local and national sources and standardized to
current prices. Comparisons of the primary outcome measure
(individuals achieving BP and TC clinical targets) between
baseline and 24-month follow-up interventions will be used to
estimate the costs and incremental cost-effectiveness ratios.
The average number of eligible patients per practice will be
used to estimate costs at the practice and Clinical
Commissioning Group levels. All costs will be for 2016. Salary
costs will be taken from Curtis (2015, [27]), and the cost of
laboratory tests will be provided by the Leicester Pathology
Service. Time to undertake tasks will be modeled with
uncertainty in the analysis.
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Results
Baseline data have been extracted from 22 practices (12 controls
and 10 interventions; Figure 1) with a reference date of October
30th, 2015. The total number of patients registered at
participating practices is 232,639. There are 2721 patients with
T2DM meeting the study MA criteria and eligible for the study.
Of these 2721, 1067 patients (39.5%; 95% CI 37.7-41.4) had a
code for MA or proteinuria in their electronic medical notes.
Biomedical characteristics, current risk factor control, medical
history, and current drug prescriptions of the study population
are shown in Tables 1-3. The mean age of patients is 62.9 (SD
10.0) years. There are no significant differences in number of
male or female patients, and the study population, in keeping
with local demographics, is predominantly of South Asian
ethnicity (1136/1838 patients, 61.77%). The mean duration of
T2DM is 10.5 (SD 7.2) years. Out of 2721 participants, 415
(15.25%) and 739 (27.16%) patients are current smokers and
ex-smokers, respectively. Out of 2721 patients, 536 (19.70%)
have chronic kidney disease stage 3.

Willis et al
The mean HbA1c is 59.3 (SD 17.4) mmol/mol , mean systolic
and diastolic BP (mm Hg) is 134.3 (SD 14.6) and 76.1 (SD 9.5)
mm Hg, respectively, and mean TC is 4.1 (SD 0.98) mmol/L.
Out of 2721 patients, 630 (23.15%) had achieved a tight BP
target of <130/80 mm Hg and 707 patients (25.98%) had
achieved a tight TC target of <3.5 mmol/L. Overall, 131 out of
2721 (4.81%) patients achieved all 3 “tight” CV risk factor
targets. CV risk factor burden assessed by the prevalence of
coronary heart disease, cerebrovascular disease, and peripheral
vascular disease increased two-fold in those with eGFR<60
mL/min/1.73 m2 compared with those with eGFR≥60
mL/min/1.73 m2. Overall, 1076 out of 2721 (39.46%)
individuals had a code for MA or proteinuria on their primary
care medical record. Out of 2721 patients, 2064 (75.85%) were
prescribed a nephroprotective agent, such as an
angiotensin-converting enzyme inhibitor or an angiotensin
receptor blocker drug, whereas 2070 patients (76.07%) were
prescribed a cholesterol-lowering medication, that is, statin
therapy.

Figure 1. Recruitment flowchart. T2DM: type 2 diabetes; MA: microalbuminuria.
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Table 1. Biomedical characteristics of eligible study patients.
Characteristics

Control (N=1299)

Intervention (N=1422)

Total (N=2721)

P value

Age in years, mean (SD)

62.8 (10.1)

62.9 (9.9)

62.9 (10.0)

.63

<30 years

4 (0.31)

3 (0.21)

7 (0.26)

30-44 years

67 (5.16)

63 (4.43)

130 (4.78)

45-65 years

623 (47.96)

712 (50.07)

1335 (49.06)

>65 years

605 (46.57)

644 (45.29)

1249 (45.90)

Age category, n (%)

Gender, n (%)

.27

Male

776 (59.74)

820 (57.67)

1596 (58.65)

Female

523 (40.26)

602 (42.33)

1125 (41.35)

Ethnicity, n (%)

<.001

White

380 (38.31)

195 (23.0)

575 (31.27)

Black

45 (4.54)

17 (2.01)

62 (3.37)

Asian

516 (52.02)

620 (73.20)

1136 (61.77)

Mixed

14 (1.41)

6 (0.71)

20 (1.09)

Other

37 (3.73)

9 (1.06)

46 (2.50)

Smoking status, n (%)

.64

Nonsmoker

750 (57.74)

817 (57.45)

1567 (57.59)

Current smoker

205 (15.78)

210 (14.77)

415 (15.25)

