


















Figure 2 Risk of bias graph. Review authors’ judgements about each risk of bias item presented as percentages across all

included studies. Studies included are Cleveringa et al (2008);33 Sönnichsen et al (2008),45 Frei et al (2010),44 Olivarius et al

(2001),41 Janssen et al (2009),39 Webb et al (2010),43 Lauritzen et al (2000)40 and Echouffo et al (2009).35 The studies from

Lauritzen and Echouffo were included in the risk of bias assessment since their 5-year follow-up data had been included

in the Addition-Europe meta-analysis by Griffin et al.46 As the Addition-Europe publication only reported pooled data, no

comprehensive overview of results was available for the studies by Lauritzen and Echouffo, which resulted in the blanks in the

risk of bias graph.

Figure 3 Mean difference in change (95% CI) in HbA1c levels (%) after multifaceted care between intervention and control

groups. Results are stratified by type of diabetes patient. IV, generic inverse variance method. The three studies including

patients with prevalent diabetes has an intervention duration of 1-year. The methodology for calculating the difference in change

between intervention and control group that Cleveringa et al.33 have used (subtracting the HbA1c change over time for the

control group from the change over time for the intervention group) was the opposite of that used by the other trials (subtracting

the HbA1c change over time for the intervention group from the change over time for the control group). Since this would result in

a misleading visual presentation of the findings from Cleveringa et al.,33 we have recalculated their HbA1c results according to

the methodology used by the other studies. The study of Webb et al.43 had an intervention duration of one year and the study of

Griffin et al.46 combined the 5-year intervention data from all four Addition studies, including the five-year data from Webb et al.43

The study including patients with newly detected diabetes had an intervention duration of six years.
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improve total cholesterol concentrations. In the remain-
ing two studies,44 45 cholesterol levels were similar
between intervention and control arm. Statistical hetero-
geneity across the three studies was low (I2=12%) and
their weighted mean difference in change between
intervention and control groups amounted to
−0.14 mmol/L (95% CI −0.22 to −0.07). Similar to
HbA1c, the effect of multifaceted care on cholesterol
seemed larger in screen-detected patients than in
patients with prevalent diabetes. After 1-year of interven-
tion, Addition-Leicester43 found a mean difference in
change between the intervention and control group of
−0.56 mmol/L (95% CI −0.87 to −0.25). The pooled
5-year data from all four Addition trials also showed a
significantly greater improvement in total cholesterol
levels in intervention patients, compared to control
patients (−0.27 mmol/L (95% CI −0.34 to −0.20)).
Finally, in Danish patients with newly diagnosed dia-
betes,41 6 years of multifaceted care had caused choles-
terol levels to improve (−0.15 mmol/L (95% CI −0.29 to
−0.01)).
Pooling all trials, the effect of multifaceted care on

improvement of total cholesterol resulted in a weighted

difference in change between intervention and control
patients of −0.20 mmol/L (95% CI −0.28 to −0.11);
I2=64%.
In addition to improvements in total cholesterol

levels, HDL-cholesterol levels appeared to be unaffected
by multifaceted care in patients with prevalent dia-
betes.33 44 45 LDL-cholesterol levels on the other hand
did improve (see online supplementary figure S1 and
S2). The Dutch33 and the Swiss44 study found signifi-
cantly better improvements in LDL-cholesterol for the
intervention group, when compared to the control
group. The Addition-Netherlands39 and Addition-
Leicester43 studies observed that multifaceted care sig-
nificantly improved LDL-cholesterol levels after 1-year,
while HDL-cholesterol remained largely unchanged.
Similar results were reported for 5 years of intervention
by the Addition-Europe study.46 The Danish study41 with
newly diagnosed diabetes patients had not measured
HDL and LDL-cholesterol levels.

Blood pressure
Two33 44 out of the three trials with patients with preva-
lent diabetes reported a difference in change in diastolic

Figure 4 Mean difference in change (95% CI) in total cholesterol levels (mmol/L) after multifaceted care between intervention

and control groups. Results are stratified by type of diabetes patient. IV, generic inverse variance method. The three studies

including patients with prevalent diabetes has an intervention duration of 1-year. The methodology for calculating the difference in

change between intervention and control group that Cleveringa et al.33 have used (subtracting the HbA1c change over time for

the control group from the change over time for the intervention group) was the opposite of that used by the other trials

(subtracting the HbA1c change over time for the intervention group from the change over time for the control group). Since this

would result in a misleading visual presentation of the findings from Cleveringa et al.,33 we have recalculated their HbA1c results

according to the methodology used by the other studies. The study of Webb et al.43 had an intervention duration of one year and

the study of Griffin et al.46 combined the 5-year intervention data from all four Addition studies, including the five-year data from

