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Abstract
Aims/hypothesis We investigated the long-term impact of
diabetic ketoacidosis (DKA) at onset on metabolic regula-
tion and residual beta cell function in a Danish population
with type 1 diabetes.
Methods The study is based on data from DanDiabKids, a
Danish national diabetes register for children. The register
provides clinical and biochemical data on patients with type
1 diabetes diagnosed in 1996–2009 and then followed-up

until 1 January 2012. Repeated-measurement models were
used as statistical methods.
Results The study population comprised 2,964 children
<18 years. The prevalence of DKA at diagnosis was 17.9%.
Of the total subjects, 8.3% had mild, 7.9% had moderate and
1.7% had severe DKA. DKA (moderate and severe) was asso-
ciated with increased HbA1c (%) levels (0.24; 95% CI 0.11,
0.36; p=0.0003) and increased insulin dose-adjusted HbA1c

(IDAA1c, 0.51; 95% CI 0.31, 0.70; p<0.0001) during follow-
up, after adjustment for covariates. Children without a family
history of diabetes were more likely to present with DKA
(19.2% vs 8.8%, p<0.0001); however, these children had a
lower HbA1c (%) level over time (−0.35; 95%CI −0.46, −0.24;
p<0.0001). Continuous subcutaneous insulin infusion (CSII)
was associated with a long-term reduction in HbA1c, changing
the effect of DKA, after adjustment for covariates (p<0.0001).
Conclusions/interpretation DKA at diagnosis was associat-
ed with poor long-term metabolic regulation and residual
beta cell function as assessed by HbA1c and IDAA1c, re-
spectively; however, CSII treatment was associated with
improvement in glycaemic regulation and residual beta cell
function, changing the effect of DKA at onset in our
population.
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Introduction

Diabetic ketoacidosis (DKA) at onset, an acute complication
due to insufficient insulin production, is present in up to
67% of children at the initial presentation of type 1 diabetes
[1–5]. Mortality due to cerebral oedema after DKA occurs
in 0.3–1% of newly diagnosed children [6, 7]. A worldwide
increase in type 1 diabetes has been reported [8, 9], and is
particularly evident in younger children (<5 years). In
addition, the youngest children are at increased risk of
presenting with metabolic deterioration [3, 4, 10–12] due
to delayed diagnosis, leading to advanced deterioration at
onset [13, 14] and/or a more aggressive aetiology [15, 16].

The UK has observed an increase in DKA at presentation
in recent years [17], while reports from Sweden and north-
ern Finland have noted a decrease over time [3, 5], and
Germany and Austria have reported no changes in DKA
incidence over the past two decades [15]. These population-
based surveys represent countries with a high annual back-
ground incidence of type 1 diabetes comparable with that of
Denmark [18]. Elding Larsson et al, who followed-up and
screened children genetically at risk of diabetes for diabetes-
specific autoantibodies in a multinational study, found that
participation in the study was associated with reduced risk
of DKA [19]. However, despite prevention campaigns and
an improved system of medical care [20, 21], the rate of
DKA remains unacceptably high.

In many patients, the clinical course of type 1 diabetes
during the first year is characterised by residual endogenous
insulin secretion (the remission phase) [16, 22, 23]. The
heterogeneity of the remission phase and its duration are
influenced by several factors. Fernandez et al found that
children with severe metabolic deterioration at the time of
diagnosis had lower residual beta cell function and poor
glycaemic regulation up to 2 years after diagnosis [23].
Pinkey et al observed no association between the presence
of DKA at diagnosis and long-term glycaemic regulation
during a 4-year prospective follow-up period [17].

New advances in type 1 diabetes treatment regimens over
the past decade call for a thorough evaluation of our efforts
to improve metabolic outcome in children. The purpose of
the present study is to: (1) describe DKA at the initial
presentation of type 1 diabetes; (2) assess the association
between DKA at onset with outcome measured as HbA1c

and insulin dose-adjusted HbA1c (IDAA1c) during follow-
up; and (3) investigate the influence of treatment regimens
in a Danish paediatric population.

