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Introduction
Type 1 diabetes mellitus (T1D) occurs when the pancreas fails 
to produce insulin. Therefore, exogenous insulin therapy is 
critical to achieve glycemic control in patients with T1D and to 
prevent its complications.1-3 Treating diabetes mellitus is a 
costly effort to the patient, family and health systems due to 
nonexistence of a cure for the disease.4 The ultimate goal of 
management of T1D is to achieve adequate glycemic control in 
order to prevent or delay the development of diabetes-related 
complications. Therefore, understanding the different concepts 
underpinning the presence and persistence of vascular compli-
cations of diabetes is essential to guide an optimized treatment 
approach. The pathophysiology of a concept of metabolic 
memory to explain these complications even after optimizing 
glucose level and reaching the HbA1c target is still not well 

established.5,6 However, it was suggested that the persistent 
complications are due to the cumulative glycemic exposure,7 
whether it was from a low exposure for a long period of time or 
a high exposure in a short period of time, mediated by an epi-
genetic alteration.8 While the incidence of diabetes complica-
tions was lower in those initially receiving intensive insulin 
therapy from the Diabetes Control and Complications Trial up 
to a decade after the end of the study,9-11 the year-to-year inci-
dence of retinopathy was similar in both intensive insulin and 
conventional therapy groups after a longer period of follow up, 
supporting the notion that the memory effect of accumulation 
of glycemic exposure plays an important role in driving diabe-
tes complications.12

Two major aspects in the management of T1D are monitor-
ing of blood glucose levels and administering intensive insulin 
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therapy to achieve glycemic control. Self-monitoring of blood 
glucose (SMBG) allows patients an accurate measurement of 
glycemic control that facilitates intelligent adjustment of insu-
lin. The American Diabetes Association (ADA) recommends 
that SMBG should be performed multiple times daily for 
patients who are using MDI of insulin or CSII.13 However, the 
need for continuous glucose monitoring (CGM) has been 
increasingly emphasized over the years. From a patient/family 
perspective, there is resistance towards SMBG due to associ-
ated pain, the non-discreet nature of testing, competing priori-
ties and the fear of repeated failures from the results .14,15 
CGM, however, do not obviate the need for SMBG because 
they tend to be less accurate than direct measurements during 
times of rapid glucose fluctuation and they are also more 
expensive than using SMBG.16,17 Nonetheless, CGM may be 
useful in the treatment of patients with T1D in terms of com-
pliance to their insulin regimen and in giving early warning 
alarms that could be beneficial in patients suffering from hypo-
glycemia unawareness.18

With regards to insulin administration, the standard 
treatment in most settings of clinical practice worldwide is 
administering multiple daily injections (MDI) of insulin 
analogs that have different pharmacokinetic properties.19 
However, a continuous subcutaneous insulin infusion (CSII) 
or insulin pump trying to mimic the function of the pan-
creas may be more physiological.4,20 The results from previ-
ous studies comparing MDI versus CSII are conflicting.4,21-25 
In some literature, it has been shown that CSII is superior 
to MDI in lowering hemoglobin A1c levels as well improv-
ing glycemic profile.21,23 However, others showed no differ-
ence between the 2 groups especially in the first year of 
treatment.4,25 Also, there was no significant difference 
between CSII and MDI regarding non-severe hypoglycemia 
as an adverse effect in previous studies.22,24 Additionally, 
whether the effect of CSII on glycemic control is sustained 
over prolonged periods is unclear. Most evidence regarding 
CSII is derived from clinical trials, and while evidence from 
clinical trials is invaluable, real-world data from clinical 
practice is essential to better understand the impact of CSII 
on diabetes care and glycemic control outside of controlled 
settings.

In this study, we aimed to compare the effectiveness of CSII 
versus MDI in children with T1D in our specialized children 
hospital in Riyadh, Saudi Arabia, using the glycemic control as 
an outcome measure. Our study provides real-life data pertain-
ing to glycemic control for a prolonged follow up period of 
3 years. With the increasing use of CGM and ongoing increase 
in the incidence of T1D among children, the analysis of such 
data would inform decision making and patients’ choice of 
management from clinical and cost effectiveness point of views 
in our population and in children with similar characteristics 
and psychosocial settings (eg, in other regions of Saudi Arabia 
and Gulf region).

