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Abstract

Treatment of patients with Type 1 diabetes with continuous subcutaneous insulin infusion (CSII)
was re-introduced in Denmark in this millennium and initiated in the diabetes clinic, Fredericia
Hospital, in 2005. The aim of the present study was to present yearly data of quality from 2005 to
2013 from a clinical database of patients treated with CSII in routine practice. Methods: A data-
base was established in 2009-2010. Data from 2005 to 2009 are retrospective, data from 2009 to
2013 prospective. From 2009, patient satisfaction was measured by validated questionnaires. Re-
sults: By 31 December 2013, the database contained data from 143 active patients. HbA1C (me-
dian and range) decreased from 64 (40 - 126) mmol/mol (8.0 (5.8 - 13.7)%) (n = 104) to 60 (36 -
98) mmol/mol (7.6 (5.4 - 11.1)%) (n = 134) (p < 0.001) before and latest year on CSIL. The im-
proved glycaemic control was maintained each year until 25 years after initiation of CSII (p < 0.01).
There was no change in weight. The number of attacks of severe hypoglycaemia was reduced from
60 attacks in 21 patients (n = 104) the year before CSII to only 5 attacks in 5 patients in 2013 (n =
134) (p < 0.01), corresponding to an incidence of 3.7 episodes per 100 patient years. Each year af-
ter initiation of CSII until =5 years, the number of episodes of severe hypoglycaemia was reduced
(p < 0.01). Since 2005, nine episodes of ketoacidosis have been registered in eight patients cor-
responding to an incidence of 1.4 episodes per 100 patient years. Patient satisfaction was high one
year after initiation of CSII (p < 0.01). Conclusion: Change of treatment to CSII is accompanied by
an improvement in glycaemic control, very pronounced reduction in severe hypoglycaemia, low

“Corresponding author.

How to cite this paper: Gjessing, H.J., et al. (2014) Better Glycaemic Outcome, Low Levels of Acute Severe Complications,
and High Patient Satisfaction in Routine Practice in Type 1 Diabetes Treated with an Insulin Pump. Journal of Diabetes Mel-
litus, 4, 304-310. http://dx.doi.org/10.4236/ijdm.2014.44042



http://www.scirp.org/journal/jdm
http://dx.doi.org/10.4236/jdm.2014.44042
http://dx.doi.org/10.4236/jdm.2014.44042
http://www.scirp.org
mailto:hans.gjessing@rsyd.dk
http://creativecommons.org/licenses/by/4.0/

H.]. Gjessing et al.

levels of diabetic ketoacidosis, and pronounced patient satisfaction.
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1. Introduction

Previously, treatment with continuous subcutaneous insulin infusion (CSII) was considered to be associated with
an increased risk of acute complications such as severe hypoglycaemia and diabetic ketoacidosis (DKA) [1].
Therefore, the treatment with CSII was considered to be dangerous in Denmark in the late eighties and in the
nineties, in spite of the fact that many groups in Denmark participated in early studies on CSII [2] [3]. In a re-
view on this topic, only very few patients were treated with CSII in Denmark in 2003 [2]. In the same review, it
was more likely, that CSII was associated with better metabolic control and lower risk of severe hypoglycaemia.
Since then, treatment with CSII has increased pronouncedly in Denmark [3]. We initiated treatment with CSII in
2005 in the diabetes clinic in Fredericia, and data on the patients have been registered in a database. Early data
from the database have been reported previously [4] [5]. Here, we report results from the database with data be-
fore and yearly until >5 years of pump treatment during the period 2005-2013 with focus on glycaemic control,
severe hypoglycaemia, DKA, and patient satisfaction.

2. Patients and Methods

The database was established in 2009-2010. Early data from 2005 to 2009 were obtained retrospectively from
patient records and patient interviews. Data from 2009 were obtained prospectively. Patients were seen at least
twice a year in the outpatient clinic. Once a year, data to the database were collected and registered in the data-
base by the diabetes nurse. Data from patients having started CSlI in other diabetes clinics were registered only
from the first visit in Fredericia. If treatment with CSII vas stopped, this was registered in the database. The
reason was stated, and the patient was no longer registered as an active patient. If patients moved away from the
area, this was also registered in the database. Serious hypoglycaemia was defined as a low level of plasma-glu-
cose combined with a need for help from another person.

