
Abstract

Aims/hypothesis. This study was conducted to evalu-
ate the long-term outcome of a structured outpatient
diabetes teaching and treatment programme (DTTP)
for intensified insulin therapy in patients with Type 1
diabetes, which aims to improve metabolic control
without increasing the risk of severe hypoglycaemia.
Methods. All 123 diabetic outpatients (age 41±14 years;
64 women; BMI 23.5±3.1; diabetes duration 17±
11 years; HbA1c 7.9±1.6%; 32 patients with a history
of severe hypoglycaemia; 18 with overt nephropathy;
22 with proliferative retinopathy) who participated 
in the DTTP between June 1989 and June 1990 were
invited for follow-up visits after 3, 6 and 12 years.
Results. Out of the 123 patients, 11 died during the
follow-up period, two were lost for follow-up, and one
was not willing to participate in re-evaluation after 
12 years. Mean HbA1c levels decreased from 7.9±

1.6% to 7.1±1.2% (p<0.01) after 3 years, and were
7.8±1.5% (NS) and 7.8±1.2% (NS) after 6 and 12
years respectively. Frequency of hypoglycaemia de-
creased from 0.49 episodes per patient per year to
0.14 after 3 years (p<0.01), 0.19 after 6 years (p<0.01)
and 0.16 after 12 years (p<0.01). Of the participants,
41% were able to lower HbA1c levels without
episodes of severe hypoglycaemia and to maintain this
improvement at all follow-up visits over the 12-year
period. At follow-up, intensified insulin therapy was
carried out by 94% of the patients.
Conclusions/interpretation. A sustained reduction of
the incidence of severe hypoglycaemia was observed
in patients with Type 1 diabetes after participation in a
structured outpatient DTTP over a 12-year period.
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Introduction

Dietary restrictions have a negative impact on the
quality of life in patients with diabetes, as the need to
ingest fixed amounts of carbohydrates, proteins and
fats at prescheduled times interferes with normal flex-
ible daily life in most patients [1]. In patients with
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Type 1 diabetes, frequent metabolic self-monitoring
and self-adaptation of insulin dosages are necessary to
simultaneously liberalise diet and to establish near
normoglycaemia. The DCCT [2] has clearly proven
that tight blood glucose control and the resulting long-
term benefits can be achieved by intensified insulin
therapy (IIT) [3]. However, intensification of insulin
therapy resulted in a three-fold increase in the inci-
dence of severe hypoglycaemia compared with con-
ventional therapy, and over 7 years of the Epidemi-
ology of Diabetes Interventions and Complications
(EDIC) study, the annual follow-up examinations of
the DCCT population showed an overall mean HbA1c
increase to 8.1% for the intensified treatment group
[2, 3, 4]. In the DCCT, insulin dose adjustment was
performed by clinicians during frequent outpatient
visits, rather than by patients based on recent blood
glucose readings. Patient education is a prerequisite
for avoiding the major side effect of IIT, hypogly-
caemia. In patients undergoing a structured teaching
and treatment programme for IIT, this unacceptably
high risk was not observed. Reduced risk of severe
hypoglycaemia and improved metabolic control after
intensification of insulin therapy was demonstrated for
a period of up to 6 years [5, 6]. Moreover, owing to
dietary liberalisation, the patients’ quality of life was
found to be substantially improved in a randomised
controlled multicentre trial in the UK using the out-
patient teaching programme [7].

In 1989 a structured teaching and treatment pro-
gramme for Type 1 diabetic patients was implemented
as part of the standard care in the diabetes division of
the University Hospital in Graz, Austria. To reduce
costs of hospitalisation, the inpatient basis of the
teaching and treatment programme was adjusted to an
outpatient basis for the first time. The effectiveness 
of this setting after 3 and 6 years has been reported [5,
8]. The aim of this investigation was to evaluate over
a 12-year period the beneficial effects in patients with
Type 1 diabetes of participation in a structured 5-day
teaching and treatment programme for IIT in an out-
patient setting.

Subjects and methods

Subjects. The study population consisted of patients with Type 1
diabetes with a treatment duration of longer than 12 months
who were referred to the diabetes outpatient clinic of the Uni-
versity Hospital in Graz between June 1989 and June 1990 to
participate in the structured outpatient diabetes teaching and
treatment programme (DTTP). Most patients were referred by
their family doctors or general internists in private practice.
The main reason for referral was unsatisfactory metabolic con-
trol. Some were referred by other hospitals mainly because of
existing late complications [5]. Apart from severe physical or
mental impairment preventing patients from following the
structured 5-day programme, there were no reasons for exclu-
sion, such as the presence of any diabetes-related complica-
tions, a long duration of diabetes, older age or a history of 
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severe hypoglycaemia. After 3, 6 and 12 years, all patients
were invited to a follow-up examination. The protocol was ap-
proved by the local ethics committee and all procedures were
carried out in accordance with the Declaration of Helsinki.

