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Summary. Up to now all published experience with intensi-
fied insulin therapy has originated from specialized diabetes
centres. However, even in diabetes centres and under re-
search conditions intensification of insulin therapy may sub-
stantially increase the risk of severe hypoglycaemia. The aim
of the present study was to demonstrate the feasibility of
effectively and safely transfering intensified insulin therapy
based upon a 5-day in-patient treatment and teaching pro-
gramme from a University diabetes centre to non-specialized
general hospitals. A total of nine general hospitals were re-
cruited; the University diabetes centre served as a reference
centre. From each general hospital a nurse and a dietitian
were trained as diabetes educators, and a diabetes unit with
about 10 beds was organized within each department of inter-
nal medicine. A total of 697 consecutively admitted Type 1
(insulin-dependent) diabetic patients (age 26 + 7 years, dura-
tion of diabetes 8 £7 years) who participated in the pro-
gramme either in one of the general hospitals (n = 579) or in
the reference centre (n=118) were re-examined after 1, 2
and 3 years. Insulin therapy was intensified to a similar extent
in thereference centre and the general hospitals: at the 3-year
follow-up about 80% of the patients injected insulin at least

three times daily or used continuous subcutaneous insulin
infusion (10% ), and about 70% reported measuring blood
glucose levels more than twice per day. HbA, levels were
lowered (p < 0.0001) to comparable levels, i.e. from 10.6%
(reference centre) and 9.9 % (general hospital), respectively,
at baseline to 9.4 % and 9.3 %, respectively, at the 3-year fol-
low-up. The yearly incidence rates of severe hypoglycaemia
decreased from 0.23 (reference centre) and 0.29 (general
hospitals), respectively, during the year before intensifica-
tion of insulin therapy, to 0.19 (NS) and 0.12 (p < 0.005), re-
spectively, during the third year of follow-up. Days spent in
hospital were reduced in both groups (from 11 and 7 days per
patient per year, respectively, to 5 and 4 days, respectively,
p <0.0001). In conclusion, this study shows that intensified
insulin therapy based upon a structured and comprehensive
training of the patients by diabetes educators can be effec-
tively and safely translated from a specialized University
diabetes centre to general medicine departments.

Key words: Insulin therapy, education, hypoglycaemia, ke-
toacidosis, hospitalisation.

Technological developments have promoted major
changes in clinical diabetology. Improvements in insulin
preparations and insulin injection aids have rendered in-
sulin therapy more comfortable for diabetic patients. In
addition, the introduction of methods for measuring
glycated haemoglobin (HbA,;) values and home blood
glucose-monitoring have made continuous (near-)nor-
malization of blood glucose concentrations feasible.
Increasing experience in the use of blood glucose self-
monitoring and patient participation in treatment deci-
sion making, i.e. by self-adaptation of insulin dosages,
have provided evidence that liberalization of hitherto
strict dietary prescriptions is possible. Diabetic patients
who practise intensified insulin therapy with daily blood
glucose monitoring and immediate adjustment of insulin

dosages can largely vary the timing and the amounts of
carbohydrate intake, can skip meals altogether and can
consume a prudent quantity of sucrose and sucrose-con-
taining nutrients without losing good metabolic control [1,
2]. The possibility to abandon strict dietary regimens and
at the same time to improve overall glycaemic control has
motivated an increasing number of Type 1 (insulin-de-
pendent) diabetic patients to opt for intensified insulin
therapy.

So far, all published experience with intensified insulin
therapy originates from specialized diabetes centres, but,
usually only a minor part of the total population of Type 1
diabetic patients are treated in specialized diabetes cen-
tres. For instance, in Germany, for in-patient treatment
the majority of patients are referred to regional non-spe-
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cialized hospitals, while out-patient care is almost exclu-
sively provided by family physicians. If the achievements
of modern clinical diabetology are to become amenable to
all Type 1 diabetic patients, intensified insulin therapy has
to be decentralized and to be offered at many more places.
However, it has been doubted whether intensified insulin
therapy can be performed safely by the majority of Type 1
diabetic patients outside specialized diabetes centres [3].
In fact, even in diabetes centres and under clinical re-
search conditions intensified insulin therapy may be asso-
ciated with a two- to three-fold increase in the frequency
of severe hypoglycaemia [3, 4]. Thus, real concern exists
that in the hands of non-specialized health care providers
efforts to lower glycosylated haemoglobin values will re-
sult in an excessive risk of severe hypoglycaemia.

