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Abstract

Objectives: Diabetic ketoacidosis (DKA) in type 1 diabetes (T1D) can occur during
both insulin pump therapy (continuous subcutaneous insulin infusion, CSIl) and insu-
lin injection therapy (multiple daily injections, MDI). The primary aim of this study
was to compare CSII and MDI regarding DKA frequency. A secondary aim was to
compare metabolic derangement between CSIl and MDI at hospital admission
for DKA.

Research Design and methods: Children 0-17.99 years with established T1D admit-
ted for DKA in Sweden from February 1, 2015 to January 31, 2017 were invited to
participate. Data regarding demographics, laboratory data, CSIl or MDI, and access to
ketone meters and CGM were provided through questionnaires and medical records.
The Swedish National Diabetes Registry (SWEDIABKIDS) was used to compare the
distribution of CSIl and MDI in the national population with the population admitted
for DKA, using the chi-square goodness-of-fit test. Distribution of CSIl and MDI was
then categorized in clinical severity grades for mild (pH 7.20-7.29), moderate
(pH 7.10-7.29) and severe DKA (pH <7.10).

Results: The distribution of CSII at DKA admission was significantly larger than in the
national pediatric population with T1D (74.7% vs. 59.7%, p = 0.002). CSII was over-
represented in mild DKA (85.2% vs. with CSlI, p < 0.001), but not in moderate/severe
DKA (57.9% with CSII, p = 0.82). Mean HbA1c at hospital admission was 73.9 mmol/
mol with CSIl and 102.7 mmol/mol with MDI.

Conclusions: CSIl was associated with higher risk of mild DKA than MDI. MDI was
associated with markedly higher HbA1lc levels than CSIl at hospital admission
for DKA.
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1 | INTRODUCTION

Insulin pump therapy (Continuous Subcutaneous Insulin Infusion, CSlI)
or insulin injection therapy (Multiple Daily Injections, MDI) are the
standard options for comprehensive treatment of type 1 diabetes
(T1D) in children.>? Both options share the principle of basal-bolus
insulin regimes, with a continuous basal rate (CSll) or a basal dose
given once or twice daily (MDI), and bolus doses administered during
meals or if blood glucose levels are too high. However, regardless of
insulin delivery mode, diabetic ketoacidosis (DKA) can develop in chil-
dren with T1D in case of absolute or relative insulin deficiency.®

The use of CSll is increasing internationally and has become the
predominant type of treatment for children with T1D in many coun-
tries. In Sweden, all children with new-onset T1D start treatment with
MDI at onset of diabetes. Sooner or later, the majority move on to
CSlI therapy, and in Sweden more than 70% of the children with T1D
used CSlI in 2020.* It is recommended to start with CSII at onset of
diabetes for preschool children.® Although considerably more expen-
sive, CSIl offers several potential advantages over MDI. Bolus doses
can be given in low doses, and adjustments are possible in small incre-
ments, while only adjustments to half units can be made with MDI.
CSll thus allows for a more flexible administration of insulin and
enables fine-tuning of daily basal insulin requirements, which can be
important on many occasions, such as before or during physical activ-
ity or increased insulin resistance associated with sick days. CSIl may
also increase comfort by eliminating the need for subcutaneous injec-
tions several times daily. In Sweden, no difference is found between
CSIl and MDI regarding HbA1c levels on a national level,® while stud-
ies from other countries have found lower HbAlc levels associated
with CSI1.”=? CSIl could hypothetically be associated with increased
risk of DKA, since this treatment mode only uses rapid- or short-
acting insulins with short half-lives, leading to rapid depletion of insu-
lin depots in case of interruption of insulin delivery. However, studies
have shown mixed results regarding DKA incidence rates when com-
paring CSIl with MDI. CSIl has been associated with higher,%1!
lower,”*® or practically equal*?>*® DKA incidence rates compared with
MDI in various populations.

