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Abstract

Introduction

Very few studies have examined the potential spill-over effect of a trial intervention in gen-

eral practice. We investigated whether training and support of general practitioners in the

intensive treatment of people with screen-detected diabetes improved rates of redeemed

medication, morbidity and mortality in people with clinically-diagnosed diabetes.

Methods

This is a secondary, post-hoc, register-based analysis linked to a cluster randomised trial. In

the ADDITION-Denmark trial, 175 general practices were cluster randomised (i) to routine

care, or (ii) to receive training and support in intensive multifactorial treatment of individuals

with screen-detected diabetes (2001 to 2009). Using national registers we identified all indi-

viduals who were diagnosed with clinically incident diabetes in the same practices over the

same time period. (Patients participating in the ADDITION trial were excluded). We com-

pared rates of redeemed medication, a cardiovascular composite endpoint, and all-cause

mortality between the routine care and intensive treatment groups.

Results

In total, 4,107 individuals were diagnosed with clinically incident diabetes in ADDITION-

Denmark practices between 2001 and 2009 (2,051 in the routine care group and 2,056 in

the intensive treatment group). There were large and significant increases in the proportion

of patients redeeming cardio-protective medication in both treatment groups during follow-
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up. After a median of seven years of follow-up, there was no difference in the incidence of a

composite cardiovascular endpoint (HR 1.15, 95% CI 0.95 to 1.38) or all-cause mortality

between the two groups (HR 1.08, 95% CI 0.94 to 1.23).

Discussion

There was no evidence of a spill-over effect from an intervention promoting intensive treat-

ment of people with screen-detected diabetes to those with clinically-diagnosed diabetes.

Overall, the proportion of patients redeeming cardio-protective medication during follow-up

was similar in both groups.

Trial Registration

ClinicalTrials.gov NCT00237549

Introduction

The benefit of managing cardiovascular risk factors among people with type 2 diabetes is well

established [1]. However, effective implementation of evidence-based treatment is challenging.

Studies suggest that many patients do not receive care according to current guidelines [2].

Changing health practitioner behaviour and their treatment schemes is not straightforward [3].

To improve the process of diabetes care, multifaceted professional interventions and organisa-

tional interventions that facilitate structured and regular review of patients have been shown to

be effective in improving implementation of evidence-based treatment among clinicians [4].

In the Danish arm of the ADDITION trial, 175 general practices were cluster randomised to

routine care or to receive training and support in the implementation of an intensive diabetes

treatment program for individuals with screen-detected diabetes [5]. The ADDITION trial

intervention was associated with a significant increase in redeemed cardio-protective medica-

tion and a non-significant 17% risk reduction in CVD events over five-years of follow-up [6].

Given the positive changes we managed to affect in health practitioner behaviour in the inten-

sive treatment practices, we wanted to investigate whether the education and guidelines we

offered them may also have had an impact on the management of patients with clinically-diag-

nosed diabetes. In the few studies which have examined the potential spill-over effect of a trial

intervention in general practice, one found that no evidence for a spill-over effect in treatment

from diabetes patients to those at high risk of developing diabetes [7], while another showed a

positive change in practitioner behaviour in both control and intervention groups [8].

In order to assess a potential spill-over effect of the trial intervention among practices tak-

ing part in ADDITION-Denmark, we used national registry data to compare rates of redeemed

cardio-protective medication, morbidity and mortality among people with clinically-diag-

nosed diabetes in the routine care and intensive treatment trial groups.

Materials and Methods

Study design–The ADDITION trial

ADDITION-Denmark consists of two phases: (i) a pragmatic screening programme, and (ii) a

cluster-randomised parallel-group trial comparing the effects of intensive multifactorial treat-

ment with routine care among individuals with screen-detected type 2 diabetes [5,6]. In brief,

between 2001 and 2006, we performed a population-based stepwise screening programme
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among people aged 40 to 69 years without known diabetes in 175 general practices in Den-

mark. Participants diagnosed with type 2 diabetes were subsequently managed according to

the treatment regimen to which their practice had been allocated: routine care or intensive

treatment [9]. Ethical approval for the trial was granted by the Region Midt Ethical Commit-

tee, Denmark. This study was approved by the Danish Data Protection Agency and the Danish

Health and Medicine Authority.