We have previously shown that intensified insulin ther-
apy can be practised effectively without increasing the risk
of severe hypoglycaemia if it is based upon a structured
5-day in-patient treatment and teaching programme [1, 2,
5-10]. In this study, we document the feasibility of trans-
ferring this intensified insulin treatment and teaching pro-
gramme for patients with Type 1 diabetes as performed at
the diabetes centre of the University hospital of Diissel-
dorf to non-specialized general hospitals.

Subjects and methods

Selection criteria for hospitals and patients

Hospitals were considered eligible for participation in the study, if
the following criteria were fulfilled: a) general country- or city-hos-
pital with a minimum size of at least 80 beds for internal medicine;
located within the Federal States of Nordrhein-Westfalen or Baden-
Wiirttemberg; b) the possibility to organize an in-patient diabetes
unit of about 10 beds within the department of internal medicine; ¢)
willingness to make available a medical team consisting of a physi-
cian, a nurse, and a dietitian to care for the diabetic patients.

Patients were considered eligible for recruitment if they fulfilled
the following criteria: a) Type 1 diabetes was present; b) age 15 to
40 years; c) absence of advanced diabetic late complications (serum
creatinine more than 177 umol/l; blindness); d) referral by family
physician for in-patient diabetes treatment, ¢) were resident within
100 km from the diabetes centre. A history of (repeated) severe hy-
poglycaemia was not an exclusion criteria, whereas patients treated
with continuous subcutaneous insulin-infusion (CSII) were not con-
sidered eligible.

Study protocol

A total of nine general hospitals were recruited for participation in
the study. The Diisseldorf University hospital served as a reference
centre. Each hospital was estimated to recruit about 80 patients.
However, the recruitment period was limited to one year or until a
maximum of 130 patients were recruited. All consecutively referred
and eligible patients were to be included. Patients were investigated
according to a standardized protocol before participation in the
treatment and teaching programme (TTP) and 1, 2, and 3 years
thereafter. On admission, patients were informed about the nature
of the study and asked for informed consent. Baseline data were col-
lected by the responsible local physician, whereas all follow-up in-
vestigations were performed by two physicians (V.J.and M. G.) from
the Diisseldorf centre.
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All participating physicians, nurses and dietitians were trained in
order to implement the 5-day TTP. For nurses and dietitians the
training includes participation in a formal postgraduate training
course for diabetes educators. The course was established by the
German Diabetes Association in 1983 and consists of two blocks of
4 weeks each of theoretical and practical training concerning medi-
cal, psychosocial and educational aspects of diabetes care with a
6-month period in between, during which the participants should es-
tablish a structured TTP in their own hospitals [11]. For physicians
the preparatory training includes participation in the Diisseldorf
TTP as a guest observer. All physicians were trained in the interview
techniques necessary to collect the baseline patient data. In order to
ensure that the study protocol was achieved, e. g. inclusion of all con-
secutively admitted patients, accurate data collection and accurate
measurements of principal study outcomes, e. g. Hb A, levels, perfor-
mance was continuously monitored via peer review by the principal
investigators from the co-ordinating centre in Diisseldorf.

