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Summary. To find out whether the concurrent metabolic and
hormonal abnormalities are corrected when normoglycaemia
is achieved, two groups of diabetic children (newly-diag-
nosed and chronically-treated) were treated with insulin
pumps. Fasting levels of metabolites, lipids and hormones
were measured before and after 8 to 10 days of pump treat-
ment and the immediate postprandial hormonal and meta-
bolic changes after a test-meal were also measured. Restora-
tion of normoglycaemia was accompanied by correction of
multiple metabolic abnormalities including the normalisation
of fasting plasma free insulin, growth hormone, free fatty ac-
id, triglyceride and total cholesterol levels. Plasma glucagon,
however, decreased below normal, and significant hypoke-
tonaemia developed in newly-diagnosed diabetic children.
The fall in (VLDL+LDL)-cholesterol levels was accompa-
nied by a substantial increase in HDL,-cholesterol concen-
tration in newly-diagnosed diabetic children, whereas pump-

treatment resulted in a decrease of the HDL;-cholesterol
subfraction in chronically-treated diabetic children. The
postprandial blood glucose and free insulin profiles were
similar to that of control subjects, but there was an “abnor-
mal” postmeal fall in plasma glucagon and free fatty acid
levels. These changes together with the fasting hypogluca-
gonaemia and hypoketonaemia indirectly suggest that opti-
mal glycaemic control is only achievable at the expense of
“increased insulin action” despite the failure to detect pe-
ripheral hyperinsulinaemia. Furthermore, the restoration of
normoglycaemia and the simultaneous normalisation of the
metabolic and endocrine milieu is not entirely possible with
this mode of therapy.
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Although continuous subcutaneous insulin infusion
(CSII) therapy has become an established form of
treatment in a selected group of adult diabetic patients
there are only a few reports on their use in diabetic
children [1-4]. Furthermore, all these studies concen-
trated on the short- and long-term improvement in gly-
caemic control in diabetic children; the effect of CSII
on the concurrent hormonal and metabolic abnormali-
ties has not been investigated. The present study was
designed firstly to find out whether the short-term (8 to
10 days) normalisation of hyperglycaemia with CSII
will also result in the correction of the fasting levels of
metabolites and hormones in diabetic children; and
secondly, to describe the immediate (3 h) postprandial
metabolic and endocrine changes after “synchronized”
insulin bolus and a standardised test-meal. Finally,
since acute hyperglycaemic decompensation caused by
accidental stoppage of CSII (e.g. needle displacement)
is a relatively common complication of this mode of
therapy, we have also tried to evaluate this hazard by
deliberate interruption of CSII for 5 h.

Subjects and methods

Two groups of diabetic children were studied (Table 1). Treatment in
ten newly-diagnosed diabetic children was started with CSIT imme-
diately after admission (Group 1). Six conventionally-treated C-pep-
tide negative diabetic children also started CSII (Group 2) following
hospitalisation for gross glucosuria. No medication except insulin
was given and informed consent was obtained from the parents of
the diabetic children as well as from those of the control subjects.
The pump used was the Graseby Dynamics Syringe Driver-
Type MS 26 model (Cambridge, UK) which delivers a fixed basal

Table 1. Clinical data of diabetic children (mean £ SE)

Group 1 Group 2 Control
subjects

Age (years) 10.0£1.2 14.0+14 11.3£03
Male/Female 4/6 3/3 33/22
Weight (kg) 38.8x+51 50.2+4.8 382429
Tanner stage I-11 I1-111 I-11
Duration of 0 5.7x11 -
diabetes (years)
Initial HbA4 (%) 14.8+0.5 122+0.6 71103
Number 10 6 55
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rate of short acting insulin (Novo Actrapid MD, Bagsvaerd, Den-
mark) and a variable boost of insulin is given manually 30 min be-
fore the main meals.