Intervention

GPs and nurses received training and support in delivering intensive treatment via small

group or practice-based educational meetings where treatment targets / algorithms, lifestyle

advice, and supporting evidence were discussed. Patient audit and feedback was completed in

face-to-face meetings held up to twice a year or was coordinated by post. Intensive treatment

practices received additional funding to support the delivery of care, which included target-

driven management of hyperglycaemia, blood pressure, and cholesterol levels by medical treat-

ment and promotion of healthy lifestyles, based on the stepwise regimen used in the Steno-2

study and other trial results[6,9].

In the routine care group, general practitioners were advised to follow Danish national rec-

ommendations on diabetes treatment [10,11] and received no further follow-up.

Study population

This is a secondary, post-hoc, register-based analysis linked to the ADDITION-Denmark trial.

In order to assess the potential spill-over effect of the intervention, we identified individuals

who were diagnosed with clinically incident diabetes in the same 175 GP practices taking part

in ADDITION-Denmark over the same time period as the intervention of the trial (2001 to

2009), using the target population from the ADDITION-Denmark (all patients between 40 and

69 years, n = 163,189). Our definition of clinically diagnosed diabetes was a proxy measure

based on two different modes of identification. Participants were defined as having diabetes if

they fulfilled at least one of the following criteria: (i) included on the Danish National Patient

Register with a diagnosis of diabetes (ICD-8: 249, 250; ICD-10: E10-14, H36.0, O24, excluding

O24.4); or (ii) redeemed glucose-lowering medication at least twice within six months during

the study period (2001 to 2008). Patients with screen-detected diabetes who participated in the

ADDITION trial were excluded. The practice and participants flow are shown in Fig 1.

We linked information about individuals with clinically incident diabetes to other Danish

registers using unique civil registration numbers. We retrieved information on age, sex, educa-

tion, marital status and redeemed cardio-protective medication (Danish National Prescription

Registry[12]). Education was categorised according to Unesco’s International Standard Classi-

fication of Education19. We calculated the score for the Charlson Comorbidity Index[13] using

information from the Danish National Patient Register from 10 years before inclusion in the

study.

Outcomes

Participants were followed for a median of 7.3 years to 31st December 2013, when national reg-

isters were searched for information on vital status and incident CVD events. For death, the

primary outcome was all-cause mortality (based on underlying cause of death). We used a

composite of first event of cardiovascular death, non-fatal MI (ICD-10 codes I20 to I25, and

I46) or non-fatal stroke (ICD-10 code I60-69, G45) to delineate an incident CVD event. Data

on incident CVD events was gathered from the National Patient Registry, which records all in-

patient and out-patient hospitalisations in Denmark.
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Statistical analysis

Baseline characteristics were summarised separately in the intensive treatment and routine

care trial groups. Patient groups were compared using the χ2 test for categorical variables and

the t test for continuous variables. P-values<0.05 were considered statistically significant.

Fig 1. Flow of GP-Practices included in the Danish arm of the ADDITION trial and number of patients identified with clinically incident diabetes

from the Danish National Diabetes Register (DNDR) during the intervention period of the ADDITION trial (2001–2009). *Patients with screen-detected

diabetes included in the ADDITION Trial. Pts = patients.

doi:10.1371/journal.pone.0170697.g001
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Date of entry to the study was date of diagnosis of clinically-incident diabetes. Individuals

were censored on the date of first event, death, emigration or 31/12/2013, whichever was earli-

est. Hazard ratios comparing mortality and incident CVD events between the groups were

estimated with a Cox proportional hazards regression model. We used a Nelson-Aalen hazard

function to generate a cumulative incidenc curve based on this model. Since allocation to the

treatment groups was at the practice level, robust standard errors were calculated that take into

account the two-level structure of the data, using the “cluster()” option in Stata. We adjusted

for age, sex and the Charlson Comorbidity Index Score. In a sensitivity analysis, we further

adjusted for education level among those with complete data for this variable (118 people had

missing data for education). We calculated the proportion of participants who redeemed pre-

scriptions for six cardio-protective medication classes in both groups during the following

times periods: 0 to 12 months before clinical diagnosis of diabetes, from 01/07/2008 to 30/06/

2009, and from 01/01/2012 to 31/12/2012. All analyses were completed using Stata Version

14.1 (STATA Corp., College Station, Texas, USA).

Results

Table 1 shows the characteristics of individuals diagnosed with clinically-incident diabetes

from ADDITION-Denmark practices between 2001 and 2009. The mean age (SD) of the cohort

was 59.6 (8.2) years and 41% were female. Levels of education, marital status and the Charlson

Comorbidity Index score were similar between the trial groups.

