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Insulin Doses before and One Year after Pump Start:
Children Have a Reversed Dawn Phenomenon
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Abstract

Objective:

We aimed to investigate the basal rate and bolus doses in children and adolescents at the start of insulin
pump therapy and after 1 year of use.

Patients and Methods:

Case records from 29 children and adolescents were examined. All pumps were started with rapid-acting
insulin (Humalog). Patients were aged 13.1 + 3.9 years, with a diabetes duration of 5.4 + 4.1 years at pump start.
Sixteen pumps were started for high hemoglobin Alc (HbAlc; >8.8%, 73 mmol/mol) and 13 for other reasons.

Results:

Basal rates declined in both groups by 20% at 3 days after pump start. The bolus doses were reduced by
25-30% when the indication was high HbAlc and by 15% in the others. After 1 year, there was a significant
difference in the basal rate between age groups. The 3-9-year-old age group had higher basal rates during
the late evening (10:00 PM-12:00 AM), while the 15-21-year-old age group had higher basal rates in the early
morning (3:00 AM-7:00 AM).

Conclusions:

Insulin doses are reduced considerably when starting with a pump in pediatric practice. Younger children needed
higher basal rates late in the evening (reversed dawn phenomenon), while older teenagers seem to need an
increase in the morning, which may correspond to a true dawn phenomenon.
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Introduction

’I-Le use of insulin pumps in the pediatric diabetes
population is rapidly increasing'™ and is approaching
35% in Sweden.® When starting with an insulin pump,
the basal rate and bolus doses are calculated from the
current dose on injection therapy. Several randomized
studies have shown a decrease in the daily insulin dose
when comparing before and after pump start.®

A decrease of the total daily dose (TDD) of 10% when
using regular insulin prepump, but no decrease in
the case of rapid-acting insulin prepump, has been
suggested unless the patient has frequent hypoglycemia
before pump start” Boland and colleagues® found a
decrease from 1.2 to 1.0 U/kg/day (a decrease of 17%)
with >90% of patients using regular insulin in the
pump. Ahern and associates* noted a decrease from 1.3
to 09 U/kg/day in adolescents (a decrease of 30%) but
no significant change in other age groups when rapid-
acting insulin was used.* In the very young age group
(1-5 years), Litton and coworkers’ found no Change in
total daily insulin dose.” A randomized study by Doyle
and colleagues,'® comparing multiple daily injections
(MDI) with glargine insulin and pump (both with aspart
insulin), showed that the TDD decreased from 1.4 to
09 U/kg/day (a decrease of 36%) in the pump group
while it remained unchanged in the glargine group
(1.1 versus 1.2 U/kg/day).

“Dawn phenomenon” is defined by Carroll and Schade"
as “hyperglycemia or an increase in the amount of insulin
needed to maintain normoglycemia, occurring in the
absence of antecedent hypoglycemia or waning insulin
levels, during the early morning hours.”

To be clinically relevant, they suggest that the magnitude
of the dawn increase in blood glucose level should be more
than 10 mg/dl or the increase in insulin requirement
should be at least 20% from the overnight nadir.
Approximately 54% of patients with type 1 diabetes
experience the dawn phenomenon with this definition.!
Most likely, the dawn phenomenon is growth-hormone-
mediated impairment of insulin sensitivity in the liver
and muscles.!?13

Age-specific patterns for the basal rate have been identified
in a large German—Austrian registry study, with both a
dawn and a dusk phenomenon, but with a different
magnitude and time pattern depending on the age groups.*

However, as the authors point out, recommendations
for the basal rate setting at pump start in different age
groups were published in 2004,° and these, in turn,
were based on algorithms published earlier for adults
using pumps.® This may have biased the registry results,
as the basal rates to a high degree will mirror previously
published recommendations. In contrast, an American
study found the highest basal rate to be during the whole
night in both the 3-10 and the 11-20 years age groups."”
The aim of our study was to investigate retrospectively
the basal rate and bolus doses in children and adolescents
both when starting with insulin pump therapy and after
1 year of use in a pump-naive population.

