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OBJECTIVE — To assess in a randomized crossover trial the efficacy of continuous subcu-
taneous insulin infusion in improving glycemic control and health-related quality of life in type
1 diabetic patients with long-standing poor glycemic control.

RESEARCH DESIGN AND METHODS — A total of 79 patients in 11 Dutch centers
were randomized to 16 weeks of continuous subcutaneous insulin infusion followed by 16
weeks intensive injection therapy or the reverse order. Glycemic control was assessed by HbA1c,
self-reported hypoglycemic events, and blood glucose memory meter read outs. Changes in
quality of life were assessed by self-report questionnaires administered at baseline and 16 weeks.

RESULTS — As the drop-out rate after crossover was high (17 of 79 patients [22%]), we
analyzed the trial as a parallel clinical trial, using data of the first half of the crossover phase only.
At 16 weeks, mean HbA1c was 0.84% (95% CI �1.31 to �0.36) lower in the continuous
subcutaneous insulin infusion group compared with the insulin injection group (P � 0.002).
Stability of blood glucose self-measurement values, expressed as SD of the nine-point blood
glucose profiles, improved in the insulin pump group by 29.3 � 41.1 vs. 8.2 � 36.5% in the
injection group (P � 0.039). The number of mild hypoglycemic episodes per patient-week was
0.99 (95% CI 0.11–1.87) higher in the insulin pump group (P � 0.028). Weight gain was similar
in both groups. Scores on the Short-Form 36-Item subscales ‘general health’ and ‘mental health’
improved in the continuous subcutaneous insulin infusion group, compared with stable values
in the injection group (P � 0.048 and 0.050, respectively).

CONCLUSIONS — Continuous subcutaneous insulin infusion improves glycemic control
and some aspects of health-related quality of life in patients with a history of long-term poor
glycemic control.

Diabetes Care 25:2074–2080, 2002

R apid-acting insulin analogs have
been shown to result in moderately
lower HbA1c values as compared

with unmodified human insulin, both
when used as mealtime insulin in multi-
ple injection therapy (1–7) and as insulin
for continuous subcutaneous insulin in-
fusion (8 –11). With the use of rapid-
acting insulin analogs, two relatively
small trials thus far have compared con-
tinuous subcutaneous insulin infusion
and multiple injection therapy. The first,
a crossover study in 40 patients found a
0.35% lower HbA1c with insulin pump
treatment as compared with injection
therapy (12). However, patients had been
on insulin pump therapy using unmodi-
fied human insulin for a mean of 5.5 years
before entering the trial, limiting the ex-
ternal validity of this study. The second, a
parallel clinical trial, found no difference
in HbA1c, with a follow-up of 9 months
(13). Thus, the evidence supporting the
widespread and rapidly increasing use of
continuous subcutaneous insulin infu-
sion by an estimated 200,000 type 1 dia-
betic patients (14) seems relatively scarce.

The aim of our study was to compare
efficacy in improving glycemic control
and quality of life of continuous subcuta-
neous insulin infusion and intensive in-
jection therapy in patients with long-
standing poor glycemic control. The
reason for selecting poorly regulated pa-
tients, who have often been excluded
from participation in clinical trials, is that
they are the most obvious candidates for
treatment intensification. Moreover, the
relationship between HbA1c and the de-
velopment of long-term diabetic compli-
cations, as shown in the Diabetes Control
and Complications Trial (DCCT), is
steeper where HbA1c is higher (15). Thus,
a lowering in HbA1c results in a greater
absolute benefit in terms of prevention of
long-term diabetic complications when
baseline HbA1c is high. Poor glycemic
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control is a prevalent problem in type 1
diabetes; �30% of the well-motivated
DCCT cohort had an average HbA1c

�8.5% in the 4-year follow-up period fol-
lowing the DCCT (16).

