
Introduction
According to several studies1–6 opti-
mal blood pressure (BP) and 
metabolic control are extremely
important for the prevention and
progression of long-term complica-
tions in patients with type 1 or type 2
diabetes mellitus. In addition to
medication, international evidence-
based guidelines recommend
patient education, weight reduction,
regular moderate exercise, dietary
advice, reduction of salt and protein,
alcohol restriction, smoking cessa-
tion, and BP monitoring, as well as
assessments of metabolic control and
microalbuminuria for effective treat-
ment of patients with diabetes and
hypertension.7–15

A structured hypertension treat-
ment and education programme
(HTEP) for patients with diabetes

was developed in Germany in the
1990s and shown to be effective.16,17

The HTEP is in line with national
and international guidelines and
includes additional patient instruc-
tion for BP self-measurement. The
HTEP was initially offered to
patients in the Düsseldorf area. The

rest of Germany was covered when
the German Association of Diabetes
Education and Counselling
Professions (VDBD) implemented
the HTEP nationally with the aim of
optimising the care of patients with
diabetes and hypertension. The
objectives of the HTEP are to
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Abstract
A structured hypertension treatment and education programme (HTEP) was 
developed in the Düsseldorf area in the 1990s for patients with diabetes mellitus and
hypertension and was found to be effective in a randomised controlled trial. The
German Association of Diabetes Education and Counselling Professions (VDBD)
implemented the HTEP all over Germany in order to optimise the care of patients with
diabetes and hypertension. The objectives of the HTEP are to enable patients to gain
knowledge of hypertension, to participate actively in their treatment to improve blood
pressure (BP) and metabolic control and to self-measure their BP. 

The implementation consisted of two stages. The first stage comprised the 
training of 312 diabetes counsellors (DCs). During the second stage 473 patients with
type 1 or type 2 diabetes and hypertension in 35 diabetes centres throughout
Germany received the HTEP including instructions in BP self-measurement. The
HTEP consists of four units each one with a duration of 90 minutes covering the 
topics: hypertension, BP self-monitoring according to the standards of the German
Hypertension League, antihypertensive medication including effects and side effects,
recommendations to moderate exercise, weight reduction, dietary advice with 
reference to reduction of salt and alcohol and normalising the intake of protein. These
patients participated in a prospective non-experimental study with a follow up of three
years investigating the long-term outcomes of the HTEP in uncontrolled settings. The
DCs assessed the accuracy of patients’ self-monitoring by parallel measurement.
Assessments included questionnaires evaluating patients’ understanding of 
hypertension and metabolic control.

The mean BP monitored by the DC fell from 150/85mmHg to 147/80mmHg
(p<0.0001). The accuracy of self-measurements increased from 76% to 86%
(p<0.005) and mean self-measurement readings decreased from 142/81mmHg to
139/78mmHg. HbA1c fell significantly from 7.9±1.6% to 7.3±1.1% (mean ± SD,
p<0.001) and total cholesterol was lowered from 241±67.1mg/dl to 200±40.4mg/dl
(p<0.001). Patients’ knowledge of hypertension increased from 62% before the 
intervention to 72% after three years’ follow up. Patients over 70 years showed less
knowledge than younger patients (p<0.005).

It was concluded that the HTEP is effective in improving BP, metabolic control
and knowledge of hypertension. It enables patients to measure their BP precisely
and regularly. Copyright © 2005 FEND.
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enable patients to gain knowledge
of hypertension, to participate
actively in their treatment, to
improve BP control and to self-mon-
itor their BP.

Methods and patients
The HTEP was implemented within
the RR Adjusting Selfcontrol
Contra Hypertension (RRASCH)
Project of the VDBD – a two stage
process. In stage one, 312 diabetes
counsellors (DCs) – nurses and
dietitians who had undergone fur-
ther training – were trained in
HTEP and received specific instruc-
tions and guidelines for implement-
ing the programme in 50 diabetes
centres (hospitals and practices).
The next stage, the RRASCH Study,
was the consecutive recruitment of
473 patients with type 1 or type 2
diabetes and hypertension in 35 dia-
betes centres throughout Germany
in order to implement the HTEP.
The dependence on the number of
DCs in the study centres as well as
the size of the diabetes centres did
not allow the recruitment of similar
numbers of patients in each centre.
During the RRASCH Study the out-
comes of disease-related knowledge
of hypertension, metabolic control,
and BP self-monitoring were
assessed before the HTEP, immedi-
ately following the programme and
then annually within the three-year
follow-up period (Figure 1).