Patients and Methods

To accomplish this, case records from 29 consecutive
children and adolescents that had started pump therapy
during four years (1997-2001) at our department were
examined. All pumps were started with rapid-acting
insulin (Humalog). All patients were on MDI, and
previous basal insulins were NPH (12), Ultralente (16), and
glargine (1). Previous bolus insulins were (using insulin
pens) lispro (26), aspart (2), and regular (1). The TDD
on MDI was used for calculations of the pump doses.
The TDD was decreased around 20%, more in those with
high hemoglobin Alc (HbAlc) as indication and less for
the other indications. When adjusting pump basal rates,
the overnight dose was adjusted to the morning plasma
glucose (PG) readings, with the help of 3:00 am PG.
During the day we did not use fasting, instead the basal
rate was adjusted with the help of preprandial PG. The
basal rate was divided into five blocks: 12:00 AM—3:00 AM,
3:00 AM—7:00 AM, 7:00 AM=12:00 r™m, 12:00 PM—6:00 PM, and
6:00 pPv—12:00 am. When starting, nighttime basal was
slightly lower than daytime. The dose 12:00 am-3:00 Am
was 0.1-0.2 U/h higher or lower than 3:00 amM-7:00 Awm,
depending on individual tendency for nighttime hypo-
glycemia. The bolus doses were adjusted with the help of
the difference between preprandial and 2 h postprandial
PG. Hemoglobin Alc was measured with DCA 2000
(Ames, Elkhart, IN), calibrated according to the national
Swedish standard, which is approximately 1% below
the Diabetes Control and Complications Trial.’® In this
study, the HbAlc results were recalculated to Diabetes
Control and Complications Trial numbers (%) and the
new International Federation of Clinical Chemistry
units (mmol/mol). Severe hypoglycemia was defined
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as help from other person and ketoacidosis as pH < 7.30.
Unless otherwise stated, Student’s two-sided t-test was
used for statistical comparisons.

Results

The patients were aged 13.1 + 3.9 years (+ standard deviation,
range 3-21), with a diabetes duration of 54 + 4.1 years
(0.8-15) at pump start. Their insulin requirements on MDI
were 1.1 + 0.3 U/kg/day (0.6-1.7) with 52+11% as basal
insulin. At pump start, 56% of the TDD was given as basal
rate in the 3-9-year-olds, 54% in the 10-15-year-olds,
and 57% in the 15-2l-year-olds. Compared with MDI,
the bolus doses were decreased by 22.4% at start and
the basal dose by 8.7%. Figure 1 shows this data divided
by indication for starting with the pump. In the group
with high HbAlc, the prescribed dose was often not the
taken dose, due to often forgetting primarily bolus doses.
Therefore, the bolus doses of this group was lowered more
when starting with the pump, and even more during the
following days. The total insulin dose/24 h after 3 days
was 78% of the prepump dose in the age group 3-9 years,
78% in the age group 10-15 years, and 76% in the age
group 16-21 years.

The patients were divided into two groups regarding the
indication for pump: high HbAlc at the time of pump start
(HbAlc > 8.8%, 73 mmol/mol, n = 16, age 139 + 2.6 years,
duration 6.3 + 4.2 years), and “other reasons” [n = 13,
(age 12.2 £ 2.6 years, duration 4.2 + 3.7 years); 6 for life
quality reasons, 4 because of painful injections, 2 due to
fluctuating glucose, and 1 because of dawn phenomenon].
Age and diabetes duration was not significantly different
between the two groups. Basal rates declined similarly
in both groups by approximately 20% at 3 days after
pump start (Figure 1). The bolus doses were reduced
by 25-30% when the indication was high HbAlc and by
approximately 15% in the other cases.

After 1 year with the pump, HbAlc was significantly
lower than before starting with the pump for those
in the high HbAlc group (8.0% versus 9.2%, 64 versus
77 mmol/mol, p < .001, t-test) while there was no
difference in the other group (7.2% versus 7.2%, 55 versus
55 mmol/mol). The insulin requirements decreased in both
groups (Table 1). After 1 year, there was a significant
difference between the age groups in the percentage
of basal rate in the late evening and during the night
(Figure 2). The younger 3-9 year-old age group had
higher basal rates late (10:00 pM—12:00 am), while the
oldest age group had a slight increase in basal rates in
the early morning (3:00 amM-7:00 am). When comparing
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Figure 1. Change in insulin doses in relation to indication for starting
with the pump. The dose with MDI before pump start is defined as
100%. The HbAlc indication was defined as HbAlc > 8.8% at pump
start. SE, standard error.
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Figure 2. Basal rates in the different age groups in relation to the
mean hourly basal rate 1 year after pump start. The mean total basal
rate per 24 h divided by 24 is defined as 100%. There was a significant
difference in the distribution of the basal rate between the age groups
during the night and the late evening (one-way analysis of variance).
The asterisk represents p < .05, and three asterisks represent p < .001).
SE, standard error.
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basal rates between the group with HbAlc indication and
the group with other indications, the HbAlc group had
a higher basal rate in the afternoon (12:00 pm—6:00 PMm,
112% versus 100%, p = .017) and lower in the early morning
(3:00 AM=7:00 am, 81% versus 99%, p = .013).

