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Summary. It has been questioned whether aiming at near- 
normoglycaemia by intensified insulin treatment regimens is 
feasible and safe for the majority of patients with insulin-de- 
pendent diabetes. In this study, intensified insulin injection 
therapy (including blood glucose self-monitoring and multi- 
ple insulin injections) based upon a 5-day inpatient group 
teaching programme was evaluated in Type 1 (insulin-depen- 
dent) diabetes meUitus in the centralised health care system 
of Bucharest. One hundred patients (group A, initial HbA1 
12.5%) were followed for 1 year on their standard therapy 
(individual teaching, no metabolic self-monitoring), and 
thereafter for I year on intensified therapy. Another 100 pat- 
ients (group B, HbA1 12.3%) were followed for 2 years on 
intensified therapy. A third 100 patients (group C, HbA1 
11.7%) were assigned to a basic 4-day inpatient group teach- 
ing programme with conventional insulin therapy (including 
self-monitoring of glucosuria and acetonuria) and followed 
for 1 year. Mean HbA1 remained unchanged after standard 
treatment (group A: 12.8% at 12 months), but decreased dur- 

ing intensified therapy (group A: 10.1% at 24months; 
group B: 9.3% at 12 months, 9.5% at 24 months; p <0.0001). 
In group C, no change was found compared to standard 
treatment (i. e. group A at 12 months). Incidence rates of ke- 
toacidosis were 0,16 episodes per patient per year during 
standard treatment, 0.01 during intensified treatment (p < 
0.01) and 0.04 in group C (p <0.025). Hospitalisation rates 
were reduced by 60% during intensified therapy and by 40% 
in group C. Frequency of severe hypoglycaemia was not sig- 
nificantly different between the three treatment regimens. 
Thus, under the condition that insulin treatment is based up- 
on a structured and comprehensive training of the patient, 
intensified insulin injection therapy performed as routine 
treatment of Type 1 diabetes significantly lowers HbA1 levels 
without increasing the risk of severe hypoglycaemia. 

Key words: Type I diabetes, insulin therapy, severe hypogly- 
caemia, ketoacidosis, patient education. 

Conventional therapy of Type 1 (insulin-dependent) 
diabetes is associated with substantially increased mor- 
bidity and mortality rates due to hyperglycaemia-in- 
duced organ damage [1]. During the last decade near- 
normalisation of blood glucose has become technically 
feasible. A number of studies have shown that selected 
patients can be trained to combine blood glucose self- 
monitoring with intensified insulin substitution regi- 
mens to maintain lower blood glucose levels than 
could hitherto be achieved with conventional treat- 
ment strategies [2-4]. However, concern has been 
raised about the possibility of extending intensive insu- 
lin treatment methods to large numbers of patients 
without increasing the risk of severe hypoglycaemia or 
health care costs [5, 6]. Furthermore, there has been 
doubt that intensive regimens are acceptable or practi- 

cable for the majority of insulin-treated diabetic pat- 
ients or their health care providers [6]. 

At the University Hospital of Dfisseldorf intensive 
insulin treatment based upon a structured and compre- 
hensive 5-day inpatient group teaching programme has 
been standard therapy for all Type I diabetic patients 
since 1978. Practicability, safety and long-term effec- 
tiveness of this intervention have been documented re- 
peatedly [7-9]. However, none of these trials were con- 
trolled investigations, and it could be argued that the 
patients studied may not be representative of Type 1 
diabetic populations in general. 

Therefore, the same intensive diabetes treatment 
and teaching programme was evaluated in a pro- 
spective controlled trial carried out in the centralised 
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health care system of Bucharest, where the University 
Hospital provides care for all diabetic patients of the 
city and its surroundings. 

Subjects and methods 

Patients and protocol 

A total of 300 Type 1 (ketosis-prone, insulin-dependent) diabetic pat- 
ients consecutively admitted to the diabetes ward of the University 
Hospital of Bucharest and aged 15 to 40 years agreed to participate, 
They were informed about the nature of the study, i.e. the controlled 
introduction of established treatment strategies into their health care 
system and the possibility of a limitation of imported materials for 
metabolic self-monitoring after completion of the study was made 
known to the patients. Patients were hospitalised due to metabolic 
decompensation or for initiation of insulin treatment when diabetes 
was newly diagnosed. Exclusion criteria were: admission primarily 
because of severe acute or chronic disorders unrelated to diabetes, 
mental retardation or psychiatric diseases that would interfere with 
participation of the patient in a group teaching programme, clinical- 
ly overt diabetic nephropathy (urinary protein excretion exceeding 
0.5 g/day and/or  raised serum creatinine levels), proliferative reti- 
nopathy or blindness, or severe foot complications. Patients were 
group randomised [10] to 3 different treatment regimens. The first 
consecutive 100 patients meeting the eligibility criteria (group A) 
continued the standard treatment of the Bucharest Hospital during 
the first year of the study. Thereafter, they participated in the inten- 
sive diabetes treatment and teaching programme (IDTI'P) and were 
followed for another year. The second 100 patients (group B) partici- 
pated in the IDTI'P immediately after their recruitment into the 
study and were followed for 2 years. The last 100 patients (group C) 
were assigned to a basic diabetes treatment and teaching programme 
(BDTTP) and were followed for 1 year. The recruitment of all 
patients was completed within l year. 