Methods

Subjects We conducted a register-based follow-up study of
children newly diagnosed with type 1 diabetes aged 0 to 18

from 1996 to 2009. The new cases were drawn from a
background population in Denmark of approximately one
million children. The five health districts serving this pop-
ulation comprise 18 paediatric diabetes centres with a
reported overall type 1 diabetes incidence rate of 22 per
100,000 inhabitants [24]. Exclusion criteria were patients
diagnosed with, or suspected of, non-type 1 diabetes (matu-
rity-onset diabetes of the young, type 2 diabetes, secondary
diabetes, etc.). We stratified our patients into four groups
according to age at diagnosis: <5 years, 5–10 years, 10–
15 years, and adolescents >15 years of age.

Data collection Patients were diagnosed with type 1 diabe-
tes according to the WHO criteria [25]. The date of the first
insulin injection was considered to be the date of diagnosis.
Data collected were baseline data (including ethnicity and
family history of any type of diabetes in first-degree rela-
tives), biochemical data at onset (HbA1c, blood glucose
concentration, bicarbonate and/or venous pH), prospective
records of diabetes treatment regimens (route of administra-
tion, multiple daily injections [MDI], continuous subcuta-
neous insulin infusion [CSII]), daily insulin dosage/kg body
weight, frequency of daily blood glucose measurements,
acute complications (DKA and hypoglycaemia) and annual
recordings for centralised measurements of HbA1c and
IDAA1c.

Data completeness In Denmark, all children and adoles-
cents suspected of having type 1 diabetes are referred to a
tertiary unit, and if the diagnosis is verified, they are
recorded on a standard registration form submitted to Dan-
DiabKids. The register, founded in 1996, annually under-
goes capture–recapture methodology based on records from
the individual paediatric diabetes centres and the Danish
National Patient Register to ascertain data completeness
(currently at 99%) [26]. DanDiabKids does not require
centralised measures of HbA1c and IDAA1c in the first
3 months after diagnosis; these measurements are analysed
locally and are consequently not representative for compar-
isons. Data completeness for HbA1c and IDAA1c is 90.2%
and 85.0%, respectively, and is calculated on the basis of the
number of recordings with missing information regarding
HbA1c and/or the requirement of insulin.

Definition of DKA In our study, the European Society for
Paediatric Endocrinology/Lawson Wilkins Pediatric Endo-
crine Society consensus statement, which is in agreement
with recommendations endorsed by ISPAD Clinical Practice
Consensus Guidelines 2006–2007, was used to define DKA
and classify the severity of DKA [18, 27]. Blood glucose
>11 mmol/l (∼200 mg/dl), ketonuria and/or ketonaemia, and
a venous pH value <7.30 marked the biochemical criterion
for DKA [27]. The severity of DKA was classified as mild
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(7.20≤pH<7.30 or bicarbonate <15 mmol/l), moderate
(7.10≤pH<7.20 or bicarbonate <10 mmol/l) or severe (pH
<7.10, bicarbonate <5 mmol/l). The definition of no DKA
was standard bicarbonate ≥15 mmol/l or pH≥7.30.

Glycated HbA1c HbA1c was locally analysed in a specialised
laboratory at the respective tertiary hospital units at disease
onset. During follow-up, the blood samples for HbA1c anal-
ysis were handled annually in a centralised laboratory at
Herlev Hospital, Copenhagen, using a high-pressure
liquid chromatographic method (Tosoh Bioscience, South
San Francisco, CA, USA). The DCCT reference method
was used for HbA1c values if not otherwise specified,
with a non-diabetic reference range of 4.3–5.8%
(corresponding to the International Federation of Clinical
Chemistry [IFCC] HbA1c values of 23–40 mmol/mol).
The HbA1c values have been validated by the European
Reference Laboratory and are in line with the DCCT
values.

IDAA1c Residual beta cell function was assessed by IDAA1c

calculated as follows: current HbA1c (%)+[4×insulin dos-
age (Ukg−1day−1)] [28].

