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Abstract

Background: In 2002-2003 disease management programs (DMPs) for type 2 diabetes and coronary heart disease
were introduced in Germany to improve the management of these conditions. Today around 6 million Germans
aged 56 and older are enrolled in one of the DMPs; however, their effect on health remains unclear.

Methods: We estimated the impact of German DMPs on circulatory and all-cause mortality using a synthetic
control study. Specifically, using routinely available data, we compared pre and post-intervention trends in mortality
of individuals aged 56 and older for 1998-2014 in Germany to trends in other European countries.

Results: Average circulatory and all-cause mortality in Germany and the synthetic control was 1.63 and 3.24 deaths
per 100 persons. Independent of model choice, circulatory and all-cause mortality decreased non-significantly less

in Germany than in the synthetic control; for the model with a 3 year time lag, for example, by 0.12 (95%-Cl: — 0.20;
044) and 0.22 (95%-Cl: — 0.40; 0.66) deaths per 100 persons, respectively. Further main analyses, as well as sensitivity

and subgroup analyses supported these results.

Conclusions: We observed no effect on circulatory or all-cause mortality at the population-level. However,
confidence intervals were wide, meaning we could not reject the possibility of a positive effect. Given the
substantial costs for administration and operation of the programs, further comparative effectiveness research is
needed to clarify the value of German DMPs for type 2 diabetes and CHD.
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Background

Diabetes and cardiovascular disease are two highly
prevalent diseases that pose a large health and cost bur-
den on patients and society. In Germany around 40% of
deaths and around 18% of annual health care expendi-
tures are attributable to these two conditions, with
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coronary heart disease (CHD) being the major contribu-
tor to the burden of cardiovascular disease [1, 2]. The
adequate management of diabetes and CHD is highly
complex and challenging for health care providers, pa-
tients and the health care system as a whole. It requires
regular check-ups, close monitoring of blood pressure,
cholesterol and blood glucose, active patient involve-
ment in managing the disease between check-ups and
good coordination of care between general practitioners,
nurses, diabetes educators, specialists, and hospitals [3,
4]. Various disease management programs (DMPs) have
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been developed to address these aspects, and many of
them have been shown to be effective in improving
intermediate outcomes, such as control of blood glucose,
hemoglobin and lipid levels [5, 6].

In 2002/2003 DMPs for type 2 diabetes and CHD
were rolled out nationwide in Germany in the statu-
tory health insurance (SHI) system, with the aim of re-
inforcing guideline care and improving quality of care
for the chronically ill [7]. Since their implementation
the proportion of patients enrolled in the German
DMPs for type 2 diabetes and CHD rose to more than
50% of patients with each respective indication, and
today around 6 million people in total are enrolled in
the two DMPs [8]. However, despite its high enroll-
ment and estimated annual program costs of around
870€ million (assuming 6 million enrollees and annual
DMP administration costs of 145€), the effectiveness
of the German DMPs for diabetes and CHD has
remained uncertain. A systematic review of the effect-
iveness of the German DMP for type 2 diabetes, by
Fuchs et al., found a positive effect across most studies
on process parameters, such as the proportion of pa-
tients receiving annual check-ups and indicated medi-
cation. Furthermore, the few studies that analyzed
mortality and survival also found large positive effects
for the type 2 diabetes DMP [9-12]. Authors further
discussed that, due to spillover-effects that might
occur when physicians also treat non-enrollees accord-
ing to DMP standards, the net effect of the interven-
tion might even be underestimated in studies that
compare DMP enrollees and controls [13]. However,
all of these studies are based on non-randomized com-
parisons using data from insurance claims, cohort
studies or registries and use regression, matching or
propensity score methods to control for selection bias.
As those approaches do not balance unobservable fac-
tors it is possible that the reported effects on health
outcomes and mortality might be explained by differ-
ences in unobserved characteristics between DMP
enrollees and non-enrollees [14, 15]. Those methodo-
logical limitations in evaluations of the DMPs have
been discussed previously by other authors [16, 17].