Diabetes treatment and diabetes teaching programmes 

The diabetes unit of the Bucharest University Hospital consists of an 
inpatient and an outpatient department which are located in sepa- 
rate buildings. During their assignment to the outpatient clinic, phy- 
sicians working there have no duties on the diabetes ward, and vice- 
versa. The decision about a patient's admission to the diabetes ward 
is made by the physicians of the outpatient department, but emer- 
gency cases may be directly hospitalised. Traditionally, Type 1 diabe- 
tes is managed in the following way (standard treatment): for initia- 
tion of insulin therapy or restabilisation of metabolic control, 
patients are hospitalised for about 1 week. Insulin therapy is per- 
formed with a variety of bovine and porcine insulin preparations of 
North American and European companies (Novo and Nordisk, Co- 
penhagen, Denmark; Hoechst, Frankfurt, FRG; Eli Lilly, Indiana- 
polis, Ind, USA). In addition, less purified Rumanian insulin prepa- 
rations are used (Biofarm, Bucharest, Rumania). Generally, patients 
inject an intermediate acting insulin twice daily, or a combination of 
intermediate and rapid acting insulins twice daily. Patients are not 
supposed to adjust insulin dosages by themselves, and metabolic 
self-monitoring is not advised. A traditional diabetes diet, rigid with 
respect to timing and amount of carbohydrate intake, is prescribed. 
Instruction of the patients about the management of their disease is 
performed individually by the physician in charge. After discharge, 
patients must regularly visit the outpatient unit in order to get insulin 
prescribed. 

The [DTTP was identical to that of the University Hospital of 
Dtisseldorf [7-9]. Two physicians (I.B., D.C.) and two nurses had 
come to D~isseldorf during May 1984 for 2 weeks' training in order 
to perform the programme in Bucharest. The teaching was delivered 
by the two nurses in a structured Monday to Friday inpatient course 

for groups of about I0 patients. The goal of the IDTTP is to moti- 
vate and enable the patients to strive for blood glucose values as nor- 
mal as possible, i.e. preprandial glycaemia around 5.5 mmol/1. Im- 
portant general prerequisites for achieving optimal metabolic control 
are: 3-4 times daily preprandial and bedtime metabolic self-moni- 
toring of either blood glucose or urine glucose concentrations; insu- 
lin therapy with at least two injections per day using miscible inter- 
mediate and rapid acting insulin preparations; adaptation of the 
insulin dosage by the patients themselves without previously contact- 
ing a physician; and recording results of metabolic self-monitoring, 
insulin dosages, hypoglycaemic episodes or other events relevant to 
glycaemic regulation in a diabetes log book. Under the condition 
that insulin treatment is intensified, patients may liberalise their diet. 
This includes variation of amount and timing of carbohydrate in- 
take, skipping of meals altogether and a prudent consumption of su- 
crose and sucrose containing nutrients [11-13]. The more liberalised 
the diet becomes, the more frequent measurements of blood glucose 
and the more frequent injections of regular insulin and immediate 
adaptations of insulin dosage will be necessary to keep glycaemia in 
optimal control. 

In the present study, all patients who participated in the IDTI'P 
were treated with Monotard MC and Actrapid MC (Novo, Copen- 
hagen, Denmark). The patients were provided with sufficient materi- 
al to perform 3 to 4 times daily blood glucose or urine glucose mea- 
surements and determinations of acetonuria if indicated. The 
materials used were Chemstrip 20~800, Diabnr-Test 5000 and Ketur- 
Test, respectively (Boehringer Mannheim, Mannheim, FRG). In ad- 
dition, patients received glucagon sets (Glucagon, Novo, Copenha- 
gen, Denmark) for subcutaneous or intramuscular application [14] in 
cases of severe hypoglycaemia with loss of consciousness. Whenever 
possible, relatives of the patients were trained personally by the 
nurse educators in the usage of the injection set; otherwise relatives 
were instructed by the patients themselves. All 300 patients received 
plastic syringes (Plastipak, Becton and Dickinson, Heidelberg, FRG) 
and were instructed to use one syringe per day throughout the study. 
Patients who had participated in the IDTTP were exclusively fol- 
lowed-up by the specially trained team of two physicians and two 
nurses at a place separate from the general outpatient clinic. 

The BDTI'P included metabolic self-monitoring with materials 
produced in Rumania. For self-monitoring of glucosuria a semi- 
quantitative impregnated paper test strip method (Glucozuriei, La- 
boratorul Galenic, Bucharest, Rumania) was used. The method is 
based upon the reduction of copper sulfate to cuprous oxide, and re- 
quires heating at 105 ~ for about 15 min. The reliability of the 
method is acceptable with a good sensitivity between 0.5 g/dl 
(27.8 mmol/1) and 2.5 g/dl  (138.9 mmol/1), but false positive read- 
ings may be obtained at concentrations lower than 0,1 g/dl 
(5.6 retool/l) and false low values at concentrations above 2.5 g/all 
(138.9 retool/l) [15]. For testing of acetonuria, reagent tablets (Aceto- 
test, Bucharest, Rumania) were used. Insulin therapy was performed 
with various insulin preparations as in the standard therapy regimen. 
The teaching programme was a modification of the intensive pro- 
gramme; it lasted 4 days and was delivered by the two teaching 
nurses. The goal of the therapy was aglucosuria without significant 
hypoglycaemic reactions. Simple rules for self-adjustment of insulin 
dosages were provided, and patients were trained to match their diet 
to the insulin preparation used. The patients were followed-up in the 
general diabetic outpatient unit by various physicians; in addition, 
they had the possibility of contacting the two physicians and the two 
nurses of the diabetes treatment and teaching team. 