Webb et al.43 The study including patients with newly detected diabetes had an intervention duration of six years.
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and systolic blood pressure, both being in favour of the
intervention group (see online supplementary figures S3
and S4). Better improvements in blood pressure were
also seen in intervention patients with screen-detected
diabetes, compared to control patients.39 43 46

Improvements after 1-year of intervention43 were larger
than those after 5 years of intervention.46 In patients
with newly diagnosed diabetes41 6 years of multifaceted
care significantly improved systolic, but not diastolic,
blood pressure when compared to usual diabetes care.
Similar to HbA1c and total cholesterol, the results for
blood pressure were stronger for patients with screen-
detected and newly diagnosed diabetes than for those
with prevalent, long-standing diabetes.

Body mass index
With regard to the studies on prevalent diabetes, only
the Austrian study45 found a significant difference in
change in BMI between the intervention group and
control group after 1-year of intervention (see online
supplementary figure S5). In screen-detected diabetes
patients,39 43 multifaceted care resulted in a significantly
higher reduction in BMI, compared to usual diabetes
care. Furthermore, Addition-Leicester43 reported a
higher reduction in BMI and body weight (kg) for the
intervention group compared to the control group, but
observed no difference in reduction of waist circumfer-
ence. After an intervention duration of 5 years, the
pooled reduction in weight and waist circumference, but
not in BMI, in screen-detected diabetes was significantly
higher in the intervention group compared to the
control group.46 The Danish trial41 with newly diagnosed
diabetes patients observed no difference in weight
change after 6 years of intervention, yet BMI had not
been measured.
For further biochemical outcomes, see online

supplementary file S3 and figures S6–S8.

Patient-reported outcomes
The effect of a multifaceted care intervention on the
patients’ quality of life accounted for the only patient-
reported outcome assessed by the included trials.

Health-related quality of life
Quality of life was reported by five33 39 43 44 46 of the
seven trials, most of which had used the 36-item Short
Form Health Survey (SF-36) to assess the different
domains of health-related quality of life. In patients with
prevalent diabetes,33 44 significant changes over time
were absent for all scores of the SF-36 subscales for the
intervention and control arms. A superior effect of
multifaceted care was observed only on the SF-36 sub-
scale ‘health change’ in the Dutch trial with prevalent
diabetes patients.33 For the two Addition studies report-
ing results after 1-year of intervention,39 43 as for the
pooled 5-year data by Addition-Europe,46 no significant
changes in the physical and mental summary scores of

the SF-36, or the abbreviated SF-12 version that was used
in the Addition-Leicester trial,43 could be demonstrated.

Diabetes complications
Only few trials had reported diabetes complications,
including cardiovascular disease and mortality. Closely
related to the prevention and occurrence of complica-
tions, some studies evaluated the effect of their interven-
tion on processes of care, such as reaching target values
for HbA1c and receiving regular eye and foot
examinations.

Macrovascular and microvascular complications
Macrovascular and microvascular diabetes complications
during follow-up were reported by the two studies41 46

with the longer intervention periods. The Addition-
Europe study46 had assessed myocardial infarction,
stroke, coronary and peripheral revascularisation proce-
dures, cardiovascular death and total mortality and non-
traumatic amputation in screen-diagnosed diabetes
patients. Although the estimated HRs for these events all
favoured the intervention group, none of the estimates
reached statistical significance. In newly diagnosed dia-
betes patients,41 multifaceted care had not resulted in
differences between intervention and control group
regarding the risk of diabetic retinopathy, peripheral
neuropathy, microalbuminuria, non-fatal myocardial
infarction and stroke, angina pectoris or intermittent
claudication at 6 years.

Processes of care
Only three studies assessed processes of care or process
quality measures.33 45 46 The Dutch study33 with preva-
lent diabetes patients observed that multifaceted care
resulted in significantly more patients reaching treat-
ment targets (18.9%) than usual diabetes care (13.4%)
(treatment targets were defined as HbA1c ≤7%
(53 mmol/mol), systolic blood pressure ≤140 mm Hg,
total cholesterol ≤4.5 mmol/L and LDL-cholesterol
≤2.5 mmol/L). Process quality measures at 1-year,
defined as the percentage of patients receiving guide-
line-adherent foot-examinations, eye-examinations and
HbA1c-examinations, were reported by the Austrian
study with prevalent diabetes patients45 to be signifi-
cantly higher in the intervention group. The pooled
5-year results from the four Addition studies46 showed
that in both trial arms more patients had values below
target thresholds for HbA1c (<7% (53 mmol/mol)),
blood pressure (≤135/85 mm Hg) and cholesterol level
(<4.5 mmol/L), yet proportions were higher in the inter-
vention group than in the control group.
For further diabetes complications and related out-

comes, see online supplementary file S3.

