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Abstract
In pediatric diabetes, insulin pump therapy is associated with less acute complications but inpatient pump education may lead to
more hospital days. We investigated the number of hospital days associated with pump vs. injection therapy between 2009 and
2018 in 48,756 patients with type 1 diabetes < 20 years of age from the German Diabetes Prospective Follow-up Registry (DPV).
Analyses were performed separately for hospitalizations at diagnosis (hierarchical linear models adjusted for sex, age, and
migration), and for hospitalizations in the subsequent course of the disease (hierarchical Poisson models stratified by sex, age,
migration, and therapy switch). At diagnosis, the length of hospital stay was longer with pump therapy than with injection therapy
(mean estimate with 95% CI: 13.6 [13.3—13.9] days vs. 12.8 [12.5-13.1] days, P < 0.0001), whereas during the whole follow-up
beyond diagnosis, the number of hospital days per person-year (/PY) was higher with injection therapy than with pump therapy
(4.4 [4.1-4.8] vs. 3.9 [3.6-4.2] days/PY), especially for children under 5 years of age (4.9 [4.4-5.6] vs. 3.5 [3.1-3.9] days/PY).
Conclusions: Even in countries with hospitalizations at diabetes diagnosis of longer duration, the use of pump therapy is
associated with a reduced number of hospital days in the long-term.
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‘What is known:

* In pediatric diabetes, insulin pump therapy is associated with better glycemic control and less acute complications compared with injection therapy.
* However, pump therapy implies more costs and resources for education and management.

‘What is new:

* Even in countries where pump education is predominantly given in an inpatient setting, the use of pump therapy is associated with a reduced number of

hospital days in the long-term.

* Lower rates of hospitalization due to acute complications during the course of the disease counterbalance longer hospitalizations due to initial pump

education

Introduction

In children and adolescents with type 1 diabetes, the use of
diabetes technology has rapidly increased worldwide. For in-
stance in the USA [1], in Nordic countries [2], and in
Germany or Austria [3], the majority of patients aged < 15
years use insulin pump therapy. In agreement with the grow-
ing evidence that insulin pump therapy is associated with
better glycemic control [4], less acute complications [5],
and lower cardiovascular mortality [6] compared to injec-
tion therapy, most health care providers judge insulin
pump therapy as safe and effective. In addition, preadoles-
cent children and caregivers report substantial psychoso-
cial benefits and improved quality of life in relation with
the use of insulin pumps [7].

However, pump therapy remains more expensive than
injection therapy [8]. Pump therapy implies not only more
material costs but also more resources and time spent for
education and management [8]. Currently, practices of
insulin pump initiation, education, and training vary a
lot around the world [9, 10]. For instance, in New
Zealand, both out- and inpatient approaches of pump ini-
tiation and training have been described [9]. In the USA,
pump training typically occurs several months after diag-
nosis and is done completely outpatient. By contrast, in
other countries like in Sweden, Austria, or Germany,
pump initiation and education mostly occur in an inpatient
setting [10, 11]. German guidelines for instance particu-
larly recommend pump therapy (beside many other
criteria) for all newborns, infants, and preschoolers, and
for these children, pump therapy is mostly initiated during
a one or two weeks hospitalization immediately after di-
agnosis [5, 11, 12].

Inpatient management and education for diabetes technol-
ogy may lead to an increased number of hospital days for
children using pump therapy. On the other hand, studies have
shown that the use of pump therapy is associated with a lower
number of hospital stays due to acute complications (diabetic
ketoacidosis [DKA] or severe hypoglycemia) compared to
injection therapy [5]. Therefore, in countries with predomi-
nantly inpatient diabetes education, there is still an uncertainty
whether the use of pump therapy is associated with a lower or
with a higher number of hospital days compared with injec-
tion therapy in the long-term.
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In the present study, we investigated the number of hospital
days per person-year between 2009 and 2018 associated with
the use of insulin pump therapy vs. injection therapy in 48,756
pediatric patients with type 1 diabetes in Germany.

Material and methods
Study population

For this population-based cohort study, we used data from the
multicenter Diabetes Prospective Follow-up (DPV) Initiative
based at the University of Ulm, Germany. Since 1995, all
hospitals and practices participating in the DPV registry,
mainly located in Germany and Austria, prospectively docu-
ment clinical and demographic data of patients with any type
of diabetes. The documentation is done both manually and
automatically (download from clinic information systems) in-
to the predefined database DPV, a diabetes-specific electronic
health record. Every 6 months, the collected data is transmit-
ted after verification in anonymous form to the University of
Ulm. Subsequently, the university of Ulm reports implausible
data back to centers, and performs central analysis and quality
assurance. The Ethics Committee of the Medical Faculty of
the University of Ulm, as well as the local review boards of
participating centers, approved both data collection and anal-
ysis of anonymized data from the DPV database.