Procedures 

Patients of groups A and B were evaluated at entry into the study af- 
ter metabolic recompensation, and after 6, 12, 18 and 24 months. 
Group C was followed for only 12 months. Glycosylated haemoglo- 
bin (HbA1) was measured using a microcolumn method (Boehringer 
Mannheim, Mannbeim, FRG), the normal range (mean• of 
50 healthy subjects) being 5.4 to 7.6%. Fasting serum C-peptide was 
measured at entry into the study using a commercially available ra- 
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dioimmunoassay (IRE, Fleurus, Belgium) and a value >_ 0.17 nmol/1 
was considered positive. Serum insulin antibodies were assessed by a 
radioimmunological method as described elsewhere [%]. Specific 
binding (presence of insulin antibodies) was assumed to be present 
for values> 8%. Severe hypoglycaemia and ketoacidosis were as- 
sessed by standardised interview and by a review of patient records. 
Severe hypoglycaemia was defined as loss of consciousness treated 
either by intravenous glucose administration or glucagon injection. 
Ketoacidosis was defined as a hyperglycaemic ketotic metabolic de- 
compensation associated with clinical signs of ketoacidosis, an arte- 
rial pH value below 7.3, and treatment provided in the hospital. Hos- 
pitalisations were evaluated by analysing patient records. If a patient 
had been treated in another hospital, e.g. for surgery, a report was 
requested. All hospitalisations, diabetes-related or not, were included 
in the analyses. Diabetes-related knowledge was assessed using an il- 
lustrated questionnaire with 37 questions on general aspects of dia- 
betes, metabolic self-monitoring, rules for changing insulin dose, 
treatment and prevention of hypoglycaemia, and diet. The total in- 
ternal reliability of the questionnaire was 0.8 [7]. In addition, rates of 
compliance with the following items of the teaching and treatment 
programme were evaluated: (1) patients were asked to demonstrate 
that they were carrying emergency carbohydrates for treatment of 
hypoglycaemia; (2) they were asked to present their diabetes log 
books; (3) frequencies of metabolic self-monitoring were assessed by 
analysing the log book entries concerning the last 4 weeks before the 
follow-up examination; (5) performance of glucagon administration 
by relatives in case of severe hypoglycaemia was evaluated by pat- 
ient interview and the number of glucagon sets delivered to the pat- 
ients. 

Statistical analysis 

Data are expressed as means + SEM unless indicated otherwise. Pat- 
ient characteristics at entry were compared by parametric and non- 
parametric tests for unpaired data (Student's t-test, one-way analysis 
of  variance, Wilcoxon rank sum test, KruskaI-Wallis l-way ANOVA) 
[/7]. For quantitative outcome measures, groups were compared at 
each time point by the Wilcoxon rank sum test and the Kruskal-Wal- 
lis/-way ANOVA, respectively. A special procedure has been adopt- 
ed to adjust for the baseline differences in HbA1 levels [/7]. To assess 
change over time within the groups, the paired samples t-test, analy- 
ses of variance for repeated measurements, the Wilcoxon matched- 
pairs signed-ranks test and the Friedman two-way ANOVA were ap- 
plied. The chi-square test (with Yates correction, if indicated) was 
used for variables involving categorical classifications (e. g. frequen- 
cy of severe hypoglycaemia and ketoacidosis). The McNemar test 
was used to compare the frequencies of these complications between 
the first and second year of follow-up. Statistical significance was as- 
sumed at a two-tailed p < 0.05. 

Results 

Comparability" and follow-up of  the groups 

At entry into the study, characteristics of the 3 patient 
groups (Table 1) were not statistically different, with 
the exception of HbA1 values, which were lower in 
group C (p<0.05). In group A, there were 4 deaths 
during the year of standard treatment. One patient 
died in hypoglycaemia associated with alcohol intake, 
and 3 patients died after hospitalisation in a state of se- 
vere ketoacidosis accompanied by pneumonia, endo- 
carditis and septicaemia, respectively. One patient had 
moved away from Bucharest and 2 patients refused to 
come to the follow-up examinations. After the first 

Table 1. Characteristics of the three patient groups at entry into the 
study 

Group A Group B Group C 

Total no. of patients 100 100 100 

Female sex (no.) 40 43 46 

Age (years) 26 (1) 26 (1) 26 (1) 

Occupation of patients 
(no .) 

Blue collar workers 43 42 39 
White collar workers 27 31 30 
Students 24 22 20 
Others 6 5 11 

Body mass index 21.7 (0.3) 21.8 (0.2) 21.5 (0.2) 
(kg.m -2) 

Patients with newly 11 13 10 
diagnosed diabetes 
(no.) 

Median duration of 5 6 5 
diabetes (years) ~ 

C-peptide positive 12 15 20 
patients (no.)" 

Patients with insulin 48 49 50 
antibodies (no.) a 

Gtycosylated 12.5 (0.2) 12.3 (0.2) 11.7 (0.2) 8 
haemoglobin (HbAI,%) 

Patients with a history 17 23 19 
of severe 
hypoglycaemia (no.) 

Daily insulin dose 0.67 (0.03) 0.67 (0.03) 0.66 (0.02) 
(U/kg) 

Daily insulin injections 1.9 (0.1) 2.0 (0.1) 2.0 (0.1) 
(no .) 

Patients using regular 30 40 29 
insulin (no.) 

Diabetes related 16 (1) 16 (1) 17 (1) 
knowledge score (out 
of a maximum of 37) 

Patients carrying 36 31 37 
emergency 
carbohydrates (no.) 

