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According to the results of the Diabetes
Control and Complications Trial
(DCCT) (1), intensive diabetes man-

agement should be proposed for most type 1
diabetic patients to prevent long-term com-
plications. However, the ideal insulin regi-
men should simultaneously achieve 2 goals:
maintenance of near-euglycemia and avoid-
ance of frequent and severe hypoglycemia.

Several studies have suggested that
continuous subcutaneous insulin infusion
(CSII) could provide better glycemic con-
trol (2–4) with a lower risk of hypogly-
cemia (5,6) than multiple daily injections
(MDI). But very few of these studies were
randomized, and all used regular insulin.
We and others (7–9) also reported that,
when used in external pumps, the short-
acting insulin analog lispro provided better
glycemic control than regular insulin with-
out increasing the frequency of hypo-
glycemic episodes.

However, to the best of our knowl-
edge, the benefits of lispro use in CSII and
MDI have never been compared. Therefore,
the aim of the present work was to com-
pare the efficacy on glycemic control and
hypoglycemia frequency of 2 new intensi-
fied insulin regimens, CSII and MDI, with
insulin lispro in a randomized study.

RESEARCH DESIGN AND 
METHODS — The study protocol was
approved by the Ethics Committee of
Toulouse, and all of the patients gave writ-
ten consent.

Patients
A total of 41 type 1 diabetic patients between
21 and 65 years of age participated in the
study. At enrollment, 32 were treated by
CSII with regular insulin and 9 by MDI with
regular insulin or insulin lispro. The inclu-
sion criteria were HbA1c �10.0%, negative
C-peptide, and experience of intensified
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Comparison of Continuous Subcutaneous
Insulin Infusion and Multiple Daily
Injection Regimens Using Insulin Lispro
in Type 1 Diabetic Patients on Intensified
Treatment
A randomized study

O R I G I N A L  A R T I C L E

OBJECTIVE — To compare the efficacy of 2 intensified insulin regimens, continuous sub-
cutaneous insulin infusion (CSII) and multiple daily injections (MDI), by using the short-act-
ing insulin analog lispro in type 1 diabetic patients.

RESEARCH DESIGN AND METHODS — A total of 41 C-peptide–negative type 1 dia-
betic patients (age 43.5 ± 10.3 years; 21 men and 20 women, BMI 24.0 ± 2.4 kg/m2, diabetes dura-
tion 20.0 ± 11.3 years) on intensified insulin therapy (MDI with regular insulin or lispro, n = 9;
CSII with regular insulin, n = 32) were included in an open-label randomized crossover study com-
paring two 4-month periods of intensified insulin therapy with lispro: one period by MDI and the
other by CSII. Blood glucose (BG) was monitored before and after each of the 3 meals each day.

RESULTS — The basal insulin regimen had to be optimized in 75% of the patients during
the MDI period (mean number of NPH injections per day = 2.65). HbA1c values were lower
when lispro was used in CSII than in MDI (7.89 ± 0.77 vs. 8.24 ± 0.77%, P � 0.001). BG lev-
els were lower with CSII (165 ± 27 vs. 175 ± 33 mg/dl, P � 0.05). The SD of all the BG values
(73 ± 15 vs. 82 ± 18 mg/dl, P � 0.01) was lower with CSII. The frequency of hypoglycemic
events, defined as BG levels �60 mg/dl, did not differ significantly between the 2 modalities
(CSII 3.9 ± 4.2 per 14 days vs. MDI 4.3 ± 3.9 per 14 days). Mean insulin doses were signifi-
cantly lower with CSII than with MDI (38.5 ± 9.8 vs. 47.3 ± 14.9 U/day, respectively, P �
0.0001).

CONCLUSIONS — When used with external pumps versus MDI, lispro provides better
glycemic control and stability with much lower doses of insulin and does not increase the fre-
quency of hypoglycemic episodes.
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insulin therapy. None of the patients had
untreated retinopathy, impaired renal func-
tion, gastric neuropathy, BMI �30 kg/m2,
daily insulin dose �2 U/kg, history of hypo-
glycemia unawareness, or any severe disease
that could interfere with the study. Their
characteristics are shown in Table 1.