Since the HTEP had already
been found to be effective in a ran-
domised controlled trial, a study
design without a control group was
chosen. For ethical reasons it was
not intended to withhold patients’
effective treatment and, due to the
multimorbidity of the participants, a
controlled waiting list seemed to be
inappropriate. The study design fits
well into the ‘framework for design
and evaluation of complex interven-
tions’ suggested by Campbell et al.18

This framework consists of five
phases: (1) exploring a theory; (2)

modelling the components of the
intervention; (3) exploratory trial;
(4) randomised controlled trial; and
(5) long-term implementation of
the intervention in uncontrolled set-
tings. The RRASCH Study repre-
sents the last phase of Campbell’s
framework investigating the long-
term outcomes of the HTEP in
uncontrolled settings.

In all, 473 patients were recruited
in 35 of 50 initially selected diabetes
centres all over Germany (hospitals
[47%] and practices [53%] in urban
and rural areas). Six centres
dropped out of the study. Inclusion
criteria incorporated the following:
adults diagnosed with diabetes (type
1 and 2) and hypertension (BP
>140/80mmHg). At baseline the
sample consisted of approximately

50% women and 50% men with a
mean age of 59 years. Patients’ char-
acteristics are shown in Table 1.
Seventy-eight patients (16.5%) had
already experienced a cardiovascular
event and 21% showed increased
serum creatinine levels. All patients
provided written informed consent.
The protocol was in accordance with
the recommendations of the
International Conference on
Harmonization – Good Clinical
Practice (ICH–GCP)19 and approved
by the ethics committee of the
Heinrich Heine University,
Düsseldorf.

The RRASCH Study: protocol
We undertook a non-experimental
prospective study with a three-year
follow up. All patients received the
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Figure 1. The RRASCH Study: hypertension treatment and education
programme (HTEP) flowchart

Recruitment of 473
patients in 35 study

centres

Drop-out of 6 study
centres

Data analyses
A n=473 patients

C1 n=350 patients

C2 n=280 patients

C3 n=284 patients

1999–2003 data collection:
before HTEP (A), 
2 weeks after HTEP (B),
after 1, 2 and 3 years
(C1, C2, C3)
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HTEP during or after diabetes edu-
cation. The HTEP was conducted in
hospitals and out-patient clinics
(53%) in groups of two to 10 partic-
ipants. The HTEP consisted of four
units, each one of a duration of
90–120 minutes with intervals of no
more than two weeks between the
units. The HTEP addressed the fol-
lowing topics: hypertension and
complications, BP self-monitoring,
antihypertensive medication includ-
ing adjustment of medication in
case of deviation from target BP val-
ues, weight reduction, salt and pro-
tein reduced diet, smoking cessa-
tion and alcohol restriction. All
components of the programme
were provided by the DC except the
unit dealing with antihypertensive
medication which was undertaken
by the diabetologist. The DCs used
the same curriculum and identical
materials. The same type of device
was used by the patients at home as
well as in diabetes service centres.
Since the HTEP was not reimbursed
by the health insurance companies
most of the education was done by
the health care professionals during
their free time. 

Office BP was measured accord-
ing to the recommendations of
Perloff et al. and the WHO.20,21

Patients’ BP was assessed using a
sphygmomanometer with inte-
grated stethoscope. All devices had
been validated by the Bureau of

Standards (as legally requested in
Germany for all BP measurement
devices). At the beginning of the
study these devices were the stan-
dard in Germany; digital devices
were too expensive and therefore
not available. Measurements were
taken after 10 minutes’ rest in a sit-
ting position and repeated three
times at five-minute intervals. Office
BP readings represented the aver-
age of the second and third read-
ings and were documented in
2mmHg increments.

The DC instructed all patients in
correct BP self-measurement
including exact cuff positioning.
Patients were asked to measure BP
at home every morning and every
evening before taking their antihy-
pertensive medication. Patients
received written information about
BP self-measurement and were
advised to document readings in a
patient diary. During follow-up visits
the DC stressed the importance of
patients measuring their BP them-
selves and documented the
patients’ readings as the average of
the last 10 home readings. Parallel
assessments of patient self-measure-
ment and office measurement were
performed during the follow-up vis-
its to assess the patient’s technique. 