Table 1. Characteristics of individuals diagnosed with clinically-incident diabetes between 2001 and 2009 in ADDITION-Denmark general prac-

tices, by trial group.

Intensive treatment trial group (n = 2,056) Routine caretrial group (n = 2,051) p-value

Female sex, n (%) 843 (41.0) 850 (41.4) 0.79

Age group (years), n (%)

- 30–39 0 (0.) 3 (0.2) 0.29

- 40–49 301 (14.6) 4.6)

- 50–59 728 (35.4) 4.5)

- 60–69 801 (39.0) 0.8)

-�70 226 (11.0) 206 (10.0)

Mean age group (SD), years 59.6 (8.2) 59.6 (8.1) 1.00

Education level, n (%)

-� 10 years 892 (44.7) 850 (42.6) 0.31

- 10 to� 15 years 828 (41.5) 3.9)

- >15 years 275 (13.8) 269 (13.5)

Married, n (%) 1,463 (76.0) 1,495 (77.8) 0.17

Charlson Comorbidity Index Scorea, n (%)

- 0 1,552 (75.5) 1,582 (77.1) 0.64

- 1 321 (15.6) 4.3)

- 2 111 (5.4) .3)

-�3 72 (3.5) 67 (3.3)

Year of clinically-incident diabetes diagnosis, n (%)

- 2001–2002 221 (10.8) 222 (10.8) 0.33

- 2003–2004 576 (28.0) 8.4)

- 2005–2006 595 (28.9) 6.5)

- 2007–2008 664 (32.3) 703 (34.3)

a The Charlson Comorbidity Index Score included all 19 diseases except for diabetes. Patient groups were compared using the χ2 test for categorical

variables and the t test for continuous variables.

doi:10.1371/journal.pone.0170697.t001
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Patterns of redeemed medication during follow-up are shown in Table 2. Before clinical

diagnosis of diabetes, treatment groups redeemed similar proportions of anti-hypertensive,

lipid-lowering, anti-depressant and anti-psychotic medication. However, the intensive treat-

ment group redeemed higher levels of glucose-lowering and anti-thrombotic medication

before diagnosis compared to the routine care group. During the follow-up period, there were

large and statistically significant increases in the proportion of patients redeeming cardio-pro-

tective medication in both treatment groups. By the end of follow-up there were similar levels

of cardio-protective medication in the two groups, although higher rates of redeemed anti-

thrombotic medication persisted in the intensive treatment group. There were small increases

in the proportion of the study population redeeming anti-depressant medication over time,

and no change in the proportion receiving anti-psychotic medication.

The median (IQR) duration of follow-up was 7.3 years (5.7, 9.4). During follow-up, there

were 289 cardiovascular events (14.1%) in the intensive treatment group (incidence (95% CI):

20.7 (18.4; 23.2 per 1,000 person-years) and 258 events (12.6%) in the routine care group (inci-

dence (95% CI): 18.4 (16.3; 20.8) per 1,000 person-years) (Table 3). Following adjustment,

there was no significant difference in incident CVD between the intensive treatment and rou-

tine care groups (HR 1.15,95% CI: 0.95 to 1.38) (Fig 2).

Table 2. Rates of redeemed cardio-protective medication over time among individuals diagnosed with clinically-incident diabetes between 2001

and 2009 in ADDITION-Denmark general practices, by trial group.

Intensive treatment trial group (n = 2,056)1 Routine care trial group (n = 2,051)1 p-value

n (%) n (%)

