
ImprovedMetabolic Control in Children
and AdolescentsWith Type 1 Diabetes
A trend analysis using prospective multicenter data from
Germany and Austria

JOACHIM ROSENBAUER, MD
1

AXEL DOST, MD
2

BEATE KARGES, MD
3

ANDREAS HUNGELE
4

ANNA STAHL, PHD
1

CHRISTINA BÄCHLE, MSC
1

EVA MARIA GERSTL, MD
5

CHRISTIAN KASTENDIECK, MD
6

SABINE E. HOFER, MD
7

REINHARD W. HOLL, MD
4

ON BEHALF OF THE DPV INITIATIVE AND

THE GERMAN BMBF COMPETENCE

NETWORK DIABETES MELLITUS*

OBJECTIVEdTo investigate the temporal trend of metabolic control and potential predictors
in German and Austrian children and adolescents with type 1 diabetes.

RESEARCH DESIGN AND METHODSdThis study is based on a large, multicenter
database for prospective longitudinal documentation of diabetes care in Germany and Austria.
Data from 30,708 patients documented in 305 diabetes centers between 1995 and 2009 were
analyzed. Generalized linear mixed regression models were used to adjust trend analysis for
relevant confounders.

RESULTSdUnadjusted mean HbA1c decreased from 8.7 6 1.8% in 1995 to 8.1 6 1.5%
in 2009. In multiple regression analysis, treatment year, age, sex, diabetes duration, migration
background, BMI-SDS, and daily insulin dose were significant predictors of metabolic control
(P, 0.001). After multiple adjustment, mean HbA1c decreased significantly by 0.038% per year
(95%CI 0.032–0.043%), average odds ratio (OR) per year for HbA1c.7.5% (.9.0%) was 0.969
(95%CI 0.961–0.977) (0.948, 95%CI 0.941–0.956). Intensified insulin regimen was associated
with lower frequency of poor metabolic control (HbA1c .9%; P = 0.005) but not with average
HbA1c (P = 0.797). Rate of severe hypoglycemia and hypoglycemic coma decreased significantly
(relative risk [RR] per year 0.948, 95%CI 0.918–0.979; RR 0.917, 95%CI 0.885–0.950) over the
study period. Diabetic ketoacidosis rate showed no significant variation over time.

CONCLUSIONSdThis study showed a significant improvement in metabolic control in
children and adolescents with type 1 diabetes during the past decade and a simultaneous de-
crease in hypoglycemic events. The improvement was not completely explained by changes in
the mode of insulin treatment. Other factors such as improved patient education may have accoun-
ted for the observed trend.
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The Diabetes Control and Complica-
tions Trial (DCCT) showed that
improved metabolic control reduces

the risk of long-term complications in

both adult and adolescent patients with
type 1 diabetes (1,2). The observational
follow-up study of the DCCT (the Epide-
miology of Diabetes Interventions and

Complications [EDIC] study) further
proved that good glycemic control had
persistent beneficial effects on long-term
complications (3). Based on the results of
the DCCT/EDIC study, it was recommen-
ded to optimize glycemic control as early
and close to normal as possible in all pa-
tients with type 1 diabetes in order to pre-
vent development and progression of
microvascular complications.

Diabetes treatment has been intensi-
fied in pediatric and adolescent patients
during the past 15 years. Insulin therapy
has changed from twice-daily injection
regimen to intensified therapy with mul-
tiple daily injections (MDI) and continu-
ous subcutaneous insulin infusion (CSII).
This has been reported from single-center
and multicenter studies (4–10). In the
1990s, mainly an increased use of MDI
was observed, whereas since 2000, pump
therapy increased considerably, paralleled
by a decrease in MDI therapy (11). With
the intensification of insulin regimen, the
frequency of daily self-monitoring of
blood glucose (SMBG) increased continu-
ously (5,10–12), as close glucosemonitor-
ing is a precondition for intensified insulin
therapy with an appropriate dose adjust-
ment. Likewise, the use of short-acting in-
sulin analogs has continuously increased
since the mid-1990s and the use of long-
acting analogs since 2000 (4,5,10).