Materials and Methods
Objectives

Primary objective: The main objective of our study was to com-
pare insulin pump therapy, also known as continuous subcuta-
neous insulin infusion (CSII) with multiple daily insulin 
(MDI) in their efficacy of managing T1D in pediatric patients 
as reflected by HbA1c levels, at a tertiary specialized children 
hospital in Riyadh, Saudi Arabia.

Secondary objective: In a subgroup of patients who were using 
continuous flash glucose monitoring, the 2-week glycemic pro-
file was used as a measure of efficacy of T1D treatment. We 
also evaluated the effect of insulin mode delivery on weight 
gain over a 1-year period.

Study area

This study was conducted in King Abdullah Specialized 
Children’s Hospital (KASCH) in Riyadh, Saudi Arabia that 
has the capacity of 600 beds and a pediatric intensive care unit. 
KASCH is the only specialized children’s hospital in Saudi 
Arabia that opened in early 2015 to provide tertiary care of 
children with acute and chronic problems. The endocrinology 
department provides inpatient and outpatient consultations, 
diagnostic evaluation, and management of children and adoles-
cents with diabetes, mainly T1DM. The department provides 
inpatient and outpatient care for these children, including 
intensive education utilizing the latest technology for children 
with diabetes. On average, we treated 562 children with T1DM 
patients annually in our institute during the study period.

Patients in our center were offered CSII as per guidance 
from the national institute of clinical excellence (NICE), UK. 
NICE guidance mainly focuses on considering the difficulty in 
achieving glycemic control in older children and the appropri-
ateness and practicality of using CSII in younger age groups. 
Adherence to the NICE guidance helps limit potential selec-
tion bias in offering pumps to the patients in our center. All 
patients receive the same level of education targeting intensifi-
cation of insulin therapy with variations only based on the type 
of therapy they receive.

Participants

We retrieved the medical records of all children and adoles-
cents (0-18 years), who were diagnosed with T1D and using 
CSII or MDI, from the period 2016 to 2018. All of the MDI 
patients selected in this study were newly diagnosed patients 
with T1DM who had the disease for only 1 year duration prior 
to the first point of data collection, and all CSII had at least 1 
to 2 years of T1D but were just started on pumps 0 to 3 months 
at T0 time of the study. We excluded patients who were diag-
nosed with other autoimmune diseases to facilitate easy match-
ing of patients in the 2 cohorts. Also, to avoid potential 
confounders that could affect the variations in glycemic control 
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between the 2 groups, we also excluded those who were admit-
ted to hospital due to non-diabetes reasons that could had 
affect their HbA1c level such as surgeries, infections, and when 
requiring a use of antibiotics. Patients who were bedridden or 
wheelchair bound patients were also excluded in this study.

Study design

Our study is a retrospective cohort study that compares MDI 
versus CSII in 2 groups of young children and adolescents with 
T1D who have follow up in our institute ( January 2016-May 
2019). Both groups were matched for age, male to female ratio, 
HbA1c at the time of initial data collection, total daily dose of 
insulin; there was no difference in mean age and mean HbA1c 
at the start of the comparison. We tried to maintain the pro-
portions in each of the comparative groups and the p values 
were not different in all of the above matching points such as 
age, gender and initial mean HbA1c.

In addition to variables that described patients’ demograph-
ics, we collected data that pertained to past medical history and 
laboratory studies. The main outcome variable of the study was 
the glycemic control using HbA1c that we assessed after the 
first year of treatment and whether that effect was sustainable 
in the subsequent 2 years. HbA1c is measured using a stand-
ardized ion exchange high-performance liquid chromatogra-
phy (HPLC) method and the target is to be performed in all 
children with T1D every 3 to 4 months in our center; however, 
that depends on patients’ attendance to outpatient clinic and 
commitment to do HbA1c in the laboratory. Point of care 
HbA1c service was not available at the time of the study; 
therefore, we were unable to check it in all patients that 
attended the clinic. Our study center is a tertiary hospital 
receiving patients from all over the country; hence, we had 
some patients who occasionally do their HbA1C test in other 
health facilities nearby their homes with no track in our records. 
This explains the missing at random of HbA1C results at dif-
ferent points of the study for patients in the matched 2 cohorts 
of MDI and CSII groups. We also assessed the effect of treat-
ment modality on body mass index after a year of treatment.