Statistical analysis Statistical analyses were performed us-
ing SAS version 9.2 (SAS Institute, Cary, NC, USA). Prev-
alence and demographic characteristics were analysed.
Logistic regression models for ordinal measures were used
to estimate p values to analyse the differences in prevalence
of DKA between regions/centres, sex, age, family history of
diabetes and ethnicity. The data comprised longitudinal and
repeated-measures data with several predictor variables.
Repeated-measurement models (named ‘proc mixed proce-
dure’ in SAS) were used to quantify the relationship be-
tween glycaemic regulation and residual beta cell function
and the various explanatory variables. A constant correla-
tion within the individual patient over time was assumed for
the repeated measurements of HbA1c and IDAA1c. The
covariance structure assumed for all statistical models in-
cluded age, sex, duration of diabetes, ethnicity, family his-
tory of diabetes, and centre difference, with a random
intercept for each individual. Subsequently, the models were
individually fitted with the covariates of treatment regimen,
duration of CSII therapy and DKA, as indicated in the
respective models. The HbA1c and IDAA1c results were
considered fixed variables, whereas duration of diabetes,
duration of CSII treatment, and treatment regimen were
considered time-dependent covariates. Patients who were
receiving CSII for less than 3 months were considered to
be in the MDI category. A p value <0.05 was considered
significant.

Patients diagnosed with mild and no DKA comprised a
homogeneous group in our population in terms of baseline

data (sex, age at onset, ethnicity and family history of
diabetes); similar patients diagnosed with moderate and
severe DKAwere homogeneous. All patients were therefore
stratified into a dichotomous variable (none/mild and mod-
erate/severe DKA), and analysed as specified in the follow-
ing. The frequency of moderate/severe DKA at diagnosis
among immigrant children and offspring of immigrants did
not differ significantly; hence, we chose to analyse this
group as one in the statistical model assessing time trend
and geographical variation. A small number of patients were
on MDI using indwelling subcutaneous catheters (81 sub-
jects); hence, we chose to include these patients in the MDI
category.

Results

We identified 3,332 children and adolescents newly diag-
nosed with type 1 diabetes from 1996 to 2009 and followed
them prospectively until 1 January 2012. Owing to missing
data for DKAverification at diagnosis, 368 (11.0%) subjects
were not eligible for inclusion. We enrolled 2,964 patients in
the study, 1,420 (47.9%) of whom were girls. The mean age
was 9.17 years (95% CI 9.02, 9.31).

Biochemical data at onset The mean HbA1c level in the
study population was 11.3% (95% CI 11.2%, 11.5%),
corresponding to 100 mmol/mol (95% CI 99, 102), before
initiation of insulin therapy. The mean blood glucose at diag-
nosis was 27.2 mmol/l (95% CI 26.6, 27.7), corresponding to
490.1 mg/dl (95% CI 479.3, 499.1).

We observed a significant difference in HbA1c at onset
according to the different age groups (p=0.0001). Children
<5 years had the lowest HbA1c (mean 9.9% (~85 mmol/mol),
SD 1.7%), and HbA1c increased with each successively older
age group. There were no differences in blood glucose at onset
between age groups (p=0.15).

DKA at diagnosis of type 1 diabetes Out of 2,964 children
and adolescents, 529 (17.9%) were diagnosed with DKA
(venous pH<7.30 or bicarbonate <15 mmol/l). Table 1 shows
demographic characteristics and the prevalence of DKA in our
Danish population (electronic supplementary material [ESM]
Table 1 illustrates raw data, and ESM Table 2 summarises the
prevalence of DKA elsewhere). Of the 2,964 subjects, 245
(8.3%) had mild DKA, 235 (7.9%) had moderate DKA, and
49 (1.7%) had severe DKA at onset according to the defini-
tion. Almost half of the children <2 years of age had DKA:
17.9% had mild DKA, 28.3% had moderate, and 2.1% had
severe DKA. DKA prevalence did not differ significantly
between sexes (p=0.27). Table 2 lists the characteristics of
the patients according to severity of DKA as well as indicators
during follow-up.
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Prevalence of DKA over time When 1996–2009 is stratified
into three periods, we found significant differences between
time periods in the prevalence of moderate/severe DKA
from the first to the last period: 9.7% for 1996–2000,
8.0% for 2001–2005, and 11.4% for 2006–2009 (unadjusted:
p=0.024; adjusted: p=0.019).

Regional variation The DKA prevalence at onset differed
between the various regions (p=0.03) and between the
different tertiary units (p=0.02). This difference in DKA
prevalence, however, disappeared when DKAwas stratified
into none/mild and moderate/severe DKA, both with respect
to regions (p=0.06) and tertiary units (p=0.05).

