original article

Oman Medical Journal [2015], Vol. 30, No. 5: 336–343

A Comparison of Continuous Subcutaneous Insulin
Infusion vs. Multiple Daily Insulin Injection in
Children with Type I Diabetes in Kuwait: Glycemic
Control, Insulin Requirement, and BMI
Majedah M. AbdulRasoul1*, Mohammad Mousa2, Maria Al-Mahdi3, Hala Al-Sanaa4, Dalia
Al-AbdulRazzaq1 and Hessa Al-Kandari5
Department of Pediatrics, Kuwait University, Jabriya, Kuwait
Department of Community Medicine, Kuwait University, Jabriya, Kuwait
3
Department of Pediatrics, Adan Hospital, AlAhmadi, Kuwait
4
Department of Pediatrics, Amiri Hospital, Kuwait, Kuwait
5
Department of Pediatrics, Farwania Hospital, Farwaniya, Kuwait
1
2

A RT I C L E I N F O

A B S T R AC T

Article history:
Received: 27 January 2015
Accepted: 5 June 2015

Objective: Continuous subcutaneous insulin infusion (CSII) and multiple daily insulin
injections (MDI) are two methods currently used to manage type I diabetes mellitus
(T1DM). Here we compare our experiences with CSII and MDI in a large cohort of
pediatric patients in Kuwait. Methods: Data on 326 patients with T1DM who were started
on CSII between 2007 and 2012 were retrospectively compared with those of 326 patients
on MDI. They were matched for sex, age at diagnosis, T1DM duration, glycemic control,
insulin requirement, and body mass index (BMI). Data were collected at baseline and
every three months and included glycated hemoglobin (HbA1c), insulin dose, and adverse
events (severe hypoglycemia, diabetic ketoacidosis, and skin problems). Results: The main
reason for switching to CSII was to achieve better glycemic control (37%), followed by
reducing hypoglycemia, and improving the quality of life (13.3% each). Although HbA1c
decrease was most significant in the first year, it continued to be significantly lower in
the CSII group compared to the MDI throughout the study period. Total daily insulin
requirements were significantly lower in the CSII group. BMI increased in both groups,
but the difference was significant only at the end of the fifth year. There was no significant
change in the rate of diabetic ketoacidosis in either group. The CSII patients had more
severe hypoglycemic episodes at baseline; however, it significantly decreased throughout
the study period. Only five patients discontinued CSII therapy and two of these restarted
within three months. Conclusion: CSII is a safe intensive insulin therapy in youngsters
with T1DM and achieved markedly fewer severe hypoglycemic episodes and lower daily
insulin requirements.
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T

ype I diabetes mellitus (T1DM) is one
of the most common chronic diseases
affecting around 500,000 children
globally. 1 Despite improved insulin
delivery systems, greater availability of various
insulin types, and the development of new treatment
protocols, only 30% of children with T1DM achieve
glycated hemoglobin (HbA1c) values below eight.2
The Diabetes Control and Complication Trial
(DCCT) clearly demonstrated that tight metabolic
control is a crucial element in the prevention of microand macrovascular complications.2 Furthermore,
optimizing glycemic control in children with T1DM
is a key factor for attaining normal growth and
*Corresponding author: majedah.a@hsc.edu.kw