Monitoring glucose levels is central in diabetes management. All
families should have access to capillary glucose tests. In addition,
access to blood ketone tests at home is recommended by many
authors since these tests may reduce hospitalizations for DKA.24-1¢
DKA prevention measures using blood ketone meters are taught at
diabetes onset and at CSll initiation. It is also included for both MDI
and CSII users when refreshing sick day knowledge. Continuous Glu-
cose Monitoring (CGM) is available for many patients with T1D in
economically privileged countries. CGM utilizes subcutaneous sensors
for continuous monitoring of glucose levels with a high degree of

719 and is used

accuracy.'”*® The use of CGM has increased quickly,
by more than 95% of children in Sweden (2020). Besides advantages
in increasing comfort, for example by enabling uninterrupted physical
activity and minimizing the need for capillary glucose tests, better gly-
cemic control has been shown in several studies.”*3'?-2! Through

alert functions, CGM could also help avoid hyper/hypoglycemic

events by alerting the child/caregiver if subcutaneous glucose levels
are too high or too low. Integration of CSIl and CGM allows for auto-
matic suspension of the basal rate when the glucose level is low.
Hybrid closed-loop CSII systems can adjust the basal rate automati-
cally and give small automatic corrections. The main intentions of
these advanced systems are maintenance good of metabolic control
and avoidance of hypoglycemic or hyperglycemic events, including
DKA 2226

DKA incidence rates in children with established T1D are rela-
tively low in Sweden from an international perspective, with annual
incidences of hospital admission for DKA below 1% in the total
national T1D pediatric population. Since DKA is associated with sig-
nificant risk of acute morbidity and mortality, may cause long-term
morbidity, and entails a substantial healthcare cost, it is nonetheless
imperative to keep the incidence rate of DKA as low as possible.?”~2?

The primary objective was to compare the distributions of CSlI
and MDI in the national pediatric T1D population with the population
admitted to hospital for DKA.

Secondary objectives were to analyze the effect of CSIl and MDI
on the level of acidosis at hospital admission for DKA and to compare
HbA1c levels between CSll and MDI in DKA.

2 | METHODS

This study is part of a two-year national prospective study, including
all children 0-17.99 years with both new-onset and established T1D
admitted to hospital for DKA in Sweden from February 1, 2015 to
January 31, 2017. Children with new-onset T1D and DKA partici-
pated in a separate part, described in detail by Werséll et al. in a
recent publication.>°

This part of the study deals with DKA in children with established
T1D. There were no exclusion criteria. All pediatric centers caring for
children with diabetes agreed to participate prior to the inclusion
period. Study data were collected using two questionnaires
[in Swedish, available upon request]. Parents/caregivers, together
with their children if 15 years of age or above, filled out a question-
naire regarding demographic data, insulin treatment mode (CSIl or
MDI), access to capillary ketone meters, and CGM use at the time of
admission. The attending physician or nurse filled out a second ques-
tionnaire regarding laboratory and physiological parameters at hospi-
tal admission and during hospital care. In some cases, missing data
from the questionnaires were added from medical records. Both ques-
tionnaires were administrated at hospital admission or shortly thereaf-
ter and could be filled out either in web-based or paper format. The
web-based questionnaires were created using a web survey program
(SurveyMonkey®, SVMK Inc.). Access to the web-based survey
required a code provided to physicians and nurses only, who then
gave access to the parents/caregivers.

Data from the pediatric part of the Swedish National Diabetes
Register (SWEDIABKIDS) were used to estimate total patient-years
for CSIl and MDI in the national pediatric population with T1D during
the study period, and to compare the number of DKA cases included
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in the study with the number DKA cases registered in SWEDIABKIDS.
Data on patient-years with CSIl or MDI were derived from the current
type of insulin treatment registered in SWEDIABKIDS during routine
outpatient visits. Data on CSll and MDI usage was not available during
the entire study period for those children who turned 18 years before
January 31, 2017, since adult patients are no longer registered in
SWEDIABKIDS. Therefore, the mean reported treatment time with
CSIl and MDI during the study period for the whole population in
SWEDIABKIDS was expected to be less than 2 years.