Study design
The study was conducted in a randomized
crossover open-label design to compare 2
methods of intensified insulin therapy using
insulin lispro (Humalog U-100; Lilly France,
Saint-Cloud, France), CSII with a program-
mable external pump (MiniMed 506 or 507;
Minimed, Sylmar, CA, and HTron D or V;
Disetronic, Burgdorf, Switzerland), and MDI
with an optimal dose of NPH (Fig. 1).
Insulin lispro and NPH were injected sepa-
rately at different sites using insulin pens.
Regardless of their previous treatment, all of
the patients were submitted to a 6-week
run-in period of CSII treatment with regular
insulin. The patients were randomly
assigned to either CSII with lispro or MDI
with 3 injections of lispro (before meals) and
2 injections of NPH (before breakfast and at
bedtime) for a 4-month period (first period).
They were then switched to the other treat-
ment for another 4 months (second period).
The patients were seen by the same investi-
gator at the University Hospital of Toulouse
at the end of each study period. During each
period of treatment, the patients were seen
by their usual diabetologist 2 and 8 weeks,
respectively, after each change of insulin reg-
imen to optimize their glycemic control. All
of these diabetologists were members of the
Study Group for the Development of Pump
Therapy in Diabetes, which is composed of
private practice diabetologists who follow a
training course on pump therapy 3 times a
year and work in collaboration with the
University Hospital.

Investigator and patient instructions
Daily capillary blood glucose (BG) mea-
surements were performed before and 2 h
after each meal and, in the event of hypo-
glycemic symptoms, using a Glucomatic
Esprit memory meter (Bayer Diagnostic,
Puteaux, France). The glycemic targets
were 70–120 mg/dl before meals or dur-
ing fasting periods and 120–180 mg/dl 2 h
after meals. The insulin regimen was
adjusted by the patient based on the
results of self-monitoring and by the
investigators at each visit. During the MDI
period, the investigators were advised to
add a third injection of NPH at noon if BG
before dinner was not within the target
range. To make this change as soon as
necessary, the first visit was planned
2 weeks after the beginning of the MDI
period. The patients were asked to
check ketonuria twice a day, at morning
and at bedtime, and in the event of
hyperglycemia. They were instructed to
record in a notebook all episodes of hypo-
glycemia and any technical or metabolic
incident, such as ketonuria or severe
hypoglycemia, as defined by the DCCT
criteria.

Data collection and biochemical
determinations
During each period of treatment, a first
visit was made 2 weeks after the change of
treatment to optimize basal insulin replace-
ment. Except for this visit, the frequency of
the visits was normal (every 2 months). At
each visit, insulin dose and adverse events
were noted. At the end of each study
period, blood samples were drawn for
HbA1c determination, and the memory
meters were downloaded on a computer

(WinGlucofacts software; Bayer Diagnostic)
to obtain mean glycemia, the SD of BG, and
the number of hypoglycemic events
(defined by BG measurements �60 mg/dl)
during the previous 14 days. Blood pres-
sure and weight were also recorded. At the
end of the study, the patients were asked to
indicate if they preferred to keep using
insulin lispro or to go back to regular
insulin and to choose between the 2 types
of insulin delivery (MDI or CSII).

Assay methods
HbA1c was measured by high-performance
liquid chromatography (normal range
4.0–6.0%) before randomization and at the
end of each study period. All of the mea-
surements were centralized.

Statistical analysis
Calculations were performed with Statview
(Abacus Concepts, Berkeley, CA). Results
are given as means ± SD. All tests were 2-
tailed, and P values �0.05 were considered
statistically significant.

Changes in continuous criteria (efficacy
criteria: HbA1c, mean glycemia, and SD of
BG) were studied by analysis of variance
applied to crossover study with period,
treatment group, and interaction factors.
Categorical criteria (adverse events) were
compared by the �2 test.