Patient satisfaction was only measured in patients initiating CSII in Fredericia and only in patients entering
the database from 2009. In all cases, patient satisfaction was measured prospectively. Patient satisfaction was
measured by the validated Diabetes Treatment Satisfaction Questionnaire status (DTSQs) and change (DTSQc)
version [6] [7]. Both questionnaires contain eight items scored on seven-point scales.

Six items (item 1, and items 4 - 8) measure treatment satisfaction (satisfaction with current treatment, con-
venience of current treatment, flexibility of current treatment, satisfaction with own understanding of their dia-
betes, how likely respondents are to recommend their present treatment, and how satisfied they are to continue
the present treatment). The individual items scores are summed to produce a total treatment satisfaction score.
Questions 2 and 3, concerning perceived frequency of hyperglycaemia and perceived frequency of hypoglycae-
mia, respectively, are treated separately from the satisfaction items and from each other. On these two items, low
scores represent a good blood glucose control.

DTSQs scores range from 6 = very satisfied to 0 = very dissatisfied. DTSQc scores range from +3 = much
more satisfied now to —3 = much less satisfied, with 0 (midpoint) representing no change. The total satisfaction
scores when using the DTSQs ranges from 0 to 36 and when using the DTSQc from —18 to 18.

Both questionnaires were used since the DTSQs gives an evaluation of the level of satisfaction, while the
DTSQc gives better information of patient preference, especially if the level of satisfaction with treatment is
high before shifting to CSII. The DTSQs was filled in before initiation of CSII and after one year, and the DTSQc was
filled in after one year.

Data are expressed as medians and ranges. Comparison of paired data is performed with the Student t-test for
paired data or Wilcoxon’s test for non-parametric paired data.

The database was established to monitor clinical quality of CSII treatment and was therefore approved by local
authorities, but not by the local ethical committee.
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3. Results

By the end of the year 2013, the database contained 160 patients out of whom 143 were still followed at the
outpatient clinic. In 1 patient the pump had been removed due to DKA and in 3 patients due to bad compliance,
six patients had stopped CSII on their own initiative, and 7 patients had moved from the area. Among the 143
active patients, 39 have had their pump treatment initiated elsewhere and 70 were women. In these 39 patients,
data before treatment with CSII were missing.

In this way, the database contained data before CSII on 104 patients, after one year on 97 patients, after 2
years on 82 patients, after 3 years on 66 patients, after 4 years on 68 patients, and after >5 years on 60 patients.
Data on at least one year on CSlI treatment was available in 134 patients, since 9 of the patients in the database
had initiated treatment with CSII during the year 2013.

The median age of the active patients was 43 years and median duration of pump therapy 4.4 years (Table 1).

There was a significant decrease in HbA1C from 64 (40 - 126) mmol/mol (8.0 (5.8 - 13.7)%) (n = 104) before
CSll to 60 (36 - 98) mmol/mol (7.6% (5.4 - 11.1)%) (n = 134) (p < 0.001) at the latest registration in 2013. The
weight of the patients was unchanged.

The decrease in HbALC was registered after one year and was maintained >5 years of pump treatment (Table
2).

Figure 1 shows the distribution of patients before and the latest year on CSlI treatment in different HbA1C-
classes. Generally, a shift towards more patients in lower HbAL1C classes was observed on treatment with CSI|I.
However, the same fraction of patients of approximately 15% was seen with high HbA1C values above 75
mmol/mol (9%) before and after CSII. The patients on CSII with HbA1C above 75 mmol/mol (9%) were very
young with a median age of 21 years.

Before CSII 60 episodes of severe hypoglycaemia were registered in 21 patients with a range of 1 - 10 epi-
sodes in each patient (Table 3). Each year after start of CSII the number of episodes of serious hypoglycaemia
was pronouncedly reduced (p < 0.01). During the latest year of CSII among 134 patients only 5 episodes were
registered in 5 patients.

Nine episodes of DKA were registered in 8 patients during the 9 years of CSII treatment. In one of the pa-
tients, treatment with CSII was stopped after the event of DKA.

Table 1. Clinical variables at last registration in 2013 of active patients in database (median and range) (n = 143).

Median Range
Duration of diabetes (yr) 17 3-55
Duration of pump treatment (yr) 4.4 05-28
Age (yr) 40 18-73
Weight (kg) 79.5 46.4 - 153.7
BMI (kg/m?) 255 20.0-40.8

Table 2. Yearly HbA1C (mmol/mol, %) before and after pump therapy (median and range).