Since data documentation in the DPV registry is closely
controlled, many variables (e.g., sex, age, diabetes duration,
or migration status) have no missing values. Other data, like
hospital days, are not completely documented. However, hos-
pital days in the DPV database are extracted from administra-
tive data collected by the diabetes center, relevant for reim-
bursement, and as such their documentation is particularly
controlled by the hospital and by external controllers, for ex-
ample, by the health insurance companies.

As of March 2019, data of 556,021 patients from 485 dia-
betes centers were documented in the database. For this anal-
ysis, we included all patients with a clinical diagnosis of type 1
diabetes at the age of six months or later, aged < 20 years,
living in Germany, documented between January 1, 2009, and
December 31, 2018, with at least two visits (outpatient or
inpatient), and available documentation of insulin pump ther-
apy or insulin injection therapy. Hospital stays longer than
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three weeks were set to 21 days, considering that other causes,
not related to diabetes or diabetes therapy may have led to
such exceptional length of stay. Patients from countries out-
side of Germany were excluded due to differences between
national health systems.

Explanatory variables

In order to adjust for differences between local laboratories,
we standardized individual HbAlc values to the Diabetes
Control and Complications Trial reference of 4.05-6.05%,
using the “multiple-of-the-mean” transformation method
[13]. We transformed BMI (kg/m?) values as standard devia-
tion score (SDS) to adjust for age and gender, using a German
reference population [14] and the LMS method [15]. Age was
categorized in four groups: 0.5 to < 5 years, 5 to < 10 years, 10
to < 15 years, and 15 to < 20 years. Migration background was
defined as birth of the patient himself or at least one of his
parents outside of Germany.

Statistical analysis

We separately investigated the number of hospital days asso-
ciated with pump or injection therapy for the period of diag-
nosis and during the subsequent course of the disease.

For the period of diagnosis, we performed hierarchical lin-
ear regression models adjusting for sex, age group, and mi-
gration background, and presented results as number of hos-
pital days at diagnosis with 95% confidence interval (95%
CI). As not all patients are hospitalized on the day of diagno-
sis, we used a time-interval of 9 days before and after the date
of diagnosis to identify hospitalizations related to the onset of
diabetes. If the day of admission to the hospital fell within this
period, then the entire length of the hospital day was consid-
ered to represent the hospitalization at onset of diabetes (i.e., at
diagnosis). Patients hospitalized with reason “onset” 10 days
or more after diagnosis were assumed to have been identified
as patient with presymptomatic diabetes by previous screen-
ing. We excluded those patients (n = 990) as they are generally
more informed about diabetes and usually do not experience
the typical sudden manifestation of the disease [16].

For the investigation of hospitalization during the course of
the disease (hospital admission 10 days or more after diabetes
diagnosis), we performed hierarchical Poisson regression
analyses taking into consideration for each patient the individ-
ual cumulative time at risk spent with each treatment modality
between 2009 and 2018. Results are given as number of hos-
pital days per person-year (/PY) with 95% CI. Time at risk and
number of hospital days, both related with either injection
therapy or pump therapy, were summed up, including within
patients with therapy switch. Other parameters were aggregat-
ed as median.

For hospital stays with a switch of therapy, we divided the
number of hospital days half-and-half into days with pump
and days with injection therapy. We also performed a sensi-
tivity analysis to test other ways of dividing the days allocated
to the previous and to the new therapy (30-70%, or 20—80%
respectively), considering the possibility of a planned switch,
which rather occurs at the beginning of the hospital stay, or of
a delayed switch, which is decided during the hospitalization
period. If hospital stay with a switch of therapy was the last
documented visit, we only took into account half the number
of days (or 30% and 20% respectively in the sensitivity anal-
ysis), and allocated them to the therapy modality of the begin-
ning of the hospital stay, as hospital days of the new treatment
could not be related to a sufficient observation time with the
new therapy.

Regression models were stratified by sex, age group, and
migration background. Additionally, we performed the
Poisson regression analysis in the subgroup of patients with
at least one therapy switch, assuming that patients who have
used pump therapy continuously and those who have used
injection therapy continuously may have different baseline
characteristic associated with both the choice of the therapy
and their hospitalization risk (confounding by indication). We
analyzed for each patient the cumulative time spent with in-
jection therapy and the cumulative time spent with pump ther-
apy separately. Thus, comparisons were conducted within the
same patients, so that baseline characteristics were identical.
Moreover, we considered the direction of the switch and re-
peated the analysis within patients who switched at least once
from injection to pump, from pump to injection, and in both
directions.