Patients hospitalised 53 51 46 
during the year before 
the study (no.) ~c 

Values are means (SEM) unless stated otherwise, a Patients with new- 
ly diagnosed diabetes excluded; b significantly different at p <0.05 
(Kruskal-Wallis 1-way ANOVA); c data obtained by patient inter- 
view 

year of the study, all but 3 of  the remaining 93 patients 
attended the intensive diabetes treatment and teaching 
programme (1 patient had discontinued insulin thera- 
py, 1 patient - a physician - refused, and 1 patient - a 
professional sportsman - had no time to participate). 
During the second year of follow-up, another patient 
died after bowel surgery. Metabolic control of this pat- 
ient had been good before and during the operation, 
and his death was unrelated to diabetes. All other pat- 
ients were re-evaluated at 18 and 24 months. There 
were no deaths in group B and group C. In group B, 
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99 patients were completely evaluated at 6 months, 
98 patients at 12 months, 96 at 18 months and 95 at 
24 months. Two patients were temporarily in prison, 
2 patients were not in Bucharest at the time of the fol- 
low-up investigations and 1 patient refused to further 
participate in the trial. In group C, 3 patients at 
6 months and 8 patients at 12 months either refused or 
were unable to come to the follow-up examinations. 

Metabolic control and acute complications 

Glycosylated haemoglobin (HbA0 levels (Fig. 1) were 
unchanged in group A after 1 year of standard therapy, 
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Fig.1. Glycosylated haemoglobin concentrations (HbA1) of the 
three patient groups during the study. Values are means+SEM. 
. . . . .  group A, - - - - . -  group B, - -  group C. Circles indicate val- 
ues significantly different from initial values at p < 0.0001. Asterisks 
indicate values Significantly different from group A and group C at 
p < 0.000tl The shaded area represents the mean + 2SD levels in nor- 
mal control subjects. IDTFP denotes time points at which the groups 
participated in the intensive diabetes treatment and teaching pro- 
gramme, BDTFP the time point at which the patients of group C 
participated in the basic diabetes treatment and teaching programme 
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although there was a transient fall at 6 months (p < 
0.01). The intensive diabetes treatment and teaching 
programme resulted in a significant decrease of HbAa 
levels in group A and group B (p < 0.0001 compared to 
baseline values for both groups at all time points of 
follow-up). A transient increase of HbA1 concentra- 
tions was observed in group B at 18 months (p <0.0001 
versus 12months). In group C, HbA1 values were 
slightly lower than at entry into the study after 1 year 
(p < 0.05), but the degree of improvement was not 
of statistical significance in relation to group A 
(p = 0.062). Comparable results were found when pat- 
ients with newly diagnosed diabetes were excluded 
from the analyses. In group A, the number of patients 
with normal HbAt values was I at 12 months, i.e. be- 
fore the intensive programme, and 4 at 24 months. In 
group B, at entry into the study, no patient had normal 
HbA, levels, compared to 12 patients at 12 months and 
8 patients at 24 months. 

The frequency of severe hypoglycaemia (Table 2) 
was not significantly different between the 3 groups 
during the first year of follow-up, either with respect to 
the number of  patients who experienced at least one 
severe hypoglycaemia or with respect to the total num- 
ber of severe hypoglycaemias. In group A, the inten- 
sive diabetes treatment and teaching programme had 
no statistically significant influence on the frequency 
of severe hypoglycaemia when compared to the pre- 
ceding year of standard therapy. Severe hypoglycae- 
mia, was, however, less frequent in group A than in 
group B during the first year of intensified therapy 
(x 2 = 3.848, p = 0.050 for the number of patients with at 
least 1 severe hypoglycaemia, Z=2.235, p =0.025 for 
the total number of severe hypoglycaemias). In 
group B the frequency of severe hypoglycaemia de- 
creased significantly during the second year of intensi- 
fied therapy compared to the first year (p < 0.05); dur- 
ing the 2 years of intensified therapy, the total of 39 

Table 2. Frequency of severe hypoglycaemia and diabetic ketoacidosis during follow-up 

Group A Group B Group C 

1st year 2nd year 1st year 2nd year 1st year 
(n = 97) a (n = 89) (n = 98) (n = 95) (n = 92) 

Severe hypoglycaemia 
No. of patients 6 
with at least one severe hypoglycaemia 

Total no. 9 
of severe hypoglycaemias 

3 12 4 b 5 

4 27 12 b 5 

Diabetic ketoacidosis 
No. of patients 13 2 2 c 0 3 d 
with at least one ketoacidosis 

Total no. 16 2 b 2 c 0 4 d 

of ketoacidosis 

a The four patients who had died during the year were taken into account in the analyses, b Denotes significant difference to preceding year 
within the group (p < 0.05). In comparison to group A, c denotes a significant difference at p < 0.01 and d at p < 0.025 
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Table 3, Number of daily insulin injections in the three patients groups at 12- and 24 months follow-up 
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Group A Group B Group C 

12 months a 24 months b 12 months 24 months 12 months a 
(n=93)  (n=89)  ( n = 9 8 )  (n=95)  (n=92)  

Percentage of patients administering 
1 insulin injection per day 19 
2 insulin injections per day 71 
3 or more insulin injections per day 9 