Anti-hypertensive medication

0–12 months before clinical diagnosis of diabetes 1,312 (63.8) 1,262 (61.5) 0.13

From 01/07/2008 to 30/06/2009 1,486 (78.3) 1,486 (78.9) 0.65

From 01/01/2012 to 31/12/2012 1,421 (83.6) 1,418 (82.1) 0.24

Lipid-lowering medication

0–12 months before clinical diagnosis of diabetes 770 (37.5) 714 (34.8) 0.07

From 01/07/2008 to 30/06/2009 1,335 (71.3) 1,304 (68.7) 0.08

From 01/01/2012 to 31/12/2012 1,250 (73.6) 1,259 (72.9) 0.64

Glucose-lowering medication

0–12 months before clinical diagnosis of diabetes 1,149 (55.9) 994 (48.5) 0.00*

From 01/07/2008 to 30/06/2009 1,416 (75.6) 1,385 (73.0) 0.07

From 01/01/2012 to 31/12/2012 1,318 (77.6) 1,350 (78.2) 0.67

Anti-thrombotic medication

0–12 months before clinical diagnosis of diabetes 791 (38.5) 658 (32.1) 0.00*

From 01/07/2008 to 30/06/2009 1,129 (60.3) 1,002 (52.8) 0.00*

From 01/01/2012 to 31/12/2012 1,040 (61.2) 977 (56.6) 0.01*

Anti-depressant medication

0–12 months before clinical diagnosis of diabetes 344 (16.7) 333 (16.2) 0.67

From 01/07/2008 to 30/06/2009 379 (20.2) 376 (19.8) 0.76

From 01/01/2012 to 31/12/2012 347 (20.4) 361 (20.9) 0.72

Anti-psychotic medication

0–12 months before clinical diagnosis of diabetes 124 (6.0) 115 (5.6) 0.58

From 01/07/2008 to 30/06/2009 114 (6.1) 108 (5.7) 0.60

From 01/01/2012 to 31/12/2012 104 (6.1) 95 (5.5) 0.45

1At time of inclusion, thus numbers may not add up to total due to death or censoring. Patient groups were compared using the χ2 test for categorical

variables and the t test for continuous variables.

* Statistically significant difference, P<0.05.

doi:10.1371/journal.pone.0170697.t002

Investigation of a Spill-Over Effect in a Cluster RCT

PLOS ONE | DOI:10.1371/journal.pone.0170697 February 2, 2017 6 / 11



Table 3. Incidence of all-cause mortality and a composite cardiovascular event among individuals diagnosed with clinically-incident diabetes

between 2001 and 2009 in ADDITION-Denmark general practices, by trial group.

Intensive treatment trial group (n = 2,056) Routine care trial group (n = 2,051) Adjusted hazard

ratios1 (95% CI)Number of

events

Person-years

of follow-up

Rate per

1,000pyrs (95%

CI)

Number of

events

Person-

years follow-

up

Rate per

1,000pyrs (95%

CI)

All-cause mortality 447 14,978 29.8 (27.2 to

32.7)

419 15,022 30.0 (27.2 to

33.0)

1.08 (0.94 to

1.23)

Composite cardiovascular event

(first of CVD death, non-fatal IHD or

non-fatal stroke)

289 13,959 20.7 (18.4 to

23.2)

258 14,044 18.4 (16.3 to

20.8)

1.15 (0.95 to

1.38)

1 Hazard ratios were estimated with a Cox proportional hazards regression model. Robust standard errors were calculated that take into account the two-

level structure of the data and any potential correlation between individuals within practices. Models were adjusted for age, sex, and the Charlson

Comorbidity Index Score.

doi:10.1371/journal.pone.0170697.t003

Fig 2. Cumulative incidence of a composite CVD endpoint (CVD death, non-fatal myocardial infarction or non-fatal stroke) among individuals

diagnosed with clinically-incident diabetes from ADDITION-Denmark general practices by treatment groups from 2001–2012. (Blue line = Intensive

treatment group, Red line = Routine care group).

doi:10.1371/journal.pone.0170697.g002
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During follow-up, there were 447 deaths (21.7%) in the intensive treatment group (mortal-

ity rate (95% CI): 30.0 (27.2; 33.0) per 1,000 person-years) and 419 deaths (20.4%) in the rou-

tine care group (mortality rate (95% CI): 29.8 (27.2; 32.7) per 1,000 person-years). Following

adjustment, there was no significant difference in all-cause mortality between the two groups

(HR 1.08 (95% CI: 0.94 to 1.23)) (Fig 3). There was no difference in the overall result when

adjusting for education level.

Discussion

We found no evidence for a spill-over effect from a multi-faceted intervention promoting the

intensive treatment of people with screen-detected diabetes to those with clinically-diagnosed

diabetes. There was no difference in the risk of incident CVD and mortality between the inten-

sive treatment and routine care groups during seven years of follow-up. Rates of cardio-protec-

tive medication increased significantly over time in both groups.