The diabetes treatment and teaching programme

The programme has been described previously [5, 6, 8]. In short, pa-
tient education is considered an integral part of any treatment of per-
sons with Type 1 diabetes. The teaching is delivered by a nurse and a
dietitian in a structured Monday to Friday in-patient course for
groups of up to 10 patients. The goal of the TTP is to motivate and
enable the patients to strive for (near-)normoglycaemia, i.e. pre-
prandial glycaemia around 5.5 mmol/l and to avoid hypoglycaemia.
An additional major aim of the programme is to enable the patients
to liberalize their diet. This includes variation of the amount and tim-
ing of carbohydrate intake, skipping meals altogether and a prudent
consumption of sucrose-containing nutrients. Important general
prerequisites for achieving these teaching and treatment goals are:
preprandial and bedtime blood glucose self-monitoring three-four
times per day; insulin therapy with two daily injections of intermedi-
ate acting (NPH-)insulin preparations in the morning and in the
evening (before dinner or at bedtime), and injection of regular in-
sulin before main meals; adaptation of the insulin dosages by the pa-
tients themselves without contacting a physician; recording results of
metabolic self-monitoring, insulin dosages, hypoglycaemic episodes
or other events relevant to glycaemic regulation in a diabetes log-
book is recommended. The more liberal the diet becomes, the more
frequent measurements of blood glucose and the more frequent in-
jections of regular insulin and immediate adaptations of insulin dos-
ages will be necessary to keep glycaemia in optimal control. After
discharge, patients are followed-up by their family physicians; al-
though consultation of a specialized diabetes outpatient clinic is.
possible on referral.

Procedures

The standardized interview addressed various aspects of diabetes
care as previously described [8]. Severe hypoglycaemia was defined
as a hypoglycaemic episode requiring assistance from another per-
son and treatment by intravenous glucose or glucagon injection.
Ketoacidosis was defined as a hyperglycaemic ketotic metabolic
decompensation associated with clinical signs of ketoacidosis, and
treatment provided in the hospital. Hospitalisations, diabetes-re-
lated or not, were assessed retrospectively for the last 3 years before
the study, and for the respective preceding year at each 1-year fol-
low-up examination. The validity of the method used has been
shown previously [9].

Using an illustrated questionnaire with 39 items {5, 8] diabetes-
related knowledge was assessed at baseline, immediately after the
TTP, and at the 1-year follow-up examination. In addition, patients
were asked to present their diabetes log-books; frequencies of meta-
bolic self-monitoring were assessed by analysing the log-book en-
tries concerning the last 4 weeks before the follow-up examination
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Table 1. Numbers of patients recruited in each participating centre, and of those available and examined, respectively, at the follow-up exam-

inations
No. of patients
Atentry At the 1-year follow-up At the 2-year follow-up At the 3-year follow-up
Recruited Available  Examined Available  Examined Available  Examined
Reference centre 131 130 124 127 116 126 118
General hospitals
1 119 115 113 113 109 110 104
2 111 110 109 108 104 106 102
3 76 74 71 73 68 73 70
4 77 76 72 75 70 74 69
5 56 55 53 54 52 53 50
6 55 53 51 51 47 50 46
7 87 83 83 80 78 77 74
8 22 21 20 21 19 21 18
9 50 48 48 48 47 47 46
Total group 784 765 744 750 710 737 697

and by interview. Performance of glucagon administration by rela-
tives or significant others in case of severe hypoglycaemia was evalu-
ated by patient interview.

At baseline, the usual clinical and diabetes-related examinations
and laboratory measurements were performed in each hospital
using standard methods. Retinal status was assessed by the consul-
tant ophthalmologist of the respective hospital. HbA; was measured
using a microcolumn method (Boehringer Mannheim, Mannheim,
FRG), with a normal range of 5.6-7.4 % (mean +2 SD). During the

Table 2. Baseline characteristics of patients

Reference  General
centre hospitals
n=131) (n=653)
Female (%) 50 48
Age (years) 267 267
Duration of diabetes (years) 8+8 8+7
Newly-diagnosed diabetes (% patients) 13 6
Educational level (% patients)
low/intermediate/high 30/23/48 40/29/31°
Body mass index (kg-m %) 21+26 22.8+2.9
C-peptide positive (% patients)® 32 59°
HbA, (%) 107+£25 99+21°
Patients with history of severe
hypoglycaemia (% )° 26 27
Daily insulin dosage (IU/kg body weight)® 0.68 £0.29 0.65+0.28
Insulin injections per day 20+£0.8 20£0.8
Diabetes-related knowledge scores
(out of a maximum of 39) 19+6 18+6
Patients practising blood glucose self-
monitoring {% ) 39 46
Current smokers (%) 48 43
Retinopathy (% patients)
none/non-proliferative/advanced 70/29/2 84/15/1°
Proteinuria (% patients)
<50/51-499/ = 500 mg/1 66/27/7 81/15/4*