1 0 0 9 

44 44 38 76 
55 56 62 15 

a Denotes significant difference to group B (p < 0.0001). b Denotes significant difference to 12 months results within the group (p < 0.0001) 

severe hypoglycaemias (Table 2) occurred in 13 pat- 
ients. One patient experienced 20 severe hypoglycae- 
mias (12 during the first year, 8 during the second 
year), despite increasing his target glucose levels after 
the first events of severe hypoglycaemia. This patient 
suffered from chronic hepatitis, and also had reported 
repeated episodes of severe hypoglycaemia during the 
years before the study. When patients with newly diag- 
nosed diabetes were excluded from the analyses, 
among those patients who had participated in the in- 
tensive programme 7 of the 23 (30%) who had a prior 
history of severe hypoglycaemia also had recurrent se- 
vere hypoglycaemia (a total of 20 episodes) during the 
first year of follow-up compared with 4 of the 62 (6%) 
patients with no prior history of severe hypoglycaemia 
(p=0.01). Among those who continued the standard 
treatment, 2 of the 17 (12%) patients who had a prior 
history of severe hypoglycaemia also had recurrent se- 
vere hypoglycaemia during the year of follow-up com- 
pared to 4 of the 69 (6%) patients with no prior history 
of severe hypoglycaemia (p = 0.74). Among those who 
had participated in the basic programme 3 of the 19 
(16%) patients who had a prior history of severe hy- 
poglycaemia also had recurrent severe hypoglycaemia 
during the study compared to 2 of the 64 (3%) patients 
with no prior history of severe hypoglycaemia 
(p =0.14). When comparing all patients who experi- 
enced severe hypoglycaemia during the first year of the 
study (n =23) with the remaining patients (n =264) 
those with severe hypoglycaemia had a significantly 
longer duration of diabetes (p < 0.025), and HbAt lev- 
els were significantly lower both at baseline and after 
1 year (p < 0.05). On the other hand, no associations 
between the incidence of severe hypoglycaemia and 
the daily insulin dose (U/kg), initial C-peptide values 
or insulin antibody concentrations could be establish- 
ed. Comparable results were obtained when newly 
diagnosed patients were excluded from the analyses. 
Thirty-two of the 43 cases of severe hypoglycaemia 
found in group A and group B patients after the inten- 
sive treatment and teaching programme were treated 
with glucagon injected by relatives without the assis- 
tance of a physician. The frequency of diabetic ketoac- 
idosis was significantly reduced by both the intensive 
and the basic diabetes treatment and teaching pro- 
gramme (Table 2). 

Table 4. Daily insulin dose (U/kg body weight) in the three patient 
groups during the study a 

Group A Group B Group C 

At entry 0.67 (0.03) 0.69 (0.03) 
n = 8 9  n = 8 7  

At 6 months 0.64 (0.03) c 0.74 (0.02) b,d 
n = 8 5  n = 8 6  

At 12 months 0.65 (0.03) 0.70 (0.02) c 
n = 8 0  n = 8 5  

At 18 months 0.67 (0.02) 0.69 (0.02) 
n = 79 n = 82 

At 24 months 0.68 (0.02) 0.69 (0.02) 
n = 7 9  n = 8 2  

0.68 (0.03) 
n =90 

0.66 (0.02) 
n =83 

0.67 (0.02) 
n =83 

a Patients with newly diagnosed diabetes are excluded from the anal- 
yses. b Denotes significant difference to preceding time point within 
a group at p <0.01, and c at p <0.05. d Denotes significant differ- 
ence between group A and group B (p < 0.01) and between group B 
and group C (p < 0.05). Values are means (SEM) 

Table 5. Body mass index (kg-m -2) in the three patient groups dur- 
ing the study 

Group A Group B Group C 

At entry 21.7 (0.3) 21.8 (0.2) 
n = 1 0 0  n = 100 

At 6 months 22.4 (0.3) ~~ 23.3 (0.3) a 
n =97 n =99 

At 12 months 22.4 (0.3) ~ 23.3 (0.3) 
n =93 n = 9 8  

At 18 months 23.0 (0.3) a 23.4 (0.3) 
n = 89 n = 96 

At 24 months 23.0 (0.3) 23.6 (0.3) b 
n =89 n = 9 5  

21.5 (0.2) 
n =100 

22.4 (0.2) ~ 
n =97 

22.6 (0.2) b,~ 
n =92 

Values are means (SEM). a Denotes significant difference to preced- 
ing time point within a group at p < 0.0001 and b at p < 0.05. c De- 
notes significant difference to group B (p < 0.05) 

Insulin treatment 

During the I year of standard treatment in group A, 
there was no significant change in the percentage of 
patients using regular insulin (30 at baseline, 33 at fol- 
low-up), whereas a slight increase was observed after 
the basic treatment and teaching programme in 
group C (29 at baseline, 41 at follow-up, p < 0.05). At 
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Table 6. Diabetes related knowledge scores 
three patient groups 

during follow-up in the 

Group A Group B Group C 

At entry 16 (1) 16 (1) 17 (1) 
n = 1 0 0  n = 1 0 0  n = 1 0 0  

At the end of  the 32 (1) 28 (1) b 
teaching course a n = 100 n = 100 

At 6 months  21 (1) b'c 32 (1) 26 (1) b 
n =97  n =99  n =97  

At 12 months  24 (1) b,~ 32 (1) 26 (1) b 
n =93  n =98  n =92  

At the end of  the 34 (1) 
teaching course a n = 90 

a At the beginning of  the study group B participated in the intensive 
and group C in the basic diabetes treatment and teaching pro- 
gramme, whereas group A participated in the intensive programme 
immediately after the 12-month follow-up examination, b Denotes 
significant difference to group B (p < 0.0001). ~ Denotes  significant 
difference to group C (p < 0.0001). The knowledge scores refer to the 
number  of  correct answers, out o f  a maximum of  37. Values are 
means (SEM) 

Table 7. Frequency o f  metabolic self-monitoring in group A and 
group B after the intensive diabetes treatment and teaching program- 
me a 

