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Insulin Pump Therapy: Its Effect on Metabolic Control in
Different Age Groups in Children with Type 1 Diabetes

Instilin Pompa Tedavisi: Farkli Yas Gruplarindaki Tip Diyabetli Cocuklarda
Metabolik Kontrole Uzerine Olan Etkisi
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Ege University Faculty of Medicine, Department of Pediatric Endocrinology, lzmir, Turkey

ABSTRACT

Aim: To evaluate the effect of continuous subcutaneous insulin infusion (CSI)
pump treatment on metabolic control in different age groups in children with
type 1 diabetes mellitus.

Materials and Methods: Fifty-nine children and adolescents with type 1
diabetes, aged between 2.4-18.3 years, with diabetes duration of 7.4+4.0
years, in whom CSIl was performed were divided into 4 groups according
to their ages at baseline of CSIl. Metabolic control was evaluated according
to body measurements before and after CSlI treatment, daily basal insulin
requirements (u/kg-day), hemoglobin Alc and lipid levels. Children were
evaluated at the end of the first and second years of treatment.

Results: At the end of the first year a significant and sustained decreases
were observed in the mean hemoglobin Alc levels in pre-school and pre-
adolescent groups (from 8.91+0.52% to 6.83+0.68%; from 7.150.56% to
6.73+0.45%, p<0.05, respectively), whereas insignificant decreases were
observed in groups 3 and 4. At the end of the 2"d year in overall evaluation,
mean hemoglobin Alc levels decreased persistently but insignificantly.
Better diabetic control with lower basal insulin requirement was provided
with insulin pump treatment. There was no significant changes in serum
total cholesterol, low density lipoprotein, and high density lipoprotein levels.
Significant increase in body mass index (BMI), standard deviation score (SDS)
with CSII treatment was only detected in group 3 (-0.2 vs 0.46 kg/m?, p=0.00).
Conclusion: Although CSII has a positive effect on metabolic control in type
1 diabetes mellitus treatment at all age groups of childhood, it is prominent
and sustained especially at preschool and preadolescent periods. However,
it is difficult to sustain the same positive effect in the older age groups. CSII
treatment provides a better diabetic control without increased basal insulin
requirements. The Journal of Pediatric Research 2014;1(3):147-51

Key Words: Childhood, insulin infusion systems, type 1 diabetes mellitus

0ZET

Amag: Sirekli cilt alti insiilin infiizyon (SCIl) tedavisinin metabolik
kontral tizerine olan etkisini cocukluk cagindaki farkli yas gruplarina gore
degerlendirmek.

Gereg ve Yontem: Yaslari 2.4 ile 18,3 yil arasinda degisen, diyabet streleri
74+4,0 yil, inslin infiizyon tedavisi uygulanan 59 tip 1 diyabetes mellitus
(T1DM) tanili gocuk ve ergen SCii tedavisi baslangicindaki yaglarina gére
4 gruba aynldi. Hastalarn SCIi tedavisi baglanmasi 6ncesi ve sonrasinda
viicut dlgtimleri, giinltik bazal instlin ihtiyaglari (ii/kg/gtin) metabolik kontrol
degerlendirmek amaciyla hemoglobin Alc (HbA1c) ve lipid diizeyleri galigildi.
SCli tedavisinin 1. ve 2. yilinda olgular degerlendirild.

Bulgular: Pompa tedavisinin 12. ayindan sonra okul oncesi ve ergen
6ncesi gruplarda ortalama HbA1c de anlamli ve kalici bir azalma (sirasi ile
%8,91+0,52'den 6,83+0,68'e ve %7,15+0,56'dan %6,73+0,45'e, p<0,05)
saptanirken grup 3 ve 4'de anlamli olmayan azalma gzlendi. insiilin pompa
tedavisi ile daha diistik bazal instilin ihtiyaci ile daha iyi bir diyabet kontrolii
saglandi. SCIl tedavisi ile hastalarin serum total kolesterol, LDL ve HDL
kolesterol diizeylerinde anlamli bir degjisiklik olmadi. Beden kitle indeksi (BKI)
standart deviasyon skoru'nda (SDS) sadece grup 3'de anlamli artig bulundu
(-0,2 vs. 0,46 kg/m?'ye, p=0,00).