Values are means =SD or as indicated; differences significant at
1p<0.01, ®p<0.001; °patients with newly-diagnosed diabetes ex-
cluded

preparatory phase of the study, this method was introduced in all
participating centres including the reference centre. Thus, the ba-
seline HbA, levels were measured by the same method in each hos-
pital. At the follow-up examinations venous blood samples were
taken from each patient and transported on ice to the laboratory of
the reference centre where all laboratory measurements were per-
formed. At the 3-year follow-up examination, HbA, levels were
measured additionally using the Diamat HPLC-analyser (normal
range 4.5-5.5%). Random C-peptide levels were measured using a
human C-peptide assay (Behring, Marburg, FRG) and a value less
than 0.1 nmol/l was considered negative.

Statistical analysis

Comparisons were made between the patients of the reference
centre and the total patient group recruited from the general hospi-
tals. Since some hospitals contributed a rather small number of pa-
tients comparisons between the reference centre and individual
general hospitals were not made. Data are expressed as means + SD
unless indicated otherwise. Patient characteristics at entry were
compared by parametric and non-parametric tests for unpaired data
{Student’s rtest, one-way analysis of variance, Mann Whitney
U-test). For quantitative outcome measures, groups were compared
by the #-test and the Wilcoxon rank sum test. To assess changes over
time within the groups, the paired samples #-test, analyses of vari-
ance for repeated measurements, the Wilcoxon matched-pairs
signed-ranks test and the Friedman two-way analysis of variance
were applied. The McNemar test and the chi-square test, respective-
1y, were used for variables involving categorial classifications. Statis-
tical significance was assumed at a two-tailed p of less than 0.05.

Results
Patient characteristics and follow-up

Table 1 summarizes the numbers of patients recruited,
and those who were available and examined, respectively,
at the three follow-up examinations, in each participating
centre. Patients were either examined at their respective
hospitals or visited at their homes (e. g. 43 % home visits at
the 3-year follow-up examination). Five patients had died
during follow-up. Reasons for death were suicide (2),
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Table 3. Insulin therapy
No. of daily insulin Dailyinsulin Regular insulin
injections (% patients) dosage (% of total
=1 2 >30r CSIT (IU/kgbody  daily insulin

weight) dosage)°

Reference centre (n=118)

Atbaseline 17 74 9 0.64+0.31 12+21

After 1 year 3 32 64 064022  45%17°

After 2 years 1 25 75° 0.67£021  48x14°

After 3 years 2 21 7F 0.65+0.19 48+16*
General hospitals (n =579)

At baseline 12 74 14 068029 15£22

After 1 year 1 25 74 065022 44%16°

After2 years 1 20 79° 067022  46x17*

After 3 years 1 17 8 065019  46+16°

Compared to baseline values significantly different at * p < 0.0001;
® for patients using continuous subcutaneous insulin infusion (CSII)
prandial insulin dosages were used

Table 4. HbA,; (HbA.) levels at baseline and at the follow-up exam-
inations

Baseline  1year 2 year 3 year
Reference centre  10.6+25 93120 92%19 94118
(n=118) (7.8+1.6)
Generalhospitals  9.9+21 90+19 91+£18 9318
(n=579) (7.7£1.7)

Values are means=SD. All follow-up values were significantly
lower than respective baseline values (p < 0.0001)

motor-cycle accident (1), cancer (1), and malpractice dur-
ing an event of hypoglycaemia (1). After recruitment, dur-
ing the 3-year follow-up period, a total of 42 patients
changed place of residence to a distance greater than
100 km from their diabetes centres. No attempt was made
to re-examine these persons, but they were contacted to
verify that they were alive. These patients did not differ
with respect to relevant clinical parameters from the pa-
tients who completed the study. A total of 51 patients de-
clined to participate in one or more follow-up exami-
nations (21 patients at 1year, 40 at 2 years, and 40 at
3 years). These patients had higher initial HbA; levels
than those who participated in all examinations
(11.24£23% vs. 99+22%, p=0.001), whereas other
clinical characteristics were comparable.