Ex-smoker

344 (26.48)

395 (27.78)

739 (27.16)

Duration of T2DMa in years, mean (SD)

10.62 (7.31)

10.31 (7.14)

10.46 (7.22)

.27

HbA1cb in mmol/mol, mean (SD)

59.8 (18.1)

58.9 (16.7)

59.3 (17.4)

.14

HbA1c<53 mmol/mol, n (%)

546 (42.03)

618 (43.46)

1164 (42.78)

.45

HbA1c<58.5 mmol/mol, n (%)

755 (58.12)

849 (59.70)

1604 (58.95)

.39

Total cholesterol in mmol/L, mean (SD)

4.1 (1.0)

4.1 (0.94)

4.1 (0.98)

.05

Total cholesterol<3.5 mmol/L, n (%)

335 (25.79)

372 (26.16)

707 (25.98)

.81

Total cholesterol<5 mmol/L, n (%)

1075 (82.76)

1211 (85.16)

2286 (84.01)

.07

Systolic BPc in mm Hg, mean (SD)

134.0 (15.0)

134.5 (14.2)

134.3 (14.6)

.82

Diastolic BP in mm Hg, mean (SD)

76.7 (9.7)

75.4 (9.2)

76.1 (9.5)

<.001

BP<130/80 mm Hg, n (%)

320 (24.63)

320 (22.50)

640 (23.52)

.19

BP<140/80 mm Hg, n (%)

608 (46.81)

670 (47.12)

1278 (46.97)

.87

eGFRd in mL/min, median (IQRe)

81.0 (62.0-90.0)

85.0 (66.0-90.0)

83.0 (64.0-90.0)

.047

260 (20.02)

276 (19.41)

536 (19.70)

.06

Stage 3a

34 (13.08)

30 (10.87)

64 (11.94)

.38

Stage 3b

22 (8.46)

13 (4.71)

35 (6.53)

.07

CKD Stage 4, n (%)

33 (2.54)

21 (1.48)

54 (1.98)

.05

CKD Stage 5, n (%)

20 (1.54)

13 (0.91)

33 (1.21)

.14

Myocardial infarction

97 (7.47)

89 (6.26)

186 (6.84)

.21

Acute coronary syndrome

51 (3.93)

57 (4.01)

108 (3.97)

.91

Angina

120 (9.24)

132 (9.28)

252 (9.26)

.97

Ischemic heart disease

249 (19.17)

264 (18.57)

513 (18.85)

.68

f

CKD Stage 3, n (%)

Medical history, n (%)
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Control (N=1299)

Intervention (N=1422)

Total (N=2721)

P value

Transient ischemic attack

66 (55.08)

35 (2.46)

101 (3.71)

<.001

Stroke

46 (3.54)

55 (3.87)

101 (3.71)

.65

Peripheral vascular disease

48 (3.70)

34 (2.39)

82 (3.01)

.047

Revascularization procedure

92 (7.08)

40 (2.81)

132 (4.85)

<.001

Bypass graft

47 (3.62)

53 (3.73)

100 (3.68)

.88

Number of study risk factors controlled, n (%)g
0

336 (25.87)

337 (23.70)

673 (24.73)

1

579 (44.57)

680 (47.82)

1259 (46.27)

2

309 (23.79)

336 (23.63)

645 (23.70)

3

70 (5.39)

61 (4.29)

131 (4.81)

410 (31.56)

666 (46.84)

1076 (39.54)

MAh/proteinuria code, n (%)
a

.21

<.001

T2DM: type 2 diabetes.

b

HbA1c: glycated hemoglobin.

c

BP: blood pressure.

d

eGFR: estimated glomerular filtration rate.

e

IQR: interquartile range.

f

CKD: chronic kidney disease.

g

HbA1c <7.5% (58.5 mmol/mol), total cholesterol <3.5 mmol/L, BP <130/80 mm Hg.

h

MA: microalbuminuria.