pubertal development. The use of intensive insulin
treatment in the form of multiple daily injections
(MDI) has been the standard treatment method
in most clinical practice settings worldwide. This
method has been applied from the onset of disease
in both adolescents and young diabetic patients.3 As
noted in the DCCT trials,2 the main drawbacks of
intensive insulin therapy were weight gain and an
increase in severe hypoglycemia events.
Although it has been available since the late
1970’s, continuous subcutaneous insulin infusion
(CSII) has only been widely used in pediatric
patients since 2000.4 More recently, there has
been a significant increase in CSII use in children
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and adolescents4 with variable reported effects on
glycemic control.5-8 CSII has been shown to achieve
a significantly lower risk of severe hypoglycemia with
no increase in the risk of diabetic ketoacidosis.8-12
The incidence of T1DM in children and
adolescents in Kuwait has been rising dramatically.
In 2011, the incidence calculated from the national
diabetes registry13 was 38.9 per 100,000. Every child
diagnosed with T1DM is treated and followed-up in
the pediatric diabetes clinics in one of six government
hospitals.
In 2007, the Ministry of Health approved full
financial coverage for all Kuwaiti nationals children
and adolescents with T1DM and issued guidelines
for its use in this population group. The insulin
pump committee, established by the Ministry, set
certain criteria for pump eligibility. Patients had to:
a) have T1DM, b) demonstrate the ability to selfmonitor blood glucose level at least four times per
day, c) demonstrate compliance with dietary plans
and insulin regimens, and d) successfully attend
and pass a carbohydrate-counting course. Glycemic
control assessed by HbA1c level was not a criterion
for eligibility.
Non-nationals were able to obtain a pump
through The Patient Helping Fund Society or other
charity agencies in the country.
The aim of our study was to assess the impact of
CSII use in children and adolescents on glycemic
control, insulin dose requirement, and body mass
index (BMI) compared to children using a MDI
regimen.

M ET H O D S

Between July 2007 and December 2012, 512
patients’ aged 18 years old or above with T1DM
underwent insulin pump initiation in one of the
six governorate hospitals or the Dasman Diabetes
Center in Kuwait. Others remained on MDIs. Data
on 326 subjects were retrospectively included in the
study analysis.
The following inclusion criteria were applied:
availability of pre-pump clinical and biochemical
data (insulin requirements, HbA1c level, weight, and
height) as well as complete follow-up data; CSII
started based on the criteria of the Ministry of Health
pump committee and followed-up in a government
hospital (i.e. not the private health sector); and if the
patient had been on CSII for at least six months at