We included a small subgroup of patients who used inter-
mittently scanned continuous glucose monitoring isCGM 
(Free Style libre) for at least 3 months. Average BG, time in 
target as well as above and below target of BG readings were 
compared in patients on CSII versus MDI. The glycemic pro-
file data in this subgroup were collected for a 2-week period 
during the last 3 months of the study period. Time in range was 
defined as blood glucose between 70 and 180 mg/dL, time 
above range was defined as blood glucose above 180 mg/dL 
and time below range was defined as blood glucose less than 
70 mg/dL. During the period of the study, we did not have the 
smart pumps with a low glucose suspend function available to 
most of patients in our center and all of our patients were using 
conventional Medtronic Veo pumps or had limited supply of 

CGM sensors for 640G Medtronic pumps; hence, they were 
only using Free Style libre as isCGM.

Statistical analysis

Sample size, with alpha set at .05 to achieve a power of 90%, 
was estimated using Piface based on results of a previous simi-
lar study, where the HbA1c mean difference was 0.5% with 
standard deviation of 1%.23 A non-probability convenient sam-
pling technique was employed by including all children who 
were diagnosed with T1D and using CSII with a selected 
matched group of MDI patients. Data was analyzed using 
SPSS version 24. Descriptive statistics contained 2 types of 
variables: categorical variables such as gender and mode of 
insulin delivery (MDI vs CSII), and continuous variables such 
as age, HbA1c and BMI. Categorical variables were analyzed 
by frequency and percentage. For continuous variables, we 
reported means and standard deviations. In the analysis of the 
subgroup using isCGM, we reported median and interquartile 
ranges as the number of patients in the subgroup was relatively 
small. Independent t-test was used to compare HbA1c levels 
between the 2 groups (MDI vs CSII). A test with a P-value less 
than .05 was considered statistically significant.

Ethics approval

This study was approved by the institutional review board 
(IRB) of King Abdullah International Medical Research 
Center, Riyadh, Saudi Arabia (RC19/125/R, May 2019). 
Given the retrospective nature of the study and the lack of 
active intervention, consent was waived.

Results
Our cohort included a total 168 children and adolescents, who 
were followed in the pediatric diabetes clinic over a 3-year 
period (2016-2018) including 129 participants (50% females) 
in the MDI group and 39 participants (n = 17, 43% females) in 
the CSII group (Table 1). At baseline, both groups were similar 
for age, male to female ratio, HbA1c, total daily dose of insulin; 
there was no difference in mean age and mean HbA1c at the 
start of the comparison (Table 1).

While both groups started out with similar HbA1c 
levels (9.5% (80 mmol/mmol) in MDI group versus 9.0% 
(75 mmol/mmol) in CSII group, P-value = .102), HbA1c in 
the CSII group was better compared to the MDI group at 
1-year (8.1% (65 mmol/mmol) versus 10.1% (87 mmol/mmol), 
P-value < .001). The lower HbA1c level observed in the CSII 
group compared with the MDI group was sustainable and 
remained throughout the study (7.5% (58 mmol/mmol) versus 
10.1% (87 mmol/mmol) at 2 years, P-value < .001; 8.9% 
(74 mmol/mmol) versus 10.3% (89 mmol/mmol) at 3 years, 
P-value = .033; 8.5% (mmol/mmol) versus 10.2% (88 mmol/
mmol) at more than 3 years, P-value = .005) (Table 2).
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Table 1.  Characteristics of our patients.

Characteristics MDI CSII P value

n 129 39  

Age (years), (mean ± SD) 12.40 ± 2.20 12.64 ± 2.69 .575

Gender .475

  M 65 (50.40%) 17 (43.60%)  

  F 64 (49.60%) 22 (56.40%)  

Total daily dose (units/kg/d), (mean ± SD) 0.8 ± 0.4 0.8 ± 0.4 1

HbA1c (%), (mean ± SD) 9.5 ± 1.6 9.0 ± 1.9  

  M 9.4 ± 1.4 8.6 ± 1.9 .056

  F 9.7 ± 1.8 9.4 ± 1.8 .474

BMI (kg/m2) 18.0 19.3 .093

Number of available HbA1c resultsa

  Baseline 129 39  

  Year 1 235 73  

  Year 2 236 45  

  Year 3 213 27  

isCGM Study groupb 37 29  

Abbreviations: CSII, continuous subcutaneous insulin infusion; MDI, multiple daily injections; SD, standard deviation; isCGM, intermittently scanned continuous glucose 
monitoring.
aAverage number of HbA1c tests per patient per study period was 5.9 ± 2.6 tests.
bPatients in this study group used Freestyle libre (continuous glucose monitoring) over 2 weeks period.