Table 2. Vascular burden between patient groups categorized by chronic kidney disease stages.
Patients with MAa and eGFRb <60

Patients with MA and eGFR>60

Control
(N=280)

Intervention
(N=258)

Total
(N=538)

Control
(N=1019)

Intervention
(N=1164)

Total
(N=2183)

Myocardial infarction

33 (11.8)

29 (11.2)

62 (11.5)

63 (6.18)

58 (4.98)

121 (5.54)

Acute coronary syndrome

19 (6.8)

16 (6.2)

35 (6.5)

32 (3.14)

41 (3.52)

73 (3.34)

Angina

38 (13.6)

30 (11.6)

68 (12.6)

81 (7.95)

101 (8.68)

182 (8.34)

Ischemic heart disease

78 (27.9)

75 (29.1)

153 (28.4)

169 (16.58)

186 (15.98)

355 (16.26)

Coronary artery bypass graft

18 (6.4)

16 (6.2)

34 (6.3)

29 (2.58)

36 (3.09)

65 (2.98)

Transient ischemic attack

19 (6.8)

10 (3.9)

29 (5.4)

47 (4.61)

25 (2.15)

72 (3.30)

Stroke

15 (5.4)

16 (6.2)

31 (5.8)

30 (2.94)

38 (3.26)

68 (3.11)

Peripheral vascular disease

21 (7.5)

16 (6.2)

37 (6.9)

27 (2.65)

18 (1.55)

45 (2.06)

Hypertension (BPc>130/80)

80 (28.6)

81 (31.4)

161 (29.9)

236 (23.16)

235 (20.19)

471 (21.58)

Hyperlipidemia (TCd>4.0)

125 (44.6)

110 (42.6)

235 (43.7)

482 (47.30)

504 (43.30)

986 (45.17)

Disease characteristic

Cardiovascular disease, n (%)

Cerebrovascular disease, n (%)

a

MA: microalbuminuria.

b

eGFR: estimated glomerular filtration rate.

c

BP: blood pressure.

d

TC: total cholesterol.
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Table 3. Drug prescribing in eligible study individuals at baseline.
Drug

Control (N=1299),

Intervention (N=1422),

Total (N=2721),

n (%)

n (%)

n (%)

Long-acting insulin

225 (17.32)

268 (18.85)

493 (18.12)

.30

Short-acting insulin

92 (7.08)

123 (8.65)

215 (7.90)

.13

Metformin

926 (71.29)

971 (68.28)

1897 (69.72)

.09

Sulphonylurea

422 (32.49)

434 (30.52)

856 (31.46)

.27

Dipeptidyl peptidase-4 (DPP-4)

205 (15.78)

228 (16.03)

433 (15.91)

.86

Thiazolidinediones (TZD)

78 (6.00)

28 (1.97)

106 (3.90)

<.001

Glucagon-like peptide-1 receptor antagonist (GLP-1 RA)

56 (4.31)

39 (2.74)

95 (3.49)

.03

Sodium glucose transporter-1 inhibitor (SGLT-2i)

28 (2.16)

20 (1.41)

48 (1.76)

.14

Meglitinide

220 (16.94)

311 (21.87)

531 (19.51)

.001

Calcium channel blocker (CCB)

524 (40.34)

592 (41.63)

1116 (41.01)

.49

Diuretic

388 (29.87)

412 (28.97)

800 (29.40)

.61

Angiotensin-converting enzyme (ACE) inhibitor

666 (51.27)

713 (50.14)

1379 (50.68)

.56

Angiotensin receptor blocker (ARB)

349 (26.87)

336 (23.63)

685 (25.17)

.05

Beta blocker

376 (29.95)

407 (28.62)

783 (28.78)

.85

Alpha blocker

393 (30.25)

455 (32.00)

848 (31.17)

.23

Aspirin

393 (30.25)

455 (32.00)

848 (31.17)

.33

Clopidogrel

74 (5.70)

76 (5.34)

150 (5.51)

.69

Statin

959 (73.83)

1111 (78.13)

2070 (76.07)

.01

Fibrate

29 (2.23)

32 (2.25)

61 (2.24)

.98

Ezetimibe

26 (2.00)

37 (2.60)

63 (2.32)

.30

Warfarin

66 (5.08)

79 (5.56)

145 (5.33)

.58

Discussion
Overview
This paper describes the design and baseline characteristics of
a pragmatic cluster RCT that will investigate the effectiveness
of a multifactorial intervention. The study’s achievements thus
far include the following: establishing the infrastructure for the
trial, recruitment of the required number of GP practices,
provision of training for HCPs at intervention practices, and
baseline data extraction. Analysis of the baseline data shows
poor coding levels of individuals meeting the diagnostic criteria
for MA within their medical record. Subgroup analysis by eGFR
highlights the increased vascular burden in patients with kidney
disease.