2.1 | Statistics

The distribution of children with CSIl and MDI at hospital admission in
the study population was compared with the distribution of CSIl and
MDI in the national population during the study period using a
chi-squared goodness-of-fit test. The null hypothesis was that the dis-
tribution of CSIl and MDI among DKA cases was the same as the
distribution of CSIl and MDI in the national pediatric diabetes popula-
tion during the study period. The significance level was set to 0.05. pH
values at hospital admission were compared between CSIl and MDI
using the Mann-Whitney U test and univariate and multivariable
regression analyses, adjusting for sex, age, and access to ketone meters
and CGM, with robust estimation of the variance for the multivariable
analysis.>! The distribution of CSIl and MDI was then categorized
according to clinical severity grades,® into mild DKA (pH 7.20-7.29),
moderate DKA (pH 7.10-7.19), and severe DKA (pH <7.10) for compar-
ison with the distribution of CSIl and MDI in the national population

with T1D during the study period. HbAlc levels were compared
between CSll and MDI in DKA using the Mann-Whitney U test.

If a child had experienced multiple episodes of DKA during the
study period, only the first episode was included in the study.

SPSS v. 27 (IBM Corporation) was used for all calculations, tables,
and graphs.

2.2 | Ethics

Approval for this study was granted from the regional research ethics
committee in Vastra Gotaland, Gothenburg, Sweden (registration
number 748-14), who granted permission for the conduction of the
study nationally. All included individuals consented to take part in the
study, either by their caregivers or by caregivers and the child if above

the age of 15 years.

3 | RESULTS

3.1 | The Swedish National Diabetes Registry

In SWEDIABKIDS, 7958 children 0-17.99 years were registered with
at least one routine elective visit for T1D to a pediatric diabetes out-
patient clinic during the study period. Treatment mode (CSIl or MDI)
was registered during at least one routine visit in 7832 children, in
whom the treatment time was 84,130 months (59.7%) with CSIl and
56,755 months (40.3%) with MDI (Figure 1). Including only the first

Reported DKA
cases in study
n=118
Excluded cases if
pH or CSII/MDI
not reported
n=10
Total DKA cases
with treatment
reported n=108
Only first DKA

case included in
children with
multiple cases

T1D patients O- Included DKA n=9
17.99years21 .
A cases in study
routinevisitin = f-------mmmmmmmmmm oo =09
SWEDIABKIDS -
n=7958
SWEDIABKI,DS SWEDIABKI[.)S DKA cases with DKA cases with
CSll use during MDI use during .. L.
study period study period CSll at admission MD! at admission
= = 0,
(50.7%) (40.3%) n=74(74.7%) n=25 (25.3%)

FIGURE 1

Flow chart describing diabetic ketoacidosis (DKA) cases included in the study.
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TABLE 1
with multiple admissions

Study results divided between mild and moderate/severe diabetic ketoacidosis (DKA). Only the first episode is included for children