Group A Group B 

At 6 months  89 (69) 
n =97  

At 12 months 72 b (49) c 
n =94  

At 18 months  81 (61) 70 (48) 
n = 83 n = 92 

At 24 months 79 (59) 76 (61) b 
n =87  n =92  

a Only measurements recorded in the patients '  log books were evalu- 
ated. The numbers give the percentage of  patients with an average of  
more than two daily blood or urine glucose measurements,  and, in 
parentheses,  the percentage of  patients with more  than two blood 
glucose measurements;  n gives the number  of  patients who pre- 
sented a diabetes log book. b Denotes significant difference within 
the group at p < 0.01, and c at p < 0.0001 
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the same time, no statistically significant difference 
was found with respect to the number of daily insulin 
injections used, either in group A or in group C. In 
contrast, after participation in the intensive diabetes 
treatment and teaching programme all patients used 
regular insulin. The percentage of regular insulin of 
the total daily insulin dosage was 55 _+ l at 12 months 
and 61 +1  at 24 months in group B, and 61 +1  at 
24 months in group A. In addition, significantly more 
insulin injections per day were applied during intensi- 
fied therapy than during the other two treatment regi- 
mens (Table 3). When patients with newly diagnosed 
diabetes were excluded from the analyses, daily insulin 
dosage (U/kg body weight) was decreased during stan- 
dard treatment (p < 0.05), whereas the intensive treat- 
ment and teaching programme resulted in a transient 
increase of daily insulin dosage in group B 6 months 
after the programme (Table 4). 

Body mass index increased signficantly (p < 0.0001) 
in all 3 groups during the first 6 months of the study 
(Table 5). The increase was greater in group B (p < 
0.05) than in the other 2 groups. An additional signifi- 
cant increase (p<0.0001) was observed in group A 
6 months after participation in the intensive diabetes 
treatment and teaching programme. Comparable re- 
sults were obtained by excluding patients with newly 
diagnosed diabetes from the analyses. 

Diabetes related knowledge and parameters of patient 
compliance 

Diabetes related knowledge increased significantly 
(p < 0.0001) in all groups during the first year of the 
study (Table 6). The highest knowledge scores were 
found after the patients' participation in the intensive 
treatment and teaching programme both in group A 
and in group B. The percentage of patients carrying 
emergency carbohydrates was significantly increased 
(p<0.0001) in all groups at the 1-year follow-up 
(Group A: 75%, group B: 97%, group C: 88%), Almost 
all patients of the intensive treatment groups had a dia- 
betes log book (Table 7). Analyses of the patients' en- 
tries in the log books showed that on average 80% of 

Table 8. Hospitalisations of  the three patient groups during the first and second year of  follow-up 

Group A Group B Group C 

1st year 2nd year 1st year 2nd year 1st year 
n =93  n = 89 n =98  n =95  n =92  

No. o f  patients hospitalised 

Total no. o f  hospital admissions 

Total no. o f  hospitalisation days 

84 32 d 42 ~b 35 57 a 

173 61 d 67 ~b 61 100 ~ 

1447 466 d 630 ~c 595 967 a 

a Denotes significant difference to group A (p < 0.0001). b Denotes significant difference to group C at p < 0.005 and c at p < 0.001. d Denotes 
significant change within group A at p < 0.0001 
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the patients performed measurements of either blood 
or urine glucose more than twice daily, and about 60% 
of the patients performed blood glucose measurements 
more than twice daily. In group C, 90% of the patients 
at 6 months and 79% of the patients at 12 months re- 
ported daily glucosuria testing. 

Hospitalisations 

Hospital admissions as well as hospitalisation days 
were significantly reduced after both the intensive and 
the basic treatment and teaching programme (Table 8). 
Patients who participated in the intensive programme 
also had significantly lower hospitalisation rates than 
patients in the basic programme. 

Discussion 

Because of the fact that in Rumania, until the time of 
this study, no materials for blood glucose self-monitor- 
ing were available, and due to the conditions of the 
centralised health care system of that country, it was 
possible to document the introduction of an intensive 
insulin treatment and teaching programme by a pro- 
spective controlled trial that enrolled patients who 
were not selected by a special interest to participate in 
a clinical investigation, or a high motivation to achieve 
good metabolic control, or social or educational status. 
Patients who might be regarded as particularly difficult 
to treat, e.g. those with a history of repeated episodes 
of severe hypoglycaemia or ketoacidosis, were in- 
cluded in the study, as well as patients who still had 
some residual insulin secretion or patients with newly 
diagnosed diabetes. These broad recruitment criteria 
contribute to a high generalisibility or external va- 
lidity [10] of the results of the study with regard to 
Type 1 diabetic patients aged between 15 and 40 years 
without advanced diabetic late complications. The al- 
location procedure chosen was group rather than indi- 
vidual randomisation. The latter was discarded as in- 
appropriate for the present investigation, since the 
introduction and performance of a Monday to Friday 
group treatment and teaching programme requires 
structural and organisational changes within the diabe- 
tes ward. For studies evaluating educational and health 
care programmes group randomisation has been sug- 
gested as superior to individual randomisation when- 
ever patients are housed in the same ward [10], as is the 
case in the present investigation. Nevertheless, group 
randomisation also carries hazards. By assigning con- 
secutively admitted patients to the three therapy regi- 
mins, the first patients recruited might have h a d  more 
severe diabetes or might have been more difficult to 
treat; they could consequently have been more fre- 
quently hospitalised and thus had a greater chance of 
being included in the first group. There were, however, 
no significant differences between relevant clinical da- 

ta of the three patient groups at entry into the study ex- 
cept for glycosylated haemoglobin (HbA1) values, 
which were slightly lower in group C. The risk of con- 
founding was minimised by enrolling the control 
(group A) patients, after 1 year of standard therapy, in 
the intensive diabetes treatment and teaching pro- 
gramme and following them up for another year on the 
intensified regimen. In fact, the outcome of the inten- 
sive programme was almost identical in group A and 
group B. Only severe hypoglycaemia was found signif- 
icantly more often in group B during the first year of 
intensified treatment. Since the frequency of this acute 
complication was significantly reduced in group B dur- 
ing the second year of follow-up, these results appear 
to reflect an increased experience in the performance 
of the new therapeutic regimen, rather than confound- 
ing differences between the groups. 

