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I am a firm believer in the theory that you can do or be anything that you
wish in this world, within reason, if you are prepared to make the sacrifices,
think, and work hard enough and long enough.

Sir Frederick Banting (1928)

il



v



Risk Factors for Diabetic
Ketoacidosis in Children

Johan Henrik Wersill

Department of Anesthesiology and Intensive Care Medicine, Institute of
Clinical Sciences
Sahlgrenska Academy, University of Gothenburg
Gothenburg, Sweden

ABSTRACT

Background: Diabetic ketoacidosis (DKA) is a life-threatening acute
complication of diabetes. It is preventable if timely administration of sufficient
amounts of insulin is initiated. A large proportion of children are affected by
DKA annually, especially at onset of type 1 diabetes (T1D). Mortality is
relatively rare in developed countries but high in developing parts of the world
and is mostly related to cerebral edema. Although severe, permanent cerebral
injury is uncommon in the majority of children with DKA, there may be a risk
of cognitive impairment, both in the mid- and long-term setting. Moreover, it
has been shown that acute kidney injury is common during DKA. The long-
term consequences of this are yet to be investigated. Acute renal impairment
resolves uneventfully in most children after DKA, but there is concern that
tubular injury in the acute may increase the risk of chronic kidney disease in
children with diabetes. Since DKA is preventable, it is important to investigate
factors that may be associated with increased risk of this condition.

Aims: The main aims of this thesis were 1) to describe the extent of delayed
referral among children admitted to hospital for new-onset T1D and DKA, and
to analyze the effect of delayed treatment on the severity of DKA; 2) to
investigate if continuous subcutaneous insulin infusion (abbreviated CSII,
commonly known as insulin pumps) are associated with increased risk of DKA
in children, compared with multiple daily injections (abbreviated MDI,
commonly known as “insulin pens”); 3) to estimate the effect of an
internationally standardized measurement of low economic standard on the
risk of DKA at onset of T1D, and 4) to analyze the effect of DKA at onset of
T1D on the risk of a first-recorded recurrent DKA episode. Secondary aims



were to assess the effects of age at diagnosis, parental level of education and
family income on the risk of another episode of DKA.

Methods: Study I and II were prospective, national population-based studies.
Questionnaires were designed to collect survey data from all patients admitted
to hospital in Sweden for DKA, from February 1, 2015, to January 31, 2017.
The pediatric part of the Swedish National Diabetes Register (NDR) was used
to assess the extent of missing data compared with the register, and to complete
data when possible. Medical records were checked by the children’s attending
physicians in some cases. Two questionnaires were used for data collection
and presented to participating caregivers and children at the time of hospital
admission. One questionnaire was filled out by the caregivers (together with
children if older than 15 years) and used for pre-admission data and assess for
coherency with register data. Another questionnaire was filled out by attending
pediatricians (and specialized nurses in some cases) primarily for in-hospital
data and for coherency with the caregivers’ questionnaires and the register.
Study III and IV were register-based, retrospective national population studies.
Individual data from the pediatric part of the NDR and from Statistics Sweden
(a public, national statistical agency) were merged. For socioeconomic
variables, the longitudinal integrated database for health insurance and labor
market studies (LISA) provided by Statistics Sweden was used and study-
specific variables derived from LISA. For the main exposure variable in study
III, relative low economic standard as defined by the European Union’s
statistical agency and Statistics Sweden was used. By this definition, an
individual is at persistent risk of poverty if disposable income, weighted for
household composition, is below 60% of the population median. For study IV,
Cox regression models were built to estimate the effect of DKA, age of the
child, parental level of education and disposable income quartile at diagnosis
of TID, on the risk of a later episode of DKA during established T1D.
Censoring was set to five years after diagnosis to limit the extent of
uncontrolled confounding.

Results: Delayed referral to hospital was common in Sweden during the study
period in study I. It was estimated that delay occurred in 43% of the cases, and
delay was associated with significantly more severe ketoacidosis at hospital
admission. Parental suspicion of diabetes was associated with milder
ketoacidosis. The most common misdiagnosis was gastroenteritis. Treatment
with CSII was associated with significantly higher risk for DKA than MDI in
study II. However, the increased risk with CSII was only seen in cases of mild
DKA (pH 7.29 — pH 7.20) but not in children hospitalized for moderate to
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severe DKA (pH<7.20). Children with MDI had significantly higher mean
HbAIlc levels (102.7 mmol/mol, SD 23.3 mmol/mol) compared with children
with CSII (73.9 mmol/mol, SD 18.1 mmol/mol). In both children with CSII
and MDI, the use of sensor-based continuous glucose monitoring was lower
than the national average, but it was higher among children with CSII (56%)
than in children with MDI (28%). Persistent low economic standard was
significantly associated with 42% higher risk of DKA at onset of T1D (RR
1.42, C.I. 1.13 - 1.79, p = 0.003). There was no evidence that DKA at onset of
T1D in children was associated with another episode of DKA during
established diabetes (hazard ratio 0.78, C.I. 0.39 - 1.6, p=0.47). There was a
higher risk of DKA during established T1D for primary level of education
compared to tertiary level (hazard ratio 5.8, p=0.001), and for secondary level
of education compared to tertiary level (hazard ratio 1.8, p=0.031). There was
also significant association between higher risk of DKA for children from the
lowest household income quartile compared to the highest income quartile
(hazard ratio 0.30, p=0.011).