RESEARCH DESIGN AND
METHODS

Study design
Originally, this trial was designed as a
double 16-week multicenter open-label
crossover study and was conducted in 11
centers in the Netherlands. The trial was
monitored and carried out according to
International Conference on Harmonisa-
tion/Good Clinical Practice guidelines
(17). The crossover phase reported in this
article was preceded by a 14-week quali-
fication phase that will be reported in
more detail separately. The main reason
for including a qualification phase in the
trial was to exclude patients not able to
comply with the demands of a good clin-
ical practice trial, especially in terms of a
minimum frequency of self-monitoring of
blood glucose (SMBG), and to study the
phenomenon of a ‘study effect’. The qual-
ification phase comprised a short re-
education and intensification of the
frequency of outpatient clinic visits. At
week 2, a 30-min re-education session
was scheduled with the diabetes nurse
specialist. This session included checking
for possible deficits in the following self-
care areas: insulin injection technique;
SMBG; self-regulation of insulin dose in
anticipation of physical activity and
meals, and in case of holidays and illness;
actions to be taken in case of hypo- or
hyperglycemia storage of insulin and self-
monitoring strips; the advice to keep bed-
time insulin dosage constant, solely to be
adjusted on consistent out-of-range glu-
cose values at awakening; and finally, the
advice to take additional carbohydrate in
case of a glucose value �8 mmol/l at bed-
time. There were five outpatient clinic vis-
its in the 14-week qualification phase. A
minimum frequency of SMBG of two per
day was mandatory in this phase. A min-
imum of 70% of these measurements had
to be made to qualify for randomization.
Following the qualification phase and
crossover part, the study was concluded
with a 24-week follow-up phase, consist-
ing of three bimonthly routine visits to the
outpatient department.

Participants
Participants were recruited from the out-
patient clinic population from the partic-
ipating centers. In these centers, routine
care for type 1 diabetic patients comprises
approximately four outpatient contacts
per year with a physician and on-demand
consultation with a diabetes specialist
nurse and/or dietitian. A medical psychol-
ogist can be consulted in many centers.
All these consultations, as well as the use
of insulin, insulin delivery devices (in-
cluding insulin pens and pumps), and
materials for SMBG are fully reimbursed
in the Netherlands. Inclusion criteria
were type 1 diabetes (defined as diabetes
diagnosed at or before age 30 years with a
C-peptide level �0.20 nmol/l at a con-
comitant glucose level �7.0 mmol/l, or
diagnosed at or before age 40 with a C-
peptide level �0.05 nmol/l at a concom-
itant glucose level �7.0 mmol/l), age
between 18 and 70 years, persistent poor
control while on three or more insulin in-
jections a day (defined as a mean of all
HbA1c values measured �8.5% in the last
6 months before the trial). Exclusion cri-
teria were severe active retinopathy (re-
quiring laser therapy), impaired hepatic
function (alkaline phosphatase or alanine
aminotransferase at least two times the
upper limit of normal), nephropathy (de-
fined as a serum creatinine �150 �mol/l),
insulin resistance (defined as the use of
�1.5 units insulin/kg body wt), sub-
stance abuse, cardiac disease (decompen-
sated heart failure NYHA III and IV,
unstable angina pectoris, or a myocardial
infarction within the last 12 months), un-
controlled hypertension (blood pressure
�180/110 mmHg), insulin allergy, and
past or current psychiatric treatment for
schizophrenia, organic mental disorder,
or bipolar disorder. Women were ex-
cluded if they were (or intending to be-
come) pregnant or breastfeeding.
Diabetic complications were classified as
follows: presence or absence of retinopa-
thy following fundoscopy by an ophtal-
mologist, polyneuropathy (defined by
abnormal vibration sense at the metatar-
sal joint of a large toe), and nephropathy
(microalbuminuria, i.e., urinary albumin
30–300 mg/24 h, or proteinuria, i.e., uri-
nary albumin �300 mg/24 h). The pro-
tocol was approved by the respective
institutional ethics committees before pa-
tients gave written informed consent.

Randomization
Subjects were randomized with scratch
labels to insulin pump treatment followed
by injection treatment, or the reverse or-
der. The randomization list was generated
by computer. Permuted blocks of six were
used for each center. The numbered
scratch labels were sequentially assigned
to patients by the coordinating center af-
ter the glycemic inclusion criterion for the
crossover phase, an HbA1c �7.5% at the
end of the qualification phase, had been
fulfilled. The trial was necessarily un-
blinded.