The standard treatment strategies of the Bucharest 
hospital may not be representative of highly developed 
communities at present, since no metabolic self-moni- 
toring was advised. On the other hand, even in West- 
ern European countries like Germany, or in Japan, 
routine treatment of Type 1 diabetes did not include 
any metabolic self-monitoring up to the early eighties, 
and patients were advised not to alter insulin dosages 
unless previously contacting their physicians. These 
regimens are still practiced in most parts of the world, 
and even in some regions of Western Europe. In the 
present study, the results of the standard treatment 
were alarming. During 1 year, 4 patients died, 1 in a 
state of hypoglycaemia and 3 after admission to the 
hospital in severe ketoacidosis associated with infec- 
tious diseases. Thirteen partients had experienced a to- 
tal of 16 cases of diabetic ketoacidosis during the first 
year of follow-up. Comparably high incidence rates of 
ketoacidosis may occasionally still be found in techno- 
logically more advanced regions. Thus, in a group of 
161 Type 1 diabetic patients, "conventionally" treated 
in a specialised diabetes centre in the United States of 
America, 14 subjects had a total of 29 events of ketoac- 
idosis during an observation period of 18 months [18]. 
In addition, comparably high HbAo values as those 
found in the present study at baseline have been re- 
ported from countries where glucosuria testing and ad- 
aptation of insulin dosages by the patient have been 
part of insulin treatment for decades [19, 20]. 

The third group of patients (group C), who partici- 
pated in the basic treatment and teaching programme, 
may be a more representative "control" group to many 
Western countries at present. These patients had the 
opportunity to monitor glucosuria and acetonuria, and 
were trained to adapt insulin therapy by themselves. 
During the 1-year follow-up, no death occurred in this 
patient group, and the frequency of ketoacidosis was 
significantly lower than in the standard treatment 
group. This finding demonstrates that a significant im- 
provement of diabetes care, i.e. the reduction of acute 
complications and hospitalisations, can be readily 
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achieved by the provision of simple, qualitative materi- 
als for urine analysis by the patients when associated 
with a structured group teaching programme. Similarly 
low incidence rates of ketoacidosis have been found in 
conventionally treated Type 1 diabetic patients who 
participated in clinical research studies in the USA and 
Great Britain [18, 21, 22]. However, HbA1 values were 
not influenced by the basic programme when com- 
pared to the standard treatment regimen. 

In contrast, the intensive diabetes treatment and 
teaching programme resulted in a significant improve- 
ment of HbA1 concentrations for up to 2 years in 
group B. A similar effect was observed in group A dur- 
ing the 1-year follow-up. During intensified therapy 
HbA1 values were lowered on average by 2 to 3%. This 
demonstrates an improvement in metabolic control as 
significant as previously obtained in selected and in- 
tensively treated research patients [23, 24]. Despite this 
overall substantial reduction of mean HbA1 levels, on- 
ly 9% of the patients had HbA1 values within the nor- 
mal range after 1 year of intensified therapy. Neverthe- 
less, the improvement of glycaemic control achieved 
should be of paramount clinical relevance: recent 
studies have shown that glycosylated haemoglobin re- 
ductions of as little as 1 to 2% may be sufficient to at 
least delay the progression of early manifestations of 
diabetic late complications [23-25]. 

It is impossible to differentiate which of the various 
changes that were associated with the introduction of 
the intensive treatment and teaching programme was 
most relevant for the long-term outcome. Participation 
in a study can by itself change physician and patient 
behavior. Accordingly, diabetes-related knowledge 
scores and the percentage of patients carrying emer- 
gency carbohydrates - a reliably and easily measurable 
parameter of patient compliance - also increased to a 
remarkable degree during standard treatment. Never- 
theless, metabolic control improved only transiently 
and was unchanged after 1 year when compared to the 
baseline situation. Thus, a mere "study effect" can be 
excluded as a major factor. This conclusion is in accor- 
dance with a previous study, which showed that solely 
increasing physicians' attention even when associated 
with the introduction of blood glucose self-monitoring 
fails to improve metabolic control beyond 6 months 
[26]. Likewise, the differences concerning the insulin 
preparations used between the study groups can be ex- 
cluded as a confounding factor, since it has been re- 
ported that changing patients from beef insulins to 
purer insulins was, if anything, associated with a dete- 
rioration in metabolic control, at least in one center 
[20]. Thus, the intensive programme evaluated in this 
study has to be regarded as an integrated approach in- 
cluding treatment strategies, the use of particular mate- 
rials, and patient training. As discussed in a previous 
review article [9], any effort to study only one single 
element of such a comprehensive programme of diabe- 
tes care has to fail. 