Despite these far-ranging changes in
diabetes therapy, the anticipated improve-
ment in metabolic control in children and
adolescents with type 1 diabetes has not
been achieved in all settings. The multi-
center Hvidoere studies did not observe
any improvement in glycemic control dur-
ing 1995–2005 (6–8). Other studies, how-
ever, reported a significant decrease in
average HbA1c level over the past two de-
cades (4,5,10,11,13). Concordantly, sev-
eral studies indicated a notable increase
in the proportion of children and adoles-
cents with good metabolic control (HbA1c

,7.5 or,8%) over the past years (11,13).
In the DCCT study, the tradeoff with

intensified insulin therapy was a marked
increase in episodes of severe hypoglycemia
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(2). Several studies reported a higher hy-
poglycemia risk with lower HbA1c level
(4,6,7,10,14), but others did not (15,16).
Results on the trend of severe hypoglyce-
mic events over the past 15 years are also
inconsistent (4,5,8,9,11).

The aim of this study was to give a
current update on the temporal trend of
metabolic control in German and Austrian
children and adolescents over the past 15
years (1995–2009), to identify potential
determinants of metabolic control, and to
analyze the simultaneous trend of severe
hypoglycemic and diabetic ketoacidotic
events.

RESEARCH DESIGN AND
METHODS

Data source
The current study is based on prospective
data from the German and Austrian DPV
documentation system (Diabetessoftware
für Prospektive Verlaufsbeobachtung)
(12,13). Within the framework of the
quality assurance and scientific research
project DPV, German and Austrian diabe-
tes centers (hospitals and practices) doc-
ument treatment and outcome of routine
diabetes care prospectively using the DPV
software. Twice a year, locally collected
anonymous longitudinal data are trans-
mitted for central plausibility checks and
analyses. Inconsistent data are reported
back to participating centers for valida-
tion and correction. Overall, 326 German
and 9 Austrian diabetes centers partici-
pated in the DPV project up to 2010.

Study population
For the present analysis, data frompatients
with type 1 diabetes were selected from
the available DPV database in September
2010. Patients and medical data were eli-
gible for inclusion in the analysis when
meeting the following criteria: documented
data within 1995–2009, age at follow-
up visit ,20 years, and disease duration
at follow-up visit .2 years. Applying the
described criteria and then selecting indi-
vidual patient data of the most recent year
of follow-up resulted in a study sample of
30,708 patients from 305 diabetes centers
(296 German and 9 Austrian centers) with
86,914 documented medical visits. Fi-
nally, individual patient data of the most
recent year were aggregated for each pa-
tient to set up the final analysis dataset.

Variables
Demographic data included age at onset
and at follow-up, sex, duration of diabetes,

year of follow-up, and migration back-
ground. Patients with at least one parent
born outside of Germany or Austria were
considered to have a migration back-
ground.

Clinical data were weight, height,
modalities of insulin treatment (number of
injections or pump therapy), daily dose of
insulin (units per kilogram body weight),
HbA1c, and the occurrence of hypoglyce-
mic events and diabetic ketoacidosis
(DKA). Acute complications were assessed
at each follow-up visit for the period since
the past visit (but at most for a 1-year pe-
riod), giving an observation period of at
most 2 years. Information on BMI (kg/m2),
insulin dose, and hypoglycemic events
was not available for 687, 404, and
2,748 patients, respectively.

In total, 86,914 HbA1c measurements
in 30,708 patients were available for anal-
ysis. The number of measurements per
year increased from 675 (in 332 patients)
in 1995 to 7,207 (in 2,286 patients) in
2008 and added up to 31,921 measure-
ments (in 13,557 patients) in 2009. Dur-
ing 1996–2008, the average number of
HbA1c measurements per patient and
year ranged between 2.8 (1996) and 3.4
(2004). The overall mean (SD) of the an-
nual averages was 3.1 (0.4). In order to
adjust for different laboratory methods,
local HbA1c values were mathematically
standardized to the DCCT reference range
(4.05–6.05%) using the “multiple of
the mean” transformation method (1).
BMI values were transformed to standard
deviation scores (BMI-SDS) based on
German reference values by applying
the LMS method (17,18).