The diabetes teaching and treatment programme. The DTTP
evaluated in this study was based on programmes developed
for patient education in Type 1 diabetic patients [9, 10, 11]
and has been described in detail previously [5]. Briefly, a dia-
betes nurse educator and a dietician taught a structured course
to groups of five to eight outpatients. The objectives of the 
5-day teaching and treatment programme were to improve
glycaemic control without increasing the risk of severe hypo-
glycaemia, and to liberalise the diet by matching insulin doses
to food choices and actual blood glucose levels. This flexible
use of insulin with immediate dosage adjustment is considered
a prerequisite for achieving treatment goals. Furthermore, 
early recognition and immediate treatment of low blood glu-
cose levels, which are mandatory to avoid severe hypogly-
caemia, were particularly emphasised throughout the teaching
programme.

Study protocol. After the DTTP, all participants were offered
ongoing routine care in our outpatient clinic with at least annu-
al consultation. During follow-up visits after 3, 6 and 12 years,
aspects of diabetes care were assessed using a clinical assess-
ment and a standardised interview [5]. Severe hypoglycaemia
was defined as a hypoglycaemic episode requiring assistance
of another person and treatment by intravenous glucose or glu-
cagon injection. At baseline and each follow-up visit, frequen-
cy of severe hypoglycaemia was assessed retrospectively for
the year before evaluation. HbA1c was measured by Diamat
HPLC (Bio-Rad, Milan, Italy) at baseline and after 3 and 6 years,
and by Hi-Auto A1c analyser system HA-8140 (Menarini 
Diagnostics, Florence, Italy) at the 12-year assessment. Values
were converted to correspond with those of the HA-8140
HPLC method (reference range 4.3–5.9; y=0.95x−0.02; r=0.98
[12]). Protein concentration was measured in a 24-h urine 
sample. In cases where a 24-h urine sample was not provided,
a first morning sample was used. Records of recent annual
ophthalmological examinations were collected at follow-up. A
questionnaire with 39 questions on different aspects of diabe-
tes management was used to assess diabetes-related knowledge
before and after the training programme and at each follow-up
visit.

Statistical analysis. Statistical analyses were performed using
generalised estimating equations [13] to account for repeated
measures on patients. An unstructured correlation matrix was
used in all computations.

In analyses of development over time, the time of follow-
up examination was modelled as a factor. For continuous 
response variables, the Gaussian model family was used and
the difference of means between follow-up and baseline, along
with the corresponding 95% CI, was reported. For binomial 
response variables (e.g. proportion of patients without daily
blood glucose monitoring), the binomial family was used and
the odds ratio between follow-up and baseline proportion,
along with the corresponding 95% CI, was reported. For count-
ing variables (e.g. number of episodes of severe hypogly-
caemia, number of daily insulin injections), the Poisson family
was used and the rate ratio, along with the corresponding 95%
CI, was reported.

Analyses were performed using the R package for statisti-
cal computing [14]. In all computations, a result was consid-
ered statistically significant if the p value was less than 0.05.
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Results

Baseline data and participant follow-up. All 123 pa-
tients who participated in the DTTP from June 1989
to June 1990 were invited for follow-up visits after 3,
6 and 12 years. Patient characteristics at baseline are
displayed in Table 1.

After 3 years, all but two patients, who moved out
of central Europe and remained lost for follow-up for
the whole observation period, were re-evaluated. After
6 years, an additional nine patients were not willing to
participate in the follow-up, and four were unable to
take part for reasons such as work commitments. Only
one out of these 13 patients was not willing to return
for re-examination at the 12-year follow-up. There-
fore, data was available for 121, 108 and 120 patients
after 3, 6 and 12 years respectively.

Metabolic control. Results of metabolic control are
shown in Figure 1. After initiation of IIT during the
DTTP, HbA1c decreased from 7.9±1.6% to 7.1±1.2%
after 3 years (p<0.001). After 6 years, HbA1c in-
creased again to 7.8%±1.5% (NS). At the 12-year 
assessment, HbA1c was 7.8±1.2% (NS).

