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Abstract Continuous subcutaneous insulin infusion (CSII)

is effective and safe in children and adults with type 1 dia-

betes. Notwithstanding, some patients decide to discontinue

using CSII. We evaluated the discontinuation rate, and its

related factors, in a large group of children and adolescents

with type 1 diabetes using CSII in Italy. Data on all patients

with type 1 diabetes younger than 18 years were collected by

28 Pediatric Diabetologic referral Centers located throughout

Italy. The primary endpoint was to measure the discontinu-

ation rate using CSII. Among the study population

(n = 6,644), 985 (14.8%) were using CSII. Sixty patients

discontinued using CSII, representing the 6.1%. The dis-

continuation rate significantly increased (P = 0.002) with

age: 0–6 years, 1/84 (1.2%), 7–11 years, 8/262 (3.1%),

12–18 years, 51/579 (8.8%). The average time to discontin-

uation was 1.8 ± 1.4 years. The average age of patients who

discontinued using CSII was higher than in patients still on

CSII (12.1 ± 3.2 vs. 10.3 ± 3.8, P = 0.0001), while their

diabetes duration was significantly shorter (8.6 ± 2.7 vs.

10.2 ± 3.7, P = 0.0001). HbA1c decreased only in patients

still on CSII (8.7 ± 1.3% vs. 7.8 ± 1.3%, P = 0.02), but not

in patients who discontinued using CSII (8.5 ± 1.6% vs.

8.2 ± 1.3%, P = 0.213). HbA1c might be one important

indicator helpful to identify patients at higher risk discon-

tinuing using CSII.
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Introduction

Thirty years after its introduction, the use of continuous

subcutaneous insulin infusion (CSII) appears to be the most

physiologic method currently available to deliver insulin.

This data keeps increasing, especially among children and

adolescents. When properly used, the technique is safe and

effective in patients with type 1 diabetes [1–7]. Even if

there are several advantages to pump therapy [8], barriers

to success still exist in the pediatric population. Indeed, a

recent meta-analysis showed a less significant advantage of

CSII over multiple daily insulin injections (MDI) on

younger subjects [9].

Even if there is a decrease in insulin requirement around

26% in pubertal patients and around 19% in prepubertal

children using CSII versus MDI [10], CSII therapy is more

expensive than MDI therapy. Therefore, it is important to

investigate why certain patients discontinue using CSII.

Additionally, no clear criteria have been established to help

the physician to identify the ‘right’ patient for CSII and to

lower the discontinuation rate.

To address this issue, most of the pediatric scientific

Societies (the European Society for Paediatric
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Endocrinology, the Lawson Wilkins Pediatric Endocrine

Society, and the International Society for Pediatric and

Adolescent Diabetes, together with the European Associ-

ation for the Study of Diabetes and the American Diabetes

Association) published a consensus statement that sum-

marizes the recommendations for CSII in pediatric and

adolescent patients with type 1 diabetes [11]. Nevertheless,

some patients still decide to discontinue using the pump.

Few studies have investigated CSII discontinuation rates

and reasons, especially in pediatric patients [12–16].

The aim of our study was to evaluate the discontinuation

rate and its reasons in a large group of pediatric patients

with type 1 diabetes using CSII. We also evaluated their

clinical and disease-specific characteristics to investigate

any relation with the decision to discontinue CSII therapy.

Subjects and methods

This is a multicenter observational retrospective study. The

survey was taken during a 9-year period (December 1998–

December 2007). Data on all patients with type 1 diabetes

aged 18 years or younger were collected by 28 Pediatric

Diabetologic Units. These units belong to the Study Group

on Diabetes of the Italian Society of Paediatric Endocri-

nology and Diabetology. They are the referral centers for

the diagnosis and treatment of pediatric diabetes, and are

located throughout Italy, thus ensuring almost complete

coverage of the country [17].

Each Centre reviewed the charts of their patients with type

1 diabetes, and the following data were collected from

medical records at baseline and every 6 months for a follow-

up time up to 4 years: date of birth, date of onset of diabetes,

metabolic control evaluated as value of glycated hemoglobin

(HbA1c), measured at each Centre using DCA-2000 Ana-

lyser, Siemens/Bayer, Italy, type of insulin therapy, insulin

requirement, the age at which the pump therapy began, age at

discontinuation using CSII and, when appropriate, reasons

for discontinuing, body mass index, evaluated as standard

deviation score (BMI-SDS), hypoglycemic and DKA epi-

sodes. Severe hypoglycemia was defined as a blood glu-

cose \70 mg/dl (3.9 mmol/l) with a loss of consciousness.