Data were collected during the
five visits included in the three-year
follow up as follows.
• A = One day before HTEP. 

• B = One to two days after HTEP. 
• C1 = 11–13 months after HTEP. 
• C2 = 22–26 months after HTEP. 
• C3 = 36–38 months after HTEP. 

During visits (A–C3) patients filled
out a standardised 17-item question-
naire addressing correct self-meas-
urement, knowledge of diabetes,
effects and side effects of antihyper-
tensive medication, lifestyle modifi-
cation, and dietary advice to assess
their knowledge of hypertension.
Further assessments included:
office BP, patient self-measurement
of BP, weight, smoking, diet, HbA1c,
lipids, serum creatinine, microalbu-
minuria, and cardiovascular events.

Data analyses were performed
with Statistical Package for Social
Science 12.0 (SPSS). Results are
reported as means ± SD. Inferential
statistics included non-parametric
tests of differences with the chi-
squared test and comparison of
independent variables with the
Student’s t-test. The correlation
coefficient was calculated using the
Pearson method. A p level of <0.05
was considered statistically signifi-
cant. Analyses of data from 300
patients were projected in order to
have enough statistical power.

Results
Three years after implementing the
HTEP, complete data from assess-
ments (A–C3) of 284 (60%)
patients were analysed. Four
patients did complete follow-up C3
but not C2, therefore the number
of patients increased from C2 to C3.
Forty-eight patients dropped out
because six diabetes service centres
withdrew due to lack of staff, time
and support from the medical pro-
fession. Forty-five patients withdrew
due to long-term complications
(stroke, heart attack, dialysis), 10
patients died, 21 were no longer
interested, and 54 gave no reason
for stopping. Patient drop-out
referred to all study centres and no
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Table 1. Patient characteristics

Parameter Type 1 diabetes Type 2 diabetes 
(n=87) (n=386)

Women, n (%) 41 (47) 196 (51)
Age (years) 48.2±11.4 60.3±9.8
Duration of diagnosed 22.4±14.4 10.0±9.2
diabetes (years)
Duration of diagnosed 8.3±8.7 10.5±10.2
hypertension (years) 
HbA1c, % 7.6±1.5 8.0±1.6
Body mass index (kg/m2) 27.0±6.1 30.8±5.0

Data are mean ± SD
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special centre effect was seen dur-
ing the study. Analysis showed that
more patients with type 2 diabetes
(45%) dropped out than patients
with type 1 (p<0.001). Patients who
dropped out did not differ signifi-
cantly from other participants
except with respect to duration of
diabetes and morbidity. Patients
stopping participation were more
likely to have a shorter duration of
diabetes (mean 10.6 vs 13.9 years;
p<0.003) and to suffer from long-
term complications than patients
who completed follow up (Table 2).

Blood pressure
The mean BP monitored by the DC
was reduced from 150/85mmHg to
147/80mmHg (95% CI 1.35–3.3 sys-
tolic; 1.9–4.8 diastolic; p<0.0001). In
type 2 patients BP decreased from
151 to 149mmHg systolic and from
85 to 82mmHg diastolic. Patients
with type 1 diabetes showed BP
reductions before and after three
years’ intervention from 146 to
141mmHg systolic and from 86 to
78mmHg diastolic (Table 3 ). 

Blood pressure self-measurement
BP self-measurement accuracy
increased from 76% to 86% during
the three years after the education
programme took place (p<0.005).
Patients improved accuracy of BP
self-measurement and only 36 (14%)
failed to measure their BP correctly –
mainly using the wrong position for
arm (48%) and/or cuff (39%).

Three years after the education
programme patients still measured
BP nine times in seven days. 

Seventy-five percent of doctors
checked the patients’ diaries, 15%
had to be reminded by the patients
and 10% of doctors never checked
the patients’ readings. The mean
self-measurement readings
decreased from 141.8/81.1mmHg
immediately after the HTEP to
139.6/77.7mmHg after three years
(Table 4).