Table 2 shows selected baseline characteristics of the
patients recruited from the reference centre and the group
of patients recruited from the nine general hospitals. Pa-
tients from the reference centre had a higher level of for-
mal education, a lower body mass index, and more of them
had newly-diagnosed diabetes. On the other hand, they
had more severe diabetes as indicated by higher initial
HbA,; levels, a higher proportion of C-peptide negative
patients, and more patients with retinopathy and in-
creased proteinuria concentrations. In the following, re-
sults are presented for the 697 patients who completed the
3-year study.

Diabetes-related knowledge scores were comparable
between the reference centre and the general hospitals at
baseline (Table 2), but were higher in the reference group
immediately after participation in the TTP (33 vs 29,
p<0.001), and after 1 year (27 vs 26, p <0.05). In both
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groups, during the 3 years of follow-up a cumulative 45 %
of patients reported to have consulted a physician spe-
cialized in diabetes at least once (reference centre: 31 %
during first year, 27% second year, 30% third year;
general hospitals: 33 %, 25 %, and 23 %, respectively).

Insulin treatment and metabolic self-monitoring

Initially, during the TTP, no patient was treated with CSII.
At all three follow-up examinations more patients from
the general hospitals than from the reference centre used
CSII (8% vs2%,p <0.01,10% vs 3%, p <0.05, and 11 %
vs 5%, p <0.05, respectively). The number of daily in-
sulin injections increased significantly after the TTP
(p <0.0001; Table 3). The mean daily insulin dosage
(IU/kg body weight) remained unchanged in the total pa-
tient groups (Table 3), but decreased in patients with a
baseline diabetes duration of more than 1 year (reference
group, n=84: from 0.74 £0.25 at baseline, to 0.71 £0.19,
0.71£0.19, and 0.69 + 0.18 IU/kg body weight, respectiv-
ely, at the three follow-up examinations, p < 0.05; gener-
al hospitals, n=463; from 0.720.25 to 0.68£0.22,
0.68 £ 0.21, and 0.66 + 0.2, respectively, p < 0.01). At entry
into the study, 30 % and 39 % of the patients, respectively,
and at the 3-year follow-up 99 % and 97 %, respectively,
(p <0.0001) used regular insulin preparations. In both
groups, the relation between regular (prandial) insulin
and intermediate acting (basal) insulin increased
(p <0.0001, Table 3).

At the 1-year follow-up 65 %, at 2 years 57 %, and at
3 years 51 %, respectively, of the patients presented a
diabetes log book. The proportion of patients reporting
blood glucose measurements more than twice daily in-
creased in the reference centre from 12 %, at baseline, to
64 %, 65 % and 71 %, respectively, at the follow-up exam-
inations (p <0.0001), and in the general hospitals from
9% to 68%, 69% and 74 %, respectively, (p <0.0001).
The percentages of patients reporting daily glucose moni-
toring of urine decreased significantly (reference groups:
from 14 % at baseline, to 14 %, 6% and 5% respectively
(p =0.03); general hospitals: from 15% to 12 %, 5%, and
3%, respectively, p < 0.0001).

Metabolic control and acute complications

Table 4 summarizes the results of HbA; (HbA.) levels. In
the reference centre and the general hospitals Hb A levels
were significantly lower at all follow-up examinations
when compared to baseline (p < 0.0001); the achieved de-
gree of glycaemic control was comparable between the
groups. Results did not significantly change after exclu-
sion of the patients with newly-diagnosed diabetes from
the analysis.

Severe hypoglycaemia: During the 3 years of the study in
both patient groups a cumulative 22 % of subjects had ex-
perienced one or more episodes of severe hypoglycaemia.
(16% and 12%, respectively, one episode, and 6 % and
10% , respectively, two or more episodes). The cumulative
number of episodes was 49 (incidence 0.14 cases per pa-
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Table 5. Frequency of severe hypoglycaemia in patients with a
diabetes duration of more than 1 year at baseline

Percent patients with severe hypoglycaemia

(yearly incidence)

Year before Follow-up

intervention 1 year 2 year 3 year
Reference centre 13 (0.23) 10(0.18) 11(0.16) 14(0.19)
(n=284)
General hospitals 15 (0.29) 12 (0.20) 12 (020 9 (0.12)°
(n=463)