In this study, we use a different approach, adopting a
population-level health perspective, in evaluating the ef-
fectiveness of German DMPs for type 2 Diabetes and
CHD in reducing mortality. We apply a quasi-
experimental study design, specifically a synthetic con-
trol (SC) study, in assessing whether the 2002/2003
introduction of the German type 2 diabetes and CHD
DMPs led to reduced population-level mortality relative
to other European countries. This approach allowed us
to estimate the net effect of the German DMPs on mor-
tality, while accounting for potential spill-over effects
and avoiding selection bias.
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Methods

Intervention and context

The DMPs for type 2 diabetes and CHD were rolled out
through the SHI system in 2002 and 2003, respectively
[7]. The SHI is a system of non-profit health insurance
companies insuring around 88% of the German popula-
tion. In contrast to DMPs in the United States and other
countries, which often focus on high risk patients, Ger-
man DMPs target all patients with the disease and are
characterized by a high degree of homogeneity. The key
contents of the German DMPs for diabetes and CHD
are enforcement of medication therapy, enhanced pa-
tient activation and self-management education, con-
tinuity of care according to current guidelines and the
use of information technology systems for routine docu-
mentation/benchmarking [18]. Whereas the enrollment
of patients in those programs was initially incentivized
by a large risk surcharge, since 2009 physicians and the
health insurance receive a flat rate premium of 125€ and
20€ per year per DMP enrollee from the central ‘Ger-
man Health Fond’ [7, 19, 20]. Since their implementa-
tion, the proportion of patients enrolled in the German
DMPs for type 2 diabetes and CHD rose to more than
50% of individuals with those respective indications, to
around 6 million people (Fig. S1 in Additional file 1).
Currently, 87 and 94% of the enrollees in the type 2 dia-
betes and CHD DMPs, respectively, are 56 years and
older, meaning that around 5 million of the 26 million
Germans (around 20% of the population) aged 56 years
and older are enrolled in one of these two DMPs [8, 21].

Study design

In order to assess the effectiveness of the German DMPs
we conducted a SC study [21], where we compared cir-
culatory system-related and all-cause mortality rates be-
fore and after DMP implementation in the German
elderly population with those of other European coun-
tries. We concentrated on circulatory and all-cause mor-
tality, because, in the long-term, it can be expected that
better care processes lead to better intermediate clinical
outcomes and translate to longer survival. Furthermore,
as most of the targeted care in the German DMPs tar-
gets cardio-metabolic care processes (blood pressure,
lipids, HbA1c), we assumed that the effect of the DMPs
would be strongest for circulatory mortality.

The SC study is a quasi-experimental study similar to
a difference-in-differences study, but it allows for the
construction of a control group in instances where there
are several sites to choose from, but no clear rationale
for choosing the most appropriate control site. Specific-
ally, a SC study compares changes in areas receiving the
intervention with changes in a weighted average of con-
trol areas that provides the most similar comparison,
with respect to the pre-intervention outcome trend and
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a pre-defined set of covariates [22]. Through the esti-
mation of this counterfactual, i.e. what would have
happened had the intervention not been implemented,
one can account for existing secular trends, as well as
for potential changes in the outcome not associated
with the intervention occurring on a larger geograph-
ical scale [18].

Data
Outcomes: We obtained data on mortality and popula-
tion for the years 1998—2014 from the World Health Or-
ganization’s (WHO) Cause of Death Query (CoDQL)
online platform for several European countries: Austria,
Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, France, Germany, Ireland,
Italy, Latvia, Lithuania, Luxembourg, Malta, the
Netherlands, Poland, Portugal, Romania, Slovakia,
Slovenia, Spain, Sweden, Switzerland and the United
Kingdom. We excluded Greece and Hungary because
valid outcome data were not available. For included
countries, we extracted the overall and sex/age stratified
annual numbers of deaths due to diseases of the circula-
tory system (ICD-10: 100-199) and all-cause deaths. By
combining this mortality data with overall and sex/age
stratified annual numbers of population sizes, we calcu-
lated overall and age-stratified mortality rates.
Covariates: We further identified demographic (age,
sex), economic (per capita gross domestic product
(GDP), unemployment rate, health care expenditure in
% of GDP), clinical (prevalence of diabetes, hypertension
and obesity) and behavioral (smoking and alcohol con-
sumption) factors that are potentially associated with
circulatory and all-cause mortality and for which data
was available for the respective years and countries. Data
on these factors were extracted from the OECD, the
World Bank, the NCD Risk Factor Collaboration and the
WHO (Table S1 in Additional file 1). As data on smok-
ing and alcohol consumption were unavailable for
Croatia, Estonia, Malta and Romania for the entire study
period, we excluded these countries from the analysis.
Where intermittent data were missing for a covariate,
we imputed these values using linear interpolation using
the country’s previous and next annual value.