For each patient, clinical data (BMI-
SDS, HbA1c, number of injections, and
daily insulin dose) from the most recent
year of follow-up were averaged, and num-
bers of hypoglycemic and DKA events were
added up. According to current recommen-
dations of the International Society for Pe-
diatric and Adolescent Diabetes (ISPAD)
(19), HbA1c values ,7.5, 7.5–9.0, and
.9.0%were considered as good,moderate,
and poor metabolic control, respectively.

For analysis of metabolic control and
acute complications, age at visit and dura-
tion of diabetes were categorized as.2–5,
.5–10, .10–15, and .15–20 years and
.2–5, .5–10, and .10 years, respec-
tively. BMI-SDS and insulin dosage were
classified into terciles.

Insulin therapy was categorized as
conventional therapy (CT) (one to three
daily injection time points), MDI (greater
than or equal to four daily injection time

points), and CSII. Patients were classified
into therapy groups according to the
treatment that they received for the most
part during the most recent year. Treat-
ment centers were grouped into large
or small centers (according to .100 or
#100 patients treated annually during
2005–2009, respectively) and general
care or rehabilitation facilities.

Hypoglycemic events were classified,
according to ISPAD guidelines (20), as se-
vere hypoglycemia when requiring as-
sistance (ISPAD grade 2 and 3) and as
hypoglycemic coma (ISPAD grade 3) when
loss of consciousness or seizures occurred.
An event of DKA was defined as hypergly-
cemia with pH value,7.3 and/or hospital
admission due to DKA.

Statistical analyses
For descriptive analysis, mean, SD, or SE
were calculated for continuous variables
and percentages for categorical variables.
Rates of ketoacidosis and hypoglycemia
were estimated by the person-years (PYs)
method assuming Poisson distribution of
events and given as incident number of
events per 100 PYs 6 SE.

Multiple generalized linear mixed re-
gression models were used to assess the
effect of potentially influencing factors on
metabolic control (linear regression for
HbA1c and logistic regression for HbA1c

.7.5% and for HbA1c .9.0%) and rates
of hypoglycemia and DKA (Poisson re-
gression) in order to account for confound-
ing effects. Age and diabetes duration at
follow-up, sex, BMI-SDS (terciles), year of
treatment, migration background, type of
insulin treatment, insulin dose (terciles),
and size and type of center were modeled
as independent fixed effects. In order to ac-
count for variationbetweendiabetes centers,
treatment center was modeled as random
effect. In Poisson regression models, over-
dispersion of rates was taken into account.
Results of regression analyses are presen-
ted as multiple adjusted means, multiple
adjusted rates, odds ratios (ORs), or rela-
tive risks (RRs) including 95%CIs.Within
the regression approach, F tests were used
to test for differences between groups.

P , 0.05 was considered statistically
significant. All analyses were performed
with SAS for Windows version 9.2 (SAS
Institute, Cary, NC).

RESULTS

Description of the study cohort
Mean age of the cohort (n = 30,708) was
14.6 6 3.7 years. Mean age at onset and
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mean diabetes duration were 7.9 6 4.0
and 6.7 6 3.6 years, respectively; 52.1%
(n = 16,014) of patients were male. Migra-
tion background was present in 12.0%
(n = 3,683) of patients.

Among the 305 diabetes centers, 211
(96.2%) were pediatric centers, 155
(50.8%) were classified as large, and 293
(96.1%) were general care facilities; 73.1%
(n = 22,462) of patients were treated in
large centers, 95.8% (n = 29,433) in pedi-
atric centers, and 94.5% (n = 29,020) in
general care facilities.

Treatment mode, metabolic control,
and acute diabetes complications
Overall, 10.1% (n = 3,100) of the patients
were treated with CT, 65.0% (n = 19,962)
with MDI, and 24.9% (n = 7,646) with
CSII. The overall average number of daily
injections of patients on injection ther-
apy, i.e., on CT or MDI, was 4.5 6 1.1.
Mean daily insulin dose (n = 30,304) was
0.90 6 0.29 units/kg body weight.

AverageHbA1c was 8.46 1.7%. 33.7%
(n = 10,341) of patients achieved HbA1c

values below the recommended target of
7.5%. 38.1% (n = 11,695) of patients had
values between 7.5 and 9.0%, and 28.2%
(n = 8,672) of patients were in poor meta-
bolic control with HbA1c .9.0%.