HbA1C
SR, ,
mmol/mol (%) mmol/mol (%)

0 (n=104) 64 8.0 40 - 126 (5.8-13.7)

1 (n=97) 58 (7.5) 41-90 (5.9 - 10.4) <0.001
2 (n=82) 60 (7.6) 42-78 (6.0-9.3) <0.001
3 (n =66) 60 (7.6) 40-81 (5.8-9.6) <0.001
4 (n=68) 62 (7.8) 36-98 (54-111) <0.01
>5 (n=53) 60 (7.6) 41-91 (5.9-10.5) <0.01
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Figure 1. Percentage of patients with HbA1C at different inter-
vals before (n = 104) and latest year (134) of treatment with CSII.

Table 3. Yearly severe hypoglycaemia before and after insulin pump therapy.

Number of years Severe hypoglycaemia )

on pump therapy Number of patients Number of episodes Range per subject P

Baseline (n=104) 21 60 1-10

1 (n=97) 8 13 1-3 <0.01

2 (n=82) 7 7 - <0.01

3 (n = 66) 3 5 1-3 <0.01
4 (n=68) 4 4 - <0.02
>5 (n=53) 1 1 - <0.01
Latest year (n=134) 5 5 - <0.01

“Comparison between number of episodes before and yearly after pump therapy.

Table 4 shows patient satisfaction measured by DTSQs before and after one year on CSII treatment. All as-
pects of patient satisfaction was improved by CSII except own understanding of diabetes. The satisfaction score
was as high as 34 on treatment with CSII.

Table 5 shows patient satisfaction measured by DTSQc after one year. Here all aspects of patient satisfaction
was improved by CSII including own understanding of diabetes. Again, the satisfaction score in favour of CSII
was very high.

4. Discussion

It is more than 10 years ago that a Danish study reported very low use of CSIl among Danish adult type 1 dia-
betic subjects [2]. Since then, a considerable rise in the use of CSII has been seen in Denmark [3]. We initiated
treatment with CSII in 2005 and by the end of 2013 after nine years we followed 143 adult type 1 diabetic sub-
jects treated with CSII in the diabetes clinic, Fredericia Hospital. In the national diabetes database in Denmark,
903 adult subjects with Type 1 diabetes are registered in the uptake area of the insulin pump clinic of Fredericia
Hospital [8]. Thus, 15.8% of adult subjects with Type 1 diabetes are treated with CSII in our area. A similar
prevalence of pump therapy is reported in other European countries [9]. In England the prevalence of pump
therapy is only 6% and in the USA 40% [9] [10]. In Sweden, the national diabetes register reports that 21% of
adult Type 1 diabetic subjects are treated with CSII in 2013 [11].

The results from our database represent the first Danish results on treatment with CSII after resumption of
pump treatment in this millennium. Our study has shown that patients in routine practice treated with CSII im-
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Table 4. Patient satisfaction by use of Diabetes Treatment Satisfaction Questionnaire status (DTSQs) version be-
fore and after one year of treatment with continuous subcutaneous insulin infusion (n = 64).

Score, median (range)

Item

At baseline After one year p Value
1. Satisfaction with current treatment 4 (0-6) 6 (3-6) <0.001
2. Perceived hyperglycemia 4 (1-6) 2 (0-5) <0.001
3. Perceived hypoglycemia 3 (0-5) 2 (0-5) <0.01
4. Convenience of current treatment 3 (0-6) 5 (1-6) <0.001
5. Flexibility of current treatment 3 (0-6) 6 (3-6) <0.001
6. Satisfaction with own understanding of diabetes 5 (0-6) 5 (4-6) NS
7. Recommend present treatment 3 (0-6) 6 (5-6) <0.001
8. Satisfied to continue present treatment 3 0-6) 6 (4-6) <0.01
Overall satisfaction score 20 (1-33) 34 (25 - 36) <0.001

NS = non-significant; Scores range from 6 = very satisfied, to 0 = very dissatisfied. The overall satisfaction score is calculated by adding
scores from item 1, 4, 5, 6, 7 and 8.

Table 5. Patient satisfaction by use of Diabetes Treatment Satisfaction Questionnaire change (DTSQc) version
one year after initiation of continuous subcutaneous insulin infusion (n = 64).