Principal Findings
MA is an easily available integrated marker, suggesting
subclinical generalized involvement of the vascular system,
predisposing individuals with T2DM to increased risk of CV
disease. Evaluation of abnormal urinary albumin excretion
through urinary ACR in individuals with T2DM is a specific
and cost-effective method to help identify individuals who can
benefit from additional intensive, targeted interventions
involving tight CV risk factor control [3,28]. However, despite
the plethora of evidence, UK National Audit data from 2015 to
2016 showed that only 40.2% people with T2DM were reaching
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all 3 treatment targets [29] (HbA1c<58 mmol/mol, BP<140/80
mm Hg, and TC<5 mmol/L). Although we used tighter risk
factor targets in our study, which may not conform to targets
set out by practicing clinicians in primary care (eg, UK QOF
targets), it can be argued that the nature of a high-risk state such
as T2DM with MA deserves stricter cardio-metabolic control
to achieve greater CV mortality and morbidity benefits [3,28,30].
However, individualization of therapy must take precedence as
emphasized in the National Institute For Health and Care
Excellence (NICE) guidelines for T2DM in the United Kingdom
[2] and in the new 2017 American Diabetes Association
statement on standards of medical care in diabetes [31], which
encourages clinicians to use a pragmatic approach and be
cognizant of the “risk-benefits” while using treatments to
minimize CV risk. Accordingly, although our baseline data in
this high-risk population suggest “adequate to satisfactory”
performance in achieving tight cardio-metabolic risk factors
targets, prescribing patterns particularly relating to
nephroprotective agents and statin therapy and achieving all
“prescribed” care processes such as “coding for MA” could be
improved.
A number of reasons may explain why a high proportion of
individuals do not achieve cardio-metabolic targets in primary
care, including clinical inertia, aiming only for “prescribed”
QOF targets [32,33], lack of time for treating complex patients,
gaps in clinician knowledge, and the need for a well-organized
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health care system to manage chronic conditions [34]. However,
improvements in clinical care processes and targeted control of
CV risk factors in high-risk individuals with T2DM and MA
have recognized benefits and should be pursued without delay
and with commitment, both from the perspective of the HCP
and the affected individual [3,30]. Our hypothesis was that a
multifaceted, multifactorial intervention including the use of
an electronic “Prompt” readily available and visible to the
treating HCP during “limited” consultation times would serve
as an “aide-memoire” to intensify treatment targets and improve
clinical outcomes.
A cluster randomized design was chosen to avoid contamination
[35] which may have occurred if it was at the patient level.
Furthermore, HCPs could face conflict if they were to deliver
a purposeful intensive intervention only to certain individuals
within their population.
The GP prompt study, to our knowledge, is the largest RCT
assessing the effectiveness of a practice-level intervention to
support management of a multiethnic population diagnosed
with T2DM and MA. Baseline data give contemporary estimates
for adherence to best practice risk factor targets and the
increased vascular burden in these affected individuals.

Limitations
An identified weakness of this trial may relate to the chosen
method of data collection. To allow collection of large amounts
of data and cluster randomization at the practice level,
Read-coded primary care data are being collected using
MIQUEST. The accuracy of the data and their usefulness as
resource for study are therefore dependent on the coding
practices of individual clinicians in individual practices. For
example, level of coding within primary care for ethnicity has
previously been found to be poor [36]. Our baseline data suggest
that although recording of ethnicity data has improved, there
remains significant variation between practices. This lack of
complete data may limit our ability to perform secondary
subgroup analysis to study interracial variations [37].

Willis et al
Anecdotal evidence suggests that coding quality for MA within
primary care data is poor. Putative factors may include
requirement for more than one sample to make a diagnosis,
which may cause delays in diagnosis; infrequent testing and
recall; and lack of recognition of MA as an important “CV risk
marker.” Furthermore, it is likely that recommended processes
of care that are performed frequently (BP, HbA1c, and lipid
checks) may be more diligently recorded than those
recommended and/or performed less frequently (eg, MA, foot
examination). To account for this, we used pragmatic inclusion
criteria based on international guidelines for MA [2]. We used
a definition of 2 abnormal ACR values (2.5 mg/mmol for men,
>3.5 mg/mmol for women) >90 days but <180 days apart [38].
Using this definition, only 1076 out of 2721 patients (39.54%)
with 2 abnormal ACR values (>2.5 in males and >3.5 females)
on 2 occasions >90 days and <180 days apart were coded as
having MA or overt proteinuria. We were not able to exclude
patients with proteinuria or urinary tract infection as per national
guidance because of the methodology by which such data are
coded. Despite this, prevalence rates for MA within the study
population are broadly in line with other large contemporary
population–based studies [39].