DKA was defined as blood pH \7.3 with bicarbon-

ate \15 mEq/l and need for intravenous fluid and insulin

infusion. Data collection was completed by December 2009.

Primary outcome measure was the rate of discontinua-

tion from CSII, evaluating both timing and reasons. Sec-

ondary outcome measures were the HbA1c, insulin

requirement, BMI-SDS, adverse events (severe hypogly-

cemia and/or DKA episodes) before, during and after CSII

therapy, when appropriate.

Continuous variables are displayed as frequencies or

percentages. T test, Chi-square test, and Fisher’s exact test

were used to compare groups. Paired t test and ANOVA

were used to analyze changes of continuous variables over

time. A level of 0.05 determined statistical significance.

Results

At each Centre, a pediatric team took care of CSII initiation

for each patient and his/her follow-up. No differences have

been observed among the 28 sites regarding pump pre-

scriptions, nor the sites differed in the make-up of their

multi-disciplinary teams or differed in their rate of pump

prescriptions.

Among the study population (n = 6,989) (Fig. 1), 985

(14.8%) patients with type 1 diabetes were identified as

CSII users. After a careful evaluation of all data collected,

60 patients were identified who chose to discontinue using

CSII at some time after pump initiation, representing a

percentage of 6.1%. The group that discontinued CSII had

a slightly non-significant higher proportion of female

patients (52 vs. 48%, P = 0.873). The discontinuation rate

significantly increased (P = 0.002) with age, based on age

at pump initiation: 0–6 years, 1/84 (1.2%), 7–11 years,

8/262 (3.1%), 12–18 years, 51/579 (8.8%).

The average amount of time for discontinuation was

1.8 ± 1.4 years: 8 out of 60 patients (13.3%) discontinued

using CSII in the first 6 months of therapy, 15 patients

(25%) at 6–12 months after CSII starting, 17 patients

(28.3%) between 1 and 2 years, 9 patients (15%) between 2

and 3 years, and 11 patients (18.3%) over 3 years of CSII.

The patients in the 6–12 years age group discontinued

using the pump in the first 12 months mostly (68%).

As pump discontinuation occurred within 4 years at most,

the reference group (n = 532) consisted of all patients who

maintained CSII therapy for at least 4 years. We specifically

did not adjust for age or gender as these were factors we

wished to examine as possible predictors. No difference has

been observed between patients that entered the study and

who did not about age, disease duration, baseline HbA1c,

insulin requirement and BMI-SDS.

Primary reasons for pump discontinuation were grouped

into 6 categories. Major problems (e.g., impairment of

metabolic control and exaggerated expectations) accounted

for discontinuation in 33%, diabetes burnout occurred in

18.7%, pump breaking in 3.3% and minor problems (e.g.,

infusion site issues) in 12%. Body image concerns asso-

ciated with wearing the pump occurred in 23%, and con-

cerns about weight gain occurred in 10%.

Comparing the two groups (discontinue using CSII =

dropout group vs. non-discontinue using CSII = non-

dropout group), at the moment of CSII initiation, average

age of patients in the dropout group was higher than in non-

dropout group (12.1 ± 3.2 vs. 10.3 ± 3.8, P = 0.0001),
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while diabetes duration was significantly shorter (8.6 ± 2.7

vs. 10.2 ± 3.7 years, P = 0.0001) (Table 1). After exclud-

ing the data from the 84 preschoolers whom parents man-

agement of the diabetes could have influenced the results, the

effect of age and disease duration persists in the dropout

group.

Before CSII initiation, HbA1c (8.5 ± 1.6 vs. 8.2 ±

1.3%, P = 0.453), insulin requirement (0.90 ± 0.30 vs.

0.87 ± 0.25 U/kg/day, P = 0.639) and BMI-SDS (0.24 ±

0.82 vs. 0.24 ± 0.86, P = 0.912) were similar in the two

groups (Table 1).

During the 4-year follow-up, patients in the dropout group

did not show any significant change in HbA1c, while patients

in the non-dropout group showed a significant improvement in

HbA1c at 6 months (7.2 ± 1.3%, P = 0.0001), 12 months

(7.2 ± 2.3%, P = 0.0001), 18 months (7.7 ± 1.3%, P =

0.0001), and 24 months (7.4 ± 2%, P = 0.0001) (Fig. 2).