Metabolic regulation as assessed by long-term HbA1c dur-
ing follow-up We found an association of DKA at onset
with metabolic regulation measured as HbA1c during
follow-up (after adjustments for other covariates, including
treatment regimen and duration of CSII treatment), with a
significantly higher HbA1c over time for children presenting

with moderate and severe DKA (0.24, 95% CI 0.11, 0.36;
p=0.0003, Table 3). There was a significant interaction
between DKA and duration of diabetes (p=0.0036).
Figure 1a illustrates the differences in HbA1c over time
according to classification of DKA at onset.

Residual beta cell function as assessed by IDAA1c during
follow-up Our analysis shows associations of DKA at onset
with residual beta cell function as assessed by IDAA1c,
where we detected a significantly higher IDAA1c level
over time (reduced beta cell function) for patients pre-
senting with moderate and severe DKA (0.51, 95% CI 0.32,
0.70; p<0.0001, Table 3) after adjustment for covariates,
including treatment regimen and duration of CSII treatment.
Here also we found a significant interaction between DKA
and duration of diabetes (p<0.0001). Figure 1b illustrates the
differences in IDAA1c over time according to classification of
DKA at onset.

Treatment regimen during follow-up Repeated-measure-
ment models were used to analyse the effect of treatment
regimen on long-term glycaemic regulation and residual
beta cell function as assessed by HbA1c and IDAA1c, re-
spectively. The additional covariates fitted in the model
include the duration of CSII treatment, DKA and centre
differences. The interaction between DKA and treatment
regimen assessed by the duration of CSII treatment (where
MDI-treated patients were treated as zero) was highly sig-
nificant (p<0.0001), and the data indicate that CSII was
associated with improved long-term HbA1c and IDAA1c,
changing the effect of DKA (p<0.0001, ESM Fig. 1a, b).
In ESM Fig. 2, the predicted HbA1c values in this model for
CSII- and MDI-treated patients are illustrated for patients
with a diabetes duration of 2–4 years (ESM Fig. 2a) and
>4 years (ESM Fig. 2b) with respect to duration of CSII
treatment.

Discussion

In our study the prevalence of DKA was 17.9%, with 9.6%
of the cases presenting with moderate and/or severe DKA
(pH<7.2 and/or bicarbonate <10 mmol/l). We found signif-
icant differences between time periods in the prevalence of
DKA (p=0.019). Our data demonstrate that DKA (modera-
te/severe) is associated with a higher long-term HbA1c level as
well as a higher IDAA1c during follow-up compared with
none/mild DKA at onset. Children with a family history
of diabetes suffered less frequently from DKA (8.8% vs
19.2%); however, these children had a higher HbA1c

level over time. CSII was associated with a reduction
in long-term HbA1c and IDAA1c results, changing the
effect of DKA at onset.

Table 1 Characteristics of patients and prevalence of DKA at diagno-
sis, unadjusted (2,964 patients)

Characteristic DKA prevalence p value

n/N Prevalence (%)

All 529/2,964 17.9

Age at diagnosis (years) <0.0001

0 to <5 145/574 25.3

5 to <10 128/983 13.0

10 to <15 241/1,300 18.5

≥15 15/107 14.0

Sex 0.27

Girls 265/1,420 18.7

Boys 264/1,544 17.1

Ethnicity <0.0001

Danish 475/2,782 17.1

Immigrants 41/143 28.7

Offspring of immigrants 13/39 33.3

Family history of diabetesa <0.0001

Yes 34/388 8.8

No 487/2,541 19.2

Region 0.03

Region of Northern Denmark 53/374 14.2

Region of Central Denmark 99/661 15.0

Region of Eastern Denmark 86/472 18.2

Region of Southern Denmark 126/676 18.6

Capital Region of Copenhagen 165/781 21.1

DKA, pH<7.3 or standard bicarbonate <15 mmol/l
a Data on family history of any type of diabetes in biological siblings or
parents at diagnosis was missing in 35 (1.2%) patients
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The observed frequency of DKA in our population is in
line with countries geographically near Denmark. A higher
DKA rate was observed in the youngest age group
(<5 years), which is consistent with previous studies under-
taken in countries with a high incidence of type 1 diabetes
[4, 10, 14, 16, 29]. The very young children (<2 years) had
an undesirably high prevalence of DKA (48.3%), compara-
ble with register studies from Sweden, Finland and Ger-
many (39.5–54.9%) [15, 30, 31]. The subtlety of the
symptoms in infants and toddlers presents a challenge in
diagnosing this age group [32]. Underlying aggressive beta
cell destruction and a high risk of dehydration in this age
group might also predispose the youngest children to be
more vulnerable to metabolic derangements. Adolescents
10–15 years of age were also at high risk of DKA. The
transition from childhood to adolescence and the child’s