Conclusions
Multifactorial-targeted interventions in individuals with T2DM
and MA have shown efficacy in reducing CV events and
mortality, mostly in specialist settings. However, their
effectiveness, implementation, and cost-effectiveness in a
primary care setting have not been adequately tested. The results
of this study, including a comprehensive cost-effectiveness
analysis, will inform on these issues and will be published in
2018. If the results of the GP prompt study are positive, there
is a potential for “scaling up” under real-world conditions to
reach a greater proportion of the eligible population. Skills,
competencies, and workforce required for wider implementation
would need to be assessed, and the results of this study would
provide policy makers and senior decision makers with vital
information to facilitate widespread adoption into CV risk
reduction programs.

Acknowledgments
This research was supported by the National Institute for Health Research (NIHR) Collaborations for Leadership in Applied
Health Research and Care - East Midlands and NIHR Leicester Biomedical Research Centre and the Centre for Black and Minority
Ethnic Health.

Conflicts of Interest
MJD has acted as a consultant, advisory board member, and speaker for Novo Nordisk, Sanofi-Aventis, Lilly, Merck Sharp &
Dohme, Boehringer Ingelheim, AstraZeneca and Janssen; an advisory board member for Servier; and as a speaker for Mitsubishi
Tanabe Pharma Corporation and Takeda Pharmaceuticals International Inc. She has received grants in support of investigator
and investigator-initiated trials from Novo Nordisk, Sanofi-Aventis, Lilly, Boehringer Ingelheim, and Janssen. KK has been a
consultant, speaker, and advisory board member for Amgen, AstraZeneca, Novartis, Novo Nordisk, Sanofi-Aventis, Lilly, Pfizer,
Merck Sharp and Dohme, Janssen, and Boehringer Ingelheim. He has also received grants in support of investigator-initiated
trials from AstraZeneca, Novartis, Novo Nordisk, Sanofi-Aventis, Lilly, Boehringer Ingelheim, Merck Sharp and Dohme, and
Roche. WC has received speaker fees, education and grants from Sanofi-Aventis, Novo Nordisk, Boehringer Ingelheim, Lilly,
and Internis Pharmaceuticals limited. AW, LG, HD, WG, and GG have no conflicts of interests to declare.

http://www.researchprotocols.org/2018/6/e152/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 6 | e152 | p. 8
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Willis et al

Multimedia Appendix 1
Clinical system "prompts."
[PDF File (Adobe PDF File), 1MB-Multimedia Appendix 1]

Multimedia Appendix 2
Enhanced care template.
[PDF File (Adobe PDF File), 68KB-Multimedia Appendix 2]

Multimedia Appendix 3
Treatment algorithm.
[PDF File (Adobe PDF File), 190KB-Multimedia Appendix 3]

Multimedia Appendix 4
HCP training programme.
[PDF File (Adobe PDF File), 15KB-Multimedia Appendix 4]

References
1.
2.
3.

4.
5.

6.

7.

8.

9.

10.

11.

12.

13.