HbA1c kept to be significantly lower in the non-dropout

patients, even when evaluated for those discontinuing CSII

with an age-matched subgroup (who did not discontinue CSII)

at each time point (0–6 years, comparison not possible because

of the only patient in the dropout group, 7–11 years,

P = 0.001 by ANOVA, 12–18 years, P = 0.0001 by

ANOVA).

Insulin requirement and BMI-SDS showed only mini-

mally significant differences at some time point during the

follow-up period in both groups (Table 2).

Considering only patients in the dropout group, they

showed no improvement in HbA1c, insulin requirement

and BMI-SDS after discontinuing CSII. In particular, in the

dropout group, the HbA1c was 8.6 ± 1.5% at the moment

of discontinuation, and 8.5 ± 1.4% at both 6 and

12 months after discontinuation (Table 2).

No difference has been observed in DKA episodes or

severe hypoglycemia intra- and inter-groups, either at

baseline or during the follow-up.

7049 subjects aged 1-25 years with diabetes type 1

60 excluded
-48 age >18 years
- 9 unable to attend scheduled visits
- 3 moved to other Centres

6004 (85.2%) patients 
used multiple daily 

injections for their therapy

985 (14.8%) patients
used CSII for their therapy

60 (6.1%) 
patients 

discontinued using 
CSII

925 (93.9%) 
patients 

continued using 
CSII

60 patients 
included

532 patients
included

- 97 excluded
because they
fail to attend all
scheduled visits

- 356 excluded
because they do 
not have at least
4-year follow-up 

Fig. 1 Flow chart of the study

population
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Discussion

This study reports the discontinuation rate of CSII therapy

in a large retrospective review of Italian type 1 diabetes

pediatric patients.

We found that 60 out of 985 patients started on pump

therapy discontinued the pump, and the discontinuation

rate increased with age. Factors associated with pump

discontinuation were older age at the time of starting pump

therapy and shorter duration of diabetes before starting

therapy. After excluding preschoolers to undo the possible

effect of parental management on the pump therapy, this

effect has been maintained. The reasons cited for

discontinuation were poor metabolic control, diabetes

burnout, technical issues, and concern about body weight.

While there were no differences in baseline HbA1c,

BMI-SDS, or insulin requirements between groups,

patients who discontinued CSII did not change their HbA1c

at any time point during the follow-up and after stopping

CSII. Patients who remained on pump therapy showed an

improvement in glycemic control after pump therapy was

initiated. Patients who continued pump therapy also

decreased insulin requirements which the patients who

discontinued pump therapy did not. There were no differ-

ences and frequency of DKA or hypoglycemia between

patients who continued or discontinued pump therapy.

The rate of discontinuation from the pump found in this

study is quite low, but in accordance with other authors

[18]. Few papers have been published that address this

particular aspect of insulin pump therapy [12, 13, 15, 16,

18–21], with a discontinuation rate that fully vary from 4.3

to 64%. It is difficult to explain the reasons for such a

difference: the different rate of pump prescriptions in dif-

ferent countries, the different methodology used throughout

the studies, the lack of national registries of insulin pump

users might be some of the reasons. Moreover, most of the

studies refer to small groups of patients followed for short

time, with the exception of the one by Hofer et al. [18],

which reports a 4.3% discontinuation rate in more than

11.700 patients with type 1 diabetes. However, Hofer et al.

[18] did not report data only about children and adolescents,

like we did in the present study. As a matter of fact, age

seems to play an important role in the decision to discon-

tinue using CSII, as we observed in our study with regard to

adolescent group (12–18 years) that shows the highest rate

of discontinuation, in accordance with Hofer et al. [18] and

de Vries et al. [22]. This might be a little surprising since the

characteristics of ‘‘freedom’’ and ‘‘versatility’’ of insulin

pump therapy seem to match the typical need of this age of

life. Perhaps, sometimes, exaggerated expectations might

be the ultimate cause of discontinuation of pump therapy in

adolescents, showing once again that adolescence is a

challenging period with the need of constant parental

supervision throughout it [23, 24].

Moreover, combining the evidence that patients who

discontinued using the pump showed a shorter disease

duration and were older than patients who did not dis-

continue, we speculate that diabetes onset at an older age

may result in a greater burden, with patients showing more

difficulties to accept diabetes and its management, espe-

cially CSII, that might make them feel more ‘‘different’’.