DISCUSSION
This review assessed the effectiveness of chronic disease
management models for type 2 diabetes on the
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improvement of patient outcomes, in Europe. In
general, the effects of multifaceted care on patient out-
comes were rather small and their magnitude seemed to
differ according to the type of diabetes patient being
studied. Our analysis suggested that in comparison to
usual diabetes care, multifaceted care improves HbA1c
levels for patients with screen-detected diabetes and
patients with newly diagnosed diabetes, but not for
patients with prevalent type 2 diabetes. Similar findings
were observed for total cholesterol, LDL-cholesterol,
BMI and body weight. The resulting improvements in
blood pressure seemed less strongly related to the type
of diabetes patient studied. Other outcomes, such as
fasting glucose levels, triglycerides, quality of life and dia-
betes complications, had been reported inconsequently,
and results varied widely across the included trials.
The few cluster randomised controlled trials that we

identified from the literature were relatively heteroge-
neous with regard to the individual components of the
implemented intervention, duration of the intervention,
type of diabetes patient and reported outcomes. For
each trial, methodological quality was acceptable and
there were very low rates of dropout among the enrolled
patients. Still, details on the randomisation procedure
were frequently missing as well as information concern-
ing concealment of allocation from general practitioners
and physicians in advance to recruitment of eligible
patients. Since the currently performed meta-analysis
included only a small number of trials, caution is war-
ranted not to overinterpret its results. The χ2 statistic for
example, indicating homogeneity of the effect of the
intervention on HbA1c and total cholesterol, has low
power when based on only few, and small-sized,
studies.47 When interpreting the data, we thus prefer to
look at the direction of the individual effect estimates
and CIs, rather than let the calculated statistics guide
our conclusions. As such, given the current literature, it
is not possible to draw an unequivocal conclusion about
the effectiveness of chronic multifaceted care on dia-
betes patient outcomes.
Overall, previous systematic reviews have reported that

an integrated approach to diabetes care versus usual dia-
betes care may improve clinical and biochemical out-
comes,9 10 19 20 23 24 48 including HbA1c levels, blood
pressure and blood lipid concentrations. Those reviews
that included a meta-analysis reported mean differences
in HbA1c reduction between intervention and control
groups ranging from −0.14% (95% CI −0.25 to −0.05)
to −0.5% (95% CI −0.6 to −0.3). Mean differences in
total cholesterol have only been estimated by one
meta-analysis, which reported a reduction of
−0.24 mmol/L (95% CI −0.41 to −0.06) in favour of the
intervention group.10 This study also reported a mean
difference in diastolic blood pressure reduction of
−1.3 mm Hg (95% CI −0.21 to −0.6) and a mean differ-
ence in systolic blood pressure reduction of −2.2 mm Hg
(95% CI −3.5 to −0.9), comparable with the summary
estimate for systolic blood pressure from Elissen et al

(−2.8 mm Hg (95% CI −4.7 to −0.9)).20 All other out-
comes of multifaceted care interventions were described
narratively. Improvements have been observed for fre-
quency of retinopathy screening,20 48 49 screening for
peripheral polyneuropathy and foot lesions,20 48 49 pro-
teinuria measurements49 and the monitoring frequency
of lipid and HbA1c levels.49 In addition, there seems to
be an economic benefit of integrated diabetes care.50

Yet, other systematic reviews have found no impact on
patients outcomes and processes of care18 25 49 or have
disputed the clinical relevance of statistically significant
findings.19 A comparison of the reported effect estimates
with our summary estimates for HbA1c and total choles-
terol warrants caution, given the varying number of
CCM elements the estimates were based on, the hetero-
geneity among the included diabetes patients, the differ-
ent restrictions to geographical region and the number
of included studies in each review.
The novelty of the current systematic review is that it

provides a comprehensive overview of diabetes care trials
that have evaluated the effectiveness of the all the six
components of the CCM combined, instead of one or
more components. Overall, we found there is an import-
ant lack of studies which evaluate the implementation of
all six CCM-components simultaneously. In the current
literature, findings on the issue of whether multifaceted
chronic care is to be preferred over single-faceted care
are conflicting.9–12 24–26 51 However, improving the man-
agement of a complex disease like diabetes is a challen-
ging goal which, we believe, may not be achieved by
targeting single care aspects only. Another novel aspect
of the current review is the focus on state-of-the-art dia-
betes management in Europe only. The narrow view
relates to the enormous burden that type 2 diabetes
represents in Europe, in individual and in societal
terms.52 The prevalence of diabetes in Europe is
expected to increase from 59.8 million adults in 2015 to
71.1 million in 2040.53