RESULTS — Among the 41 patients
enrolled, 40 completed the study. One sub-
ject dropped out 3 weeks after the begin-
ning of the first period of treatment, which
was MDI in his case. Before enrollment, this
patient was on CSII, and he could not tol-
erate the difficulties encountered with the
MDI regimen.

Table 1—Patient characteristics

n 41
Sex (M/F) 21/20
Age (years) 43.5 ± 10.3 (21.0–65.4)
Weight (kg) 68.2 ± 10.0 (47–87)
BMI (kg/m2) 24.0 ± 2.4 (18.7–28.5)
Duration of 20.0 ± 11.3 (4.0–42.0)
diabetes (years)

HbA1c (%) 8.39 ± 0.87 (6.8–10.0)
Daily insulin dose 43.6 ± 13.5
(U/day)

Data are n or means ± SD (range).

Figure 1—Randomized crossover open-label design comparing 2 methods of intensified insulin ther-
apy (CSII and MDI) using insulin lispro.

–6 weeks
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All of the results could be analyzed
during the 2 periods of treatment, because
no carryover effect was observed.

Clinical results
We observed no significant difference in
weight (CSII 68.7 ± 10.0 kg vs. MDI 69.0 ±
9.5 kg) and systolic (CSII 133.5 ± 15.1
mmHg vs. MDI 134.4 ± 13.9 mmHg) or
diastolic (CSII 77.2 ± 9.3 mmHg vs. MDI
78.6 ± 9.5 mmHg) blood pressure, mea-
sured at the end of each period of treatment.

HbA1c and daily BG measurements
HbA1c levels achieved at the end of each
period of treatment were 7.89 ± 0.77%
with CSII and 8.24 ± 0.77% with MDI.
HbA1c was significantly lower with CSII
(P � 0.001). Mean daily BG measure-
ments, recorded during the last 14 days of
each period of treatment, were significantly
lower with CSII when compared with MDI
(CSII 165 ± 27 mg/dl vs. MDI 175 ± 33
mg/dl, P � 0.05).

BG stability was better with CSII than
with MDI, as assessed by the difference in the
mean SD of BG values during the last 14 days
of each study period (CSII 73 ± 15 mg/dl vs.
MDI 82 ± 18 mg/dl, P � 0.01) (Table 2).

Insulin doses
At baseline, mean insulin doses were 43.6 ±
13.5 U/day. The basal insulin regimen had
to be optimized (NPH injection moved
from breakfast to noon or added at noon) in
75% of the patients during the MDI period
(the mean number of NPH injections was
2.65 per day at the end of the MDI period).
The total insulin doses required to maintain
glucose control during the MDI treatment
period were much higher than those during
the CSII period (CSII 38.5 ± 9.8 U/day vs.
MDI 47.3 ± 14.9 U/day, P � 0.0001). This
difference was mainly due to higher basal
insulin requirements in the MDI regimen
(CSII 20.8 ± 5.8 U/d vs. MDI 27.5 ± 8.8
U/day, P � 0.03). However, the daily bolus
insulin dose was also significantly higher
with MDI (CSII 17.7 ± 6.6 U/day vs. MDI
19.8 ± 8.4 U/day, P � 0.04).

Hypoglycemic events
During the last 14 days of each treatment
period, hypoglycemic events (BG levels
�60 mg/dl) occurred at a rate of 3.9 ±
4.2/14 days with CSII and 4.3 ± 3.9/14
days with MDI (NS). Severe hypoglycemic
episodes were reported 4 times during the
study, 3 times with CSII and 1 time with
MDI in 2 patients and 1 patient, respec-

tively. None of these episodes resulted in
coma or seizures. External help was neces-
sary to take glucose, but glucagon or glu-
cose injection was never required.

Satisfaction
At the end of the study, the patients were
asked which regimen they preferred for
the continuation of their therapy. A total of
29 patients chose CSII (21 were previously
on CSII with regular insulin, and 8 were
previously on MDI), and 11 chose MDI (10
were previously on CSII and 1 was previ-
ously on MDI).