As physicians, our main duty would be to help our

adolescent patients to better cope with diabetes manage-

ment. Probably, there is not a magic formula for this, but

the best we may do is to aim for an even more tailored

education. For sure, each time we did not see any

Table 1 Clinical characteristics of the patients enrolled in the study;

data are shown as mean ± SD, with range in parenthesis

Data before starting CSII

Non-dropout

group

Dropout

group

Significance

Number 532 60

Age (years) 10.3 ± 3.8

(0.4–17.7)

12.1 ± 3.2

(6.4–15.8)

0.0001

Disease duration

(years)

10.2 ± 3.7

(0–17.7)

8.6 ± 2.7

(0–13.6)

0.0001

HbA1c (%) 8.2 ± 1.3

(5.5–14)

8.5 ± 1.6

(5.5–14)

0.453

Insulin requirement

(U/kg/day)

0.87 ± 0.25

(0.2–1.4)

0.90 ± 0.30

(0.2–1.2)

0.639

BMI-SDS 0.24 ± 0.86

(-1.92–2.32)

0.24 ± 0.82

(-1.45–2.17)

0.912

BMI-SDS body mass index standard deviation score

6

7

8

9

10

11

12

Baseline After 6
months

After 12
months

After 18
months

After 24
months

After 36
months

After 48
months

H
b

A
1c

 (
%

)

Time after CSII initiation

* * * *

60 52 37 27

20

11 5

Drop
Non drop

Fig. 2 HbA1c values in patients who discontinued from pump

(dropout group; n = 60) and who are still on pump (non-drop group;

n = 532); at time point 36 and 48 months, we were not able to find

any statistical significance between groups because of the small

numbers left in the dropout group; the numbers in the graph upon the

upper line represent the numbers of patients who discontinued from

pump at each time point. *P = 0.0001 between groups
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improvement in HbA1c after 6 months of a new therapy,

we are facing a failure, and we need to do our best to give

that patient reasons to escape long-term complications and

improve his/her compliance.

The relationship between shorter disease duration and

pump failure might be explained by the fact that younger

children usually show a better compliance to diabetes

management than adolescents in whom diabetes burden is

especially demanding [25]. On the other hand, CSII ther-

apy requires a strong motivation, attitude, and discipline

that by themselves might explain the easier failure that

adolescent group experience. Last but not least, younger

patients might count on parental help.

Evaluating the causes of CSII discontinuation, unlike

what has been reported in the literature [12, 14], pump

breaking and technical problems account only for a minor

number of patients, showing the great improvement in

pump technology observed in the last few years. More than

half of the patients discontinued the pump because of

psychological concerns. Psychological issues are very

important in chronic illnesses [26] (e.g., type 1 diabetes),

suggesting the need of multidisciplinary team approach,

with a psychologist and dietician side by side with adult or

pediatric diabetologist and nurse. Strikingly, one-third of

these patients experienced unease with their body image or

had fear of weight gain. At this respect, we would like to

hint at diabulimia, only recently receiving attention, but not

a medically recognized condition yet [27]. The lack of

proper insulin treatment in those with diabetes may lead to

many harmful physical effects. The misconceptions and

exaggerated expectations of teens, especially with excess

eating and omitted insulin problems, may lead the patients

to the acknowledgment that pumps would not solve this

issue at all and choose to discontinue using the pump, as

we had observed some years ago in patients using multiple

daily injection schemes [28]. The diabetes team task should

reassure the adolescent that the correct use of insulin pump

prevents him or her from becoming overweight, as stated in

recent literature [6] and confirmed in our non-dropout

group.

The most important cause that accounts for the majority

of patients discontinuing from CSII is an impairment of

metabolic control and/or exaggerated expectations from

pump efficiency. HbA1c might be the cornerstone upon

which lays the selection of the ‘‘right’’ patient that could

use CSII therapy and will not discontinue using it after

some time. As a matter of fact, it is interesting to observe

the trend of HbA1c in the two groups (dropout and non-

dropout). At the moment of CSII initiation, the patients in

the dropout group presented HbA1c slightly but not sig-

nificantly higher than patients who did not discontinue

using CSII, stating that the starting HbA1c might not be

Table 2 HbA1c, insulin requirement, and BMI-SDS in the two

groups (dropout and non-dropout) throughout the study and after the

time of discontinuation (for the dropout group only); in parenthesis,

the number of subjects evaluated at that time-point are indicated; the

data are shown as mean ± SD

HbA1c (%) Insulin requirement (U/kg/day) BMI-SDS

Dropout Non-dropout P Dropout Non-dropout P Dropout Non-dropout P

Baseline 8.5 ± 1.6

(n = 60)

8.2 ± 1.3

(n = 532)