The frequency of severe hypoglycaemia decreased
from 0.49 episodes per patient per year before the
DTTP to 0.14, 0.19 and 0.16 after 3, 6 and 12 years
respectively (all p<0.01 vs baseline). In the year pre-
ceding the DTTP, 32 (26%) patients had a history of

severe hypoglycaemia. In 14 (12%), 19 (18%) and 
9 (8%) patients, severe hypoglycaemia occurred dur-
ing the 12 months before re-evaluation at 3, 6 and 
12 years (p<0.01, NS, and p<0.01) respectively.

The primary aim of the DTTP, to improve meta-
bolic control without occurrence of severe hypogly-
caemia, was achieved by 69% of participants at the 
3-year follow-up. The same goal was achieved in 52%
of patients at the 6-year as well as the 3-year follow-
up, and for 41% this was achieved at the 3-year, 
6-year and 12-year follow-up.

Hyperglycaemic emergencies were a rare event
during the 12 years. Seven patients were hospitalised
for this reason. In most cases, infection (n=5) led to
admittance. In one case a failure of an insulin pump
was the underlying reason, and one patient was hospi-
talised 20 times for approximately 159 days between
1994 and 1997 in various hospitals because of recur-
rent refusal to administer insulin.

Fig. 1. Metabolic control in 123 patients with Type 1 diabetes
after the DTTP. Shown are episodes of severe hypoglycaemia
per patient (black) and percentage of patients with at least one
episode of severe hypoglycaemia (white) in the preceding year,
as well as HbA1c levels over the 12-year period (black trian-
gles). Differences from baseline are also displayed. OR, odds
ratio; RR, rate ratio

Table 1. Baseline characteristics of the 123 participants of the
DTTP

Characteristic

Age (years) 41.1±14
Females (n) 64
Ethnicity: Caucasian (%) 100
Duration of diabetes (years) 17.4±11.0
BMI (kg/m2) 23.5±3.1
HbA1c (%) 7.9±1.6
Severe hypoglycaemia in preceding year (n) 32
Rate ratio, systolic : diastolic (mm Hg) 131 : 81
Advanced retinopathy (n) 22
Overt nephropathy (n) 18
Antihypertensive prescriptions (n) 21

Unless otherwise stated, data are expressed as means ± SD
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Insulin treatment and self-monitoring. At the 12-year
follow-up, 103 (94%) of 109 patients carried out IIT.
Results of insulin treatment and self-monitoring are
summarised in Table 2. Diabetes-related knowledge
was graded at 46% (percentage of correct answers)
before participation in the DTTP and reached 77% at
the end of the teaching sessions. Without interim
teaching, the percentage dropped to 70% and 64% 
after 3 and 6 years respectively. For optimisation of
insufficient metabolic control, 18 patients participated
in the DTTP after 6 years. After 12 years, overall
knowledge was graded at 70%.

After the 6-year re-evaluation, 33 patients decided
to use short-acting insulin analogues, four patients 
decided to use long-acting insulin analogues, and ten
patients switched from multiple injection to continu-
ous insulin infusion therapy.

Complications and mortality. During the follow-up
period, 11 patients died. In all cases, death was due to
cardiovascular events. All but two patients had either
an overt diabetic nephropathy (seven) at baseline or
had developed macroalbuminuria (two) during follow-
up. Over the 12-year period, the incidence of microal-
buminuria was 21%, the incidence of macroalbumin-
uria was 7%, and the incidence of both severe non-
proliferative and proliferative retinopathy was 16%
(Fig. 2). Blood pressure remained relatively un- T
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Fig. 2. Time to event curves for occurrence of complications. 
* Patients with current assessments of retinopathy and neph-
ropathy. One patient did not provide us with urine samples and
reports of ophthalmological examinations over the whole ob-
servational period, and a further two patients did not provide
the data at 12-year follow-up



changed (baseline 131±20/81±12 mm Hg; after 12
years 134±19/79±11 mm Hg), while antihypertensive
prescriptions increased from in 21 (17%) patients at
baseline to in 51 (47%) after 12 years.

The need for hospitalisation for acute metabolic dis-
turbances (hypoglycaemia, hyperglycaemia or ketoaci-
dosis) decreased from 4.5±11.2 to 1.3±7.0, 1.9±5.8 
and 0.6±2.8 days per patient per year after 3, 6 and 
12 years respectively.