Sonug: T1DM tedavisinde SCI'nin gocukluk gaginda tim yas gruplarinda
metabolik kontrol {izerine olumlu etkisi olmakla birlikte 6zellikle okul 6ncesi
ve pre-adolesan grupta bu etki daha belirgin ve kalicidir. Biiyiik yas gruplarinda
ayni olumlu etkiyi stirdirmek zordur. TIDM'li cocuk ve adolesanlarda SCIl
tedavisi ile ginlik bazal insiilin ihtiyac artmadan daha iyi bir diyabet kontroli
saglanabilmektedir. The Journal of Pediatric Research 2014,1(3):147-51
Anahtar Kelimeler: Cocukluk cag, insulin infiizyon sistemi, tip 1 diyabetes
mellitus
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Introduction

Near normal blood glucose and hemoglobin A1c (HbA1c)
levels should be provided in children with type 1 diabetes
mellitus (T1DM) to prevent micro and macrovascular
complications or to delay their appearances (1). For this
purpose, continuous subcutaneous insulin infusion (CSII)
treatment is being employed intensely in recent years with
the help of technological improvements (2). It is reported in
many studies that better metabolic control (7.4+4.0 years),
fewer severe hypoglycemia episodes and higher life qualities
of patients are provided by CSIl treatment (2,4-8). In a meta-
analysis including 22 studies in children and adults, HbA1c
has decreased 0.21-0.72% with CSII treatment 3. Insulin
requirements, diabetes care requirements and metabolic
control success may show differences according to different
age groups in children with T1IDM different from adults. It
is already known that metabolic control of TIDM is more
difficult especially in preschool and adolescent periods
than the other age groups in childhood, so existent insulin
treatment methods patients are using is tried to be simplified
or changed (9-11).

This present study aims to define the effect of CSII
treatment on metabolic control and auxological characteristics
of diabetic children and adolescents in different age groups.

Material and Methods

Fifty-nine children and adolescents with a diagnosis
of TIDM (32 female/27 male) at least for 1 years (mean
diabetes duration was 7.4+4.0 years), who were on CSlI|
treatment and were still followed up at the Ege University,
Department of Pediatric Endocrinology were included into
the study. The mean age of the patients were 14.4+5.3 years
(2.4-18.3 years) children and adolescents were grouped into 4
according their baseline ages and they are defined as group
1 (<4.9 years), group 2 (5-9.9 yrs), group 3 (10-14.9 years)
and group 4 (>15 years). Before CSlI treatment, training and
practicing session were provided for all the patients by the
same experienced pediatric endocrinologist and diabetes
nurse. Total daily insulin doses were decreased by 10% and
40% of this calculated insulin amount was adjusted as basal
insulin. Absolute basal insulin requirements for patients for
various times of day have been adjusted by outpatient control
or phone calls. All patients used the same insulin pump
(MiniMed, Medtronic, USA) and aspartate insulin. They were
required to practice self-blood glucose monitoring at least 8
times in a day and their records of glucose monitoring devices
were controlled. Before and after initiation of CSII treatment,
auxologic characteristics, daily basal insulin requirements
(U/kg/day), HbA1c levels of patients every 3 months, were
recorded prospectively; training of the patients were repeated
in the requiring patients. At the beginning, daily basal insulin
uses were obtained from the medical records, and during
the follow up they were obtained from downloaded pump
data to the computer. Height was measured to the nearest
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centimeter using a rigid stadiometer. Weight was measured
unclothed to the nearest 0.1 kg using a calibrated balance
scale. Body mass index (BMI) is calculated by weight
(kg)/height (m2) formula. Standard deviation scores (SDS)
according to age and gender are calculated for weight, height
and BMI of Turkish children (12). HbATc examinations are
performed in every 3 months by a capillary method with
Nycocard Il Reader (Axis-Shield Diagnostics Ltd, Dundee,
UK) device, and annual mean HbATlc levels are calculated
as an indicator of metabolic control. Fasting TC, LDL, HDL,
levels of patients are measured in the morning with a
Beckman Coulter UniCel® automatic analyzer.

The authors confirmed in writing that they have complied
with the World Medical Association Declaration of Helsinki
regarding ethical conduct of research involving human
subjects and/or animals. The study was approved by the
local ethical board and informed consent was obtained from
the families of all patients.

Statistical Analysis

Data analyses were performed with SPSS for Windows
(version 15 SPSSInc., Chicago, IL, USA). Patient characteristics
were determined using descriptive statistics. Independent t
test and one-way ANOVA test with Bonferroni's correction
for multiple comparisons were used to compare the means
of groups when appropriate. Statistically significance level
was accepted as p<0.05.