CONCLUSIONS — CSII has been
developed to improve glycemic control of
type 1 diabetic patients by means of more
physiological insulinization than that with
MDI. In the 1980s, several studies compar-
ing the 2 modes of insulin delivery showed
a reduction of HbA1c ranging from 0.4 to
1% (2–4). However, very few of these stud-
ies were randomized (10), baseline HbA1c in
these patients was high (9–11%), and the
injection regimens used were not always as
intensified as they are now. In the DCCT,
CSII-treated patients maintained a mean
HbA1c level of 6.8 vs. 7.0% in patients
treated by a highly intensified MDI regimen,
and this slight difference was significant
(11). In our study, the comparison of CSII
and an intensified MDI regimen with 5–6
injections per day shows a significant dif-
ference of 0.35% in HbA1c, in favor of CSII.
This reduction is slight, but the baseline lev-
els of HbA1c were much lower than those in
previous studies and therefore one could
not expect a very large decrease in HbA1c.
Moreover, these results were obtained
under routine conditions of follow-up
(patients being seen every 2 months by
their usual physician) and not with an
intensified follow-up such as that used in

the DCCT, which might have led to a larger
decrease in HbA1c.

Three multicenter randomized studies
have demonstrated the superiority of
insulin lispro over regular insulin in exter-
nal pumps, the difference obtained in terms
of HbA1c ranging from 0.1 to 0.6% (7–9).
The present work confirms that the
replacement of regular insulin by insulin
lispro in the pump allows a reduction of
0.5% in HbA1c (8.39% at baseline vs.
7.89% on lispro). This difference is proba-
bly because of the more physiological
kinetics of insulin lispro, which provides a
rapid and short prandial insulin peak.

The first studies comparing MDI regi-
mens with regular insulin and insulin lispro
showed no difference in HbA1c, indicating
the need for optimization of basal insulin
replacement (12). When the number of
NPH injections was optimized, HbA1c
decreased by 0.3–0.8% in several studies
(13–15). Therefore, both CSII studies and
MDI studies with optimized basal insulin
replacement have shown the superiority of
insulin lispro over regular insulin. How-
ever, it remained to be elucidated whether
the use of insulin lispro was equally effi-
cient on HbA1c in an intensified MDI regi-
men and in CSII. In our study, CSII
remains superior to MDI—CSII with lispro
combining the beneficial effects of the
pharmacokinetics of lispro for the boluses
on the one hand, and the better efficacy of
basal insulin replacement with a continu-
ous basal rate compared with long-acting
insulin on the other hand.

Besides HbA1c, the frequency of hypo-
glycemic events is a major concern in type
1 diabetic patients on intensified treatment.
In the intensive therapy group of the DCCT,
severe hypoglycemia was slightly more fre-
quent with CSII than with MDI (0.54 vs.
0.44 patient-years) (16). By contrast, several

Table 2—HbA1c, capillary BG measurements, and daily insulin doses

CSII regimen MDI regimen P

HbA1c (%) 7.89 ± 0.77 8.24 ± 0.77 �0.001
Mean glycemia (mg/dl) 165 ± 27 175 ± 33 �0.05
Mean SD of BG values (mg/dl) 73 ± 15 82 ± 18 �0.01
Patients with BG level �60 mg/dl 3.9 ± 4.2 4.3 ± 3.9 NS
Total insulin dose (U/day) 38.5 ± 9.8 47.3 ± 14.9 �0.0001
Basal insulin dose (U/day) 20.8 ± 5.8 27.5 ± 8.8 �0.03
Bolus insulin dose (U/day) 17.7 ± 6.6 19.8 ± 8.4 �0.04

Data are means ± SD. HbA1c was measured at the end of each period of treatment. Capillary daily BG mea-
surements, SD of BG values, the number of hypoglycemic events, and the insulin doses were measured during
the last 14 days of each treatment period.
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long-term studies show that CSII with reg-
ular insulin can reduce the frequency of
severe hypoglycemia (5,6,17). Meta-analy-
sis of studies with insulin lispro also show a
reduction in the rate of severe hypogly-
cemia (18). We found in the present study
no significant difference in the frequency of
severe and mild hypoglycemia. However,
with HbA1c improving during CSII, this is a
positive result for this treatment.