Discussion

In our cohort study, the initiation of IIT within the
DTTP led to a persistent reduction in the frequency of
severe hypoglycaemia and the number of patients who
experienced such an episode. In addition, an improve-
ment in metabolic control was observed after 3 years,
although mean HbA1c values returned to baseline 
levels after 6 and 12 years. Approximately every other
participant was able to improve metabolic control
without reporting an episode of severe hypoglycaemia
at any of the follow-up examinations. Good adherence
to the IIT, indicated by a sustained increase in the
number of daily insulin injections and blood glucose
testing was also observed.

The effectiveness of teaching and treatment pro-
grammes for IIT has been studied extensively in ran-
domised controlled trials [7, 10] and cohort studies [5,
9, 11]. The corroborating results obtained in different
healthcare systems, e.g. significant and lasting reduc-
tion in glycosylated haemoglobin, no increase in se-
vere hypoglycaemic episodes and reduction of hospi-
tal days, led us to implement this procedure in routine
care. Therefore, this 12-year study lacks a control
group, which is considered unethical. However, the
changes experienced by these patients add to the evi-
dence currently available with respect to patients on
IIT for more than 10 years in a European outpatient
healthcare setting. One large-scale cohort trial investi-
gated prognostic factors related to diabetic late com-
plications and mortality after 10 years [15, 16]. In a
recently repeated cross-sectional survey of Type 1 dia-
betic outpatients in Sweden, HbA1c levels improved
only marginally from 7.6% to 7.4% over 14 years with
increasing use of intensified therapy, but the preva-
lence of severe hypoglycaemia increased from 17% to
27% [17], which is consistent with previous findings
[2, 4, 18].

While our results are suggestive of a long-standing
effect of reducing severe hypoglycaemia, some mat-
ters on metabolic control must be regarded with cau-
tion. After initial significant improvement, substantial
deterioration of metabolic control was observed after
6 years. This pattern is similar to results of a 6-year
follow-up investigation of approximately 600 Type 1
diabetic patients [6] whose metabolic control wors-
ened after 3 years. In contrast to the DCCT, where the

intensified therapy group attended monthly visits at
the centre and had even more telephone contact to re-
view and adjust regimens, patients in our cohort were
seen, on average, once to twice a year in our outpa-
tient clinic. No differences in outcome were observed
between patients who were in regular care (at least
once a year) at our outpatient clinic and patients who
were not. Therefore, a possible explanation is that in-
tensification of insulin therapy without reinforcement
and continuing support may not provide a prolonged
distinctive improvement as demonstrated in the DCCT
[2, 3]. Moreover, since avoiding episodes of severe
hypoglycaemia was one of the key priorities of the
DTTP, some patients may have accepted higher glu-
cose levels rather than risking severe hypoglycaemia.
Patients’ ability to perceive episodes of glucose dys-
regulation, and balancing this risk : benefit ratio could
therefore be attributed to the structured training inter-
vention programme, even though metabolic control is
impaired for the benefit of fewer hypoglycaemic
episodes [19]. However, less exposure to chronically
elevated plasma glucose levels for a few years after
the DTTP could be of overall biological significance
in terms of the following points, as demonstrated by
the EDIC study [3].

It is important to emphasise that psychological fac-
tors, such as active coping, social support and percep-
tion of self-efficacy, which are important for success-
ful self-management of diabetes and were not routine-
ly assessed in our investigation, had a great impact on
metabolic control over the observational period [20,
21, 22]. Interim teaching in DTTP patients with insuf-
ficient metabolic control did not have an impact on
outcomes at follow-up (data on file). Thus, to main-
tain acquired skills and psychological support, differ-
ent models for teaching patients and for behavioural
interventions need to be implemented [23].

One can only hypothesise as to whether a combina-
tion of short- and long-acting insulin analogues [24],
devices for continuous glucose measurements [25]
and/or islet transplantation [26] will help to improve
metabolic control in Type 1 diabetic patients in the
long run.

As observed in several earlier investigations, the
presence of overt nephropathy was associated with ex-
cess mortality [15, 27, 28].

In conclusion, our investigation has shown that the
initiation of IIT within a structured outpatient DTTP
was followed, in the long term, by a reduced risk of
severe hypoglycaemia in Type 1 diabetic patients. Ini-
tial improvements in metabolic control were not long-
standing. However, in the long run, almost every 
second participant of the DTTP was able to improve
metabolic control without an increase in the number
of severe hypoglycaemic episodes. Most patients 
adhered to the complex intervention of IIT over the
12-year period. Therefore, a structured teaching and
treatment programme should be an important consid-
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