Results

Mean age of patients was 14.4+5.3 years, mean duration
of diabetes was 7.4+4.0 years. 54.2% was female and 45.8%
was male, and all of participants were receiving multiple
dose short acting insulin analogues and long acting basal
insulin at baseline of the study. Demographic and auxologic
characteristics of the patients in the four age groups are given
in Table I. While baseline mean HbA1c in group 1 (mean age
is <b years) were statistically significantly higher than the
other groups (p<0.05), there was no statistically significant
difference between the rest. Baseline mean values of HbA1c
for all patients was 7.67+1.25%; whereas after 1st and 2nd
years 7.15+1.12% and 7.32+1.24%, respectively. When all
ages were evaluated generally with CSII treatment, there
was a sustained but insignificant decreases in mean HbA1c
values (p>0.05). When it was re-evaluated after patients
were divided into age groups, pump treatment at the end of
first year caused significant decrease in mean HbAc values
in group 1 and 2 (from 8.91% to 7.41% and from 7.15% to
6.58%; p<0.05); and at the end of second year the decrease
was sustained (mean HbA1c at the end of 2nd year 6.83%
and 6.73%; respectively). Although mean HbA1c values of
group 3 and 4 were decreased at the end of first year, results
were not statistically significant (p>0.05) (Table ).

Means of TC, LDL, and HDL values at the baseline
of pump treatment were 174.9+34.7 mmol/L; 87.0£23.4
mmol/L, and 62.7+15.5 mmol/L, respectively. Means of the
values at the end of second year were 169.9+35.5 mmol/L,
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85.8+21.4 mmol/L, and 62.1+16.3 mmol/L, respectively and
there was no difference when they were compared with
the baseline values (p>0.05). When evaluated according to
age groups, there was no statistically significant difference
between baseline and 1st, 2nd year values for all age groups
(in all age groups p>0.05).

Baseline basal insulin requirements, which was calculated
as per kg of body weight, were similar in four different age
groups (p>0.05). However, it is demonstrated that basal
insulin requirements were statistically significantly decreased
in all age groups with CSIl treatment (p<0.05). However,
there was no difference in daily basal insulin requirements
of patients between the first and second years. Significant
increase in BMI with CSIl treatment was only detected in
Group 3 (from -0.2 to 0.46). During the follow up, although
BMI was increased in respect to baseline in other age
groups, this change was not statistically significant (p>0.05).
It was demonstrated that basal insulin requirements, HbA1c,
and BMI SDS values did not differ in respect to gender at
baseline, at the end of first and second years (p>0.05).

Discussion

Since children are growing organisms their nutritional
habits, life style and metabolic status show continuous
changes with age. It is quite difficult to take diabetes under
control in children with T1DM because of contiguous
variations in children and especially in adolescents because
of the compliance problems (9,10). Therefore, CSII, which is
a quite similar treatment method with physiological secretion
of insulin and increases life quality of patients by providing
a flexible life style, becomes frequently employed in recent
years in children (2-8). Many studies have reported that CSl|
treatment is a safe and effective method to elicit diabetes
control (2-8,11).

This present study has been based on the hypothesis
that effect of CSII treatment could differ in metabolic control
in childhood in respect to the age. Therefore, after the
patients were evaluated for metabolic control before CSII
treatment, their follow up data were collected prospectively
at the first and second years. CSIlI treatment was reported

Table I. Patient demographic, auxologic characteristics, HbAlc levels and daily basal insulin requirements at the baseline
Group 1 Group 2 Group 3 Group 4
(<4.9 years) (5 to <9.9 years) (10 to <14.9 years) (>15 years)
n 6 12 12 29
Age (years) 42+1.1 8.7:15 13.4£1.7 18.3+2.1
Girls, n (%) 2(333) 5 (41.6) 8 (66.6) 16 (55.1)
Mean duration of diabetes (years) 2.8+0.9 5.2+0.9 6.9+3.3 9.5+4.1
(1.1- 4.0) (4.0-6.8) (2.9-11.0) (3.2-16.1)
Height-SDS -0.31x1.1 -0.22+1.01 -0.30+1.61 0.64+1.12
Weight-SDS -0.25+0.71 -0.24+0.99 -0.25+1.04 0.32+1.06
BMI-SDS 0.81£1.7 0.42+0.60 -0.210.67 0.04:0.76
HbA1c (%) 8.91+0.52 7.15+0.56 7.41+1.38 7.89+1.64
Basal insulin (1U/kg/d) 0.50+0.24 0.48+0.21 0.52+0.22 0.55+0.25
Data are given as mean = SD, SDS: Standard deviation score, BMI: Body mass index
Table Il. Mean HbA1c values before, during and after the pump treatment
Mean Mean Mean
HbA1c (%) HbA1c (%) HbA1c (%)
Baseline At the end of year 1 At the end of year 2
Group 1** 8.9120.52 7.410.48* 6.83+0.68
(n=6)
Group 2** 7.15+0.56 6.58+0.47* 6.73+0.45
(n=12)
Group 3 7.41+1.38 7.01+0.80 1.23+0.94
(n=12)
Group 4 7.89+1.64 7.51£1.63 7.61+1.44
(n=29)