Eight point nine percent (n = 2,477)
of patients had at least one severe hypogly-
cemic event and 2.4% (n = 683) at least one
hypoglycemic coma. During a total of
22,633.12 PYs, 4,315 events of severe hy-
poglycemia and903 of hypoglycemic coma
were observed in the cohort, correspond-
ing to crude event rates of 19.16 0.29 and
4.0 6 0.13 per 100 PYs. Among patients
with episodes of severe hypoglycemia, av-
erageHbA1cwas lower (8.16 1.5 vs. 8.46
1.7%, P, 0.001) and consistently the pro-
portion of patients with HbA1c,7.5%was
higher (38.0 vs. 33.7%, P , 0.001) com-
pared with those without severe hypogly-
cemia. Multiple adjustment for
confounders affected estimates only
slightly.

At least one DKA event occurred
in 4.1% (n = 1,259) of patients. A total
of 1,476 DKA episodes (total PYs,
24,917.50) were observed, giving a
crude DKA incidence rate of 5.9 6 0.15
per 100 PYs.

Time trends in treatment mode
and metabolic control
Mode of insulin therapy changed im-
portantly during the study period (Sup-
plementary Fig. 1). In 1995, 37.7% of
patients were treated with CT. This

proportion decreased to 7.1% in 2009.
The rate of MDI therapy increased from
61.4% in 1995 to 78.1% in 2003 and de-
creased thereafter to 56.3% in 2009. Con-
temporaneously, the portion of patients
with CSII rose continuously from 0.9%
in 1995 to 36.6% in 2009.

Unadjusted mean HbA1c decreased
from 8.7 6 1.8% in 1995 to 8.1 6 1.5%
in 2009, with an average absolute annual
decrease in HbA1c of 0.054% (95% CI
0.048–0.059%, P , 0.001). The annual
decrease in HbA1c differed significantly
between treatment groups (P = 0.005).
The unadjusted decrease was greater in
the CSII group (0.075%; 0.059–0.091%)
than in the MDI (0.049%; 0.043–0.055%)
and CT groups (0.045%; 0.032–0.057%).

Likewise, the unadjusted proportion of
patients with HbA1c .7.5% decreased
steadily from 75.6 6 2.4% (6SE) in
1995 to 61.96 0.4% in 2009. The respec-
tive average OR per year was 0.961 (95%
CI 0.954–0.968, P , 0.001). The unad-
justed proportion of patients with poor
metabolic control (HbA1c .9.0%) de-
creased even more steeply from 39.8 6
2.7% in 1995 to 20.6 6 0.3% in 2009,
with a corresponding OR of 0.931
(0.925–0.938, P, 0.001). The decreasing
trend in proportion of patients with HbA1c
.7.5 or .9.0% differed significantly be-
tween treatment regimens (P , 0.001).
The unadjusted ORs for HbA1c .7.5%
were 0.934 (0.913–0.955), 0.958 (0.950–
0.966), and 0.986 (0.969–1.002) for the
CSII, MDI, and CT regimen, respectively.
Corresponding ORs for HbA1c .9.0%
were 0.897 (0.878–0.917), 0.941 (0.933–
0.948), and 0.940 (0.924–0.957).

After multiple adjustment for con-
founders, the decline in mean HbA1c over
the study period remained significant in the
whole cohort, with an estimated average
absolute annual decrease of 0.038% (95%
CI 0.032–0.043%, P, 0.001) (Fig. 1A and
Supplementary Table 1). However, differ-
ences in the annual decrease between
treatment regimens disappeared (P =
0.703); the adjusted annual decreases
were 0.032% (0.016–0.048%), 0.039%
(0.032–0.045%), and 0.036% (0.024–
0.048%) for the CSII, MDI, and the CT
regimen, respectively.