The SD of glycemia reflects the fluctu-
ations of BG levels. With CSII, the SD of gly-
cemia was significantly lower, indicating
improved glycemic stability over the day.
This might be related to more reliable
absorption of insulin with CSII, using a sin-
gle injection site for several days, as previ-
ously described with regular insulin
(19,20), and to better reproducibility of the
pharmacokinetic profile of lispro (21).

There is a clear need for the optimiza-
tion of basal insulin replacement when lispro
is used as prandial insulin. This optimization
is easy with CSII. During the MDI period, a
third injection of NPH had to be rapidly
added in most of the patients. The insulin
doses required to achieve glycemic control
with MDI increased significantly by 22.8%.
Using regular insulin, Bode et al. (6) previ-
ously reported a reduction of 15% in insulin
doses in patients switching from MDI to
CSII. In our study, during the MDI period,
the increase in NPH doses was marked
(32.2%) and was mainly caused by a rise in
the bedtime NPH dose, explained by the
major difficulties these patients had in
achieving near-normal fasting BG levels.

Despite the important rise in insulin
doses, no change in body weight or blood
pressure was observed in our study. How-
ever, it would be worthwhile to evaluate
these parameters after a long period of
time. On the other hand, the lower insulin
requirements with CSII may counterbal-
ance the hypothetical increased tendency
for hypoglycemia induced by lower
HbA1c levels.

At the end of the study, the majority of
patients chose CSII with lispro. However,
10 patients previously on CSII with regular
insulin chose MDI with lispro. Our study
was not designed to compare CSII with
regular insulin and MDI with lispro, but
this finding indicates that for patients
accustomed to CSII with regular insulin, an
optimized MDI regimen with insulin lispro,
which they had never used before, was
able to provide a valuable alternative.

In terms of glycemic control, we con-
clude that CSII with insulin lispro is superior

to an intensified MDI regimen with insulin
lispro; CSII treatment requires lower doses
of insulin and does not increase the risk of
hypoglycemia. External pump treatment
with the short-acting insulin analog lispro
seems to us the best way to achieve good
diabetes control in type 1 diabetic patients
accustomed to intensified insulin therapy.

Acknowledgments — This study was sup-
ported by Lilly France and Bayer France.

References
1. The Diabetes Control and Complications

Trial Research Group: The effect of intensive
treatment of diabetes on the development
and progression of long-term complications
in insulin-dependent diabetes mellitus. N
Engl J Med 329:977–986, 1993

2. Chantelau E, Spraul M, Muhlhauser I,
Gause R, Berger M: Long-term safety, effi-
cacy and side-effects of continuous subcu-
taneous insulin infusion treatment for type
1 (insulin-dependent) diabetes mellitus: a
one centre experience. Diabetologia 32:421–
426, 1989

3. Mecklenburg RS, Benson JW Jr, Becker
NM, Brazel PL, Fredlund PN, Metz RJ,
Nielsen RL, Sannar CA, Steenrod WJ Jr:
Clinical use of the insulin infusion pump in
100 patients with type I diabetes. N Engl J
Med 26:513–518, 1982

4. Ronn B, Mathiesen ER, Vang L, Lorup B,
Deckert T: Evaluation of insulin pump
treatment under routine conditions. Dia-
betes Res Clin Pract 3:191–196, 1987

5. Eichner HL, Selam JL, Holleman CB,
Worcester BR, Turner DS, Charles MA:
Reduction of severe hypoglycemic events in
type I (insulin-dependent) diabetic patients
using continuous subcutaneous insulin
infusion. Diabetes Res 8:189–193, 1988

6. Bode BW, Steed RD, Davidson PC: Reduc-
tion in severe hypoglycemia with long-term
subcutaneous insulin infusion in type I
diabetes. Diabetes Care 19:324–327, 1996