Statistical analyses

Main analyses

In conducting a SC study one must define an interven-
tion site, which is exposed to the intervention after its
implementation, and a synthetic control donor pool,
which should not be exposed to the intervention. In our
study, Germany served as the intervention site and sev-
eral European countries as the synthetic control donor
pool. To ensure that results were unbiased by similar in-
terventions, we conducted a series of non-systematic
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searches to identify interventions implemented in Euro-
pean countries that may have influenced the population-
level diabetes and/or CHD rates from 2003 to 2009. We
first checked the Cochrane Database of Systematic Re-
views and Google Scholar for systematic reviews of such
interventions. Additionally, for studies evaluating DMPs
cited above, we used Google Scholar to identify studies
subsequently citing these studies. Studies evaluating po-
tentially relevant interventions were identified in some
countries, however, in almost all cases these evaluated
small-scale interventions rather than population-level in-
terventions. According to these literature searches, the
only country that introduced a nationwide program to
improve the quality of chronic care was England, in
which a pay for performance scheme was introduced in
2004. As an evaluation indicated that this program im-
proved diabetes care [23], we excluded the UK from our
analyses.

The SC group was created from the donor pool based
on the pre-intervention outcome trend, as well as a set
of pre-defined potentially important covariates, i.e. those
described above. These aspects were weighted within the
donor pool to best match the pre-intervention outcome
trend in Germany, and to create the post-intervention
counterfactual, i.e. how the outcome trend would have
continued in Germany had the DMPs not been imple-
mented. We calculated the treatment effect of interest,
the average treatment effect on the treated (ATT), by es-
timating counterfactuals for Germany at each time point
using control group information based on a linear inter-
active fixed effects model that incorporates unit-specific
intercepts interacted with time-varying coefficients [22].
This treatment effect is the difference between the ob-
served series, i.e. the post-intervention outcome trend
observed in Germany, and the synthetic control time
series, i.e. the post-intervention counterfactual series.
Given the progressive enrollment of the German DMPs
discussed above, and the resulting uncertainty regarding
at which point they may have affected the mortality at
the population level, we modeled the intervention at
three different time points: immediately after implemen-
tation in 2003, after four years of enrollment in 2006,
and after seven years of enrollment in 2009. As almost
90% of DMP participants are 55years or older we re-
stricted the main analysis to people in the following age
groups: 55-64, 65—74 and 75 and older.

Subgroup and sensitivity analyses

To explore whether any differential effects were masked
by the use of an aggregated age group of 55 years and
older, we conducted the SC analysis for both outcomes,
circulatory and all-cause mortality, in age subgroups,
including ages 55-64, 65-74 and 75 and older. Add-
itionally, to assess whether changes in cardiovascular



Burns et al. BMC Public Health (2021) 21:2092

and all-cause mortality across all ages, not just in the
elderly, were influencing the study results, we repeated
the main analyses for a younger age group, 20—54 years,
because no effect, or at most a minimal effect, due to
the intervention would be expected in this age group.
This approach is similar to a difference-in-difference-in-
differences estimate in which, given a real effect, we
would expect differences in mortality trends in exposed
populations (people aged 56 and older) but no differ-
ences in mortality trends in unexposed populations
(people aged 55 and younger).

To ensure that no single control country was driving
the results related to the DMP effects (for example if an
unknown and effective population-level diabetes pro-
gram had been implemented in a specific country in
2003), we conducted a series of leave-one-out analyses.
Specifically, we conducted the main analyses repeatedly,
each time removing a single country from the control
donor pool.