Interventions
Subjects were seen at 2, 4, 8, 12, and 16
weeks after randomization. All patients
used a Glucotouch or One Touch Profile
memory glucose meter (Lifescan, Mil-
pitas, CA). All patients were advised to
note at least two blood glucose self-
measurements per day in a diary and a
seven-point profile (preprandial, 90 min
postprandial, and before bedtime) once
every week for the first 4 weeks and once
every other week thereafter. The last pro-
file before each visit was extended to a
nine-point profile with a measurement
5 h after going to bed and before breakfast
the next day. Dosage adjustment recom-
mendations were derived from an algo-
rithm based on these nine-point home
blood glucose profiles in the treatment
period. The algorithm advised to adjust
preceding insulin doses when glucose
measurements were outside the targeted
5.0- to 7.0-mmol/l range preprandially
and the 5.0- to 9.0-mmol/l range post-
prandially. At bedtime, a 7.0- to 10.0-
mmol/l range was advised.

In those randomized to injection
therapy, 80% of the previously given pre-
meal human insulin dose was given as in-
sulin aspart (NovoRapid; Novo Nordisk
AS, Bagsvaerd, Denmark) before meals,
and subjects were advised to add the
prandial dose decrement to their night-
time NPH insulin dose (Insulatard; Novo
Nordisk AS), leaving the total daily insu-
lin dose unchanged. When the interval
between two daytime injections was �5
h, additional NPH doses were added in
this group: 40% of the previously given
premeal human insulin dose was given as
NPH insulin and 60% was given as insulin
aspart for each interval exceeding 5 h
(18). Insulin aspart was adjusted on the
postprandial measurements, and NPH
was adjusted on the preprandial measure-
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ments. The recommended injection site
for mealtime insulin, using the NovoPen
3, was the abdomen; for NPH insulin it
was the thigh.

In those randomized to continuous
subcutaneous insulin infusion, proto-
coled education was given on pump us-
age. This did not include carbohydrate
counting. The wearable Disetronic H-
TRONplus insulin pump was used, with
insulin aspart as pump insulin (19). The
starting dose was 90% of the previously
used total insulin dose per day or 80%
when hypoglycemia was a problem to the
patient. It was advised to start with one
basal rate, or two at the most—the night-
time rate then being 0.2 units/h lower
than the daytime rate. Initially, 50% of the
total daily dose was given as basal insulin,
the rest equally divided, before each meal.
In the continuous subcutaneous insulin
infusion group, mealtime bolus insulin
aspart was adjusted according to the post-
prandial measurements and the basal rate
was adjusted according to the preprandial
measurements, targeting for the same glu-
cose levels as in the injection therapy
group.

Objectives
The primary objective was to compare the
efficacy in improving glycemic control of
continuous subcutaneous insulin infu-
sion and insulin injection therapy in dia-
betic patients in persistent poor control.
The secondary objective was to investi-
gate possible different effects of these
modes of treatment on health-related
quality of life.

Outcome measures
The primary outcome measure was
change in HbA1c in both randomization
groups from baseline to 12 and 16 weeks
(the mean of these two values was taken).
Blood was sampled for HbA1c at these
three time points. Secondary outcome
measures were number of hypoglycemias,
means of blood glucose values at the nine
points in the blood glucose profiles, SD of
all measurements in these profiles, and
changes in dimensions of the quality-of-
life measures. HbA1c values were assessed
using an ion-exchange high-performance
liquid chromatography (Mono S; Amer-
sham Pharmacia Biotech, Uppsala, Swe-
den; reference value 4.3– 6.1%). Mild
hypoglycemia was defined as a value
�3.9 mmol/l at SMBG in the last 3 weeks
of the study confirmed in the meter read

outs. Severe hypoglycemia was defined by
requirement of third-party help.