In a second step, we investigated with the same
Poisson regression models the number of hospital days
per person-year associated with pump or injection therapy
for the most frequent admission causes documented in the
DPV registry, namely: DKA, severe hypoglycemia, and
diabetes education.

We used random intercept models (variable “diabetes cen-
ter” included as a random effect, with Cholesky parameteriza-
tion of an unstructured covariance matrix) to take into account
the possible hierarchical structure of the data (patients from
the same center are supposed to have more similar charac-
teristics than patients from two different centers). All re-
gression analyses were complete case analyses. We present
descriptive data as median (interquartile range, IQR) for
continuous variables or percentage for categorical vari-
ables. Wilcoxon test was used for comparison of continu-
ous variables and X” test was used to compare variables
with binomial distribution. Due to the large size of the study
population, the level of significance of two-sided tests was
set at P < 0.01, as generally recommended in biostatistical
textbooks. All statistical analyses were performed with
SAS 9.4 (SAS Institute, Cary, NC, USA).
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Results
Characteristics of the study population

Of 84,344 patients with a clinical diagnosis of type 1 diabetes
at the age of 6 months or later aged < 20 years from the DPV
registry, 79,241 were living in Germany; 55,234 were docu-
mented between January 1, 2009, and December 31, 2018;
49,427 had at least two visits (outpatient or inpatient); and
for 48,756 (our final study population), the documentation
of insulin pump therapy or insulin injection therapy was
available.

Analysis for the period of diagnosis

Among all patients included, 22,434 children had data docu-
mented during the first 9 days around diagnosis (Table 1). At
diagnosis, the large majority of children were treated with
insulin injections (n = 18,080; 80.6%). Of those children,
3,092 (17.1%) used conventional insulin therapy (CT) (1-3
daily injection time points), and 14,988 (82.9%) used intensi-
fied insulin therapy (ICT) / basis bolus therapy (> 3 daily
injection time points). Children who received pump therapy
at diagnosis were in median younger than those using injec-
tion therapy (3.7 years vs. 10.9 years, P < 0.0001, Table 1). At
diagnosis, the length of hospital stay was longer with pump
therapy, even after adjustment for sex, age group, and migra-
tion background (13.6 [95%-CI: 13.3-13.9] vs. 12.8 [12.5—
13.1] days, P < 0.0001, Table 2).

Analysis during the subsequent course of the disease

0f48,647 patients with data documented beyond the period of
diagnosis, 24,408 (50.2%) used injection therapy continuous-
ly (2007 on CT and 22,401 on ICT), whereas 10,459 (21.5%)
used only pump therapy (Table 3). Among 13,780 (28.3%)
patients who switched between both therapy options, 13,234
switched at least once from injection to pump, 3,388 switched

at least once from pump to injection, and 2,842 patients
switched in both directions (Fig. 1d).

Compared with individuals who used injection therapy
continuously, those who used only pump therapy during the
subsequent course of the disease were in median five years
younger, had earlier diabetes onset, and less often a migration
background (Table 3, all P < 0.0001). Among the children and
adolescents who used both therapy modalities, there was a
majority of girls (52.0% vs. 46.8% in the study population),
and of patients aged 10 to < 15 years (53.5% vs. 40.4% in the
study population) (Table 3). Median HbAlc was similar
(7.6%) in all groups (Table 3).

Over the 10 years of follow-up beyond the period of diag-
nosis, the number of hospital days per person-year was higher
with injection than with pump therapy (unadjusted mean esti-
mate with 95% CI: 4.4 [4.1-4.8] vs. 3.9 [3.6-4.2] days/PY, P
< 0.0001). Stratified by age group, sex, migration status, or
therapy change (continuous use or switch), the results were
similar, with a higher number of hospital days per person-year
associated with injection therapy than with pump therapy (Fig.
1, all comparisons significant with P < 0.0001). The largest
difference was observed for children under 5 years of age,
with 4.9 [4.4-5.6] days/PY associated with injection therapy
vs. 3.5 [3.1-3.9] days/PY associated with pump therapy, P <
0.0001 (Fig. 1a). Even in the 13,780 children and adolescents
who switched at least once between both therapy modalities,
the number of hospital days associated with injection therapy
was higher than with pump therapy, whatever the direction of
the switch (for all patients with therapy switch: 4.6 [4.3-5.0]
vs. 3.9 [3.6-4.2] days/PY, P < 0.0001; results detailed by
direction of the switch: Fig. 1d). However, if we consider that
most hospital days in case of hospitalization with therapy
switch should be allocated to the new therapy, the advantage
of the pump therapy in terms of reduced hospital days was no
longer evident for patients with therapy switch (sensitivity
analysis, results non shown here).