All data processing and analyses were conducted using
R version 3.3.2. The synthetic control analyses were con-
ducted using the Generalized Synthetic Control Method
(gsynth) package [24].

Results

Construction of synthetic control

As described above, in creating the counterfactual, pre-
intervention outcome trends in the donor pool, as well
as similarities with respect to other key covariates were
considered. Fig. S2 in Additional file 1 illustrates the
trends in circulatory mortality (top panel) and all-cause
mortality (bottom panel) in Germany as well as the rest
of the European countries from 1998 to 2014; it is clear
that both circulatory and all-cause mortality reduced
substantially in Germany and across Europe during the
study period.

Table 1 provides the weights calculated for each co-
variate and country, for each of the two outcomes
and three intervention time points. Among the covar-
iates, the prevalence of diabetes was assigned the
heaviest weight across models, while age structure
and the prevalence of obesity and hypertension also
contributed to a lesser extent. The other covariates,
including GDP and unemployment, were either not
selected or were assigned very little weight across all
models. Regarding the countries, each country was
assigned a weight, which can be interpreted as fol-
lows. A country with a pre-intervention mortality rate
similar to Germany, e.g. the Czech Republic was
assigned a weight relatively close to 1. Those coun-
tries with a much higher pre-intervention mortality
rate than Germany, e.g. Latvia, were assigned a posi-
tive weight close to 0, while those countries with a
much lower pre-intervention mortality rate than
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Germany, e.g. the Netherlands, were assigned a nega-
tive weight, close to 0.

Effectiveness of the GDMPs

The effectiveness of the German DMPs in the popula-
tion 55 years of age and above is summarized in Figs. 1
and 2. The top panels of both figures show the trends in
mortality in Germany and the synthetic control, while
the bottom panels show the ATT with 95% confidence
interval (CI).

For circulatory mortality (Fig. 1), regardless of whether
2003 (left panel), 2006 (center panel) or 2009 (right
panel) were considered the intervention point, the re-
sults are similar. For the pre-intervention period, the
pre-intervention trend from the synthetic control
matches that of Germany well. If the German DMPs
were effective, we would expect the downward trend in
Germany to become more pronounced relative to that of
the synthetic control after the intervention point. As il-
lustrated, however, this is not the case; the trend in the
synthetic control relative to Germany became slightly
more pronounced. As listed in Table 2, with 2003 as the
intervention point, we observed an ATT of 0.09 (95%
CIL: - 0.63; 0.55), i.e. circulatory mortality decreased 0.09
deaths per 100 persons less in Germany than in the syn-
thetic control over the study period. For the 2006 and
2009, we observed similar estimates: 0.12 (- 0.20; 0.44),
0.09 (- 0.19; 0.31), respectively. Based on the very small
magnitude of each of these effects and the very wide
confidence intervals, we did not observe any change in
circulatory mortality associated with the German DMPs.

For all-cause mortality (Fig. 2), we observed a very
similar pattern when the years 2006 (center panel) and
2009 (right panel) were considered the intervention
point. Here, after similar pre-intervention trends, the
trend in the synthetic control became slightly more pro-
nounced relative to Germany. The associated effects we
observed were 0.22 (- 0.40; 0.56) and 0.12 (- 0.35; 0.53),
respectively. When 2003 was considered the intervention
point, however, the trend in Germany became slightly
more pronounced relative to the synthetic control was
seen, with an ATT of - 0.21 (- 2.98; 2.80). Once again,
however, based the small magnitude of each of these ef-
fects and the broad confidence intervals, we did not ob-
serve any change in all-cause mortality associated with
the German DMPs.