0.453 0.90 ± 0.29

(n = 60)

0.87 ± 0.25

(n = 532)

0.639 0.24 ± 0.82

(n = 60)

0.24 ± 0.86

(n = 532)

0.912

After 6 months 8.5 ± 1.5*

(n = 52)

7.2 ± 1.1**

(n = 532)

0.0001 0.87 ± 0.25*

(n = 52)

0.80 ± 0.21**

(n = 532)

0.03 0.24 ± 0.90*

(n = 52)

0.24 ± 0.78*

(n = 532)

0.977

After 12 months 8.5 ± 1.2*

(n = 37)

7.2 ± 1.1**

(n = 532)

0.0001 0.88 ± 0.27*

(n = 37)

0.82 ± 0.19**

(n = 532)

0.04 0.23 ± 0.87*

(n = 37)

0.23 ± 0.80*

(n = 532)

0.876

After 18 months 8.6 ± 1.6*

(n = 27)

7.7 ± 1.3**

(n = 532)

0.0001 0.86 ± 0.26*

(n = 27)

0.82 ± 0.21**

(n = 532)

0.05 0.24 ± 0.81*

(n = 27)

0.24 ± 0.83*

(n = 532)

0.919

After 24 months 8.9 ± 1.9*

(n = 20)

7.4 ± 1.0**

(n = 532)

0.0001 0.86 ± 0.20*

(n = 20)

0.83 ± 0.20**

(n = 532)

0.05 0.24 ± 0.92*

(n = 20)

0.22 ± 0.87*

(n = 532)

0.567

After 36 months 8.4 ± 1.2*

(n = 11)

7.5 ± 1.7*

(n = 532)

0.055 0.86 ± 0.17*

(n = 11)

0.84 ± 0.18*

(n = 532)

0.887 0.23 ± 0.76*

(n = 11)

0.21 ± 0.88*

(n = 532)

0.321

After 48 months 8.7 ± 1.3*

(n = 5)

7.8 ± 1.3*

(n = 532)

0.064 0.87 ± 0.32*

(n = 5)

0.81 ± 0.16*

(n = 532)

0.065 0.23 ± 0.86*

(n = 5)

0.23 ± 0.90*

(n = 532)

0.876

6 months after

discontinuation

8.5 ± 1.4*

(n = 60)

– – 0.91 ± 0.24*

(n = 60)

– – – – –

12 months after

discontinuation

8.5 ± 1.4*

(n = 60)

– – 0.89 ± 0.30*

(n = 60)

– – 0.24 ± 0.85

(n = 60)

– –

* P = NS at time-point versus baseline; ** P = 0.0001 at time-point versus baseline
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that important, as we previously suggested [29], as well as

others recently observed [22]. Instead, an in-depth look at

what happens in the following months might be of great

interest. The non-dropout group showed a significant

improvement in HbA1c just 6 months after CSII initiations

and kept lower HbA1c during the whole follow-up. On the

contrary, in the dropout group, the HbA1c held steady for the

whole time, even after CSII discontinuation. A lack of

improvement in the metabolic control after 6–12 months

after the starting of the new therapy might suggest the need to

reinforce both education and motivation in order to avoid

discontinuation using the pump in the following months.

Similar observations could be done regarding insulin

requirement that in the dropout group did not change nei-

ther after CSII initiation nor during follow-up or after

discontinuing from using the pump. On the contrary,

switching from MDI to CSII therapy usually involves a

decrease in insulin requirement as noted by Colino et al.

[10] and in our non-dropout group.

Finally, we would like to highlight the limitations of the

present study in order to guide future research on this topic.

Indeed, while the large number of patients included likely

makes the data valid, the retrospective review aspect is not

ideal: several questions cannot be addressed by this study. In

particular, it would be interesting to know who made the

choice to start pump therapy in patients who continued pump

versus those who did not, if there were differences in parental

oversight of pump therapy between the 2 groups, or differ-

ences in adherence to various aspects of diabetes therapy, i.e.,

glucose testing, diet and carbohydrate counting, insulin

administration, before and during pump therapy between

those who continued or discontinued therapy. These areas

will clearly need to be the focus of future study if we are to

truly understand who is likely to discontinue pump therapy.

In conclusion, considering the reasons for pump therapy

failure is an urgent matter, especially when the world

Health Care economy is considered at a crisis level. Dis-

cussions with patients and families about the best therapy

choices, and improving diabetes education resources, is an

important tool for keeping costs down in the management

of one of the most common chronic illnesses in the world.
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