7. Melki V, Renard E, Lassmann-Vague V,
Boivin S, Guerci B, Hanaire-Broutin H,
Bringer J, Belicar P, Jeandidier N, Meyer L,
Blin P, Augendre-Ferrante B, Tauber JP:
Improvement of HbA1c and blood glucose
stability in IDDM patients treated with
lispro insulin analog in external pumps.
Diabetes Care 21:977–982, 1998

8. Zinman B, Tildesley H, Chiasson JL, Tsui E,
Strack T: Insulin lispro in CSII: results of
double-blind crossover study. Diabetes 46:
440–443, 1997

9. Renner R, Pfützner A, Trautmann M,
Harzer O, Sauter K, Landgraf R: Use of
insulin lispro in continuous subcutaneous
insulin infusion treatment: results of a mul-
ticenter trial: German Humalog-CSII Study

Group. Diabetes Care 22:784–788, 1999
10. Helve E, Koivisto VA, Lehtonen A, Pelko-

nen R, Huttunen JK, Nikkila EA: A cross-
over comparison of continuous insulin
infusion and conventional injection treat-
ment of type I diabetes. Acta Med Scand
221:385–393, 1987

11. The Diabetes Control and Complications
Trial Research Group: Implementation of
treatment protocols in the Diabetes Control
and Complications Trial. Diabetes Care 18:
361–376, 1995

12. Bolli GB, Di Marchi RD, Park GD, Pramming
S, Koivisto VA: Insulin analogues and their
potential in the management of diabetes
mellitus. Diabetologia 42:1151–1167, 1999

13. Ebeling P, Jansson PA, Smith U, Lalli C,
Bolli GB, Koivisto VA: Strategies toward
improved control during insulin lispro
therapy in IDDM. Diabetes Care 20:1287–
1289, 1997

14. Colombel A, Murat A, Krempf M, Kuchly-
Anton B, Charbonnel B: Improvement of
blood glucose control in type 1 diabetic
patients treated with lispro and multiple
NPH injections. Diabet Med 16:319–324,
1999

15. Lalli C, Ciofette M, Del Sindaco P, Torlone
E, Pampanelli S, Compagnucci P, Carte-
chini MG, Bartocci L, Brunetti P, Bolli GB:
Long-term intensive treatment of type 1
diabetes with the short-acting insulin ana-
log lispro in variable combination with
NPH insulin at mealtime. Diabetes Care 22:
468–477, 1999

16. The Diabetes Control and Complications
Trial Research Group: Hypoglycemia in the
Diabetes Control and Complications Trial.
Diabetes 46:271–286, 1997

17. Boland EA, Grey M, Oesterle A, Fredrick-
son L, Tamborlane WV: Continuous sub-
cutaneous insulin infusion: a new way to
lower risk of severe hypoglycemia, improve
metabolic control, and enhance coping in
adolescents with type 1 diabetes. Diabetes
Care 22:1779–1784, 1999

18. Brunelle RL, Llewelyn J, Anderson JH Jr,
Gale EAM, Koivisto VA: Meta-analysis of
the effect of insulin lispro on severe hypo-
glycemia in patients with type 1 diabetes.
Diabetes Care 21:1726–1731, 1998

19. Vaag A, Handberg A, Lauritzen M, Henrik-
sen JE, Pedersen KD, Beck-Nielsen H: Vari-
ation in absorption of NPH insulin due to
intramuscular injection. Diabetes Care 13:
74–76, 1990

20. Lauritzen T, Pramming S, Deckert T, Binder
C: Pharmacokinetics of continuous subcu-
taneous insulin infusion. Diabetologia 24:
326–329, 1983

21. Antsiferov M, Woodworth JR, Mayarov A,
Ristic S, Dedov I: Within patient variability
in postprandial glucose excursion with
lispro insulin analog compared with regu-
lar insulin. Diabetologia (Suppl. 1) 38:A190,
1995