All DKA cases included in study Mild DKA cases Moderate/severe DKA cases®
pH <7.30 pH <7.30-7.20 pH <7.20
Number of cases Csli 74/99 (75%) 52/61 (85%) 22/38 (58%)
MDI 25/99 (25%) 9/61 (15%) 16/38 (42%)
Sex Female Csli 38/73 (52%) 25/51 (49%) 13/22 (59%)
MDI 13/25 (52%) 6/9 (67%) 7/16 (44%)
Male Csli 35/73 (48%) 26/51 (51%) 9/22 (41%)
MDI 12/25 (48%) 3/9 (33%) 9//16 (56%)
Age in years® Mean (SD) CSlI 12.7 (3.6) 12.9 (3.6) 12.4(3.7)
MDI 13.7 (2.7) 13.6(3.4) 13.8(2.4)
Median (min-max) Csll 13.6 (3.3-17.9) 13.5(3.8-17.7) 13.9 (3.3-17.9)
MDI 13.9 (8.2-17.7) 15.3(8.2-17.7) 13.8(9.9-17.0)
Ketone meters Csll 52/53 (98%) 36/36 (100%) 16/17 (94%)
MDI 15/22 (68%) 6/8 (75%) 9/14 (64%)
CGM Csll 39/70 (56%) 27/49 (55%) 12/21 (57%)
MDI 7/25 (28%) 5/9 (56%) 2/16 (13%)
pH Mean (SD) Csli 7.22 (0.071) 7.26 (0.025) 7.13 (0.054)
MDI 7.15 (0.091) 7.24(0.027) 7.11 (0.078)
Median (min-max) (]} 7.25(6.96-7.29) 7.27 (7.20-7.29) 7.14 (6.96-7.19)
MDI 7.16 (6.96-7.28) 7.23 (7.20-7.28) 7.13(6.95-7.19)
HbA1c® mmol/mol Mean (SD) Csll 73.9 (18.1) 71.8(17.2) 77.7 (19.5)
MDI 102.7 (23.3) 87.4 (9.2 108.2 (24.6)
Median (min-max) Csll 66 (41-132) 64.5 (41-111) 78.0 (50-132)
MDI 100 (63-139) 91.0(75-98) 111.5(63-139)
HbA1c% Mean (SD) Csli 8.9 (3.8) 8.7 (3.7) 9.3(3.9)
MDI 11.6 (4.3) 10.2 (3.0) 12.1 (4.4)
Median (min-max) Csli 8.2(5.9-14.2) 8.1(5.9-12.3) 9.3(6.7-14.2)
MDI 11.3(7.9-14.9) 10.5(9.0-11.1) 12.4(7.9-14.9)
2Severe DKA was seen in four children with CSII and five children with MDI.
Pn = 95.
‘n=74.

DKA event in patients with multiple events, there were 118 DKA
cases calculated from Swediabkids during the study period February
1, 2015 to January 31, 2017.

3.2 | Description of study data

There were 114 cases of DKA with reported ongoing CSIl or MDI
treatment, of whom 108 cases had reported pH values at the time
of hospital admission. Eight children had multiple DKA episodes
during the study period. Two DKA episodes were reported in four
individuals with MDI, and three individuals with CSIl. One child
with CSIl reported three DKA episodes. When including only the
first hospital admission for DKA in children with multiple DKA
events, the study captured 99/118 (84%) of all patients with DKA
compared to Swediabkids. Of these, there were 74/99 (74.7%)

cases with CSIl and 25/99 (25.3%) cases with MDI treatment
(Table 1 and Figure 1).

Among children with reports on access to ketone meter for home
use, 52/53 (98.1%) of the CSII users and 15/22 (68.2%) of the MDI
users reported having had access to ketone meters at the time of
admission for DKA. Regarding CGM, 39/70 (55.7%) of the CSll users
and 7/25 (28.0%) of the MDI users had CGM at admission.

MDI users with DKA had higher mean HbAlc levels than the
national pediatric population with MDI (102.7 vs. 59.2 mmol/mol,
11.6% vs. 7.6%). CSll users with DKA also had higher HbA1c levels
than the national pediatric population with CSlI, but to a lesser degree
(73.9 vs. 58.8 mmol/mol, 8.9% vs. 7.5%). HbA1c levels >70 mmol/mol
at admission for DKA were seen in 18/19 (94.7%) of children with
MDI and 27/55 (49.1%) of children with CSII.

Out of 38 participating hospitals with pediatric emergency wards,
seven did not report any DKA cases during the study period. These seven
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FIGURE 2 Comparison of expected and observed distributions of
multiple daily injections (MDI) and continuous subcutaneous insulin
infusion (CSlI) at hospital admission for diabetic ketoacidosis.

hospitals were small and comprised only 8% of the total pediatric popula-
tion with T1D registered to them during the study period, and the mean
proportion of children with T1D and CSlI for these hospitals was 66%.5232

3.3 | Analyses of study data

There was a significant difference between the observed and the
expected distributions of CSIl and MDI in the population of DKA
admissions (y = 9.317, p = 0.002, chi-square goodness-of-fit test,
Figure 2).