Self-report questionnaires were intro-
duced to the patient by a diabetes nurse
specialist and filled out by the patient dur-
ing the baseline visit and at 16 weeks after
starting the assigned mode of therapy.
The Medical Outcome Study 36-Item
Short-Form Survey (SF-36) is a validated
generic 36-item instrument that measures
health-related quality of life (20). Using
simple questions that the individuals
score, it gives reproducible measures of
health concepts for a large number of ill-
nesses. It measures eight health concepts:
physical functioning, physical role func-
tioning, social functioning, bodily pain,
mental health, emotional role function-
ing, vitality, and general health percep-
tions. According to the instruction
manual, scores on all domains were stan-
dardized from 1 to 100, the latter repre-
senting optimal health.

To assess treatment satisfaction, we
used the validated Diabetes Treatment
Satisfaction Questionnaire. It comprises
six items, on which subjects rate their sat-
isfaction concerning different aspects of
treatment (21). Items are summated to a
sumscore, while two additional items,
one on hypoglycemia and one on hyper-
glycemia are handled separately.

Sample size
At the design phase, we anticipated the
possibility that we would have to analyze
the trial as a parallel randomized clinical
trial, because of the demanding character
of the study protocol and an expected
high drop-out rate. Forty-eight patients
were calculated to be required for each
arm to have an 80% chance of detecting
(at the two-sided 5% level) a 0.75% dif-
ference in HbA1c, with an assumed SD of
1.3%. Following abstract presentation of
the crossover trial mentioned in the intro-
duction, in which no drop out at the mo-
ment of crossover was seen, we assumed
we would be able to analyze our trial as a
crossover trial and stopped inclusion after
having 79 patients randomized (12).

Statistical analysis
All analyses were prespecified in a statis-
tical analysis plan. We analyzed the dif-
ferences in change between groups from
baseline to 16 weeks in biomedical vari-
ables with the independent samples t test
and in quality-of-life levels with the
Mann-Whitney U test, reporting exact P

values. Missing baseline values were car-
ried forward from earlier measurements
during the qualification phase, if possible.
Missing values at 16 weeks of treatment
were carried forward from 12-week mea-
surements, if available, for the SD of nine-
point blood glucose profiles, body
weight, and insulin use. For the compar-
ison of stability of glycemic control, the
SD of the nine-point blood glucose pro-
files was taken as an individual end point.
A minimum of four measurements made
was required to produce such an end
point. Changes in SDs in the nine-point
blood glucose profiles in the two groups
from baseline to 16 weeks were com-
pared. The number of missing values at
16 weeks was as follows: HbA1c end
point: 0; SD of nine-point blood glucose
profiles: 3; hypoglycemia: 8; body weight:
1; insulin use: 1; SF-36 general health: 4;
SF-36 mental health: 5; and treatment sat-
isfaction: 4. Data are presented as
means � SD with 95% CIs or median
(25th, 75th percentile). Analyses were
performed using SPSS 9.0. (22). No in-
terim analysis was performed.

RESULTS

Patient flow, changes during the
qualification phase, and baseline
characteristics at randomization
A trial schedule is given in Fig. 1. Data on
the number of patients approached were
available from 4 of the 11 centers only. A
total of 150 subjects were asked to partic-
ipate in these four centers; 47 were en-
rolled.

In total, 89 patients entered the qual-
ification phase. During the qualification
phase, mean HbA1c decreased from
10.02 � 1.5 to 9.34 � 1.4%, P � 0.001,
at 10 weeks and remained stable at
9.25 � 1.3% at 14 weeks (P � 0.001
compared with baseline, P � 0.29 com-
pared with 10 weeks). Insulin dosage re-
mained unchanged at 0.9 � 0.26 units �
24 h�1 � kg body wt�1 at baseline vs.
0.9 � 0.34 units � 24 h�1 � kg body wt�1