Starting total daily insulin dose was 1.5 U/kg in Group 1 and
1.3+0.3 U/kg in Group 2, the latter was equivalent to the insulin
dose while on conventional therapy. Dose adjustments were made
on the basis of frequent capillary blood glucose monitoring (eight
times per day) and mean daily insulin-requirements after 8 to
10 days were 1.4120.01 U/kg and 1.22+0.01 U/kg in Groups 1 and
2, respectively. Forty-five percent of the total daily dose was given as
the basal rate; the remaining 55 percent was subdivided according to
the meals. All children continued to eat their previous diet while on
CSIL

Fasting blood samples were taken before and after 8 to 10 days
on CSII treatment and after 7 days of normoglycaemia (mean daily
blood glucose was 5.7+0.03 mmol/l and 6.4+0.04 mmol/l in
Groups 1 and 2, respectively; calculated on the basis of 8 daily capil-
lary blood glucose measurements). Fasting blood samples were also
drawn in 55 healthy children, 9 of whom also participated in the sec-
ond part of the study.

Blood samples were collected into chilled glass tubes containing
2 mg EDTA/ml blood for free fatty acid, triglyceride, cholesterol,
HDL-cholesterol, C-peptide, insulin and beta-hydroxybutyrate de-
termination. Tubes for glucagon determination contained
1000 K.1.U. Trasylol and 2 mg EDTA per each ml! of blood. The
samples were centrifuged immediately at 4 °C and plasma was stored
at —20°C until the assays. Plasma samples were thawed only once.

In the second part of the study, all groups of children underwent
a 2-day experimental protocol:

Day 1. Thirty minutes following the insulin bolus (0.19 £0.03 U/kg
body weight) a standardised breakfast of identical macronutrient

Table 2. Macronutrient composition of test-meal (mean=+ SE)

Energy Carbo- Fat Protein
(KJ/fat-free  hydrate (%) %)
body mass kg) (%)
Control children 603+2.3 38 38 24
Diabetic children  57.4+12 39 37 24

31

composition (Table 2) was consumed and blood glucose, metabolites
and hormones were measured in the fasting state and 30, 60, 90, 120
and 180 min after breakfast. No insulin was given to the control sub-
jects. Beta-hydroxybutyrate levels were measured only at 0 and
180 min in all groups and glucagon levels are available only for 0
and 180 min for control subjects. The children remained recumbent
for 3 h during which period metabolic rate was also measured.

Day 2. CSII was deliberately interrupted for 5 h (the needle remain-
ing in situ) and the children remained resting and fasting. Their cap-
illary blood glucose concentration was followed and urine samples
were tested for ketones hourly.

Blood glucose was measured by the glucose oxidase method [5].
Triglyceride and cholesterol were determined enzymatically with the
help of a Boehringer Mannheim, Germany kit. The method of Lau-
rell and Tibbling [6] was used to measure plasma free fatty acid con-
centration. Beta-hydroxybutyrate was measured enzymatically [7].
HDL-cholesterol and its subfractions were measured with the preci-
pitation method of Steele et al. [8] and Kahn et al. [9]. VLDL and
LDL-cholesterol concentrations were obtained by subtracting HDL-
cholesterol from total cholesterol. Stable HbA; was measured by
chromatographic method [10]. Commercially available Biodata-Sero-
no Kits were used for the determination of C-peptide (code 10282),
glucagon (code 10904), growth hormone (code 10703) and insulin
(code 1624). Free insulin in the plasma of insulin-ireated diabetic
children was determined also with the Biodata-Serono kit after ex-
traction with polyethylene glycol {11]. The extraction was made im-
mediately after the separation of the plasma. The methods of Brook
[12] and Durnin and Rahman [13] were used to determine body den-
sity and fat-free body mass for the standardisation of test meal.

Statistical analysis

The data were analysed by Student’s t-test and by paired Student’s t-
test when applicable.

Results

Fasting blood glucose, hormone, metabolite and lipid
levels before and after 8 to 10 days of CSII treatment

Table 3. Fasting levels of hormones, lipids and metabolites in control and diabetic children (mean + SE)