the time of the study (to minimize the effect of the
honeymoon period), and were not using long-acting
insulin with CSII.
T1DM was diagnosed based on International
Society of Pediatric and Adolescent Diabetes/
International Diabetes Federation (ISPAD/IDF)
guidelines.14 Each patient in the CSII group was
matched for age, sex and diabetes duration with a
patient on MDI (n=326).
The MDI protocol consisted of intensive insulin
therapy (three to four injections per day) of long and
short-acting analogs (glargine and aspart) and home
blood glucose measurement (three to four times per
day). Patients on MDI were trained in advanced
carbohydrate counting using grams, as well as food
label reading, similar to the pump group. Good
glycemic control was neither a criterion for pump
therapy nor study inclusion. All centers prescribed
the Paradigm 722 and Veo Medtronic MiniMed
Solution pump with CareLink TM (Medtronic
MiniMed, Inc., California, US). Only five (of the
522) patients were using the continuous glucose
monitoring system and they were not included in
the analysis. All pumps except one used ultra-shortacting insulin, aspart.
Data were collected from patients’ medical
charts. Patients were seen routinely every four to
six weeks during MDI and after the pump therapy
stabilization period. BMI, insulin dose, HbA1c,
and severe hypoglycemia frequency (self-reports)
and diabetic ketoacidosis (DKA) were evaluated at
baseline and every three months for up to five years.
Skin infections, allergy, bleeding, and bruising were
recorded.
At each clinic visit, the patient’s weight and
height were measured, and BMI was calculated using
the official formula. BMI standard deviation scores
(z-scores) were used for analysis. HbA1c values were
measured for all patients at the clinic visits every
three months.
HbA1c values were aligned with the DCCT
(normal range 4.4–6.3%, mean 5.4%, and interassay
SD 0.15%) using the Tosoh Analyzer (Tosoh
Bioscience, Inc., San Francisco, USA). Insulin (units
per kg per day) were calculated at each visit for all
patients. A severe hypoglycemic episode was defined
as a decreased level of consciousness and/or seizure
requiring assistance from others, glucagon use, and
hospital admission. Diabetic ketoacidosis (DKA)
was defined as a pH greater than 7.3, ketonuria or
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ketonemia, and bicarbonate levels greater than
15mmol/L.14
CSII initiation was preceded by a training
program for patients and their caregivers on pump
technology. Certified pump trainers conducted the
training in a hospital outpatient setting. In some
places the training was done by educators from the
company supplying the pumps. The program covered
principles of pump operation, quick set insertion and
care, carbohydrate counting, and insulin bolusing.
Patients were advised to perform 6–8 blood glucose
tests: before and after meals, at midnight, and at
3 a.m. All patients and their caregivers in both
groups received intensive training by a dietician on
carbohydrate counting and reading food labels.
Initially, the total dose for CSII was calculated
as 75% of the total daily insulin dose (TTD) on
MDI. The initial setting was 50% of the dose
as basal requirements for 24 hours and 50% as
boluses. Subsequently, insulin doses were adjusted
based on the subjects’ blood glucose patterns and
daily activity routines. Patients were instructed to
change the infusion sets every three days and when
skin infections or irritation was noticed. Catheter
occlusion was considered when high blood glucose
persisted and did not respond to two consecutive
correction boluses. In such cases, patients were
trained to act according to the protocol of
hyperglycemia management by taking an insulin dose
via conventional injection and changing the infusion
set. The treating team members were available after
24 hours for all patient calls (dieticians were only
available during the daytime).
Patients on MDI were also trained in carbohydrate
counting and the use of insulin sensitivity factors for
calculating correction boluses and had access to the
treating team similar to the CSII group.
All statistical analysis were performed using SPSS
Statistics (SPSS Inc., Chicago, USA) version 20. A
p-value of less than 0.05 was considered statistically
significant. Data were expressed as mean and standard
deviation (SD) with 95% confidence intervals (CI).
A Mann-Whitney U test was used to compare HbA1c
between baseline and the last follow-up visit in both
CSII and MDI groups. Student’s t-tests were used
to compare the means of two normally distributed
variables. Chi-square tests were used to compare
proportions. The study was approved by the joint
Faculty of Medicine and Ministry of Health Ethical
Committee.

R E S U LT S

The characteristics of 326 children on CSII and 328
on MDI are shown in Table 1. Mean age at entry,
gender distribution, BMI, age at diagnosis, insulin
dose, and duration of T1DM at entry were not
significantly different between the two groups.
In the CSII cohort, 281 (86.0%), 211 (65.0%),
110 (33.7%), 53 (16.3%) and 27 (8.3%) subjects
were followed for one, two, three, four, and five
years, respectively. Only three patients (0.9%)
discontinued the pump in the five-year study period.
The government-funded program for insulin pumps
was established in 2007, the number of patients who
received pumps increased after that.
The main reasons for switching to CSII given
by the patients or their caregivers were achieving
better control (n=143; 43.9%) followed by frequent
symptomatic hypoglycemia (n=51; 15.6%) [Table 1].
Figure 1 describes the percentage of patients
achieving target HbA1c (≤7.5%). The numbers
increased in the CSII group compared to MDI
throughout the study period. There was no sex
difference in achieving target HbA1c.
Table 1: Baseline characteristics of the study
population using CSII and MDI.
Characteristics

Gender*
Male
Female

CSII
(n=326)

MDI
(n=328)

125 (38.3)
201 (61.7)

126 (38.4)
202 (61.6)

p-value

Age at entry ( years)

9.2±3.4

9.7±5.5

0.129

BMI (kg/m2)

18.6±3.9

18.7±4.0

0.868

Age at diagnosis
(years)

6.2±2.9

6.2±3.0

0.938

Duration of diabetes
at entry (years)

5.5±2.8

5.4±2.7

0.134

Insulin dose
(U/kg/d)