at 14 weeks (P � 0.23). Frequency of
SMBG increased from 5.0 measurements
per week (25% 2.0, 75% 15.5) to 18.0
(14.7, 22.7; P � �0.001). Eight patients
dropped out and two were excluded from
randomization, because HbA1c had come
down to below the predefined limit of
7.5% (n � 1) or because frequency of
SMBG was judged to be too low (n � 1)
(23).
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Patients were randomized between 1
December 1999 and 23 November 2000.
The two treatment groups were compara-
ble with respect to demographic vari-
ables, disease characteristics, and quality-
of-life variables measured at baseline
(Table 1). One patient required extensive
laser therapy following randomization
and therefore could not start pump ther-
apy. Reasons for dropout in the first half
of the crossover phase were a serious ad-
verse event (femur fracture, n � 1) and no
show at follow-up visits (n � 1); in the
second half, reasons included an adverse
event (fluid retention on insulin aspart,
n � 1), no show at follow-up visits (n �
1), and an increase in hypoglycemia rate
upon resuming injection therapy (n � 1).

Because of the high drop-out rate af-
ter crossover, we analyzed the trial as a
parallel clinical trial, using the data of the
first half of the crossover phase only. In
total, after randomization or crossover,
nine patients (11.4%) refused to start in-
sulin pump treatment.

Of the 55 patients having concluded
the trial, 54 entered and completed the
follow-up period. In the insulin injection
group, the insulin algorithm resulted in
the use of two NPH insulin injections per

day in 25 patients (62.5%) and one NPH
insulin injection in the remaining 15 pa-
tients (37.5%).

Biomedical outcome measures
Change in HbA1c in the insulin pump
group was significantly greater than in the
insulin injection group: �0.91 � 1.28 vs.
�0.07 � 0.70%, P � 0.002, difference
0.84% (95% CI �1.31 to �0.36). The
mean glucose value in the 24-h glucose
profiles was lower, though not signifi-
cantly, in the insulin pump group at seven
of the nine time points (Fig. 2). The SD of
glucose values measured in the nine-
point blood glucose profiles, reflecting
glycemic variability, declined more in the
insulin pump group than in the injection
group: �1.35 � 1.88 in the insulin pump
group versus �0.40 � 1.77 in the injec-
tion group, P � 0.039, mean difference
�0.95 (95% CI �1.83 to �0.05). Mild
hypoglycemic episodes increased in the
insulin pump group as compared with the
injection group: 0.98 � 2.02 vs. �0.02 �
1.18 episodes per patient week, P �
0.028, difference 0.99 (95% CI 0.11–
1.87) episodes per patient week. The
number of patients suffering severe hypo-
glycemic episodes was similar in either
group: three in the insulin pump group
and six in the injection group (P � 0.48).
Over the whole study period, one episode
of ketoacidosis in both the insulin pump
and the injection group occurred. Change
in weight was similar in both groups:

Figure 1—Trial profile.

Table 1—Clinical characteristics of the randomization groups

Insulin pump group Insulin injection group

Characteristic
n 39 40
Males 21 (54) 21 (53)
Age (years) 36.2 � 10.3 37.3 � 10.6
Diabetes duration (years) 17.6 � 9.8 18.0 � 9.4
Smoking 18 (46.2) 26 (65.0)
Weight (kg) 77.3 � 13.6 79.8 � 13.5
Retinopathy 19 (48.7) 17 (42.5)
Nephropathy

Microalbuminuria 11 (28.2) 8 (20.0)
Proteinuria 4 (10.2) 4 (10.0)

Neuropathy 4 (10.2) 6 (15.0)
HbA1c (%) 9.27 � 1.4 9.25 � 1.4
Mild hypoglycemic episodes (n/

patient-week)
2.13 � 2.05 1.97 � 1.53

Insulin use (units � kg�1 � 24 h�1) 0.90 � 0.28 0.88 � 0.39
SD glucose self measurement 4.57 � 1.66 4.85 � 1.70
SF-36 general health 61.4 � 20.5 59.8 � 37.0
SF-36 mental health 80.0 (64.5, 84.0) 78.0 (63.0, 92.0)
DTSQ 28.8 � 3.9 27.4 � 4.9

Data are n (%), means � SD, or median (25th, 75th percentiles). DTSQ, Diabetes Treatment Satisfaction
Questionnaire.