Newly-diagnosed (n =10) r< Chronically-treated (n =6) <

Control Pre- On Conventional On

subjects treatment pump treatment pump

(n=55)
Blood glucose (mmol/1) 43 £ 03 162 + 1.8° 43 = 05 0.001 156 = 1.2¢ 44 = 04 0.001
"IRI (pmol/1) 59.6 £ 9.2 181 £ 1.6° 921 +21.0 0.01 65.8 £129 70.5 x23.6 NS
Glucagon (pmol/1) 432 +£10.7 538 +109 167 £ 3.8 001 272 + 52 139 +£ 28 0.05
IR1/Glucagon 1.5 £ 04 04 = 0.09* 65 + 19 001 29 + 0.58 62 = 25 NS
GH (pmol/1) 241 +40.8 420 451 167 =+45 0.005 327.8 £79.3 159 £39 NS
FFA (mmol/1) 0.5 £ 012 12 = 0.15¢ 04 = 016  0.005 055+ 0.05 048+ 0.2 NS
Beta-hydroxybutyrate 0.11+ 0.003 255+ 100 007+ 0.01° 005 0.5 = 017 0.18+ 008 NS
(mmol/1)
Triglyceride (mmol/1) 1.1 £ 0.08 192+ 0.22° 092+ 0.07  0.005 1.5 £ 03 093+ 007 NS
Cholesterol (mmol/1) 3.8 = 012 6.02+ 024 47 = 046 0.05 47 + 0.23° 38 + 02 NS
VLDL + LDL-cholesterol 25 £ 0.14 4.66+ 0.27° 28 = 042  0.005 31 £ 026 23 £ 04 NS
(mmol/1)
HDL-cholesterol (mmol/1) 13 = 0.07 1.1 £ 0.09 191+ 0.16° 0.005 1.69+ 0.147 163 012*  0.05
HDL,-cholesterol (mmol/1) 0.57+ 0.03 034+ 0.09° 1.06+ 0.22* 0.05 0.6 + 0.07 0.80x 0.1 NS
HDI;-cholesterol (mmol/1) 0.81+ 0.04 076+ 0.09 0.84+ 0.05 NS 11 £ 0.08° 0.83+ 007 0.05
HDI,-chol/HDL;-chol 0.78+ 0.05 0.46+ 0.08° 126+ 027 001 0.55+ 0.06° 087+ 027 NS

pvalues - pre-treatment and conventional treatment vs on pump
2 p<005 ° p<0.01
! Free IRI in diabetic children

¢ p<0.001 - control subjects vs diabetic patients
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are shown in Table 3. Both groups of diabetic children
had high fasting blood glucose concentrations, which
were normalised during CSII in both groups. None of
the patients had severe hypoglycaemia during the
short-term pump treatment.

Newly-diagnosed diabetic children had low free in-
sulin, HDL,-cholesterol levels, IRI/glucagon and
HDL,/HDL;-cholesterol ratios and elevated growth
hormone, free fatty acid, beta-hydroxybutyrate, triglyc-
eride, cholesterol and (VLDL + LDL)-cholesterol con-
centrations before CSII therapy. Pump treatment
caused significant changes resulting in the normalisa-
tion of the plasma levels of most metabolites, hor-
mones and lipids. Plasma glucagon and beta-hydroxy-
butyrate levels, however, became subnormal and the
concentration of HDL-cholesterol significantly in-
creased above normal (p <0.001). The latter was main-
ly due to a more than two-fold increase in the
HDI,-cholesterol subfraction resulting in a substantial
increase of the HDL,/HDL,-cholesterol ratio.

The metabolic and endocrine abnormalities at en-
try of the study were somewhat less striking in children
on conventional insulin treatment (Table 3) reflecting a
lesser degree of metabolic decompensation indicated
by their lower HbA, concentrations (Table 1). Fast-
ing plasma free insulin, glucagon, growth hormone,
free fatty acid, beta-hydroxybutyrate, triglyceride,
(VLDL+LDL)-cholesterol and HDL,-cholesterol lev-
els were not significantly different from the control
subjects, but plasma cholesterol and HDL-cholesterol
were elevated due to an increase in HDI;-cholesterol
resulting in a low HDL,/HDL;-cholesterol ratio. The
trend of changes following pump treatment was similar
to that of Group 1 with a few exceptions. Although the
same degree of hypoglucagonaemia developed, there
was no further decrease in beta-hydroxybutyrate levels.
Furthermore, the fall in total plasma cholesterol levels
was not associated with an increase in HDL-cholester-
ol and HDL,-cholesterol, but a small decrease in the
HDI1s-cholesterol fraction. This resulted in the normal-
isation of the HDL,/HDI ;-cholesterol ratio which was
significantly lower than normal before pump treat-
ment.