Dinneen SF, Gerstein HC. The association of microalbuminuria and mortality in non-insulin-dependent diabetes mellitus.
A systematic overview of the literature. Arch Intern Med 1997 Jul 14;157(13):1413-1418. [Medline: 9224218]
National Institute for Health and Care Excellence. 2015. Type 2 diabetes in adults: management NG28 URL:https://www.
nice.org.uk/guidance/ng28 [accessed 2018-05-10] [WebCite Cache ID 6zJxF3zXG]
Crasto W, Jarvis J, Khunti K, Skinner TC, Gray LJ, Brela J, et al. Multifactorial intervention in individuals with type 2
diabetes and microalbuminuria: the Microalbuminuria Education and Medication Optimisation (MEMO) study. Diabetes
Res Clin Pract 2011 Sep;93(3):328-336. [doi: 10.1016/j.diabres.2011.05.008] [Medline: 21640424]
Gaede P, Lund-Andersen H, Parving H, Pedersen O. Effect of a multifactorial intervention on mortality in type 2 diabetes.
N Engl J Med 2008 Feb 07;358(6):580-591. [doi: 10.1056/NEJMoa0706245] [Medline: 18256393]
Gaede P, Vedel P, Larsen N, Jensen GV, Parving HH, Pedersen O. Multifactorial intervention and cardiovascular disease
in patients with type 2 diabetes. N Engl J Med 2003 Jan 30;348(5):383-393. [doi: 10.1056/NEJMoa021778] [Medline:
12556541]
Steed L, Lankester J, Barnard M, Earle K, Hurel S, Newman S. Evaluation of the UCL diabetes self-management programme
(UCL-DSMP): a randomized controlled trial. J Health Psychol 2005 Mar;10(2):261-276. [doi: 10.1177/1359105305049775]
[Medline: 15723895]
Tricco AC, Ivers NM, Grimshaw JM, Moher D, Turner L, Galipeau J, et al. Effectiveness of quality improvement strategies
on the management of diabetes: a systematic review and meta-analysis. Lancet 2012 Jun 16;379(9833):2252-2261. [doi:
10.1016/S0140-6736(12)60480-2] [Medline: 22683130]
Weingarten SR, Henning JM, Badamgarav E, Knight K, Hasselblad V, Gano A, et al. Interventions used in disease
management programmes for patients with chronic illness-which ones work? Meta-analysis of published reports. Br Med
J 2002 Oct 26;325(7370):925 [FREE Full text] [Medline: 12399340]
Gaede P, Valentine WJ, Palmer AJ, Tucker DM, Lammert M, Parving H, et al. Cost-effectiveness of intensified versus
conventional multifactorial intervention in type 2 diabetes: results and projections from the Steno-2 study. Diabetes Care
2008 Aug;31(8):1510-1515 [FREE Full text] [doi: 10.2337/dc07-2452] [Medline: 18443195]
Renders CM, Valk GD, Griffin S, Wagner EH, Eijk JT, Assendelft WJ. Interventions to improve the management of diabetes
mellitus in primary care, outpatient and community settings. Cochrane Database Syst Rev 2001(1):CD001481. [doi:
10.1002/14651858.CD001481] [Medline: 11279717]
Hallsworth M, Chadborn T, Sallis A, Sanders M, Berry D, Greaves F, et al. Provision of social norm feedback to high
prescribers of antibiotics in general practice: a pragmatic national randomised controlled trial. Lancet 2016 Apr
23;387(10029):1743-1752 [FREE Full text] [doi: 10.1016/S0140-6736(16)00215-4] [Medline: 26898856]
Ivers N, Jamtvedt G, Flottorp S, Young JM, Odgaard-Jensen J, French SD, et al. Audit and feedback: effects on professional
practice and healthcare outcomes. Cochrane Database Syst Rev 2012;6:CD000259. [doi: 10.1002/14651858.CD000259.pub3]
[Medline: 22696318]
Martí-Fàbregas J, Gomis M, Arboix A, Aleu A, Pagonabarraga J, Belvís R, et al. Favorable outcome of ischemic stroke in
patients pretreated with statins. Stroke 2004;35(5):1117-1121. [doi: 10.1007/s00415-011-6137-3] [Medline: 21688044]

http://www.researchprotocols.org/2018/6/e152/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 6 | e152 | p. 9
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
14.

15.

16.

17.

18.
19.

20.

21.
22.
23.
24.

25.
26.
27.

28.

29.

30.
31.
32.

33.

34.

35.