Metabolic control
Metabolic control improved signifi-
cantly. HbA1c at baseline decreased
from 7.9±1.6% to 7.3±1.1% (mean ±
SD, p<0.001). Lipid values
improved significantly with total
cholesterol reduced from
241±67.1mg/dl to 200±40.4mg/dl
(p<0.001); Figure 2.

Knowledge about hypertension
One year after participation in the
HTEP, 78% of patients answered
questions on hypertension cor-
rectly. After three years, 72% of the
answers were still correct. Patients
>70 years had significantly lower lev-
els of knowledge than younger ones

(p<0.001 to p<0.022, Figure 3).
However, with respect to the change
of knowledge over three years there
was almost no difference between
older and younger patients.

Patients’ responses to deviation in
blood pressure readings
Analyses of the questionnaires
showed that only 2.2% of patients
adjusted prescribed medication
themselves. Adjusting medication
independently will be a long
process because the doctor has to
be asked and patients need support
to be sufficiently confident. Ninety-
eight percent of the patients con-
ferred with their doctor when BP
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Variables Complete follow-up Drop-out p value
(n=284) (n=189)

Age, years 57.9±10.4 58.4±12.0 0.643
Duration of diagnosed 13.9±12.2 10.6±10.2 0.003
diabetes, years
Duration of diagnosed 9.7±9.4 10.6±10.7 0.404
hypertension, years
BMI, kg/m2 29.8±5.6 30.4±5.2 0.227
HbA1c, % 7.8±1.6 8.0±1.6 0.206
Serum creatinine, 0.96±0.33 1.01±0.37 0.182
mg/dl
Systolic BP, mmHg 150.3±19.9 151.4±20.8 0.551
Diastolic BP, mmHg 84.5±10.8 85.3±11.5 0.452

Data are mean ± SD

Table 2. Characteristics of patients who dropped out compared with those
who completed the study

Table 3. Blood pressure measured by the diabetes counsellor

Diabetes A B C1 C2 C3
mellitus

Type 1 n=87 n=83 n=76 n=73 n=66
Systolic 146.5±18.7 140.6±16.8 138.0±17.4 140.4±19.7 141.3±20.7
Diastolic 86.1±10.9 82.2±9,8 79.7± 9.6 78.7±10.4 78.3±12.0

Type 2 n=371 n=370 n=281 n=231 n=205
Systolic 151.6±20.5 146.0±17.6 149.7±19.5 150.8±20.1 148.9±19.0
Diastolic 84.6±11.1 82.5±9.5 82.9±10.7 82.0±10.1 81.5±11.3

Types 1 & 2 n=449 n=453 n=357 n=304 n=271
Systolic 150.8±20.3 145.0±17.6 147.2±19.6 148.3±20.4 147.0±19.7
Diastolic 84.9±11.1 82.5±9.5 82.2±10.6 81.2±10.3 80.7±11.5

Data are mean ± SD
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readings differed from target values
(Table 4). 

Discussion
The aim of the HTEP was to
improve BP and metabolic control
as well as to enhance diabetic
patients’ knowledge of hyperten-
sion and to enable them accurately
to self-monitor BP.

The defined target levels in
Germany at the beginning of 
the RRASCH Study were
<140/90mmHg.21 With a mean BP
reduction from 150/85mmHg to
147/80mmHg patients achieved the
diastolic but not the systolic target
levels. The interesting effect of dias-
tolic reduction, which is usually
more difficult to achieve, might be
the result of emphasising the impor-
tance of diastolic BP reduction dur-
ing the programme and might have

made the patients more aware of
taking medication. Systolic BP read-
ings were still lower than in the
tightly treated group of the UK
Prospective Diabetes Study
(UKPDS).2 Patients in the UKPDS
received antihypertensive medica-
tion under controlled conditions
whereas our participants were
treated by their GP who prescribed
the medication.

Our patients showed comparable
or even better results than those of
other randomised controlled trials
in Great Britain and Finland22,23 and
are in line with the outcome of a
meta-analysis done by Boulware et
al.24 In contrast, patients of other
randomised controlled trials
achieved significantly higher systolic
BP reduction.25–27 The reasons for
the better results might be due to
follow up after six months,25 shorter

intervals between visits and individ-
ual counselling (monthly to every
three months).26 The higher BP
reduction of patients with type 1 dia-
betes can probably be explained by
the development of secondary
hypertension in those patients. BP
levels in type 1 diabetes are normally
initially lower and can be better con-
trolled than essential hypertension
in patients with type 2 diabetes.2–6

Instructing patients in BP self-
measurement was successful. Three
years later, the HTEP patients meas-
ured their BP regularly and pre-
cisely. During the follow-up visits
and discussions with the DCs,
patients stated that they were so
involved in their diabetes that meas-
uring blood glucose and injecting
insulin took first priority. This could
be the reason why patients only
measured their BP nine times in
seven days on average instead of the
recommended twice daily.