Regarding the most frequent admission causes, the num-
bers of hospital days per person-year due to diabetes education
were similar with pump or injection therapy (Fig. 2).

Table 1 Characteristics of the study population in the period of diagnosis

All patients (n = 22,434) Injection therapy (n = 18,080) Pump therapy (n = 4,354) P values®
Girls, n (%) 10,185 (45.4) 8,073 (44.7) 2,111 (48.5) <0.0001
Age, years (median, IQR) 9.7 (6.0-12.9) 10.9 (8.1-13.5) 3.7 (2.4-5.3) < 0.0001
Migration background, n (%) 4,980 (22.2) 3,978 (22.0) 1,002 (23.0) n.s. (0.15)
BMI SDS (median, IQR) 0.03 (- 0.56 to 0.70) —0.03 (— 0.63 to 0.66) 0.29 (- 0.21 t0 0.86) < 0.0001
HbAlc, % (median, IQR) 11.0 (9.5-12.6) 11.2 9.7-12.9) 10.1 (8.9-11.5) < 0.0001

IQR interquartile range. Migration background is defined as birth of the patient himself or at least one of his parents outside of Germany. BMI SDS

standard deviation score of body mass index (kg/m?)

2 Comparison between patients with pump or injection therapy using Wilcoxon test for continuous variables and X* test for variables with binomial

distribution
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Table 2 Number of hospital days associated with injection vs. pump therapy in the period of diagnosis

Injection therapy (n = 18,080) Pump therapy (n = 4,354) P values
Number of hospital days at diabetes onset (95% CI) *
Unadjusted 12.7 (12.4-12.9) 14.0 (13.7-14.3) < 0.0001
Adjusted for sex, age group, and migration background 12.8 (12.5-13.1) 13.6 (13.3-13.9) < 0.0001

#Mean estimates from linear regression models, with diabetes center as random effect

Migration background is defined as birth of the patient himself or at least one of his parents outside of Germany

However, the numbers of days due to DKA or severe hypo-
glycemia associated with injection therapy were significantly
higher than those associated with pump therapy (Fig. 2, both P
< 0.0001).

Discussion

This retrospective analysis of real-world data of 48,756 chil-
dren and adolescents with type 1 diabetes over a period of 10
years in Germany showed different results for the number of
hospital days associated with the type of therapy in the period
of diagnosis and during the subsequent course of the disease.
Whereas the length of the hospital stays was longer with pump
therapy than with injection therapy in the period of diagnosis,
the number of hospital days per person-year was in contrast
lower with pump therapy during the subsequent course of the
disease. Both results were robust, even after adjustment for
sex, age group, and migration background for the period of
diagnosis, or after stratification by age group, sex, migration
status, or switch of therapy for the analysis during the subse-
quent course of the disease.

In the period of diagnosis, children with pump therapy
were younger than those with injection therapy. This result
is coherent with the German guidelines, which recommend
pump therapy for all newborns, infants, and preschoolers
[17]. For these children in Germany, insulin pump therapy is
often initiated during the first hospitalization, immediately
after the diagnosis of diabetes is made [12]. Compared to older
children or adolescents, preschool children often have longer
hospital stays [18] and they receive with their parents more
education sessions [11]. Thus, the younger age of the pump
users in the period of diagnosis may partly explain the longer
hospital stays. However, the result was similar after adjust-
ment for age groups, so that the additional time spent in hos-
pital cannot be completely explained by the younger age.

Another plausible reason for longer hospital stays at diag-
nosis is the additional education and management for pump
use compared to injection therapy. Indeed in Germany (in
contrast to other countries, e.g., the USA), inpatient manage-
ment of newly diagnosed diabetes including diabetes educa-
tion is common, regardless of the choice of the therapy [11,
18]. However, diabetes education for parents of children using

a pump therapy might require more time to learn how to man-
age the pump and adjust the dosages.