appertaining independence-seeking behaviour, possibly com-
plicated by physiological changes in multiple hormones ac-
companying puberty, might cause symptom neglect and
progression into DKA. Individual and inter-personal factors,
including personality types, mental health issues, peer rela-
tionships and family dynamics, may also have an important
influence on both initial presentation and future glycaemic
regulation, possibly with similarities to the challenges
reported by adolescents and to their experiences of living with
type 1 diabetes [33].

Consistent with previous studies, we detected an unfor-
tunately high frequency of DKA in children from ethnic
minorities [14]. The reason for this high prevalence of
DKA in this patient group is multifactorial, but it might well
reflect language barriers, socioeconomic and cultural inequi-
ties, and differences in health-seeking behaviour. Parental

Table 2 Characteristics of patients stratified by classification of DKA, unadjusted (2,964 patients)

Characteristic Data completeness (%) None/mild DKA Moderate/severe DKA p value

All, n/N 2,680/2,964 284/2,964

Prevalence (%) 90.4 9.6

Age at diagnosis (years), n (%) 100.0 <0.0001

0 to <5 496 (86.4) 78 (13.6)

5 to <10 920 (93.6) 63 (6.4)

10 to <15 1,166 (89.7) 134 (10.3)

≥15 98 (91.6) 9 (8.4)

HbA1c (%) at diagnosisa 19.0 11.21 (2.33) 12.37 (2.20) <0.0001

HbA1c (~mmol/mol) at diagnosisa 19.0 ~99 ~112 <0.0001

HbA1c (%) during follow-upb 90.2 8.34 (1.34 ) 8.50 (1.40) 0.11

HbA1c (~mmol/mol) during follow-upb 90.2 ~67.7 ~69.4 0.11

Duration of diabetes (years) 100.0 5.84 (3.19) 5.73 (3.39) 0.59

Number of blood glucose measurements/week at latest follow-up 88.2 38.2 (16.9 ) 37.2 (16.4) 0.40

IDAA1c, 6–18 months after diagnosisc 85.0 10.71 (1.89) 11.40 (2.00) 0.0001

Insulin requirements (Ukg−1day−1) at latest follow-up 91.8 0.99 (0.34 ) 1.00 (0.34) 0.75

Insulin regimen at latest follow-up, n (column %) 91.8 0.14

MDId 1,534 (61.4) 149 (56.7)

CSII 965 (38.6) 114 (43.3)

The number of severe hypoglycaemic events during follow-up
per 100 patient-yearse

91.6 12.9 12.3 0.25

Standard BMI at onset (kg/m2) 92.8 0.86 (1.37) 0.75 (1.32) 0.25

A positive family history of diabetesf, n (row %) 97.5 372 (95.9) 16 (4.1) <0.0001

Continuous variables are expressed as mean (±SD) unless otherwise indicated

DKA, pH<7.3 or standard bicarbonate <15 mmol/l
a HbA1c before initiation of insulin treatment
b HbA1c analysed centrally; mean (±SD) is calculated from the repeated measurements on the patient during follow-up with only HbA1c in the
model (unadjusted)
c IDAA1c: current HbA1c (%)+[4×insulin dosage (Ukg−1 day−1 )]
d Including patients using indwelling subcutaneous catheters
e Severe hypoglycaemia was defined as unconsciousness or seizures, requirement of assistance, and, if measured, a blood glucose level of
<3.5 mmol/l
f A family history of any type of diabetes in biological siblings or parents at diagnosis
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consanguinity, leading to speculations of different aetiology
of beta cell destruction, was not associated with differences
in the rate of DKA in a study from Saudi Arabia [34].
However, additional studies are needed to explore differ-
ences between racial groups.