The metabolite and hormonal changes after the in-
gestion of a test-meal are shown in Figures 1 and 2.
The blood glucose curve following a subcutaneous bo-
lus of 0.19+0.03 U/kg regular insulin (Novo Actrap-
id MC) and the ingestion of test-meal was almost iden-
tical to that of the control subjects in newly-diagnosed
diabetic children. In Group 2, a similar bolus of insulin
and test-meal were associated with a small increase of
blood glucose within the normoglycaemic range
(Fig.1).

The postprandial rise of free insulin level was not
statistically different in the control and study groups,
but the 1h-postprandial free insulin concentration
tended to be lower in Group 2.

There was a small but significant fall in the mean
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Fig.1. The effect of insulin and meal on blood glucose and plasma
free insulin levels in diabetic children treated with CSII (mean+ SE)
O control subjects (n=9), @ diabetic: Group 1 (n=10), Group 2
(n=6), + =p<0.05 pre- vs postprandial. Solid lines diabetic chil-
dren dotted lines control subjects
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Fig.2. The effect of insulin and meal on plasma glucagon, free fatty
acid and beta-hydroxybutyrate levels in diabetic children treated
with CSIT (mean+SE) O control (n=9), @ diabetic: Group 1
(n=10), Group 2 (n=6), + =p <0.05 pre- vs postprandial, * p<
0.01 control subjects vs diabetic children. Solid lines diabetic chil-
dren, dotted lines control subjects

plasma free fatty acid level at 2 h postprandially in the
control subjects (p <0.05). A similar trend of post-
prandial decrease was seen in both groups of diabetic
children but the fall was significantly greater (p <0.01)
(Fig.2).
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Fig.3. Blood glucose concentration in diabetic children Group 1
(n=10), Group 2 (n=6) after deliberate disruption of CSII (time 0)

As mentioned earlier, both groups of diabetic chil-
dren had significant fasting hypoglucagonaemia while
on pump treatment. Postprandial glucagon levels re-
mained low with a significant further decrease at 2 h
postprandially in Group 1 (p <0.05) (Fig.2).

Finally, the postprandial decrease at 3 h of beta-hy-
droxybutyrate was similar in all groups. Fasting gluca-
gon, free fatty acid and beta-hydroxybutyrate levels
were not related, but there was a significant positive
correlation between the postprandial 0 versus 3-h
changes of glucagon and free fatty acids (r=0.713,
P <0.001) and between glucagon and beta-hydroxybut-
yrate (r=0.59, p <0.01).

Figure 3 demonstrates that newly-diagnosed dia-
betic children remained normoglycaemic for 5 h after
the interruption of CSII treatment. Their fasting C-
peptide concentration ranged from 0.4 to 1.13 ng/ml.
Significant hyperglycaemia developed at 2 to 5 h fol-
lowing the cessation of subcutaneous insulin infusion
in C-peptide negative diabetic children. Ketone bodies,
however, could not be detected in the urine of any of
these children.

Discussion

The present study demonstrated that short-term (8 to
10 days) CSII treatment resulting in tight control of
blood glucose levels (normoglycaemia) is capable of
ameliorating the abnormalities in the fasting levels of
metabolites, lipids and hormones not only in adult dia-
betic patients [14-16] but also in diabetic children. The
relatively high insulin dose required to achieve nor-
moglycaemia could at least partly be explained by pu-
bertal changes [17]. The effect of pump treatment was
particularly striking in newly-diagnosed diabetic chil-
dren in which the pre-treatment metabolic decompen-
sation was associated with grossly abnormal levels of
metabolites, lipids and hormones. In conventionally-
treated children, who only had moderate metabolic de-
compensation at the start of CSII therapy, the magni-
tude of change was less substantial.