0.8±0.2

0.8±0.2

0.786

HbA1c (%)

8.9±1.4

8.8±1.4

0.741

Reason for switching to CSII*
For better control
143 (43.9)
Frequent
51 (15.6)
hypoglycemia
Dislike/fear of
49 (15)
needles
Better quality of life
48 (14.7)
Recurrent DKA
19 (5.8)
Other
16 (4.9)
*n (%).
Data expressed as mean±SD.
CSII: continuous subcutaneous insulin infusion; MDI: multiple daily
injections; BMI: body mass index; HBA1C: glycated hemoglobin;
DKA: diabetic ketoacidosis.
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Figure 1: Percentage of children who achieved
the target of HbA1c <7.5% at different time points
during the five-year follow-up.

Figure 3: Mean HbA1c values at baseline and
throughout the five-year follow-up period stratified
by age at pump insertion.

HbA1c dropped in both groups in the first year.
After the second year HbA1c levels in the MDI group
gradually increased again to values higher than
those measured at baseline (8.9±1.7 at baseline vs.
9.0 ± 1.2 in the fifth year, p<0.001) [Figure 2]. The
difference in the HbA1c values at baseline and in the
fifth year in the CSII and MDI group were 8.9±1.4
and 8.3±1.2 vs. 8.8±1.4 and 9.0±1.6, respectively;
p<0.05). There was no significant effect of sex on
HbA1c values at baseline and throughout the followup period, except at the end fifth year (8.5±1.6 vs.
7.7±1.8 in males and females, respectively; p<0.001).
The mean age at CSII start was 9.2±3.4 years.

HbA1c at pump initiation was higher in the youngest
age group (8.9 vs. 8.3 vs. 8.7 in the <6, 6–12, and
13–18 year old groups, respectively; p<0.05). The
improvement in HbA1c was most significant in the
under 6-year-old group. At the end of the study
period, the reduction from baseline was 15.7% in
the youngest age group, 1.2% in the middle group,
and 6.1% in the oldest age group [Figure 3].
The mean duration of T1DM at the start of the
study was 5.5±2.8 years and 5.4±2.7 years in the
MDI and CSII groups, respectively. We assessed
the effect of disease duration on glycemic control.
A positive relationship was observed between the
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Figure 2: HbA1c levels in CSII and MDI groups
from baseline to 60 months of follow-up. The drop
in HbA1c was seen in both groups at six months;
however, the drop was more significant in the CSII
group throughout the follow-up period (p<0.001).
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Figure 4: Mean HbA1c values at baseline and
throughout the five-year follow-up period stratified
by duration of diabetes (years). Those who had a
duration of diabetes 3–5 years had the best HbA1c
improvement throughout the follow-up period.
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Figure 5: Daily insulin requirement changes in both
CSII and MDI groups. After an initial decrease in
the first year, insulin requirements in the MDI group
rose progressively, eventually exceeding the doses at
baseline at the end of the fifth year.
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Figure 6: BMI changes in the CSII and MDI
groups. Although the mean BMI z-scores increases
were greater in the CSII group, the difference was
statistically significant only at the end of the study.
T1DM duration at pump insertion and HbA1c
improvement in the 3–5 year duration group.
The change was consistent throughout the study
period (9.0±1.3 at baseline and 8.4±2.1 at year five;
p<0.001). Similar results were found in the group
who had diabetes for more than five years (8.4±2.1
at baseline and 8.2±1.9 year five; p<0.01) [Figure 4].
At baseline, the mean insulin doses were 0.9±0.3
and 0.9±0.3U/kg/d in the MDI and CSII groups,
respectively (p=0.77). Compared to baseline,
insulin requirements after CSII initiation decreased
to 0.8±0.2 and 0.8±0.2U/kg/d in the MDI and
CSII groups, respectively, in the first six months
(p<0.001). At the end of the fifth year, the insulin