The patients’ self-measurement
readings decreased from
142/81mmHg to 139/78mmHg.
The white coat effect is evident as
described by Weisser et al.28 and
Staessen et al.29 who defined target
levels of home BP readings between
124/80 and 135/87mmHg. Thus,
the patients in our study reached
the diastolic but not the systolic tar-
get levels. Patient self-measurement
of BP is necessary to identify devia-
tions from clinical BP measurement
as suggested by Bobrie et al.30 The
results may be limited because they
are based on patients’ statements;
however, the DCs confirmed the
high accuracy of patient self-meas-
urements during follow up. Only
some of the patients felt sufficiently
confident to adjust their medication
according to their BP readings,
which may be due to complex drug
treatment. 

Metabolic control improved sig-
nificantly; the reduction in HbA1c
and lipids is comparable to the out-
comes of the Steno-2 Study.26 The
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Table 4. Blood pressure self-measurement

Diabetes mellitus B C1 C2 C3

Type 1 Systolic 135.±14.8 132.9±12.9 132.0±11.8 132.3±12.7
Diastolic 79.2±10.0 78,7±8.5 76.5±8.1 76.2±9.8

Type 2 Systolic 143.3±14.8 142.3±14.7 142.6±12.1 141.8±13.5
Diastolic 81.5±9.4 79.6±9.4 78.9±9.3 78.1±9.4

Types 1 & 2 Systolic 141.8±15.1 140.2±14.8 140.2±12.8 139.6±13.9
Diastolic 81.1±9.6 79.4±9.2 78.3±9.1 77.7±9.5

Data are mean ± SD

Figure 2. Metabolic control before and three years after HTEP
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patients in the RRASCH Study
achieved the HbA1c target level of
<7.5% which has been defined since
the results of the Diabetes Control
and Complications Trial/UKPDS1,2

in Germany. 
Retaining high-level knowledge

of hypertension after the HTEP may
be a result of annual follow-up visits
where problems were discussed and
many questions were answered by
the DCs. Analyses showed that the
level of disease-related knowledge
remained lower in patients over 70
than in younger patients, although
older patients gained slightly more
knowledge. 

This study has several limitations
which need to be discussed. The
non-experimental design lacks ran-
domisation and a control group.
However, the RRASCH Study
focused on the long-term outcomes
that HTEP produced in uncon-
trolled settings. The European
Union Council31 recommends that
randomised controlled trials should
not have priority to be considered
in guidelines because they do not
reflect everyday life. 

The high drop-out rate of 189
patients (39.9%) is a further limita-
tion. The drop-out of six study cen-
tres was the result of the German
Health Care Legislation aiming at
the reduction of increasing costs.
Patient drop-out during follow up
may be due to the longitudinal
design and the high co-morbidity of
participants suffering from addi-
tional severe diseases. At baseline,
21% of the patients had increased
serum creatinine levels and 16.5%
had experienced a cardiovascular
event in the past which reflects the
reality in diabetes patient educa-
tion in Germany. Already devel-
oped angiopathies are not
reversible and the progression of
long-term complications cannot be
delayed merely by education and
effective treatment.

People change over time and it

is difficult to determine which
effects occurred due to the inter-
vention. Patients answered ques-
tions retrospectively and the self-
selection of patients could be sub-
ject to bias because the participants
might have been more motivated
than other patients. 

In summary, our results confirm
the successful implementation of
the HTEP all over Germany in
uncontrolled settings. The long-
term outcomes show the HTEP’s
success in improving BP and meta-
bolic control. The HTEP actively
involved patients in the treatment
and enabled them to self-monitor
BP precisely and regularly. Patient
BP self-measurement is necessary to
identify deviations from clinical BP
measurement as suggested by
Bobrie et al.30
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