2 p <0.05, ° p<0.005 compared to the year before intervention

Table 6. Hospitalisations during respective 3-year periods prior to
and after participation of the patients in the treatment and teaching
programme (TTP)

3 years 3 years
before TTP after TTP

Reference centre (rn=74)"

Hospital admissions
(cumulative, % patients)

none 31 44

one 40 31

two or more 29 25
Hospital days (per patient per year) 11 5¢

General hospitals (n = 393)*

Hospital admissions
(cumulative, % patients)

none 33 45°
one 35 30°
two or more 32 25b
Hospital days (per patient per year) 7 44

2Only patients with a baseline diabetes duration of more than
3 years were included. Significant differences compared to pre-study
values

b p <0.05, ©p<0.0003, ¢p<0.0001

tient per year) and 279 (incidence 0.16), respectively.
Table 5 shows the yearly incidence rates of severe hypo-
glycaemia for patients with a diabetes duration of more
than one year at entry into the study during the year be-
fore and the 3 years after participation of the patients in
the TTP. In the general hospitals incidence rates were sig-
nificantly lower during the second and third year of fol-
low-up compared to the year before intervention. No sig-
nificant change was observed in the reference centre. The
proportion of severe hypoglycaemic events treated with
glucagon by relatives or significant others increased
(p <0.001) [reference centre: from 5% (year before inter-
vention), to 21% (first year), 50% (second year), and
44 % (third year); general hospitals: from 14 % to 30 %,
37%, and 52 %, respectively], whereas those resulting in
hospitalisation decreased (p <0.01) (reference centre:
from 90% to 29%, 31%, and 44 %; general hospitals:
from 45 % to 35 %,36 %, and 33 %, respectively). The re-
maining events of severe hypoglycaemia were treated by
physicians without resulting in hospitalisation.

Ketoacidosis was a rare event in both patient groups (one
event in the reference group and 11 in the general hospi-
tals group during the 3 years of follow-up).
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Body mass index changed to a similar extent in the refer-
ence group (from 22.0+2.5 to 22.8+2.6 after 3 years,
p<0.0001) and the general hospitals group (from
22.9£29t023.7+£2.9,p <0.0001).

Hospitalisations: During the 3 years of follow-up, a cumu-
lative 48 % of patients from the reference centre and 47 %
from the general hospitals, respectively, had no hospital
admission, 32 % and 30 % , respectively, had one, and 30 %
and 23 %, respectively, had two or more hospital admis-
sions. In both groups, hospitalisations and days spent in
hospital were significantly lower during the 3 years after
participation of the patients in the TTP when compared to
the 3 years before the study (p <0.0001, Table 6).

Subgroup of patients with CSII: At the 3-year follow-up
examination 68 patients used CSII. Compared to the pa-
tients using injection therapy (n = 629) there were more
females among CSII patients (66 % vs 55 %, p < 0.01), and
they had a longer diabetes duration (11*8years vs
8 £7 years, p <0.02). CSII patients had higher diabetes-
related knowledge scores, both before (2116 vs 18 %6,
p <0.0001), immediately after the TTP (30 +4 vs 295,
p<0.02), and at the 1-year follow-up (2914 vs 26 %5,
p <0.001); more patients reported measuring blood glu-
cose more than twice daily (94% vs 71%, p <0.0001),
and they used less insulin at 3 years (0.57+0.15 vs
0.65 £ 0.21 IU/kg body weight, p < 0.0001), though insulin
dosages were not significantly different at entry into the
study (0.62 £0.18 vs 0.65 £ 0.28). CSII patients had com-
parable HbA, levels at entry into the study (9.7 +2.3 vs
10.0£2.2%) and after 3 years (9.0£1.7 vs 9.3+1.8%),
but they had a higher incidence of severe hypoglycaemia
(022 vs 0.11 cases per patient during the third year,
p <0.05), although the incidence rates were not signifi-
cantly different during the year before the study (0.19 vs
0.29). The incidence of ketoacidosis was higher during
CSII treatment (0.03 vs 0.003 cases per patient during the
third year, p <0.005). In addition, hospitalisation rates
were higher during CSII therapy (a cumulative 96% vs
48% of patients with hospital admissions during the
3 years of follow-up, p <0.0001; and 8 vs 4 hospital days
per patient per year, p < 0.001).