Table 2.  Comparison between HbA1c between MDI and CSII.

Insulin regimen MDI CSII P-value

Years Days Number of HbA1c Mean HbA1c SD N Mean HbA1c SD

Year 1 −30 to 90 129 9.5 1.6 39 9.0 1.9 .102

91-180 61 9.7 2.1 22 8.4 1.0 .005

181-270 55 9.6 1.8 22 8.4 1.1 <.001

271-360 61 10.1 1.7 14 8.1 1.2 <.001

361-450 58 9.5 1.5 15 8.4 1.1 .008

Year 2 451-540 58 10.1 1.6 11 7.8 1.4 <.001

541-630 64 9.8 1.6 15 8.2 1.2 <.001

631-720 63 10.1 1.4 8 7.5 1.0 <.001

721-810 51 9.7 1.6 11 8.5 1.5 .018

Year 3 811-900 57 10.3 1.7 8 8.4 1.2 .004

901-990 40 10.2 1.8 4 9.0 2.3 .2

991-1080 51 10.3 1.6 7 8.9 1.2 .033

1080+ 65 10.2 1.6 8 8.5 1.1 .005



Babiker et al	 5

In the CSII group, most of the improvement in HbA1c 
occurred in the first 3 months after treatment and was sus-
tained achieving the best HbA1c level by 2 years of treatment 
(Table 2). However, patients returned to the same point of 
1-year HbA1c level by 3 years of treatment (Table 2). Overall, 
we observed that HbA1c in the MDI group increased through-
out the study period, starting at 9.5% (80 mmol/mmol) at the 
start of the study and increasing up to 10.2% (88 mmol/mmol) 
at the end of the observation period (Figure 1). There were no 
differences in HbA1c level between genders, except during the 
first 3 months where males had lower HbA1c level compared 
to females in the MDI group. However, this gender difference 
was no longer present beyond the first 3 months of the study. 
Additionally, to test the influence of puberty, a sub analysis 
based on age using a cut-off of 12 years was conducted and 
found no difference in HbA1c between both age groups.

With regards to BMI, baseline BMI in both groups were 
similar (18.0 kg/m2 in the MDI group vs 19.3 kg/m2 in the 
CSII, P-value = .093); BMI at 1-year was more elevated in the 
CSII group compared to the MDI group (20.9 vs 18.6 kg/m2, 
P-value = .003) (Table 3). When comparing BMI changes 
within each group, BMI at 1-year increased significantly com-
pared to baseline BMI in both groups, with the absolute change 
in BMI being greater in the CSII group. BMI at baseline was 

18.1 kg/m2 in the MDI group and increased to 18.7 kg/m2 after 
1 year (P-value = .001). In the CSII group, BMI was 19.1 kg/m2 
at baseline and 20.9 kg/m2 after 1 year (P-value < .001).

We included a subgroup of patients with continuous glucose 
monitoring data using the Freestyle Libre device. This sub-
group consisted of 37 individuals in the MDI group and 29 
individuals in the CSII group (Table 4). Individuals in the 
CSII group using Freestyle Libre were older than those in the 
MDI group (median age 14 vs 11 years, P-value < .001). 
Comparing the 2-week glycemic profile between both groups 
revealed that average glucose was lower in the CSII group (194 
vs 228 mg/dL, P-value = .028) as well as HbA1c levels (8.4% 
(68 mmol/mmol) vs 9.6% (81 mmol/mmol), P-value = .022). 
The time in target was higher and time above target was lower 
in CSII patients compared to MDI patients; however, this did 
not reach statistical significance. Time in hypoglycemia and 
low glucose events were greater in the CSII group compared to 
the MDI group, but this was not statistically significance.

Discussion
The results of our study demonstrated that in our population of 
youth with T1D, those who used CSII as a mode of insulin 
delivery have improved hemoglobin A1c levels and glycemic 
profiles compared to those who are on an MDI regimen. Most 

Figure 1.  Fluctuations in A1c in MDI and CSII patients.

Table 3.  Comparing BMI of MDI versus CSII patients at baseline and after 1 year of treatment.