Fig 3. Cumulative incidence of all-cause mortality among individuals diagnosed with clinically-incident diabetes from ADDITION-Denmark

general practices by the treatment group from 2001–2013. (Blue line = Intensive treatment group, Red line = Routine care group).

doi:10.1371/journal.pone.0170697.g003
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In a previous study examining the experience of individuals found with impaired fasting

glycaemia or impaired glucose tolerance following screening in the ADDITION-Denmark trial,

we showed that the training of general practitioners in intensive treatment of diabetes had no

spill-over effect on these high-risk individuals[7]. There was no difference in rate of change in

risk factor levels or lifestyle behaviours from screening to follow-up between individuals in the

intensive treatment group compared to the routine group. There are very few other studies

examining the spill-over effect of a trial intervention in general practice with which to compare

our results. One study determining the effect of continuing medical education among family

physicians on the quality of clinical care, found that when topics were of relatively great inter-

est to physicians, the control group (who did not receive the continuing education package)

showed as much improvement as the intervention group[8]. In terms of diabetes care, a recent

meta-analysis of trials on quality improvement strategies concluded that interventions solely

targeting health-care professionals seem to be beneficial only if baseline HbA1c control is poor

[14]. This finding was also observed in the ADDITION-Denmark trial [15]. This might be the

case in this study as well. However, we do not have data on HbA1c values from the clinically-

diagnosed individuals in our analysis to complete this sub-group analysis.

There are a further explanations for the lack of a spill-over effect observed in this trial. Firstly,

we did not aim to affect change in health practitioner behaviour with regards to treatment of

clinically incident diabetes patients. As such, training and support of general practitioners in

the intensive treatment of people with screen-detected diabetes may not be associated with any

benefits for individuals found with clinically-diagnosed diabetes in the same practices. An alter-

native explanation is that general practitioners in both trial groups improved their management

of screen-detected and clinically diagnosed diabetes patients. GPs taking part in ADDITION-
Denmark were self-selected and might have had a special interest in diabetes (28% of invited

GPs took part in the trial). The trial also took place against a background of increasing national

interest in screening and early treatment for diabetes, which might have encouraged practition-

ers to improve detection and management of CVD risk factors. Furthermore, we observed a

large and significant increase in redeemed cardio-protective treatment in both trial groups

during follow-up, suggesting that both intensive treatment and routine care GPs changed their

prescribing behaviour among clinically-diagnosed patients. Both trial groups had room for

improvement in GP prescribing e.g. only 78% of clinically-diagnosed individuals redeemed glu-

cose-lowering medication at the end of follow-up. This finding mirrors the main trial results

among screen-detected individuals, where both treatment groups received higher levels of car-

dio-protective medication by the end of follow-up and there were only modest differences in

levels of treatment and cardiovascular risk factors at the five-year health examination[6].

Strengths and limitations

The Danish registry system allows a unique investigation of the long-term experience of indi-

viduals diagnosed with clinically-incident diabetes in ADDITION-Denmark practices between

2001 and 2012. Trial groups were well balanced for patient level characteristics at baseline.

Outcome ascertainment was very robust. The Danish National Death Registry estimates 100%

coverage of mortality based on death certificates, while the National Patient Registry includes

99.4% of discharges from Danish hospitals. Deaths and incident CVD events were coded blind

to study group.

Our definition of clinically diagnosed diabetes was a proxy measure based on date of inclu-

sion in the Danish National Patient Register and redemption of glucose-lowering medication

at least twice within six months during the study period (2001 to 2009). While we did not have

formal clinical diagnosis of diabetes for each person included on the Register, a recent

Investigation of a Spill-Over Effect in a Cluster RCT
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validation of the algorithm for including patients in the Register suggests that it has a sensitiv-

ity of�95% and a positive predictive value of around 80% [16]. A further advantage of using

registry-defined diabetes is that the entire Danish population is covered by uniform inclusion

criteria and the dropout rate is nil. Since patients selected for the ADDITION-Denmark were

�40 years of age at the time of inclusion of GP practices, we assume that the number of type 1

diabetes cases is likely to be low and similar in both groups.

While we were able to compare trends in redeemed medication to explore a potential effect

of the intervention on GP prescribing patterns, it would also have been useful to examine diet,

physical activity and smoking behavior to examine potential effects on motivation to change

lifestyle behaviour. However, these data are not available for individuals with clinically-diag-

nosed diabetes in ADDITION-Denmark practices.

In conclusion, there was no evidence of a spill-over effect from the intensive treatment of

people with screen-detected diabetes to those with clinically-diagnosed diabetes. The risk of

incident CVD and mortality did not differ between trial groups.
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