The decreasing trends in proportions
of patients with HbA1c .7.5 or .9.0%
were also slightly attenuated after multi-
ple adjustment but remained significant
(Fig. 1B andC and Supplementary Table 1).
The overall adjusted average ORs per year
for HbA1c .7.5 or .9.0% were 0.969
(95% CI 0.961–0.977, P , 0.001)

and 0.948 (0.941–0.956, P, 0.001), re-
spectively. This corresponds to an annual
decrease in the odds for HbA1c .7.5 or
.9.0% by 3.1% (95% CI 2.3–3.9%) and
5.2% (4.4–5.9%). Trend differences in the
proportion of patients with HbA1c.7.5%
between insulin regimens were dimin-
ished after multiple adjustments but re-
mained significant (P = 0.036), in contrast
trend differences in the proportion of pa-
tients with HbA1c .9.0% dissolved (P =
0.697). The adjusted OR for HbA1c

.7.5% was still lower for CSII (0.970;
95% CI 0.947–0.993) and MDI (0.964;
0.955–0.973) compared with CT
(0.989; 0.972–1.007). Respective ORs
for HbA1c .9.0% were 0.940 (0.919–
0.962), 0.950 (0.941–0.958), and 0.946
(0.929–0.964).

Predictors of metabolic control
In multiple regression analysis age, sex,
diabetes duration, migration background,
BMI-SDS, and daily insulin dose were sig-
nificant predictors ofmetabolic control (as-
sessed as HbA1c, proportion HbA1c .7.5
or.9.0%) (Table 1). Older and female pa-
tients, patients with longer diabetes dura-
tion, higher insulin dose, or a migration
background, and patients in the upper
BMI-SDS tercile had poorer metabolic con-
trol. Mode of insulin therapy was signifi-
cantly associated only with the proportion
of patients having HbA1c .9.0%; patients
with more intensive insulin therapy were
less frequent in poor metabolic control.

In multiple regression, size of diabe-
tes center was significantly associated
with mean HbA1c but not with moderate
or poormetabolic control. Adjustedmean
HbA1c was higher among patients treated
in large centers. Metabolic outcomes did
not significantly differ between patients
treated in general care or rehabilitation
facilities, but rehabilitation patients ten-
ded to have poorer metabolic control.

Time trends in acute diabetes
complications
Unadjusted rate of severe hypoglycemia
decreased steadily from 54.1 6 5.8 per
100 PYs in 1995 to 15.1 6 0.4 per 100
PYs in 2009. According to the estimated
RR for a 1-year period (0.950; 95% CI
0.920–0.980, P = 0.001), the rate of se-
vere hypoglycemia dropped on average
by 5.0% (95% CI 2.0–8.0%) per year.
The unadjusted rate of hypoglycemic
coma decreased even more during the
study period from 15.4 6 3.1 per 100
PYs in 1995 to 2.3 6 0.2 per 100 PYs in
2009. The respective average RR estimate
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per 1-year period was 0.926 (0.910–0.943,
P , 0.001).

The unadjusted rate of DKA varied
significantly over the study period be-
tween 2.06 0.9 per 100 PYs in 1995 and
8.8 6 0.7 per 100 PYs in 2007 (P ,
0.001). However, the DKA rate showed

no significant log-linear time trend ac-
cording to the estimated annual RR of
1.017 (95% CI 0.989–1.045, P =
0.241).

Adjustment for confounders affected
the decreasing trends for hypoglycemic
events only slightly and the trends re-

mained significant (P , 0.001) (Fig. 1D
and E and Supplementary Table 2). On
average, the rate of severe hypoglycemia
decreased by 5.2% (95% CI 2.1–8.2%)
per year and the rate of hypoglycemic
coma by 8.3% (5.0–11.5%) per year.
The overall variation of the DKA rate

Figure 1dTime trends of metabolic control and acute diabetes complications. Multiple adjusted estimates of meanHbA1c (A), proportion of patients
with HbA1c .7.5% (B) or HbA1c .9.0% (C), and rates of severe hypoglycemia (D), hypoglycemic coma (E), and DKA (F) by year of treatment.
Estimates are derived from multiple (generalized) linear mixed models including year of treatment, age at follow-up, sex, diabetes duration, mi-
gration background, BMI-SDS, mode of therapy (CT, MDI, or CSII), insulin dose per kg body weight and day, and size and type of diabetes center as
fixed independent variables and diabetes center as random independent variable. Analyses for metabolic control and DKA are based on 30,021
patients because of missing values for BMI-SDS and/or daily insulin dose (n = 687), and analyses for hypoglycemic events are based on 27,586
patients because of missing values for hypoglycemic events (n = 2,748) and BMI-SDS and/or insulin dose (n = 374). Time trends in dependent
variables (represented by solid lines) and estimates of average changes per year (absolute decrease, OR, and RR) were derived from multiple
(generalized) linear mixed models by including a linear trend term for calendar year. Vertical whiskers represent 95% CIs.
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was not significant after multiple adjust-
ment (P = 0.409). The adjusted RR per
year for DKA was 1.023 (95% CI
0.986–1.060, P = 0.225), thus indicating
no significant log-linear trend (Fig. 1F
and Supplementary Table 2).