BMI Current insulin 
regimen

N Mean SD P-value

BMI baseline MDI 122 18.0 4.0 .093

  CSII 34 19.3 3.7

BMI 1 year MDI 122 18.6 3.8 .003

  CSII 34 20.9 4.0
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of the improvement in HbA1c in the CSII group occurred 
during the first 3 months after initiation of pump therapy, with 
continued and sustained improvement during the first 2 years. 
After the second year, HbA1c levels increased slightly but 
remained better than at baseline suggesting a loss of intensifi-
cation of treatment possibly due to reduced enthusiasm from 
either the patients/parents and/or the treating team. On the 
other hand, HbA1c levels continued to increase over the study 
period in the MDI group. These findings were also confirmed 
using isCGM in a smaller subgroup of our cohort.

Studies that compared CSII to MDI have shown that most 
of the improvement in HbA1c occurs in the first few months 
after initiation of CSII,26-28 which is in agreement with our 
observations. The initial prominent reduction in HbA1c after 
initiation of CSII may be related to intensification of insulin 
therapy during this time compared to the previous insulin regi-
mens applied. However, further improvement in HbA1c does 
not typically occur after 6 to 12 months; and in some studies, 
this improvement is not necessarily sustained.26,28-31 This is 
likely due to an element of diabetes burnout32-34 or due to loss 
of enthusiasm for the new technology. This contrasts with our 
observations, where the improvement in HbA1c achieved by 
the CSII cohort was not only maintained past 1 year, but also 
continued to show a reduction in HbA1c until the 2-year mark. 
The reason behind this is not clear and needs to be further 
explored, as understanding factors that can positively influence 
motivation and compliance is essential to appropriately man-
age individuals with T1D. However, the longer sustainability of 
a positive effect of a pump could be reflected on the commit-
ments of patients/family to intensification of treatment. A 
tight system of “When a patient should start on a pump?” and 
“When it should be withdrawn from a patient?” in a clear con-
tract, between patients/family and the treating team, that is 
periodically reviewed with the patient might also contribute to 
this success.

The 3-year sustained and persistent reduction in HbA1c 
levels in the CSII group is an important finding, as it reflects a 
reduction in the cumulative glycemic exposures. Based on the 
concept of metabolic memory, this persistent improvement in 
glycemic control during the study period should translate into 
a reduction of diabetes related complications such as retinopa-
thy and nephropathy,35 which in turn should lead to reduced 
healthcare costs related to diabetes complications. It would be 
interesting to explore cost-effectiveness in future studies, 
comparing the cost of CSII with the long-term reduction in 
healthcare costs related to decreased burden of diabetes 
complications.

The analysis of the glycemic profiles for the subgroup who 
were using flash glucose monitoring in the form of Freestyle 
Libre further confirmed the overall improvement of HbA1c, 
with lower estimated HbA1c levels and average blood glucose 
in the CSII group. Both time in range and time above range 
demonstrated improving trends, albeit without reaching statis-
tical significance. This is likely related to the small sample of 
patients analyzed. Interestingly, we did note a trend, though 
not statistically significant, of increase in hypoglycemic events 
and in time spent in hypoglycemia in the CSII group, which is 
somewhat different from previous studies comparing CSII 
with MDI. However, this difference was not significant in our 
cohort. Most evidence supports either reduced hypoglycemia 
with CSII or improvement in HbA1c without a significant 
increase in hypoglycemia.22,23,28,36-38 The increased hypoglyce-
mia we observed in the CSII may be related to inherent limita-
tions in the Freestyle Libre sensor, which lacks accuracy in low 
blood glucose ranges,39,40 increasing the possibility that some 
of the hypoglycemic events recorded may not reflect true hypo-
glycemia. This could not be verified by fingerstick blood glu-
cose testing in our retrospective data.

The improvement in HbA1c in the CSII group compared 
to the MDI group is related to many factors. Despite both 

Table 4.  Comparison of patients’ characteristics and glycemic profile in MDI versus CSII patients who used Freestyle libre.