The major concern regarding intensified insulin 
strategies has been related to the potential hazard of 
severe hypoglycaemia [5, 6]. In the present study, pat- 
ients of group B had a 2- to 2.4-fold greater risk of ex- 
periencing at least one severe hypoglycaemia during 
the first year of intensified therapy than patients in the 
other two groups, but the differences were statistically 
not significant. In the same group significantly fewer 
episodes of severe hypoglycaemia occurred during the 
second year of follow-up. In group A, which was fol- 
lowed both for 1 year on standard treatment and there- 
after for 1 year on intensified treatment, the frequency 
of severe hypoglycaemia was halved by the intensive 
programme, although this decrease was also not statis- 
tically significant. These findings document that an im- 
provement of HbA1 values is not necessarily associated 
with an increased risk of severe hypoglycaemia. Pat- 
ients with a history of repeated episodes of severe 
hypoglycaemia were not excluded from the protocol. 
In fact, one patient of group B, who had a total of 
20 cases of severe hypoglycaemia during the 2-year fol- 
low-up despite increasing glycaemic target goals, had 
already had a comparable frequency of severe hypo- 
glycaemia before the study. In accordance with a re- 
cent report from the DCCT trial [271 the occurrence of 
severe hypoglycaemia before the study was a risk fac- 
tor for this event after the intervention. This was like- 
wise true for the intensively treated patients and for the 
other patient groups, although in the latter ones the re- 
sults were not statistically significant due to the small 
numbers of patients who experienced severe hypo- 
glycaemia. Overall, the frequency of severe hypo- 
glycaemia in the intensively treated patients, and also 
in the patients who participated in the basic treatment 
and teaching programme, were low in comparison to 
other data from the literature [22, 24, 27-29]. The quali- 
ty of patient education appears to be a major factor for 
this favourable outcome as has been discussed previ- 
ously [8, 9]. However, since only a minor percentage of 
the intensively treated patients had normal HbA1 levels 
at follow-up, it cannot be excluded that further lower- 
ing HbAI values would have resulted in a higher inci- 
dence rate of severe hypoglycaemia. Seventy-four per- 
cent of the cases of severe hypoglycaemia which 
occurred during intensified therapy were successfully 
treated with glucagon. This is an even higher propor- 
tion than has been found in patients who participated 
in the same programme in Dtisseldorf [8]. 

It has been argued that intensive insulin regimens 
with frequent blood glucose monitoring may be ac- 
ceptable only for a minor percentage of patients [6]. In 
the present study, under the condition of multiple daily 
injections of regular insulin and immediate adapta- 
tions of insulin dosage based upon actual results of 
blood glucose self measurements, patients were offered 
the opportunity to adopt a more liberalised diet [11-13] 
without the risk of metabolic deterioration. Under 
these circumstancies more than half of the patients ad- 
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ministered at least three insulin injections per day, and 
about 60% of the patients recorded more than 2 daily 
blood glucose measurements for up to 2 years. Based 
upon earlier publications [9, 11, 12] we suggest that the 
possibility to liberalise diet represented a strong moti- 
vation for the patients of this study to accept the inten- 
sification of their therapy. Body mass indices rose dur- 
ing the first 6 months of the study in all patient groups. 
This probably reflects restabilisation of the decompen- 
sated metabolism. During intensified therapy, the in- 
crease was more pronounced than during the other 
two treatment regimens, but body mass indices re- 
mained well within desirable limits. 

Hospitalisation days were significantly lowered fol- 
lowing the patients' participation in the intensive dia- 
betes treatment and teaching programme, and also, to 
a lesser extent, in patients who attended the basic pro- 
gramme. Overall, hospital admissions were high when 
compared to other countries, especially the United 
States [30]. Regional differences in the structure and fi- 
nancing of the health care system appear to be the 
main reasons for these discrepancies. However, similar 
reductions in hospitalisation days have been found in 
patients who participated in the intensive treatment 
and teaching programme either of Bucharest or 
Dfisseldoff [31]. 

No systematic evaluation of the frequency of out- 
patient contacts has been performed. All patients were 
required to regularly come to the diabetes center in or- 
der to get the materials and prescriptions for their ther- 
apy. During intensified treatment periods outpatient 
contacts were more intensive, since the patients had 
the opportunity of consulting the members of the 
teaching team by phone. On the other hand, patients in 
the other two treatment regimens were hospitalised 
more often. Patient contacts with members of the 
health care team during hospitalisations cannot be sys- 
tematically quantified. 

There has been doubt that intensification of diabe- 
tes treatment is generally practicable because of the ne- 
cessity of additional and qualified personnel. In Bu- 
charest, two physicians and two nurses were specially 
trained to establish and perform the programme, and 
to take care of the patients during follow-up. Except 
for the first few months, these persons had other obli- 
gations as well. This is in accordance with the organi- 
sational structure of the diabetes ward of the Universi- 
ty Hospital of Dtisseldorf, where at present an average 
of 400 to 500 patients per year participate in the 5-day 
treatment and teaching programme for Type 1 diabe- 
tes; about 200 additional patients participate in a com- 
parable programme for older patients with insulin-de- 
pendent diabetes. Two full-time nurses, two part-time 
dietitians and one physician are in charge of these pat- 
ients. 

In conclusion, the present investigation demon- 
strates the substantial impact of an intensive insulin 
treatment and teaching programme for Type 1 diabetic 

patients. Glycosylated haemoglobin (HbAa) values 
were significantly lowered for up to 2 years of follow- 
up without increasing the risk of severe hypoglycae- 
mia. Ketoacidosis was almost eliminated, and hospitali- 
sation days were considerably decreased. The study 
shows that intensified conventional insulin therapy 
aiming at near-normoglycaemia is safe, feasible and 
acceptable for Type I diabetic patients under the con- 
dition that the insulin treatment is based upon struc- 
tured and comprehensive training of the patient in the 
autonomous management of his or her disease. 
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