CONCLUSIONSdThis large multi-
center study showed a significant improve-
ment in metabolic control in German and
Austrian children and adolescents with
type 1 diabetes during 1995–2009. Both
average HbA1c and proportion of patients
with poormetabolic control decreased over
time independent of confounders. After

multiple adjustment, improvement in
average HbA1c over timewas not different
between treatment regimens. Besides
treatment year, the main influencing fac-
tors of metabolic control were age, sex,
diabetes duration, migration background,
BMI-SDS, and daily insulin dose. A simul-
taneous decrease of hypoglycemia rate
was observed, whereas the incidence
rate of hospitalized DKA remained almost
stable.

Although being not so distinct, the
observed improvement in metabolic con-
trol over the past 15 years is in agreement
with reports from several recent studies

from other countries. A decline of average
HbA1c has been observed in cohorts from
Western Australia, Denmark, and Norway
(4,10,11). Concordantly, the proportion of
children with an HbA1c level ,8% in-
creased in Norway and the U.S. (11,5).
However, the Hvidoere studies did not
find an improvement in glycemic control
over the period 1995–2005 (7,8).

The observed improvement in glyce-
mic control in the current study was not
explained by the considerable intensifica-
tion of insulin treatment during the past
decade or other confounders. Further, in
the current study, improvement in average

Table 1dPredictors of metabolic control. Multiple adjusted estimates of mean HbA1c and proportion of patients with
HbA1c >7.5 or >9.0% by patients’ characteristics and aspects of diabetes management

Variable N (%)
Mean HbA1c (%)

(95% CI) P

Proportion of
patients with

HbA1c .7.5% (%)
(95% CI) P

Proportion of
patients with

HbA1c .9.0% (%)
(95% CI) P

Age at follow-up (years)
#5 385 (1.3) 8.02 (7.84–8.21) ,0.001 57.1 (51.1–62.9) ,0.001 8.2 (5.5–12.2) ,0.001
.5–10 3,678 (12.3) 8.01 (7.90–8.12) 56.1 (52.9–59.2) 9.5 (8.2–11.0)
.10–15 9,140 (30.4) 8.44 (8.34–8.54) 68.1 (65.6–70.5) 24.9 (22.9–27.0)
.15–20 16,818 (56.0) 8.76 (8.66–8.86) 72.0 (69.8–74.1) 33.6 (31.3–35.9)

Sex
Male 15,643 (52.1) 8.51 (8.41–8.60) ,0.001 67.9 (65.5–70.3) ,0.001 25.0 (23.1–27.0) ,0.001
Female 14,378 (47.9) 8.62 (8.52–8.72) 69.8 (67.5–72.1) 28.0 (25.9–30.2)

Diabetes duration (years)
.2–5 11,633 (38.7) 8.45 (8.35–8.55) ,0.001 64.8 (62.2–67.3) ,0.001 24.1 (22.2–26.2) ,0.001
.5–10 12,631 (42.1) 8.59 (8.50–8.69) 69.9 (67.6–72.2) 27.4 (25.3–29.5)
.10 5,757 (19.2) 8.71 (8.61–8.82) 74.1 (71.8–76.4) 29.2 (26.9–31.6)

Migration background
No 26,395 (87.9) 8.53 (8.44–8.63) ,0.001 68.1 (65.8–70.4) ,0.001 25.7 (23.8–27.7) ,0.001
Yes 3,626 (12.1) 8.75 (8.64–8.86) 73.8 (71.2–76.2) 32.1 (29.4–35.0)