Insulin-pump therapy for poor glycemic control

DIABETES CARE, VOLUME 25, NUMBER 11, NOVEMBER 2002 2077

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/25/11/2074/588749/dc1102002074.pdf by guest on 02 April 2024



0.60 � 2.94 vs. 0.88 � 2.74 kg, P �
0.68, difference �0.28 (95% CI �1.63
to 1.07). Insulin requirements de-
creased in the insulin pump group and
remained stable in the injection group:
�15.8 � 15.06 vs. 2.9 � 17.01 units/
day, P � 0.001, difference �18.76
units/day (95% CI �26.45 to �11.07).

Of the 54 patients who entered the
follow-up phase of the trial, 44 (81%)
chose continuous subcutaneous insulin
infusion as their mode of treatment. No
substantial differences in baseline vari-
ables were noted between these 54 pa-
tients and the 79 patients randomized.
HbA1c at the end of the 24-week fol-
low-up phase was similar to that at the
end of 16 weeks of continuous subcuta-
neous insulin infusion in the first half of
the crossover phase in these 44 patients:
8.46 vs. 8.21%.

Health-related quality of life
The scores on the general health and men-
tal health subscales of the SF-36 im-
proved more in the insulin pump
treatment group, as compared with the
injection therapy group: �5.9 versus
�1.2 (P � 0.048) and �5.2 vs. �0.6
(P � 0.050), respectively.

Treatment satisfaction
Change in overall treatment satisfaction
as assessed using the Diabetes Treatment
Satisfaction Questionnaire was not differ-
ent between groups: �1.3 in the insulin
pump treatment group versus �0.2 in the
injection therapy group (P � 0.199).

CONCLUSIONS — In this trial in pa-
tients with type 1 diabetes with long-
standing poor glycemic control, insulin

pump treatment resulted in a greater re-
duction in HbA1c as compared with in-
tensive insulin injection treatment
(difference 0.84%). This can probably be
explained by the superior basal insulin
supplementation administered by contin-
uous subcutaneous insulin infusion, re-
sulting in a lower and more stable glucose
profile. Improved stability was reflected
in our study by a significantly lower SD in
24-h glucose profiles in the insulin pump
group. In contrast, NPH insulin shows a
more erratic absorption pattern, with a
reported intraindividual variability of
25% (24). Previously, we have shown the
superiority of continuous subcutaneous
insulin infusion to injection therapy dur-
ing the night in achieving a less variable
fasting glycemia (25). Our trial confirms
that continuous subcutaneous insulin in-
fusion can effectively counteract the dawn
phenomenon and the waning of NPH in-
sulin in the second half of the night
(26,27). Recently, long-acting insulin an-
alogs have been developed as alternatives
for NPH insulin. Further research com-
paring CSII using rapid-acting insulin
analogs and injection therapy using rap-
id-acting analogs in combination with
long-acting analogs seems warranted.
However, it should be noted that so far,
the use of long-acting analogs has not
been shown to result in a lower HbA1c
than the use of NPH insulin, despite a
lower frequency of hypoglycemic events
associated with it (1,28,29). The daytime
profiles indicate that both regimens were
equally effective in correcting postpran-
dial excursions, also supporting the no-
tion that CSII is superior in basal insulin
supplementation.

One may argue that the advantage

found in the insulin pump group may be
partially due to the more extensive edu-
cation given to this group. However, sev-
eral controlled trials investigating the
effect of education in type 1 diabetic pa-
tients failed to show improvement in gly-
cemic control (30 –32). Moreover, the
general education given in the 14-week
qualification phase resulted in a stable
HbA1c before randomization, providing a
real baseline HbA1c on which a proper
comparison can be made of two different
treatment modalities.

A major difference between our trial
and former trials lies in the selection of
patients with long-standing poor glyce-
mic control. To our knowledge, this is the
first trial investigating the efficacy of two
treatment modes in this specific group of
patients, who can be considered to repre-
sent the primary target population for ei-
ther intensification of insulin injection
therapy or for continuous subcutaneous
insulin infusion (14). The improvement
in HbA1c in this population in long-
standing poor glycemic control can be ex-
pected to result in a larger benefit in terms
of prevention of long-term diabetic com-
plications than a similar improvement in a
population with fairly good glycemic con-
trol (15).