The total number of episodes with severe hypoglycemia
was nine during the year before pump (one patient with
three and six patients with one episode), while it was
four during the year after pump (four patients with one
episode). There were no episodes of ketoacidosis during
the year before pump start, while three patients had one
episode of ketoacidosis during the year after pump start.

Discussion

This retrospective study describes a case study of two
groups (high HbAlc and other indications for starting
the pump) using insulin pumps. We found that both the
basal insulin rate and the bolus doses were decreased
considerably in both groups. When divided into age
groups, younger children needed higher basal rates late
in the evening and early in the night (reversed dawn
phenomenon) while older teenagers needed a higher
dose in the late night, corresponding to a true dawn
phenomenon. For the younger children, we divided the
6:00 pM—12:00 am basal block into 6:00 pm—10:00 Pm and
10:00 pM—12:00 am blocks to accomplish a higher basal
rate before midnight.

To our knowledge, this study is the first to show both
the basal insulin dose and the bolus dose 1 year before
treatment start with continuous subcutaneous insulin
infusion during the pump start and then continuously
following the insulin treatment over time until the end
point after 1 year. We found a decrease in TDD in all
age groups, in contrast to Conrad and colleagues!” who
found this only in the adolescent group. The decrease in
TDD in our study was mainly due to lower bolus doses.

Conrad and colleagues” also found the highest basal
rate to be in the hours before midnight. As in our study,
DiMeglio and associates® and Shashaj and Sulli? both
found the lowest basal rates during the night and early
morning in the youngest patient group, in contrast
both to the German-Austrian registry study™ and
Scheiner and Boyer!” Our results with an increase in
the basal rate in the evening for the young age group
are similar to those of a large European pediatric study
that downloaded the pump memory pump from 377
children and adolescents.”? However, the results from
the European study in the adolescent group is more in

line with the German-Austrian registry study. Scheiner
and Boyer” found a true dawn phenomenon only in the
13-20-year-old group, which is similar to our results in
the 15-21-year-old group.

All patients were followed by the same doctor (Ragnar
Hanas). Notably, there are some limitations with this study
regarding the relatively few children included. However,
despite the small number of included children, our
results were significant. The study is retrospective, with
data taken from patient records, which may have affected
its reproducibility in a prospective study. The higher
decrease in patients with high HbAlc may be partly
due to missed insulin boluses while on MDI therapy.
Since the insulin pens did not have a memory for recording
given doses, this was impossible to address within the
study. The higher basal rate in the afternoon for the
high HbAlc group may also be caused by an attempt to
correct for missed lunch doses at school. A higher risk
for ketoacidosis after pump start has previously been
recorded in Sweden during the same time period.”
Seventy-seven percent of the episodes in that study
occurred during the first year in this 5-year follow-up,
indicating that it is, in part, a beginner’s problem.

The reason for the reversed dawn phenomenon in the
younger age group is unclear. An emptying of the gastric
contents after falling asleep could be one explanation.
Gastric emptying is slow during sleep, but rapid eye
movement (REM) sleep is associated with faster gastric
emptying.?* Children who take “afternoon naps” reach
REM sleep faster after sleep onset than preadolescents
who have discontinued their afternoon naps. In pre-
adolescents and adolescents, the REM sleep is dominantly
in the last two-thirds of the night. The REM sleep period
is longer than in adults.”®

Growth hormone secretion increases after onset of sleep
in children. However, the insulin resistance effect of this
hormone usually has a lag time of 3-5 h,?® which makes
it unlikely that growth hormone is responsible for the
increased insulin requirements before midnight. With
insufficient insulin levels in the early morning, insulin-
like growth factor binding protein-1 was increased in
one study,” leading to a decrease in insulin-like growth
factor, which may cause insulin resistance and a true
dawn phenomenon.

Low doses of melatonin improve gastrointestinal transit.®
Melatonin is produced in cells of the gastrointestinal mucosa
and seems to be related to periodicity of food intake.?®
Melatonin levels seem to be higher after midnight® and
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peak at 4:00 am.*° However, if already low concentrations
affect gastric emptying, this could be a part of the
explanation for a reversed dawn phenomenon, as the
rise in melatonin comes after 8:00 rm according to one
study of children aged 6-11 years.*

In conclusion, we found that the basal insulin dose when
starting with an insulin pump in children and adolescents
can be reduced by approximately 20%. The bolus doses
were reduced by 25-30% when the indication was high
HbAlc and by approximately 15% in the other cases.
The younger children needed higher basal rates late
in the evening and early in the night (reversed dawn
phenomenon), while older teenagers seem to need an
increase in the early morning, corresponding to a true
dawn phenomenon.
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