BMI-SDS
1. tercile 9,999 (33.3) 8.57 (8.47–8.67) ,0.001 65.4 (62.9–67.9) ,0.001 26.4 (24.4–28.6) ,0.001
2. tercile 10,010 (33.3) 8.50 (8.41–8.60) 67.7 (65.2–70.7) 25.1 (23.1–27.2)
3. tercile 10,012 (33.4) 8.61 (8.51–8.71) 73.2 (70.9–75.3) 27.8 (25.6–30.0)

Insulin therapy
CT (1–3 injections) 2,966 (9.9) 8.56 (8.45–8.67) 0.797 67.5 (64.5–70.3) 0.086 28.2 (25.6–31.0) 0.005
MDI ($4 injections) 19,538 (65.1) 8.56 (8.47–8.66) 68.7 (66.3–70.9) 26.8 (24.8–28.9)
CSII 7,517 (25.0) 8.55 (8.45–8.65) 69.9 (67.4–72.3) 24.8 (22.7–27.0)

Daily insulin dose
1. tercile 10,007 (33.3) 8.20 (8.11–8.30) ,0.001 59.8 (57.1–62.5) ,0.001 19.0 (17.3–20.7) ,0.001
2. tercile 10,007 (33.3) 8.51 (8.41–8.61) 68.5 (66.1–70.9) 25.3 (23.3–27.5)
3. tercile 10,007 (33.3) 8.96 (8.86–9.06) 76.9 (74.8–78.8) 36.7 (34.3–39.3)

Size of diabetes center
#100 patients 8,115 (27.0) 8.40 (8.28–8.53) 0.016 66.8 (63.8–69.8) 0.193 25.2 (22.8–27.8) 0.357
.100 patients 21,906 (73.0) 8.62 (8.49–8.74) 69.6 (66.6–72.4) 26.9 (24.4–29.5)

Type of diabetes center
General 28,342 (94.4) 8.55 (8.45–8.64) 0.260 68.4 (66.0–70.6) 0.110 26.0 (24.0–28.0) 0.077
Rehabilitation 1,679 (5.6) 8.80 (8.36–9.25) 76.4 (66.5–84.0) 34.8 (25.2–45.8)

Estimates are derived from multiple (generalized) linear mixed models including year of treatment, age at follow-up, sex, diabetes duration, migration background,
BMI-SDS (terciles), mode of insulin therapy (CT, MDI, or CSII), insulin dose per kg body weight and day (terciles), and size and type of diabetes center as fixed
independent variables and diabetes center as random independent variable. Analyses are based on 30,021 patients because of missing values for BMI-SDS and/or daily
insulin dose (n = 687).
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HbA1c over time was comparable for dif-
ferent treatment regimens. This supports
the view that other factors, such as the de-
velopment of multidisciplinary diabetes
care teams and improvements in structural
quality of diabetes care and patient educa-
tion, may have accounted for the observed
trend (8,21,22).

Several studies have demonstrated that
intensive treatment and lower HbA1c levels
are associatedwith an increased riskof severe
hypoglycemia (2,4,6,7,14), but other studies
did not support such a relationship (15,16).
Although patients with severe hypoglycemia
had lower averageHbA1c than those without
severe hypoglycemia, the current study pro-
vides evidence, in concordance with other
reports (5,9,10), that metabolic control can
be improved on average in the diabetic pop-
ulation in routine care without an increased
risk of hypoglycemia. The DKA rate
showed a slight, but nonsignificant, increase
over time in the current study, in concor-
dance with previous reports (9,11).

The overall mean HbA1c level (8.4%)
and the proportion of patients with good
(HbA1c ,7.5%, 33.7%) or poor meta-
bolic control (HbA1c .9.0%, 28.2%) in
the study cohort were within the ranges
found in several previous studies (5–8,
13–15,21,23–25).

Older age, female sex, and longer
diabetes duration were significantly asso-
ciated with worse metabolic control, af-
firming previously reported findings
(4,6–8,10,13–16,21,23–25). The varying
quality of metabolic control may in part
be attributable to differences in insulin
sensitivity, treatment compliance, or in-
sulin needs related to these factors.

In the current study, migration back-
ground was also a significant predictor of
poor metabolic control, as reported pre-
viously (13,15,24). This association may
partly be related to language difficulties
(8) and lower socioeconomic status (24).