Median pH at admission for DKA was 7.25 (max 7.29 min 6.96) in
the CSII group and 7.16 (max 7.28 min 6.95) in the MDI group. The
Mann-Whitney U test showed a significant difference in pH distribu-
tions between CSIl and MDI (p < 0.001). In univariate regression ana-
lyses of pH regarding effects of insulin delivery mode (CSIl or MDI), sex,
age, CGM and access to ketone meters, CSIl was significantly associ-
ated with a higher mean pH value (p = 0.001, Cl —0.110 to —0.029) as
was access to home ketone meters (p = 0.046. Cl —0.152 to —0.001.
In adjusted multivariable regression analyses, only insulin treatment
mode had a significant effect on pH, with CSIl being associated with a
higher mean pH value than MDI (p = 0.028, Cl —0.103 to —0.006). No
significant interactions were found between the independent variables.

Children with mild DKA (pH 7.20-7.29) had a significantly larger
distribution of CSIlI than the national pediatric T1D population (85.2%
vs. 59.7%, p < 0.001, chi-square goodness-of-fit test, Figure 3). Children
with moderate DKA (pH 7.10-7.19), had a similar distribution of CSII to
the national population (62.1% vs. 59.7%, p = 0.80). There were only
nine children with severe DKA (pH <7.10), of which five had MDI and
four CSIl. When severe and moderate DKA were combined, moderate/
severe DKA had a distribution of CSlI similar to the national population
(57.9% vs. 59.7%, p = 0.82, chi-square goodness-of-fit test, Figure 3).

Children with CSII had significantly lower HbA1c levels than MDI
(Table 1, p < 0.001, Mann-Whitney U test), also when subgrouped
into mild DKA (p = 0.046) and moderate/severe DKA (p = 0.002).

100 >  p<0001 <+——
[
Wcso
85% (n=52) ()Y
80
> P08 +—
. 60%
60
%
42% (n=16) 40%
40 o
15% (n=9)
0
Mild DKA Moderate/se and MDI in
pH (7.20-7.29) (pH < S en with T1D
Feb 1,2 Jan 31, 2017
FIGURE 3 Distribution of continuous subcutaneous insulin

infusion (CSII) and multiple daily injections (MDI) in mild and
moderate/severe diabetic ketoacidosis (DKA) compared with use of
CSll and MDI in the national population.

4 | DISCUSSION

The main finding is that DKA was more common in children with CSII
compared to the distribution of CSll in the national pediatric population.
This is in line with previous studies from Sweden, although the incidence
rate of DKA in children with CSlI is lower today (1.1 per 100 patient-years
during February 1, 2015-January 31, 2017 compared to 3.6 per
100 patient-years in 2000).1* The results suggest that DKA could still be a
more significant problem in children with CSIl compared with MDI. How-
ever, when the DKA cases were divided into clinical severity grades (mild,
moderate and severe DKA),% overrepresentation of CSIl compared to MDI
was only seen in the group with mild DKA (pH 7.20-7.29, Figure 3). The
pH differences between CSIl and MDI among admissions for DKA can
thus be explained by the fact that CSIl was overrepresented in mild DKA,
and not because children with MDI and DKA had more severe DKA.

Several studies from other countries have shown opposite results,
with significantly lower relative frequencies of DKA in children
treated with CSII compared with MDI.”® There could be many expla-
nations for these differences in study outcomes. One explanation
might be that children with mild DKA may not always be admitted to
hospital, and thus not included in studies finding DKA less common
with CSII. Another possible explanation could be differences in other
countries regarding socioeconomic and sociodemographic patterns
between the populations with CSIl and MDI.

CGM has been associated with lower frequencies of DKA in sev-
eral international studies.” CGM use in children with DKA was only
58% for CSIl and 29% for MDI, compared to an overall figure of 80%-
90% in SWEDIABKIDS during the study period. Thus, the children
with DKA did not utilize publicly available technology (CGM is reim-
bursed in Sweden) at the time of hospital admission. With higher use
of CGM, users will get warning signals in the form of hyperglycemia
alerts, prompting them to check for blood ketones if an insulin correc-
tion dose does not have the intended effect. In this study, 98% of the
CSlI users had access to blood ketone meters, while only 68% of MDI
users had access to these despite a national recommendation of
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prescribing blood ketone meters to all children at diabetes onset.
Access to ketone meters may have guided the CSII users to seek med-
ical help earlier, thus preventing the progress to more severe DKA.