Subgroup and sensitivity analyses

All subgroup analyses showed a similar pattern (Add-
itional file 1, Table S2 and Figs. S3-S10. These included
the individual subgroups that were aggregated in the
main analysis, 55-64, 65-74 and over 75 years, as well as
the younger subgroup not included in the main analysis,
20-54 years). Mortality developed in Germany and in
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Table 1 Model coefficients for the covariates and synthetic control weights for countries

Mortality category Circulatory All-cause
Intervention time 2003 2006 2009 2003 2006 2009
Covariables
Age —4.02 (1.94) —4.02 (1.94) —4.00 (2.05) —-8.70 (2.79) —8.68 (2.65) — 868 (2.69)
Sex - - - - - -
GDP per capita 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Unemployment 0.00 (0) 0.00 (0.00) 0.00 (0.00) —-0.01 (0.01) —0.01 (0.01) 0.01 (0.02)
Health care expenditure - - - - - -
Smoking Prevalance 0.01 (0.01) 0.01 (0.01) 0.01 (0.01) 0.01 (0.01) 0.01 (0.02) 0.01 (0.01)
Alcohol consumption - - - - - -
Obesity prevalance —2.25(17.34) —2.25 (17.50) —2.29(1833) —8.72 (22.67) —8.75 (22.58) —8.75 (22.66)
Diabetes prevalance 1541 (19.00) 1541 (18.74) 14.74 (18.70) 13.89 (20.63) 13.89 (20.71) 13.89 (20.99)
Hypertension prevalance —3.64 (6.36) —3.64 (6.32) —3.56 (6.63) —5.58 (742) —5.57 (7.73) —5.57 (7.65)
Countries
Belgium -040 -041 -044 0.19 -027 -0.13
Czech Republic 0.88 0.89 1.21 -0.23 0.66 0.89
Denmark 0.65 0.66 053 -0.64 043 0.15
Finland —0.21 -022 —-005 0.18 -001 0.18
France -0.04 -0.04 0.08 0.16 0.29 0.56
Latvia 0.10 0.10 -042 -0.27 -013 —-046
Lithuania -0.83 -0.85 =115 -021 =111 -1.74
Luxembourg -0.04 -0.04 -0.06 0.94 -0.11 -0.17
Netherlands -0.16 -0.17 -0.27 -020 -0.16 -020
Poland 0.28 0.29 0.51 -0.12 0.28 0.51
Slovenia -0.20 -0.21 -0.11 0.31 0.26 0.59
Spain -0.28 -0.29 -023 0.31 -012 0.08
Sweden 0.53 0.54 0.57 -0.54 0.19 -0.08
Switzerland -0.28 -0.28 -0.18 0.13 -0.20 -0.18

Summary of the model coefficients for all covariates (with standard error) and the weights donor pool countries, as calculated using the synthetic control
approach, stratified for the two assessed mortality outcomes and the three modelled intervention time points. The standard error for model coefficients for the

covariates are provided in parentheses

the synthetic control group as would be expected, i.e.
the lowest mortality in youngest subgroup and the high-
est mortality in the oldest subgroup. Regarding effective-
ness, although trends generally became less stable and
the synthetic control group matched Germany less well
given the decrease in statistical power, the overall inter-
pretation remained the same as for the main analyses:
we did not observe any changes in either outcome asso-
ciated with the German DMPs, regardless of interven-
tion time point.

For the leave-one-out sensitivity analyses, we likewise
observed results similar to the main analysis. For circula-
tory mortality (Additional file 1, Figs. S11), results were
very similar with regard to both direction and magni-
tude. For all-cause mortality (Additional file 1, Figs.
S12), results were similar overall, yet less stable;

however, given the wide confidence intervals, none of
the analyses would lead to a different interpretation of
the effect of the DMPs.

Discussion

German DMPs for type 2 diabetes and CHD belong to
the biggest DMPs worldwide and administrative costs of
those programs are high; however, their effectiveness re-
mains unclear. In contrast to previous studies that ana-
lyzed the effect of DMPs using regression, matching or
propensity score methods in German datasets, we ap-
plied a quasi-experimental study design to compare
mortality trends in the German elderly population and
mortality trends in other European countries before and
after the introduction of the DMPs for DM2 and CHD.
This allowed us to estimate not only the net effect of the
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Diseases of the circulatory system
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Fig. 1 Effectiveness of the DMPs with respect to circulatory mortality in individuals aged 56 years and older in Germany compared to the
synthetic control, expressed in mortality per 100 persons (top panel) and the ATT (bottom panel). Models considered the intervention time point
as 2003 (left panels), 2006 (middle panels) and 2009 (right panels). Abbreviations: ATT: average treatment effect on the treated]

German DMPs on mortality, but also effects from any
potential spill-over of the interventions. Consistently
across analyses and outcomes, we observed no clear ef-
fect associated with the DMPs in Germany, when com-
pared to a synthetic control group comprising several
European countries.