Previous findings on the association
between metabolic control and BMI are
quite inconsistent. Several studies foundno
significant association (8,15,16,24,25), but
positive (14,23) and inverse association has
also been reported (21). The present results
indicate that patients with a high BMI-SDS
(upper tercile)may be prone to poorermet-
abolic control. On the other hand, long-
standing poor glycemic control could lead
to higher insulin dose and hence to weight
gain. Because of its cross-sectional design,
the current study cannot clear up the cau-
sality of the association.

The type of insulin regimen is sup-
posed to have an impact on metabolic

control. Although several studies did not
indicate an association between insulin
regimen/number of daily insulin injec-
tions and HbA1c levels (6,14,16), in other
studies, patients with an increased num-
ber of daily insulin doses exhibited poorer
metabolic control (12,15,21,23,25). The
insulin regimen found to be associated
with best HbA1c level varied between
studies, ranging from conventional ther-
apy and twice-daily regimen (8,12) to
thrice-daily injections and pump therapy
(10,21,25). In the current study, insulin
regimen did not significantly affect the
average HbA1c level, but the proportion
of patients with HbA1c.9% among those
using CT was significantly higher than
among those with intensified therapy
(MDI or CSII). With respect to the incon-
clusive data, it has to be noted that these
results are from observational studies and
not randomized trials. Therefore, HbA1c

levels are influenced by many factors be-
yond insulin regimen. Most importantly,
in routine care, the choice of insulin reg-
imen depends in particular on metabolic
control. Patients with poor metabolic
control are often transferred to intensified
regimens. Thus, intensified treatment is
likely to be a consequence of poor control
rather than a cause.

In accordance with the results of the
majority of studies (7,8,10,14,16,21,23),
we found a positive association between
daily insulin dose and HbA1c level. The
cross-sectional design of most studies,
however, limits conclusions that can be
drawn on the direction of the observed as-
sociation. Further, it has to be considered
that insulin data usually represent the rec-
ommended insulin dose, which possibly
differs from the actual dose applied.

Patients treated in larger centers
showed on average a higher HbA1c level
than patients of smaller centers. This may
be attributed to the fact that large centers
possibly care for a greater portion of pa-
tients with situations difficult to manage.
Otherwise, large centers may not be able
to attend to single patients as it might be
possible in smaller centers. However, the
size of the center did not affect the pro-
portion of patients with HbA1c .7.5 or
9% in the current study. In the Hvidoere
studies (8), center resources were thought
to account for significant differences in
metabolic control between centers, but
it was concluded that a motivated and
well-organized diabetes care team is an
important determinant of metabolic
outcomes rather than the mere size of
staff (8,22).

In our study, the proportion of pa-
tients with poormetabolic control (HbA1c

.9.0%) tended to be higher in rehabili-
tation compared with general care cen-
ters. This is most likely due to the fact
that poor glycemic control is a major in-
dication for the transfer to rehabilitation.

Some strength and limitations of the
current study have to be noted. This large
study shares the shortcomings of all
observational studies compared with ran-
domized trials. Because of the observa-
tional design, the study could not control
for all influencing factors on metabolic
control and acute complications, and thus
observed associations could not be
proven to be unbiased or to reflect causal
effects. Another shortcoming is that HbA1c
levels were not measured centrally. How-
ever, HbA1c values were mathematically
standardized to the DCCT normal range
in order to reduce between-laboratory var-
iation. Therefore, the observed trend in gly-
cemic control can be assumed to be valid.
Hypoglycemic events could have been un-
derestimated because of self-reporting.
However, as differential reporting over
the study period is unlikely, the trend esti-
mates can be assumed to reflect a real trend.

The main strength of the study is that
it comprises a large cohort of children and
adolescents and data from small and large
secondary level and university diabetes
care centers. The study mirrors real-life
data of daily pediatric diabetes care almost
on a population basis.

In summary, this largemulticenter study
showed a significant improvement in meta-
bolic control among diabetic children and
adolescents during the past decade and a
simultaneous decrease in the rate of severe
hypoglycemic events. The improvement in
glycemic control was not fully explained by
demographic factors and changes in the
mode of insulin treatment. Thus, other
factors, such as improvement in resources,
organization and attitudes of diabetes care
teams, and patient education, also may have
accounted for the observed trend.
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