It was particularly interesting to see the effect of
CSII on the lipid and lipoprotein abnormalities. In ac-
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cordance with previous reports in adults and children
[10, 18-20] we have also shown that short-term inten-
sive insulin treatment in newly-diagnosed diabetic pat-
ients resulted in a considerable decrease in plasma
(VLDL+LDL)-cholesterol and an increase in HDL-
cholesterol levels. The demonstration, that the latter
was mainly due to a more than two-fold increase in the
level of the HDL,-cholesterol subfraction has not been
reported previously in children. Upon entry to the
study, conventionally treated diabetic children also had
higher mean plasma cholesterol level than the control
subjects but this was mainly due to the elevated HDL-
cholesterol and HDIL;-cholesterol levels. The increase
in HDL-cholesterol after insulin treatment is well doc-
umented [18-20] but the elevated HDL-cholesterol lev-
el is mainly due to the increase of the HDL, subfrac-
tion [18]. We cannot offer any apparent explanation for
the increased HDL;-cholesterol and normal HDL,-
cholesterol levels in Group 2. It was also surprising to
observe that although pump treatment resulted in the
normalisation of the HDL,/HDL;-cholesterol ratio,
this was mainly due to a decrease in the level of
HDL;-cholesterol rather than to an increase in the con-
centration of HDL,-cholesterol. The HDL-cholesterol
subfractions, HDL;- and HDL;-cholesterol, measured
in this study by the precipitation technique, are gener-
ated by lipoprotein lipase, which degrades triglyceride-
rich lipoproteins and tranfers surface material to HDL,
converting HDL; to HDL, [21-22]. HDL,-cholesterol
is the more variable component and it is regarded to be
a more meaningful index of altered HDI -metabolism.

Furthermore, the study of metabolites and hor-
mones following ingestion of a test-meal has shown
that CSII with meal-time bolus superimposed on a
fixed basal rate results in a more physiological insulin
and metabolite profile with provision of a rapid in-
crease in plasma insulin levels synchronized with nu-
trient absorption.

The data have also shown, however, that the meta-
bolic and endocrine milieu produced by CSII is not
entirely physiological. Both groups of diabetic children
developed fasting hypoglucagonaemia on CSII and
fasting beta-hydroxybutyrate levels dropped below
normal in Group 1. These changes together with the
“abnormal” postprandial fall in glucagon and free fat-
ty acid levels suggest increased insulin action. Gluca-
gon was particularly suppressed in newly-diagnosed
diabetic children whose fasting insulin concentration
also tended to be higher as compared to children in
Group 2 (Table 3). In other words, the restoration of
normoglycaemia and the normalisation of the multiple
metabolic abnormalities appear to be possible only by
“hyperinsulinisation” as indirectly suggested by the
above mentioned changes. Both fasting free insulin
levels and the postprandial increase in free insulin con-
centration, however, were comparable to normal sub-
jects. This, in agreement with previous reports in adult
patients [16, 23] does not exclude the possibility of in-
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creased insulin action as indirectly suggested by the
metabolite changes. There are at least two possible ex-
planations for the apparently increased insulin action
despite the failure to detect differences in peripheral
insulin levels. The first possibility is a difference in in-
sulin sensitivity which could lead to an enhanced in vi-
vo insulin effect during CSII as demonstrated by Beck-
Nielsen et al. [24]. Secondly, it is also possible that the
current methodology for free insulin determination
may not be sensitive enough to detect small changes in
ambient free insulin levels [23].

Since diabetic children in general are ketosis-prone,
and exercise, feeding and the stress of infection may
exacerbate metabolic decompensation in pump pat-
ients who are already at risk because of the small sub-
cutaneous reservoir of insulin during CSII, the safety
of this therapy is of paramount importance. Our study
has shown that patients must be alert to this potential
danger: although ketosis did not develop during the
5 h of insulin lack, blood glucose levels considerably
increased in C-peptide negative diabetic children.
Pickup [25] has observed a significant increase in plas-
ma beta-hydroxybutyrate and potassium levels only af-
ter 4 to 6 h of interruption of CSII in C-peptide nega-
tive adult diabetic patients.

In summary, short-term CSIT therapy in children
may lead to improved glycaemic control and to the res-
toration of multiple metabolic abnormalities including
favourable changes in the atherosclerosis-protective
lipoproteins without providing an entirely physiologi-
cal metabolic and endocrine milieu.
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