With the introduction of DMPs for type 2 diabetes
and CHD in 2002 and 2003 every statutory insured

patient with one of these conditions was eligible for par-
ticipating in those programs. Given this ad-hoc intro-
duction without a scientific testing phase, the short-term
and long-term effectiveness and cost-effectiveness of the
programs could not be tested in randomized study de-
signs. Since then, several studies aimed to analyze the
impact of DMPs on process and health outcomes using
observational data. The majority of these focused on
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All-cause mortality
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Fig. 2 Effectiveness of the DMPs with respect to all-cause mortality in individuals aged 56 years and older in Germany compared to the synthetic
control, expressed in mortality per 100 persons (top panel) and the ATT (bottom panel). Models considered the intervention time point as 2003

Table 2 Average treatment effect on the treated

Intervention time point 2003 2006 2009

Mortality type Est® 95-% Cl Est 95-% Cl Est 95-% Cl
Circulatory 0.09 [-0.63; 0.55] 0.12 [-0.20; 0.44] 0.09 [-0.19; 0.31]
All-cause -0.21 [-2.98; 2.80] 022 [-0.40; 0.56] 0.12 [-0.35; 0.53]

Summary of the ATT for both outcomes, circulatory and all-cause mortality, for the modelled intervention time points of 2003, 2006 and 2009
“Estimate (Est): annual death per 100 persons
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diabetes, and most are based on data from insurance
claims, cohort studies or registries. Generally, the evi-
dence from these studies suggests a positive impact of
DMPs on process and health outcomes. A recent sys-
tematic review on the German DMPs for type 2 diabetes
identified nine studies, which observed large improve-
ments in mortality and morbidity associated with the
DMPs. Stock et al. found a mortality reduction of 49%,
Miksch et al. a reduction of 22% and Drabnik et al. a re-
duction of 49% [10-12]. However, each of the analyzed
outcomes was only assessed by a single or a limited
number of studies [9]. Since the publication of this re-
view, further research based on observational data has
pointed towards benefits associated with mortality and
morbidity in the DMPs for COPD [19]. Most of the ana-
lyses in those studies, however, share methodological
limitations which may have led to bias in the observed
results. Each uses some method to account for selection
bias, i.e. to account for differences in individuals enrolled
in DMPs and individuals not enrolled in the DMPs. The
methods applied to do so differ widely; some use pro-
pensity score matching based on several potentially rele-
vant confounders [12, 25], while others more simple
matching techniques [11, 26] or adjust for a small selec-
tion of variables, such as age and gender in regression
analyses [27-29]. Across all of these studies, however, it
is possible that further unobserved variables led to con-
founding in the observed effect estimates - a limitation
also described by other authors commenting on methods
for evaluating German DMPs [16, 17]. Furthermore,
those studies based exclusively on German data within
the SHI system were not able to assess the full effect of
the DMP introduction, including potential spill-over ef-
fects due to general changes in the care patterns of gen-
eral practitioners after the DMP implementation. Such
effects may also have improved quality of care in DMP
non-enrollees.