Insulin pump therapy is not a pana-
cea for all patients in poor glycemic con-
trol. Only those with a readiness to
change can be expected to benefit. In our
trial, a readiness to change was apparent
from objectively performed SMBG at least
twice a day during the 14 weeks preced-
ing randomization and willingness to par-
ticipate in a good clinical practice trial.
Nine patients (11.4%) refused to start in-
sulin pump therapy, while seven (8.9%)
refused to restart injection therapy fol-
lowing the intended crossover, illustrat-
ing the importance of patient preference
and motivation for a specific mode of
therapy.

The observed improvement in HbA1c

in the insulin pump group was accom-
panied by a small absolute increase in
mild hypoglycemic episodes. This is in
contrast with an earlier trial in well-
controlled patients, in whom a 0.35% im-
provement in HbA1c, a stabilization of
glucose values, and an unchanged inci-
dence of hypoglycemic episodes were
seen (12). Possibly, the larger improve-
ment in HbA1c in our population (0.84 vs.
0.35%) overrides the effect of stabiliza-

Figure 2—Glucose profiles, a time series of averaged values, at 16 weeks in the insulin pump
group (�) and the injection group (f). BB, before breakfast; 90, 90 min postprandial; BL, before
lunch; BD, before dinner; BS, before sleeping.
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tion of glucose values on the frequency of
hypoglycemic episodes.

The improvement in HbA1c in the in-
sulin pump group was accompanied by a
small weight gain only. This is probably
attributable to the 23% reduction in insu-
lin dose in this group.

Health-related quality of life im-
proved with insulin pump therapy. To
our knowledge, this trial is the first ran-
domized trial to investigate this issue. The
discomfort of always having to wear the
pump and the increased rate of mild hy-
poglycemia apparently were counterbal-
anced by the achieved improvement in
glycemic control in these patients with
long-standing poor control. No difference
in treatment satisfaction could be noted,
perhaps due to lack of sensitivity of the
scale used or to the ceiling effect, which is
found to be associated with this question-
naire (33).

In conclusion, in patients with a his-
tory of long-term poor control, continu-
ous subcutaneous insulin infusion
improves glycemic control and some as-
pects of health-related quality of life.
Therefore, we suggest that continuous
subcutaneous insulin infusion should be
considered in patients with long-standing
poor glycemic control and readiness to
change.
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APPENDIX

Members of the Dutch Insulin Pump
Study Group

VU Medisch Centrum, Amsterdam
(J.H. de Vries, MD, and N. Masurel, RN);
Catharinaziekenhuis, Eindhoven (M.C.
Blonk, MD, B. Bravenboer, MD, T. van
Hoof, RN, and D. Wijn, RN); Medisch
Spectrum Twente, Enschede (J.Huisman
MD, N. Kersten, RN, and M.Grob, RN);
Atrium, Brunssum (W. Venekamp, MD,
R. Bianchi, MD, H. van Oostrum, RN, and
R. Glaser, RN); Medisch Centrum Haag-
landen, Den Haag (P.H.L.M. Geelhoed-
Duijvesteijn, MD, and J. Krijgsman, RN);

Spaarneziekenhuis, Heemstede (K. Bak-
ker, MD, and N.Masurel, RN); Diacones-
senhuis, Eindhoven (H. Haak, MD, A.G.
Lieverse MD, J. van Vroenhoven, RN, and
A. de Bonth, RN); St. Joseph Ziekenhuis,
Veldhoven (R. Erdtsieck, MD, G. Hovens,
RN, and T. Sprengers, RN); Medisch Cen-
trum Leeuwarden (L.J.M. de Heide, MD);
St. Lucas Ziekenhuis, Winschoten (J.
Jager, MD, and G. Mantjes, RN); West-
fries Gasthuis, Hoorn (R. Zwertbroek,
MD, and H. Koster, RN).
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