In the analysis during the subsequent course of the disease,
we found - in contrast to the period of diagnosis that the
number of hospital days per person-year was lower with insu-
lin pump therapy than with injection therapy. The difference
was small (less than one day per person-year), but estimated
over a long period in a large population (201,442 patient-
years), and robust even after different stratifications by age
group, sex, migration background, or presence/absence of
therapy switch, indicating that the results are independent of
these characteristics. In particular, it is noteworthy that a sim-
ilar result was obtained in patients who switched one or more
times between insulin injections and pump, whatever the di-
rection of the switch. In this sub-analysis, comparisons were
performed within the same patients. Thus, even unmeasured
demographic and psychosocial characteristics which are ex-
pected to influence the outcomes (e.g., family support, edu-
cation level, deprivation, or socioeconomic status) were the
same, and could not have influenced the findings.
Nevertheless, a sensitivity analysis showed that the results
for the patients with switch depend on the allocation of the
hospital days for hospitalizations with therapy switch. If in-
stead of 50%, 70% or 80% of these hospital days were allo-
cated to the new therapy (i.e., for most of the patients, pump
therapy), then the long-term advantage of the pump therapy
was no longer evident for the patients with therapy switch,
but if hospital stays with therapy switch are not taken into
account (or with 50-50% of the days allocated to the previ-
ous and to the new therapy), then the use of pump therapy
was associated with less hospital days, even in patients with
therapy switch.

Our results indicate a reduced number of hospital days due
to DKA or severe hypoglycemia in association with pump
use. This is in line with the results of a large population-
based cohort study, reporting an association between the use
of insulin pump and lower rates of acute complications in
patients under 20 years of age [5]. However, in this study
and in our analysis, the education level or motivation of the
family was not taken into account, so that a residual selection
bias could not have been completely excluded. Older children
who start pump therapy may come more frequently from
higher motivated families, which can be a factor for less
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Fig. 1 Number of hospital days associated with injection vs. pump therapy during the subsequent course of diabetes. Legend: mean estimates of Poisson
regression models with 95%, CI. All comparisons between injection therapy and pump therapy groups are significant (P < 0.0001)

complications and less hospitalizations. In the present analy-
sis, pump use was associated with a reduced number of hos-
pital days, including in the subgroup of patients with migra-
tion background. However, a selection bias based on the mo-
tivation of the family for the use of diabetes technology is also
possible in the subgroup of patients with migration
background.

We found longer hospitalizations at diagnosis for pump
users, but reduced hospital days in the long-term. Similarly,
a pragmatic randomized controlled trial conducted in patients
under 15 years of age in the UK concluded that insulin pump
therapy is not cost-effective during the first year after diagno-
sis (including higher costs related to inpatient stays) [19].
However, a systematic review indicated that the higher life-
time direct costs associated with the pump therapy were par-
tially offset by cost-savings from reduced diabetes-related

complications, and that insulin pump therapy was cost-
effective for patients with poor glycemic control or problem-
atic hypoglycemia with injections [20].

The major strength of this study is the use of real-world
data of a large population of children and adolescents with
type 1 diabetes, documented over 10 years in a nationwide
registry. The DPV database covers more than 90% of all pe-
diatric patients with type 1 in Germany [3], and thus, the data
used can be considered as representative. Although a risk of
residual selection bias cannot completely be excluded in ob-
servational studies, large population-based data are particular-
ly valuable to assess relatively rare outcomes like hospital
admissions in pediatric type 1 diabetes. Another strength of
the present analysis is that we did not exclude patients with
therapy switch, contrary to precedent studies [5]. Thus, indi-
vidual variations in pump and injection use with different
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durations were taken into account, reflecting the real-world
complexity.

Nevertheless, this analysis has limitations. In the DPV reg-
istry, parents’ education level is incompletely documented and
household income is not available. We assume that such
socio-economic baseline characteristics, which are known to
have an impact on the access to diabetes technology [21], are
not equally distributed between the patients using pump ther-
apy and those using injection therapy. To address this limita-
tion, we performed the analysis in more than 13,000 patients
with one or many therapy switches and report similar results in
these patients who used both therapy modalities. Moreover,
we performed multiple regression analysis in order to adjust
for age group, sex, and migration in the period of diagnosis,
and used stratification methods for the analysis during the
course of the disease. Overall, our results were robust.

Due to historical reasons and funding of diabetes care,
some countries still have high hospitalization rates in pediatric
diabetes. In the near future, patient access to advanced tech-
nology, like automated insulin delivery (close loop) systems,
is anticipated to improve [22], and thus, the importance of
diabetes technology education will increase. By consideration
of the high costs related to inpatient education and training,
the diabetes community should continue to discuss opportu-
nities of promoting outpatient approaches [23, 24].
Nevertheless, the present study underlines that, even in coun-
tries with high hospitalization rates and hospitalizations at
diagnosis of longer duration, the use of pump therapy is asso-
ciated with a lower number of hospital days in the long-term,
especially for children under 5 years of age.
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