The frequency of DKA in children with a family history
of diabetes was somewhat lower than in the TEDDY (The
Environmental Determinants of Diabetes in the Young)
Study (8.8% vs 11.3%) [19], although the TEDDY Study
only comprised patients under the age of five, who were

Table 3 Results of the repeated-measurement models with DKA as the dependent variable and HbA1c and IDAA1c as the outcome variables during
follow-up for 2,929 patients (after adjustment for treatment regimen, centre differences and duration of CSII treatment)

Variable Linear mixed model, HbA1c (%) Linear mixed model, IDAA1c
a

Estimate 95% CI p value Estimate 95% CI p value

Unadjusted model

Severity of DKA at onset 0.0009 <0.0001

None/mildb 0 0 0 0

Moderate/severe 0.23 0.09, 0.36 0.42 0.21, 0.64

Adjusted model

Severity of DKA at onset 0.0003 <0.0001

None/mildb 0 0 0 0

Moderate/severe 0.24c 0.11, 0.36 0.51 0.31, 0.70

Age at diagnosis (years) <0.0001 <0.0001

0 to <5 −0.23 −0.33, −0.13 −0.63 −0.79, −0.47

5 to <10b 0 0 0 0 0

10 to <15 0.25 0.17, 0.34 0.40 0.27, 0.52

≥15 −0.12 −0.36, −0.11 −0.24 −0.61, 0.12

Sex 0.80 0.02

Girl −0.01 −0.08, 0.06 0.14 0.03, 0.25

Boyb 0 0

Ethnicity <0.0001 <0.0001

Danish −0.52 −0.68, −0.35 −0.51 −0.76, −0.26

Immigrants and offspring of immigrantsb 0 0 0 0

Family history of diabetes <0.0001 <0.0001

No −0.35 −0.46, −0.24 −0.41 −0.58, −0.24

Yesb 0 0 0 0

Duration of CSII treatments <0.0001 <0.0001

MDI, or CSII <3 monthsb, d 0 0 0 0

3 months to 1 yeare −0.26 −0.33, −0.18 −0.90 −0.99, −0.80

1 to <2 yearse −0.17 −0.25, −0.10 e e

2 to <4 years −0.02 −0.09, 0.06 −0.91 −1.03, −0.80

≥4 years 0.29 0.07, 0.33 −0.53 −0.75, −0.31

Duration of diabetes (years) <0.0001 <0.0001

0 to <1 −0.86 −0.91, −0.80 −2.64 −2.74, −2.54

1 to <2 −0.46 −0.51, −0.41 −1.39 −1.48, −1.30

2 to <4 −0.21 −0.25, −0.17 −0.55 −0.61, −0.48

≥4b 0 0 0 0

a IDAA1c: current HbA1c (%)+[4×insulin dosage (Ukg−1 day−1 )]
b The reference group used in the statistical model
c i.e. children presenting in moderate/severe DKA at onset have a 0.24% higher HbA1c during follow-up than children presenting with none/mild
DKA
d The MDI patients and patients with a duration of CSII treatment <3 months are categorised as MDI
e The model with IDAA1c as outcome variable was not applicable due to infinite likelihood. We combined the groups of CSII duration from
3 months to 2 years, and the estimates are illustrated accordingly
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intensely followed before and after the time of diagnosis [19].
We found that a family history of diabetes was a preventive
factor for presenting with DKA; however, this ‘advantage’
seemed to diminish over time in our population, as these
patients were observed with a higher long-term HbA1c during
follow-up. Increased awareness in families with previous ex-
perience of diabetes, but also increased alertness among fam-
ily physicians, might predispose to a milder onset of disease,
and finally a heterogeneity within the autoimmune and genetic
risk [35]. The worse metabolic outcome in those patients with
a family history of diabetes was not explained by differences
in treatment regimens. Thus, the data in this patient group are
too scant to draw any conclusions, and further analysis re-
garding the effect of treatment on this particular group was
unfortunately not applicable.

Children diagnosed with moderate/severe DKA did not
differ from children with none/mild DKA on comparison of
BMI standard deviation score at onset, the frequency of blood
glucose measurements, insulin requirements, treatment regi-
men or the frequency of severe hypoglycaemia during follow-
up. IDAA1c, an indirectmarker of beta cell function, was found
to be significantly higher 6–18 months after onset in children
with moderate/severe DKA (implying reduced beta cell func-
tion), but IDAA1c was also found to be significantly higher
during follow-up in this patient group, reflecting increased
HbA1c and/or a lower insulin sensitivity, and consequently a
higher insulin requirement to obtain normoglycaemia. This is
in line with the higher HbA1c observed during follow-up in
patients with moderate/severe DKA.