Data are given as mean + SD, *p<0.05 Groups 1 and 2 (First year), **p<0.05 Groups 1 and 2 (At all times during the study)
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to decrease HbA1c in the recently published consensus
report, which was conducted on more than 760 children
and included results of observation studies (2). Among
other studies, which evaluated effects of CSII on metabolic
control, Shalitin et al. (13) reported from their retrospectively
conducted study on 421 T1DM patients aging between 2.6
and 39.8 years (median: 19.4 years) that HbA1c levels were
prominently decreased with CSll treatment in especially
patients younger than 12 years of age. It was reported
in another study, which was conducted in 17 countries
on 1041 children and adolescents (11.8+4.2 years) with
T1DM receiving CSII treatment, that glycemic control at the
preschool children and pre-adolescent patients were better
than that of in the adolescents (11). In our study, while there
was statistically significant improvement in participants
younger than 10 years (group 1 and 2), who received CSl|
treatment for the metabolic control at the first year, the
improvement was also demonstrated to be sustained at
the end of 2nd year. However, there was a statistically
insignificant improvement in CSll treatment at the end of
first year when compared with the baseline in group 3 and
4 (older than 10 years). Although HbA1c values in these age
groups were not statistically significant, there was the rising
tendency in the 2nd year when compared with the values at
the end of first year (Table Il). These results might imply that
CSll treatment in early ages was successful in metabolic
control initiation and its maintenance. Nabhan et al. (14)
performed a study on 21 children with T1DM, who were
below 5 years of age, and they reported that although HbA1c
values were significantly decreased at the 3d month of CSlI
treatment from 8.9+0.6% to 8.5+0.7% (p=0.002); there was
no significant difference in respect to the baseline at the 12th
month (HbA1c: 8.8+0.6%). Further large scale and long term
studies are required to make the final conclusion in this topic,
because number of cases was few and follow up periods
were not adequately long. The cases in our study are still
being followed up.

Previous studies revealed that basal insulin requirements
in CSlI treatments were less than those in MDI treatment
(2,15). In our study, we have demonstrated that basal insulin
requirements were prominently decreased in all age groups
at the end of the first year. Basal insulin requirements were
not increased at the end of the second year when compared
with requirements at the baseline and end of the second
year. Our study has indicated that better control of diabetes in
children and adolescents with T1DM can be provided without
increased daily basal insulin requirements by CSII treatment.

It is reported in the published long and short term
observational studies that BMI was not increased, but even
decreased, by the CSIl treatment (2,16,17). When BMI
values after CSII treatment were evaluated in our study, BMI
SDS increase at the end of second year was statistically
significant compared with baseline only in group 3 (10-15
years old) (from -0.21+£0.67 to 0.46+0.60; p=0.00). This
difference may have been caused by the low baseline BMI in
group 3. Although increase in BMI in other age groups was
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noteworthy, they were insignificant. BMI increases during
CSlII treatment may be resulted from flexible nutritional style
with this treatment. However, factors, which may lead to BMI
increase in group 3 have not been investigated in this study.
Also, this increase in BMI in this group may be associated
with rapid growth spurt other than CSII treatment. In our
study, there was no difference in serum lipid levels after the
CSlI treatment. Among previous studies conducted on this
issue, Abaci et al. (8) have not reported any changes in lipid
values of T1DM patients, who received CSI| treatment and
were followed up for a mean duration of 2 years. In another
study conducted on T1DM patients it has been reported that
CSII treatment had no effect on serum lipid levels (18).

Although the blood glucose was checked 8 times/day we did
not analyzed this data. Since the frequency of hypoglyceamia
can affect metabolic control this is a limitation for our studly.

In conclusion, insulin pump treatment can be employed as an
effective alternative method to multiple dose injection treatment
in TIDM children of all age groups. However, influences of CSlI
treatment on metabolic control are more effective and sustained
in pre-adolescent and pre-school aged children when compared
especially with patients in the older age groups. Although there
is an improvement in metabolic control, but not significant,
especially in the first year of treatment in children of older age
groups, it is hard to maintain this positive effect in later phases.
A better diabetes control can be provided in daily basal insulin
requirement without any increases in children and adolescents
with T1DM by CSII treatment. Further large scale studies with
longer durations are required in these issues.

Conflicts of Interest: The authors reported no conflict of
interest related to this article.
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