Our quasi-experimental approach allowed us to
avoid the difficulties surrounding the observable and
unobservable confounders at the individual level, and
to estimate the full net effect of the DMP implemen-
tation at the population-level, including potential
spill-over effects. These potential spill-over effects are
important and should be included when evaluating a
health policy from a comprehensive healthsystem
perspective. We analyzed circulatory and all-cause
mortality, two very distal endpoints in a potential
logic model, but could not analyze process outcomes,
intermediate clinical outcomes or patient relevant
outcomes such as quality of life and patient satisfac-
tion. However, long-term improvements in those
process outcomes are expected to prolong life expect-
ancy via improved control of blood sugar levels,
hypertension and lipids.
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Due to large confidence intervals in our effect esti-
mates, our results cannot reject the possibility that
DMPs have a positive effect, but make large positive ef-
fects on mortality as reported in the other studies very
unlikely [10-12]. Given the results of this study on the
effect of DMPs on circulatory and all-cause mortality,
the investments for operating the two DMPs of approxi-
mately 870€ million may be questionable. Previous RCT's
showed generally a positive effect of DMPs for diabetes
on glycemic control, and process outcomes, but the suc-
cess of these programs were often dependent on the de-
sign of the programs and the settings in which they were
applied [5, 30]. Furthermore, the efficacy observed in
these trials is likely to differ from the effectiveness ob-
served in the real-world setting [31]. Many things that
occur in the translation and implementation process of
interventions into real world practice, including the rule
of halves, could result into reduced or negligible effect-
iveness [1, 2]. Given all of this, future research that clari-
fies the impact of German DMPs on both short and
long-term type 2 diabetes and CHD-related outcomes is
highly warranted.

Our study has several strengths: We included best
available data from several European countries in our
analysis, which provided rich geographic variability in
the construction of the synthetic control group. We con-
sidered multiple population-level aspects that may have
differed between Germany and the control countries, in-
cluding the prevalence of obesity, hypertension, smoking
and alcohol consumption, the population age-structure,
the gross domestic product (GDP) and the unemploy-
ment rate. This ensured that these potentially important
confounders were accounted for in creating the synthetic
control group. The wuse of time-series data from
seventeen years, as opposed to a simple pre-, post-
intervention analysis, also ensured that unobserved time-
varying confounders were accounted for (Boutell 2018).
Our results also show that the applied approach pro-
vided a well-matched synthetic control group with re-
spect to the pre-intervention outcome trends. In
addition, our various sensitivity analyses considering a
later intervention start and comparing results in various
exposed and non-exposed age groups show that our
methods and results are robust towards changes in key
assumptions.

Our approach was not without limitations, and it is
important to consider these in interpreting the results.
As described above, only 5-6 million out of the 25 mil-
lion Germans over the age of 55 years are enrolled in the
DMPs for type 2 diabetes or CHD, which is around 20%
of this demographic strata. Our analysis, however, does
not distinguish between enrollees and non-enrollees.
This means that if, for example, the DMPs reduced mor-
tality relatively by 20% without the existence of any
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spillover effects the maximal effect we could detect with
our QE approach is a reduction of 4% in mortality. The
large confidence intervals around our ATT estimate sug-
gest that even mortality reductions of 20-50% as re-
ported by previous studies could not be rejected with
this approach [10, 11]. The relatively low power is re-
lated to the limited number of comparison countries
and years of data. Furthermore, in our analysis where we
took 2003 as intervention start, we included only four
pre-intervention data points; conducting a synthetic con-
trol analysis based on this limited number of data points
may lead a synthetic control group that is not well-
comparable to the intervention group. However, our re-
sults suggest that the pre-intervention outcome trend in
Germany was quite stable, and the synthetic control
group matched this well. We have included a selection
of covariates that are critical population-level determi-
nants of circulatory and all-cause mortality; however, it
is possible that this is not a comprehensive list, and that
other variables should have been included in the ana-
lysis. Finally, mortality outcomes lie at the distal position
of the causal pathway of the DMPs; shorter-term out-
comes such has improved management, quality-of-life
and patient satisfaction are also important for individuals
and in aggregate from a public health perspective, yet
are not captured in this study.

Conclusion

In this quasi-experimental study applying a synthetic
control design and analysis, we observed no effect of the
German DMPs for type 2 diabetes and CHD on all-
cause or circulatory mortality at the population-level.
This pattern was consistent across all main, subgroup
and sensitivity analyses. Confidence intervals were wide,
and we could not reject the possibility of a positive ef-
fect. However, according to our analysis, the large mor-
tality reductions as reported in previous studies are
unlikely. Given the substantial costs for administration
and operation of the programs, further comparative ef-
fectiveness research is needed to clarify the role of Ger-
man DMPs for type 2 diabetes and CHD.
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