Majumdar SR, Guirguis LM, Toth EL, Lewanczuk RZ, Lee TK, Johnson JA. Controlled trial of a multifaceted intervention
for improving quality of care for rural patients with type 2 diabetes. Diabetes Care 2003 Nov;26(11):3061-3066. [Medline:
14578240]
Holt TA, Thorogood M, Griffiths F. Changing clinical practice through patient specific reminders available at the time of
the clinical encounter: systematic review and meta-analysis. J Gen Intern Med 2012 Aug;27(8):974-984 [FREE Full text]
[doi: 10.1007/s11606-012-2025-5] [Medline: 22407585]
Peiris DP, Joshi R, Webster RJ, Groenestein P, Usherwood TP, Heeley E, et al. An electronic clinical decision support tool
to assist primary care providers in cardiovascular disease risk management: development and mixed methods evaluation.
J Med Internet Res 2009;11(4):e51 [FREE Full text] [doi: 10.2196/jmir.1258] [Medline: 20018588]
Weijer C, Grimshaw JM, Eccles MP, McRae AD, White A, Brehaut JC, Ottawa Ethics of Cluster Randomized Trials
Consensus Group. The Ottawa statement on the ethical design and conduct of cluster randomized trials. PLoS Med
2012;9(11):e1001346 [FREE Full text] [doi: 10.1371/journal.pmed.1001346] [Medline: 23185138]
Hutton JL. Are distinctive ethical principles required for cluster randomized controlled trials? Stat Med 2001;20(3):473-488.
[Medline: 11180314]
NHS Employers. 2017. Changes to QOF 2017/18 URL:http://www.nhsemployers.org/your-workforce/primary-care-contacts/
general-medical-services/quality-and-outcomes-framework/the-2017-18-menu-of-qof-recommendations] (Archived by
WebCite® at http://www.webcitation.org/6xFemjvld) [accessed 2018-02-15] [WebCite Cache ID 6xFemjvld]
British Medical Association, NHS England, NHS Employers. 2014. 2014/15 General Medical Services (GMS) Contract
Quality and Outcomes Framework (QOF). Guidance for GMS Contract. 2014/15 URL:http://www.nhsemployers.org/
your-workforce/primary-care-contacts/general-medical-services/quality-and-outcomes-framework[WebCite Cache ID
6xFfoE5Aw]
Eldridge SM, Ashby D, Kerry S. Sample size for cluster randomized trials: effect of coefficient of variation of cluster size
and analysis method. Int J Epidemiol 2006 Oct;35(5):1292-1300. [doi: 10.1093/ije/dyl129] [Medline: 16943232]
Hammersley V, Meal A, Wright L, Pringle M. Using MIQUEST in General Practice. J Innov Health Inform 1998
Nov;7(2):3-7. [doi: 10.14236/jhi.v7i2.217]
The National Archives. Anonymisation Standard for Publishing Health and Social Care Data URL:http://webarchive.
nationalarchives.gov.uk/+/http://www.isb.nhs.uk/library/standard/128 [accessed 2018-02-15] [WebCite Cache ID 6xFg12vLY]
Department of Health, Government of the United Kingdom. Assets.publishing.service. London Information: To Share Or
Not To Share? The Information Governance Review URL:https://assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/192572/2900774_InfoGovernance_accv2.pdf [accessed 2018-05-02] [WebCite Cache
ID 6z7EEM7Ae]
Away from my Desk. 2010. Away from my Desk Security Design Specification URL:http://secure.awayfrommydesk.com/
nhs.aspx [accessed 2018-05-09] [WebCite Cache ID 6xFgMNaiq]
Stata. College Station, TX: StataCorp LP; 2015. Stata Statistical Software: Release 14 URL:https://www.stata.com/stata14/
[accessed 2018-05-02] [WebCite Cache ID 6z7FjAlqd]
Curtis L, Burns A. University of Kent, Canterbury: Personal Social Services Research Unit; 2015. Unit Costs of Health
and Social Care 2015 URL:https://www.pssru.ac.uk/pub/uc/uc2015/full.pdf [accessed 2018-05-10] [WebCite Cache ID
6zJ4r87qP]
Gæde P, Oellgaard J, Carstensen B, Rossing P, Lund-Andersen H, Parving H, et al. Years of life gained by multifactorial
intervention in patients with type 2 diabetes mellitus and microalbuminuria: 21 years follow-up on the Steno-2 randomised
trial. Diabetologia 2016 Dec;59(11):2298-2307 [FREE Full text] [doi: 10.1007/s00125-016-4065-6] [Medline: 27531506]
National Health Service. 2017. National Diabetes Audit - 2015-2016: Report 1, Care Processes and Treatment Targets
URL:https://files.digital.nhs.uk/publicationimport/pub23xxx/pub23241/nati-diab-rep1-audi-2015-16.pdf[WebCite Cache
ID 6xFgMNaiq]
Pedersen O, Gaede P. Intensified multifactorial intervention and cardiovascular outcome in type 2 diabetes: the Steno-2
study. Metabolism 2003;52(1):19-23. [doi: 10.1016/S0026-0495(03)00213-0]
Marathe P, Gao H, Close KL. American Diabetes Association standards of medical care in diabetes 2017. J Diabetes 2017
Jan 01;4(9):320-324.
Kontopantelis E, Springate DA, Ashworth M, Webb RT, Buchan IE, Doran T. Investigating the relationship between quality
of primary care and premature mortality in England: a spatial whole-population study. Br Med J 2015 Mar 02;350:h904
[FREE Full text] [Medline: 25733592]
Gulliford MC, Ashworth M, Robotham D, Mohiddin A. Achievement of metabolic targets for diabetes by English primary
care practices under a new system of incentives. Diabet Med 2007;24(5):505-511. [doi: 10.1111/j.1464-5491.2007.02090.x]
[Medline: 17381507]
Khunti K, Wolden ML, Thorsted BL, Andersen M, Davies MJ. Clinical inertia in people with type 2 diabetes: a retrospective
cohort study of more than 80,000 people. Diabetes Care 2013 Nov;36(11):3411-3417 [FREE Full text] [doi:
10.2337/dc13-0331] [Medline: 23877982]
Torgerson DJ. Contamination in trials: is cluster randomisation the answer? Br Med J 2001 Feb 10;322(7282):355-357
[FREE Full text] [Medline: 11159665]