Discussion

The present study shows that intensified insulin treatment
based upon a structured 5-day in-patient training pro-
gramme can be effectively and safely provided in general
hospitals. For up to 3 years, main outcome measures of
diabetes care were comparable between the diabetes
centre of the University hospital of Diisseldorf and nine
general hospitals.

The effectiveness of the educational and treatment ap-
proach used in this study has been documented previously
in several uncontrolled studies [2, 5,7, 9] and in a prospec-
tive randomized controlled investigation [8]. Thus, the
aim of the present study was not to demonstrate the effec-
tiveness of a particular teaching programme or treatment
regimen, but to prove the feasibility of translating modern
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insulin treatment to general medicine departments with-
out increasing the risk of severe hypoglycaemia.

Not unexpectedly, patients recruited in the University
hospital differed in some characteristics from those of the
general hospitals. A higher educational level among pa-
tients from the reference centre may be due to a certain
degree of patient self selection, i. e. patients with a higher
degree of education may opt more readily for participa-
tion in an intensified insulin freatment and teaching pro-
gramme at a specialised diabetes centre than patients with
lower education. On the other hand, patients admitted to
the University hospital had their diabetes less well con-
trolled and more of them had diabetic late complications
reflecting a referral policy which is in accordance with the
particular scope of a specialized diabetes centre.

Despite these differences between the patients of the
reference centre and the general hospitals main outcome
measures were comparable. Insulin therapy was intensi-
fied to a similar extent. In both groups about 80 % of pa-
tients injected insulin at least three times daily or used
CSII treatment, and about 70 % reported blood glucose
self-monitoring more than twice daily. In addition, intensi-
fied insulin therapy was carried out safely in both groups.
Yearly incidence rates of severe hypoglycaemia either re-
mained unchanged (reference centre) or even decreased
(general hospitals) during the years foliowing participa-
tion of the patients in the TTP. This result is in contrast to
the findings of the Diabetes Control and Complications
Trial (DCCT) and other research studies, where intensifi-
cation of insulin therapy has substantially increased the
risk of severe hypoglycaemia [3, 4, 12]. It is of note, that in
the present study patients who had a particularly high risk
of subsequent severe hypoglycaemia, e. g. those with a his-
tory of repeated severe hypoglycaemia [3, 8, 12], were not
excluded from the protocol, whereas the DCCT full-scale
trial has made such patients ineligible [13]. The results of
the present study are in support of our previous observa-
tions, that intensification of insulin therapy based upon a
structured training programme does not lead to an in-
creased risk of severe hypoglycaemia. It is of note, that the
TTP evaluated in the present study was based upon the
use of multiple daily insulin injections. Thus, patients al-
ready being treated with CSII on admission were not in-
cluded in the study, although later change to CSII was not
an exclusion criteria. We have previously reported that
CSII treatment can be effective and safe if performed ac-
cording to specificrecommendations as outlined by Chan-
telau et al. [10]. However, under the conditions of the pre-
sent study, the outcome of CSII was less favourable than
multiple insulin injection therapy.

Finally, the programme was comparably effective in
lowering HbA; values in both the specialized centre and
the general hospitals. The achieved degree of metabolic
control was comparable to previous evaluation studies of
the programme. In addition, the mean HbA,, level of
7.7% at the 3-year follow-up is comparable to the value
reported from the DCCT experimental group after a simi-
lar study period [13]. It is notable however, that in the
present study HbA; values were fair even on admission of
the patients to the study. Nevertheless, the observed de-
crease of HbA, levels by about 1 % appears to be of clini-
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cal relevance [14, 15]. An explanation for the comparably
low initial HbA, levels may be the high proportion of par-
ticipating patients with a short duration of diabetes, e.g.
20% had a diabetes duration of one year or less. This ob-
servation reflects a referral policy which is entirely in ac-
cordance with the objectives of the intervention pro-
gramme. Patients should participate in the TTP as soon as
possible after manifestation of the disease.