requirement in the MDI group was higher than at
baseline (0.9±0.3 vs. 0.9±0.3, p<0.05). In contrast,
the dose at the same time point in the CSII group
was significantly lower than at baseline (0.9±0.3 vs.
0.9±0.2, p<0.05) [Figure 5].
At baseline, BMI z-scores were similar in both
groups and increased to similar degrees after the
first year [Figure 6]. However, the increase was more
significant in the CSII group (1.0 vs. 1.4, at the fifth
year in the MDI and CSII groups, respectively;
p<0.001). No significant difference was noted
between males and females. Only three patients (two
aged 16 and one aged 18 years) had mild elevation in
their total cholesterol levels. Their triglycerides were
normal. Two were in the CSII group and one in the
MDI group. None had elevated blood pressure.
Severe hypoglycemia decreased from 9.7
events/100-patient-years at baseline to 4.1
events/100-patient-years at the end of the followup period in the CSII group (p<0.05). However,
it increased from 7.7 events/100-patient-years at
baseline to 19.7 events/100-patient-years at the end
of the study in the MDI group (p<0.05).
The rates of DKA episodes were not significantly
different in the MDI and CSII groups at baseline
(5.1 vs. 4.9 events/100-patient-years; p=0.08) or
throughout the follow-up period (5.5 vs. 5.1, at the
end of fifth year).
One patient on CSII and one on MDI developed
lipoatrophy in the abdominal area, which was
resolved after switching from insulin aspart to lispro.
Mild skin irritation that required local treatment
at the site of canula insertion developed in eight
patients in the five-year follow-up. One patient
developed infection requiring local antibiotics. Five
patients had mild bruising. All events developed in
the first three years of follow-up.

DISCUSSION

This study represents the first analysis of CSII use
in children and adolescents in Kuwait since the
initiation of the government funded program in
2007. It compared the efficacy and safety of CSII in
a large cohort of patients.
Our results clearly demonstrate a significant
and persistent improvement in glycemic control
(measured by HbA1c levels) in the CSII group
compared to the MDI group. This is consistent
with findings from other studies5,15-19 that showed
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significant reductions in HBA1c without increasing
the risk for hypoglycemia. In a meta-analysis
comparing CSII vs. MDI,20 HbA1c decreased more in
patients treated with CSII in all trials. In a long-term
study on a large number of children with T1DM,16
a sustained improvement in glycemic control was
demonstrated in the CSII group compared to a
matched cohort using injections. Furthermore,
a recent retrospective, international, multicenter
study by Mameli et al,21 associated the use of CSII
with greater improvement in HbA1c after one year of
treatment and during the seven-year follow-up.
Others also reported the slight increase in
HbA1c after the initial drop seen in our study.17-19,21
In a three-year multicenter cohort analysis, Jakish19
showed the superiority of the CSII regime over MDI
only in the first year; the difference did not persist.
This could be attributed to reduced motivation and
attention to the new treatment mode after the initial
period.
In our study, there was no significant effect of sex
on HbA1c levels except at the end of the fifth year
of follow-up where females had lower levels. This
was consistent with the finding of Shalitin,22 but not
others21,23 who reported better glycemic control in
males on CSII throughout the study period. The
authors hypothesized that achieving glycemic control
was more difficult in females due to their increased
risk of depression and disturbed body image.
Children with pump initiation before the age
of six had significantly better glycemic control
compared to those who started at an older age. This
was inconsistent with findings reported in other
studies.20,24,25 Although the younger age group in our
study had higher HbA1c at initiation, which has been
shown to be associated with better improvement, the
difference was significant throughout the entire five
years of follow-up. One possible explanation could
be the fact that this age group is under the “control”
of the caregivers for blood glucose checking,
carbohydrate counting, and pump data entry
compared to the older age groups, for whom the
influence of parents/caregivers is much less. Batajoo
et al,26 and other researchers24,25,27 demonstrated a
trend toward HbA1c improvement only in children
greater than 12 years of age. On the other hand,
the HbA1c in one study16 was not related to age at
commencement of CSII therapy. This variation in
the results could be explained by the differences in
study design (pre- and post-pump, cross-over and