Score after one year

Item

Median (range) p Value
1. More/less satisfied with current treatment 3 (0-3) <0.001
2. More/less perceived hyperglycemia -2 (-3-2) <0.001
3. More/less perceived hypoglycemia -2 (-3-1) <0.001
4. More/less convenience of current treatment 3 0-3) <0.001
5. Flexibility of current treatment 3 0-3) <0.001
6. More/less satisfied with own understanding of diabetes 2 0-3) <0.001
7. Recommend present treatment in comparison to previous 3 0-3) <0.001
8. Satisfied to continue present treatment in comparison to previous 3 (0-3) <0.001
Overall satisfaction score in comparison to previous 16 (0-18) <0.001

Scores range from 3 = much more satisfied now, to =3 much less satisfied now, with 0 = no change. Overall satisfaction difference is
calculated by adding scores from items 1, 4, 5, 6, 7 and 8.

prove their glycaemic control and that the glycaemic control stay improved for >5 years. The median HbA1C
value of 60 mmol/mol (7.6%) with an improvement of 4 mmol/mol (0.4%) on pump therapy is in good accor-
dance with meta-analysis on other studies on patients using rapid acting insulin analogues with CSII [12]-[14].
In our material, 15% of patients treated with CSIl had Hb A1C-levels above 75 mmol/mol (9%). This group of
patients had a low median age of 21 years. It is well-known that many young subjects are not well-controlled on
treatment with CSII [12] and the use of sensors has been questioned in patients with age below 25 years [15].
Increased focus on young subjects treated with CSII is indicated. In 2012-2013, we have developed an adoles-
cent care transition clinic with the paediatric diabetes clinic in order to obtain joint guidelines for indications and
follow-up of patients treated with CSII. In patients with low compliance to CSII this treatment should be
stopped. Until the end of 2013 we have stopped CSII due to DKA in one patient and due to low compliance in 3

patients.
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Patients are believed to be able to accurately recall episodes of severe hypoglycaemia within the last year
corresponding to the recall period of the current study [16]. We registered very few episodes of serious hypog-
lycaemia in patients treated with CSII. During the latest year only 5 episodes were registered in 5 patients. This
corresponds to only 3.7 episodes per 100 patient years. In an unselected material from Denmark the rate of se-
vere hypoglycaemia was as high as 1.3 episodes per patient per year [17]. A similar low incidence of severe hy-
poglycaemia as in our study of 5 episodes per 100 patient years has also been registered in another study on pa-
tients treated with CSII [18]. Lower levels of severe hypoglycaemia on CSII compared to multiple injections
have also been reported in recent meta-analyses [12]-[14]. One explanation to the very low rate of severe hy-
poglycaemia in our study could be that 52 patients used a glucose-sensor out of which 46 had low suspend func-
tion. Use of insulin pumps with glucose sensor and low suspend function protects against development of severe
hypoglycaemia [19] [20]. More rigorous rules for obtaining a drivers license has been implemented in 2011 [21].
If a patient yearly develops more than one attack of severe hypoglycaemia the patient will loose the license.
These rules could bring patients to withhold information about severe hypoglycaemia. The data in our database
were retrospective in the period 2005-9, and this could limit our results, especially information about episodes of
severe hypoglycaemia.

Nine episodes of DKA have been registered. This corresponds to an incidence of 1.4 episodes in 100 patient
years. In a recent study on patients with Type 1 diabetes, 4 episodes of DKA are registered in Denmark pr 100
patient years [22]. Our data suggest that there is no increased risk of DKA in patients treated with CSI|I.

We found a very high degree of patient satisfaction with CSII treatment. Better patient satisfaction has also
been recorded in a meta-analysis comparing patient satisfaction in patients with Type 1 diabetes, although the
studies have not been of high quality [12] [23]. In our study, not all patients preferred CSII, since 6 patients
shifted back from CSII to multiple injections by their own initiative.

In a paediatric setting, 11.3% of patients discontinued insulin pump therapy after a duration of pump therapy
of up to 5 years [24]. In our clinic, 4 patients stopped pump therapy due to low compliance and 6 patients by
own initiative, resulting in a discontinuation prevalence of 8.3% during a median follow-up of 4.4 years.

In conclusion, treatment with CSII is associated with better glycaemic control, very low levels of severe hy-
poglycaemia, few episodes of DKA, pronounced patient satisfaction, but also bad diabetes control especially in
some young patients.
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