Interestingly, our data indicate that the effect of DKA at
onset on long-term glycaemic regulation and residual beta
cell function is changed by an intensive treatment regimen
(CSII). However, it has to be taken into account that residual
beta cell function in these calculations is based on insulin
dose, which is known to be lower in CSII-treated patients.

We observed improved glycaemic regulation when patients
were started on CSII, and the differences between DKA
groups disappeared within the first year of CSII treatment.
The initial improvement in glycaemic regulation might be
due to the fact that the patients and their families receive
thorough professional education at the initiation of CSII
treatment. One year after initiation of CSII treatment, the
glycaemic regulation worsens, and the differences between
patients with deterioration at onset tend to reappear. We
question whether it would be beneficial to re-educate the
patients at this time, to increase awareness and improve
compliance to alter this worsening of glycaemic regulation.

On 1 January 2012, the frequency of children on CSII in
our population was 39.1% and is steadily increasing. Of the
children on CSII, native Danish children represent 96.0% of
the group, while immigrant children represent 2.8% and
offspring of immigrants 1.2%. These data are therefore
representative of the proportion of non-Danish patients
(6.1%) in our population. However, one might debate
whether the patients on CSII are highly selected and represent
families with the necessary resources to achieve optimal ad-
herence in the daily management of diabetes, thereby improv-
ing glycaemic regulation. Our data are in line with previous
knowledge that tight metabolic regulation helps sustain en-
dogenous insulin production and consequently improves long-
term metabolic regulation as described in the DCCT Study
[36]. Denmark offers a high level of healthcare provision with
equal access for all citizens, enabling early diagnosis and the
opportunity for tight metabolic regulation. However, compli-
ance is a cornerstone of successful treatment in the pursuit to
achieve optimal metabolic regulation in this patient group.

Strengths and weaknesses The fact that the DanDiabKids
register has 99% data completeness enables a thorough
investigation of our paediatric diabetes patients in Denmark.

D
if

fe
re

nc
es

 in
 H

bA
1c

 (
%

)

1−2

a

-1.1
-1.0
-0.9
-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1

0.1
0.2

Duration of diabetes (years)
0−1 2−4 >4

0.0

a

Duration of diabetes (years)

1

-4

-3

-2

-1

0

0−1 1−2 2−4 >4

D
if

fe
re

nc
es

 in
 I

D
A

A
1c

a

b

Fig. 1 (a) Glycaemic regulation measured as differences in HbA1c (%)
and (b) residual beta cell function measured as differences in insulin
dose-adjusted HbA1c (%) (IDAA1c) during follow-up in 2,923 patients
according to classification of DKA at onset. Values are mean (±SD).
Solid line, moderate and severe DKA; dotted line, none and mild DKA.
In (b) a high IDAA1c value corresponds to a low level of endogenous

insulin production. The difference between the DKA groups was
highly significant (p=0.00036 in a; p<0.0001 in b). aThe reference
group in this model was moderate/severe DKA with a duration of
diabetes >4 years (adjusted for age, sex, duration of diabetes, ethnicity,
family history of diabetes, treatment regimen, centre differences and
duration of CSII treatment)
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The study population comprised hospital-referred patients
diagnosed at tertiary treatment units. This might positively
influence an early diagnosis throughout Denmark and result
in a low frequency of DKA compared with other countries.
A limitation of this study is the locally analysed HbA1c

results at initial diagnosis assigned to the respective hospital
units around the country. A strength, however, is the cen-
trally organised laboratory unit used for annual samples of
HbA1c measurements throughout the study period, which
were frequently validated and aligned with the DCCT val-
ues. We did not have data on the insulin analogues admin-
istered. Recent advances in new insulin analogues and
differentiation of their effects will be of pivotal interest in
future studies focusing on treatment modalities.

In conclusion, we found an increased risk of poor long-
term glycaemic regulation and reduced residual beta cell
function in children presenting with moderate/severe DKA
at onset of type 1 diabetes. However, an intensive treatment
regimen limited the negative effect of DKA at onset, with
improved glycaemic regulation and residual beta cell function
during follow-up, which was also true when centre differences
were taken into account. The optimal time for CSII initiation,
continuous education and strategies to decrease DKA at onset
need to be evaluated in different populations to improve long-
term outcome in this patient group.
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