MDI vs. CSII).
A shorter duration of T1DM before pump
initiation has been associated with achievement
of target HbA1c.28 However, in our study and one
other,29 a better response was observed in the group
with longer T1DM duration before pump initiation
(3–5 years and >5 years). Possible reasons for the
variability between our results and those previously
reported may be the differences in study designs and
the duration between T1DM onset and initiation of
pump therapy (ranging from a few weeks to years).
Patients in the CSII group required less
daily insulin throughout the study period. This
observation was reported in many short- and longterm studies.16,18-20,22,27,30 Insulin delivery by CSII
more closely mimics physiological insulin secretion
and, consequently, less insulin is needed to achieve
glycemic control compared to MDI. Although
there was an increase in insulin requirement after
the second year, it remained lower than the baseline
value throughout the study period. This may be a
positive factor when assessing treatment cost.
Intensive insulin therapy has been reported to
cause weight gain.2 However, the data regarding
insulin pump therapy are conflicting. Some studies,
like ours, have demonstrated an increase in weight
after CSII initiation11,16,25,31,32 despite the reduction
in daily insulin dose. The increased prevalence of
overweight and obesity in children in the Middle
East, including Kuwait,33 and the feeling of “freedom”
to eat without extra injections may have contributed
to the weight gain in the CSII group in our study.
On the other hand, others have shown that average
BMI z-scores gradually deceased18,34,35 or remained
unchanged.21,23,36 Lower insulin requirements and
intensive nutritional education with CSII therapy
could explain this observation.
Although insulin pump therapy improved
glycemic control, this was not associated with an
increased risk of severe hypoglycemia. In fact, there
was a significant reduction in hypoglycemia in the
CSII group compared to MDI throughout the
study period. This observation was consistent with
many earlier studies,9-11,13,18,23,25,27,31,37 even when
there was no improvement in HbA1c.27 This could be
explained by the fact that insulin delivery by insulin
pump is more physiologic, and the availability of
multiple basal rates based on activity, sleeping, and
eating patterns decreases the frequency of severe
hypoglycemic events. There was no significant
O M A N M E D J, V O L 3 0 , N O 5 , S E P T E M B E R 2015
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difference in the rates of DKA (events/100-patientyears) between the CSII and MDI groups in our
study, although there was a trend towards fewer
events in the CSII. Earlier studies reported similar
finding.20,24,30,32,35 Conversely, Shalitin22 reported
an increase in DKA episodes from 0.03 to 0.07
events/100 patient-years. Most of them were caused
by technical faults interrupting insulin delivery and
delay in response from patient/caregivers.
The strength of our study was the large patient
numbers in the CSII group and the long follow-up
period. Although patients on MDI were used as a
control group, the main limitation of the study is the
lack of randomization between the CSII and MDI
group. Moreover, we did not evaluate the number
of clinic visits for MDI and CSII group, which has
been shown to affect glycemic control. However,
our patients were seen every 4–6 weeks (after the
initial weekly period) regardless of their treatment
modality and all received the same education with
the same educators. They also had 24-hour access to
the treatment teams.

C O N C LU S I O N

Insulin pump therapy is an effective and safe mode
of insulin delivery system in children and adolescents
with T1DM. The use of advanced features of the
pump and the continuous glucose monitoring
system will benefit glycemic control and reduce the
frequency and duration of hypoglycemia. Special
attention and education regarding healthy eating
habits is mandatory to avoid weight gain. Active
involvement of the patients and their caregivers,
accompanied with support from the medical team,
is needed to maximize the benefits of insulin pumps.
Cost-effectiveness needs to be evaluated especially in
areas with limited resources.
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