Regimen P-value

  MDI (n = 37) CSII (n = 29)

  Median Q1 Q3 Median Q1 Q3

Age (years) 11 8 14 14 12 16 <.001

BMI (kg/m2) 20.1 16 25.1 21 18.7 24.4 .208

Average Glucose (mg/dL) 228 176 273 194 172 211 .028

% above target (>180 mg/dL) 66 44 79 52 42 65 .119

% in target (70-180 mg/dL) 33 21 54 40 31 53 .137

% below target (<70 mg/dL) 2 0 4 4 1 8 .082

Low glucose events 5 1 10 6 2 12 .183

HbA1C (%) 9.6 7.7 11.1 8.4 7.5 8.9 .022
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groups having a similar total daily dose of insulin, the distribu-
tion of insulin administration in the CSII group matches car-
bohydrate intake better than in the MDI, with the majority of 
carbohydrate intake covered by rapid insulin. Additionally, 
compliance in the CSII group with prandial insulin is likely 
higher, with users administering rapid insulin for snacks espe-
cially since they do not require injections to be administered. 
With regards to education, patients in both groups in our study 
are taught about the elements of intensified insulin therapy 
(IIT). However, the CSII group have more frequent visits with 
specialized diabetes educators and dieticians in the clinic, par-
ticularly during the first few months after pump initiation. 
Diabetes education as well as frequent follow up have a positive 
impact on glycemic control.41-43 An additional factor to be con-
sidered is enthusiasm and motivation due to the novelty of the 
insulin pump and the use of new technology, which may con-
tribute to better compliance to insulin administration. 
Understanding the factors that help drive patient motivation is 
essential to reduce rates of diabetes burn-out.32-34,44

An increase in BMI was noted in both the MDI and the 
CSII groups in our study, which is an expected finding given 
the anabolic function of insulin.45,46 The increase in BMI was 
more significant in the CSII group compared to those on MDI, 
which can be explained by the poorer glycemic control in the 
MDI group that may have negatively impacted weight gain. In 
concordance with our findings, observational studies have 
found an association between the use of CSII and increased 
weight gain.47,48 A study conducted in Kuwait had a similar 
result despite a reduction in insulin daily dose. Kuwait’s study 
stated that the significant increase in BMI in patients on CSII 
therapy may have been due to the liberty to eat without receiv-
ing extra injections of insulin.49 On the other hand, other stud-
ies including randomized controlled trials, large cohort-matched 
studies and systematic reviews, did not find a significant differ-
ence between CSII and MDI with regards to weight or 
BMI.4,22,26,28,38 The need of long-term studies is a necessity to 
determine the actual effect of both treatments on BMI.

One of the strengths of our study is that it provides real life 
data on the effect of CSII on lowering HbA1c outside of a 
controlled trial environment, which may be more reflective of 
the benefit of CSII in the clinical setting. We also present data 
from a 3-year follow up period, which is longer than typically 
reported by other studies that compared CSII to MDI. The 
analysis of glycemic profiles from isCGM in a subgroup of 
patients is another strength of our study, as it provides, to a 
certain degree, safety data regarding the risk of hypoglycemia 
that may occur with tighter glycemic control.

Among the limitations of our study is the small number of 
patients on CSII who stayed in the service for the whole dura-
tion of the study as well as for the small number of patients in 
the subgroup with isCGM data; hence, there was a limita-
tion in generalizing the findings of this one center study. 
Additionally, because our center is a tertiary specialized center, 

some HbA1c values were missing because some patients occa-
sionally perform some of their HbA1c tests closer to home. 
While the implementation of the NICE guidance in offering 
CSII helps limit selection bias, certain factors may have inad-
vertently affected the decision to start CSII, such as frequency 
of monitoring blood glucose levels, number of insulin injec-
tions per day, clinic attendance and history of severe hypogly-
cemia or DKA. Another question that could have been 
addressed by this paper, if numbers of patients in the subgroup 
analysis were sufficient, is whether isCGM added additional 
value to either the MDI or CSII patients.

Conclusion
The use of CSII was strongly associated with improved glyce-
mic control in our patients and the gap between CSII and 
MDI patients increased with time. The analysis in a small sub-
group using isCGM have supported the same findings. In the 
era of rapid advances in diabetes technology including the 
advent of autonomous artificial pancreas systems these data 
could be of use in future research and/or clinical practice. The 
addition of CGM and the development of closed-loop systems 
may offer further improvement of glycemic control without the 
risk of hypoglycemia. While costly management options, these 
advances may ultimately prove cost-effective as our data sup-
port the long-term benefit of CSII on glycemic control in real 
life uncontrolled settings, which may translate to lower diabe-
tes complication rates.
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