The TTP was associated with an impressive subsequent
decrease in hospitalisations, an observation which cannot
be explained by concomitant changes in hospitalisation
patterns of the general population [9]. The effects were
similar for patients of the diabetes centre and the general
hospitals, underscoring the overall quality of the pro-
grammes provided in the general medicine departments.

It could possibly be argued that the reductions of both
the HbA, values and the frequency of severe hypogly-
caemia seen in this study might simply be due to a so-
called study effect or due to an overall improvement of
diabetes care in Germany during the study period. Al-
though counselling of the patients at the yeatly follow-up
examinations was not part of the protocol, a study effect
might have occurred. However, in previous controlled in-
tervention trials in Type 1 diabetic patients it has emerged
that so-called study effects on metabolic control, if they
occur at all, are short lived. Usually, they do not last be-
yond 6 months [8, 13, 16, 17]. Thus, in one study address-
ing this aspect [16], intensive individual counselling by a
diabetologist during 12 patient visits led only to a tran-
sient fall of HbA, levels. After 6 months, at the twelfth
visit, Hb A values were as high as at the first visit. Even the
additional introduction of blood glucose self monitoring
led only to a short-lived improvement of metabolic con-
trol. At the end of the study, after a total of 15 months,
HbA, levels were on average 1 % higher than before the
intervention. In the DCCT [13], in the control group
HbA, . levels after 3 years were marginally higher than the
initial values despite physician contact every 3 months. Fi-
nally, in a randomized controlled multicentre evaluation
study of an education programme in the Netherlands for
Type 1 diabetic patients of four weekly 3-h group sessions,
HbA,. levels remained unchanged at about 9% both in
the control group and in the intervention group [17]. Only
limited information exists on the overall quality of Type 1
diabetes care in Germany. However, data recently col-
lected in a German multicentre study [18] from a sample
of more than 500 Type 1 diabetic patients, showed that the
incidence of severe hypoglycaemia was disturbingly high,
i.e. 0.45 cases per patient per year at an average HbA,
value comparable to that at recruitment into the present
study. In another study from Germany [19] evaluating
about 200 Type 1 diabetic patients who were treated with
CSII at one specialized diabetes centre the incidance of
diabetic ketoacidosis was 0.19 cases per patient per year,
and of severe hypoglycaemia treated by a physician, 0.25.
Thus, unfortunately, there is no reason to assume that
diabetes care in general has improved for the majority of
the German Type 1 diabetic patients during recent years.

Several prerequisites appear indispensable for the suc-
cessful translation of intensified insulin TTPs to general
medicine departments. Firstly, the availability of trained
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diabetes educators to carry out the programme are manda-
tory. Therefore, the implementation of an official post-
graduate training course for diabetes educators by the Ger-
man Diabetes Association [11] has provided the basis for a
nationwide distribution of structured insulin treatment
and teaching programmes. Secondly, the education of the
patients has to follow a curriculum, and treatment regi-
mens have to take into account patients’ desires to partici-
pate in treatment decision making. The prospect of liberal
diet and increasing flexibility of other aspects of daily life,
are considered major determinants in motivating patients
to practise intensified insulin therapy on along-term basis.
Consequently, intensification of insulin treatment and
training of the patients in day-to-day self adaptation of in-
sulin dosages are indispensable objectives of this pro-
gramme. Itisin support of these considerations, that in the
present study patients adhering to the objectives of the
TTP of blood glucose monitoring at least three times per
dayhadbetterHbA, levelsthanpatientswhodidnot follow
these recommendations (9 % vs 10% after 3 years). Inter-
vention programmes that have disregarded these aspects
of treating and teaching Type 1 diabetic patients were un-
successful in improving glycaemic control [17].

In conclusion, the present study has demonstrated that
intensified insulin therapy can be performed effectively
and safely in general hospitals. The prerequisite for suc-
cess is a structured TTP performed by specially trained
diabetes educators. Translating such programmes from
specialized diabetes centres to general hospitals can make
effective insulin therapy amenable to all Type 1 diabetic
patients.
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