Since the current prevalence of CGM in Sweden is 98.8% in CSII
users and 95% in MDI users,? it could be hypothesized that the risk of
DKA should have decreased. However, the overall rate for DKA in chil-
dren with established diabetes has been constantly low and has shown lit-
tle variation during the past decade (between 0.5% and 1% since 2011.
The rate of high HbA1c values is decreasing among Swedish children. In
2020 only 6.7% had HbA1c >70 mmol/mol.# In 2015 the rate was 12.5%
and in 2016 10.5%. The results in this study indicate that children with
MDI and DKA, largely, might belong to a group with high HbA1c levels.
In contrast, the HbA1c levels among children with CSIl and DKA are more
in line with the HbA1c levels in the national population with T1D.

This study should be interpreted in relation to international rates of
DKA in children with T1D, which are higher than in Sweden.>*%° A lower
DKA incidence in Sweden might reflect increased awareness among
patients and caregivers. The significant overrepresentation of CSIl among
hospital admissions for mild DKA could reflect a management problem in
this group.3 Interruption of insulin administration via CSlI results in
quicker ketogenesis than missed doses with MDI, where a long-acting
insulin provides an insulin depot. It is also possible that some children with
mild DKA, with either MDI or CSlI, were self-treated at home and never
admitted to hospital. For mild DKA, the ISPAD 2018 guidelines state that
subcutaneous insulin and oral rehydration can be used initially, which
should apply to most mild DKA episodes in this study.® This simplified
management could reduce the burden of hospital admission for both the
individual and the health care system. For children with insulin pumps
without automatic suspension and repeated DKA episodes, addition of
long-acting basal insulin may be beneficial in selected cases.”

Regarding DKA in the group of children with MDI, this study
shows significantly higher HbAlc levels compared to children with
CSll. Children with MDI also had low access to ketone meters at
home. This emphasizes the importance of exploring the total situation
of this group of children, including a social and psychological investi-
gation and thorough follow-up, in the same manner as is rec-
ommended for recurrent DKA in ISPAD Guidelines.®

A limitation in this study is that the total treatment time since the
start of CSII treatment until DKA admission was impossible to obtain
from SWEDIABKIDS. Such data would have permitted a more precise
estimation of the relative risk of DKA comparing CSIl and MDI. How-
ever, risk estimation of DKA in the pediatric population with T1D is
difficult due to the inherent practical and ethical problems in design-
ing blinded, randomized controlled trials. Another limitation is the lack
of socioeconomic or ethnic data in statistical analyses. Specific demo-
graphic data, such as socioeconomic factors and ethnicity, is not part
of SWEDIABKIDS and was beyond the scope of this study.

A strength with this study is that it is a national population-based
design that included all children 0-17.99 years with T1D admitted to
hospital for DKA during 2 years. Furthermore, a high-quality national
register (SWEDIABKIDS) was used to compare the background pedi-
atric population with T1D.

Hybrid Closed Loop systems that might decrease the risk of DKA
were not standard features of CSII treatment at the time of study

inclusion.?22%2% However, an interrupted insulin delivery will cause
ketosis and risk of progression to DKA regardless of which insulin

delivery mode is used.

5 | CONCLUSIONS
Compared with the distribution of CSll in the national pediatric popula-
tion with T1D, the distribution of CSIl was significantly higher in children
admitted to hospital for DKA. However, this overrepresentation of CSlI
was seen in mild DKA. Raised awareness of the risk of rapid develop-
ment of insulin deficiency is essential during treatment with CSII.
Children treated with MDI who developed DKA had significantly
higher HbA1lc levels at hospital admission, which should raise con-
cerns of management difficulties and call for extensive interventions

by the diabetes team.
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