http://www.researchprotocols.org/2018/6/e152/

XSL• FO
RenderX

Willis et al

JMIR Res Protoc 2018 | vol. 7 | iss. 6 | e152 | p. 10
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
36.

37.
38.
39.

Willis et al

Mathur R, Bhaskaran K, Chaturvedi N, Leon DA, VanStaa T, Grundy E, et al. Completeness and usability of ethnicity data
in UK-based primary care and hospital databases. J Public Health (Oxf) 2014 Dec;36(4):684-692 [FREE Full text] [doi:
10.1093/pubmed/fdt116] [Medline: 24323951]
Celi LA, Marshall JD, Lai Y, Stone DJ. Disrupting electronic health records systems: the next generation. JMIR Med Inform
2015;3(4):e34 [FREE Full text] [doi: 10.2196/medinform.4192] [Medline: 26500106]
KDOQI. Clinical practice guidelines and clinical practice recommendations for diabetes and chronic disease. Am J Kidney
Dis 2007;49(2 Suppl 2):S12-154. [doi: 10.1053/j.ajkd.2006.12.005] [Medline: 17276798]
Gordois A, Scuffham P, Shearer A, Oglesby A. The health care costs of diabetic nephropathy in the United States and the
United Kingdom. J Diabetes Complications 2004;18(1):18-26. [doi: 10.1016/S1056-8727(03)00035-7] [Medline: 15019595]

Abbreviations
ACR: albumin-creatinine ratio
BP: blood pressure
CKD: chronic kidney disease
eGFR: estimated glomerular filtration rate
GP: general practitioner
HbA1c: glycated hemoglobin
HCP: health care professional
IQR: interquartile range
IT: information technology
MA: Microalbuminuria
MIQUEST: morbidity information query and export syntax
QOF: Quality and Outcomes Framework
RCT: randomized controlled trial
TC: total cholesterol
T2DM: type 2 diabetes

Edited by G Eysenbach; submitted 07.12.17; peer-reviewed by I Kedan, A Langford; comments to author 31.01.18; revised version
received 19.02.18; accepted 19.02.18; published 08.06.18
Please cite as:
Willis A, Crasto W, Gray L, Dallosso H, Waheed G, Gray G, Davies MJ, Khunti K
The General Practitioner Prompt Study to Reduce Cardiovascular and Renal Complications in Patients With Type 2 Diabetes and
Renal Complications: Protocol and Baseline Characteristics for a Cluster Randomized Controlled Trial
JMIR Res Protoc 2018;7(6):e152
URL: http://www.researchprotocols.org/2018/6/e152/
doi: 10.2196/resprot.9588
PMID: 29884609

©Andrew Willis, Winston Crasto, Laura Gray, Helen Dallosso, Ghazala Waheed, Geri Gray, Melanie J Davies, Kamlesh Khunti.
Originally published in JMIR Research Protocols (http://www.researchprotocols.org), 08.06.2018. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Research Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.researchprotocols.org, as well as this copyright and license information must be included.

http://www.researchprotocols.org/2018/6/e152/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 6 | e152 | p. 11
(page number not for citation purposes)