As reflected by recent guidelines for the management
of patients with type 2 diabetes,54 healthcare providers
have increasingly focused at improving and controlling
cardiovascular risk factors to improve patient outcomes,
including hyperglycaemia, overweight or obesity, ele-
vated blood pressure and dyslipidemia. Results from the
Steno-2 trial support the view that even in high-risk
patients with type 2 diabetes multifaceted care has the
potential to reduce the risk of complications and mortal-
ity.55 Randomising 160 patients with type 2 diabetes and
persistent microalbuminuria to an intensive multifactor-
ial treatment and conventional therapy, the authors
found that the multifactorial treatment was associated
with a lower risk of cardiovascular events after 13.3 years
of follow-up, as well as with a lower risk of death from
cardiovascular disease, compared to conventional treat-
ment. And while the CCM has been proposed as a tool
to improve the quality of diabetes care and, subse-
quently, patient outcomes, the current review indicates
that at least the existing programmes have not been as
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successful in this respect as intended. The challenge
thus remains to translate results from landmark studies
like Steno-2, into primary care, where the majority of
type 2 diabetes patients are being treated.
When aiming to improve chronic healthcare, it has

been proposed that only assessing the effects of a multi-
faceted care intervention on patient outcomes is not suf-
ficient. In order to gain insights into why and when
certain interventions are effective, it is also important to
focus on barriers and facilitators to the implementation
process of the intervention and their effect on the inter-
play between intervention and outcomes.56 This latter
aspect is usually not evaluated or reported on by rando-
mised controlled trials implementing a multifaceted
care intervention.57 As such, it has not yet been possible
to analyse the relationships between context, mechan-
isms and outcomes of multifaceted diabetes care inter-
ventions and to subsequently provide meaningful
insights into how these have influenced the outcomes
achieved.57

There are some limitations of our work that need to
be considered. First, many studies provided insufficient
detail in their methods section to fully understand the
intensity of (specific components of) the intervention.
This complicated our appraisal of whether all compo-
nents of the CCM were fully covered. Also, the different
interventions that the trials have used to represent a
given component of the CCM have possibly resulted in
some heterogeneity across the trials. In addition to the
insufficiently described interventions, standards for
usual diabetes care were not elaborated on in any of the
trials. Online versions of diabetes care guidelines were
found to be published in the country’s native language
and represented current versions only. However, most
European countries define their standards according to
the recommendations made by the joint task force con-
vened by the American Diabetes Association (ADA) and
the European Association for the Study of Diabetes
(EASD).54 58 Indeed, identified guidelines from the
Netherlands, Austria, and the UK did comply with the
ADA/EASD recommendations. We do therefore not
expect that practices of usual diabetes care in the indi-
vidual trials have differed to the extent of causing a sig-
nificant increase in heterogeneity. Second, whereas the
aim of the current review was to investigate the effective-
ness of CCMs in Europe, the trials available for this
review only represented the Western part of Europe.
Countries with the highest prevalence of diabetes lie in
Eastern Europe, that is, Turkey, Montenegro, Macedonia
and Serbia.52 The top-three countries in Western
Europe with the highest diabetes prevalence are
Germany, Spain and Italy,52 none of which were repre-
sented in this review. And third, the procedure of select-
ing relevant studies for the current review was largely
performed by only one person. However, two reviewers
subsequently screened the full text of all potentially rele-
vant papers such that the final decision on inclusion was
based on two opinions.

In conclusion, the available scientific evidence regard-
ing the effectiveness of multifaceted chronic care pro-
grammes for type 2 diabetes in older patients in Europe
is low. In general, the current findings support the
concept of the CCM, yet the improvements in patient
outcomes and processes of care are only small. While
key aspects of type 2 diabetes can be improved by a
multifactorial intervention, it is not yet clear if these
improvements will subsequently lower diabetes-related
complications, such as cardiovascular disease and overall
mortality. Furthermore, the effect of the interventions
seemed, at least partly, to depend on the type of dia-
betes patient, which could suggest effect modification
by disease duration and/or disease severity. Another
aspect that could add to the differences in effectiveness
between the individual interventions is the degree in
which they facilitate changes in social behaviour. This
implies that more attention in trials should be spent to
factors like adherence to treatment strategies, level of
self-management skills and patients’ knowledge on their
disease. These traits need to be positively affected
before an improvement in clinical measures can even
occur,1 yet studies generally reveal little on person-
centred factors. And finally, there is a lack of knowledge
(on information) on effective methods to address
important pragmatic questions about improvement of
care, for example, which specific mechanism or proced-
ure of a CCM works, for which patients and under
which circumstances?59 Future research would need to
incorporate the measurement of context, mechanisms
and outcomes of multifaceted care into study designs in
order to deliver the full extent of insights needed to
improve chronic diabetes care and, ultimately, patient
outcomes.
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