Conclusions: Delayed referral is common in children with new-onset T1D
who present with DKA. Delayed referral leads to worse outcome measured as
pH at hospital admission. CSII is associated with increased risk of mild DKA,
but not with moderate or severe DKA. Persistent low economic standard is
associated with increased rates of DKA at new-onset T1D in children, even in
a high-income country with completely reimbursed public healthcare like
Sweden. There is no evidence that DKA at new-onset T1D is associated with
a later episode of DKA and the risk factors for DKA at onset of T1D and during
established T1D may be partially different. However, parental education level
and low household disposable income are risk factors of DKA, both at onset
of T1D and during established T1D.

Keywords: Diabetic ketoacidosis, type 1 diabetes, continuous subcutaneous

insulin infusion, multiple daily injections, cerebral edema, acute kidney injury,
socioeconomic status, low economic standard, level of education.
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SAMMANFATTNING PA SVENSKA

Diabetisk ketoacidos &dr en livshotande komplikation till diabetes. Denna
komplikation uppstér till f6ljd av absolut eller relativ insulinbrist. Med absolut
brist avses total, eller nistan total avsaknad av insulin. Med relativ insulinbrist
menas att effekten av andra hormoner, som till stor del har motsatt verkan
jamfort med insulin, blir for kraftig i forhallande till insulintillgangen.

En person som inte har typ 1 diabetes har hela tiden en viss nivé av insulin som
insondras 1 blodet via bukspottkortelns betaceller. Nér personen iter stiger
glukosnivén i blodet och bukspottkorteln stimuleras av detta, och insdndrar
insulin som héller glukosnivan pa en jdmn niva och later glukos komma in i
cellerna for att dédr lagras som energi. Under fasta stimuleras inte
bukspottkorteln celler lika mycket, men kontinuerlig inséndring av insulin sker
anda for det grundlédggande behovet och for att behélla jaimvikten i kroppen.

Insulin &r att sa kallat anabolt (“uppbyggande”) hormon. Med detta avses
exempelvis att insulin bidrar till att glukos kommer in i celler och dér kan
lagras som ett forréad tills 6kat behov av glukos uppstér. Insulin hdmmar ocksé
nedbrytningen av fetter i kroppen, samt bidrar till att bygga upp proteiner och
bevara proteiner fran att brytas ned. Nar absolut eller relativ insulinbrist
uppstar sker det motsatta. Glukos kan inte langre komma in i cellerna och
stannar kvar i blodet, och orsakar gradvis 6kande urinméngder innehallande
glukos. Symtom som frekventa urintdmningar och stark torst okar i
omfattning. Kroppen borjar torka ut. Eftersom insulinbristen hindrar glukos
frén att komma in i cellerna uppstar ockséd trotthet och viktnedgéng, som
forvérras av att protein borjar brytas ned. Nedbrytning av fett i kroppen okar,
vilket leder till hdga halter av fettsyror, och av sura &mnen skapade av dessa.
Om denna process gér for 1angt utan att insulin tillfors toms forr eller senare
kroppens egna kompensationsmekanismer, och symtom pa surhet i blodet
uppstar. Den sjuke borjar da andas allt kraftigare for att fa ut kolsyra (genom
att andas ut koldioxid), mér illa, och borjar krikas av den sura miljon i kroppen.
I detta lage har symtom pa diabetisk ketoacidos uppstatt. Allt starkare trotthet
och efterhand medvetsloshet tillkommer. Om behandling med insulin inte
inleds kommer sjukdomsprocessen till sist att leda till déden i samtliga fall.

Hos barn ses ofta diabetisk ketoacidos vid insjuknande i typ 1 diabetes. Sedan
manga ar har ungefér en femtedel till en fjardedel av alla barn i Sverige redan
diabetisk ketoacidos nir de far diagnosen typ 1 diabetes pa sjukhus. Utomlands
ar andelen oftast storre.
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Hos barn som har kénd diabetes sedan tidigare &r diabetisk ketoacidos inte lika
vanligt, varken i Sverige eller utomlands. I Sverige registreras arligen 70—80
fall hos barn med kénd diabetes. Det ar en lag siffra vid internationell
jamforelse.

Eftersom insulin i blodet bryts ner mycket snabbt, méste insulinbehandling
utanfor sjukhus alltid ske via tillforsel i underhuden. Det sker via tva olika sétt.
I béda fallen &r tanken att efterlikna kroppens normala, egna insulintillforsel.
Det ena sittet dr dagliga injektioner en eller tvd ganger per dag med en
langverkande typ av insulin, for kroppens grundbehov. Utdver detta ges
injektioner med kortverkande insulintyper, med snabbt inséttande och snabbt
avtagande effekt, infér maltider eller vid alltfér hoga blodsockernivaer. De
sprutor som anvinda kallas ofta for “insulinpennor”. Det andra sittet ar via
kontinuerlig inforsel av insulin via en insulinpump f6r grundbehovet, och extra
doser via pumpen vid méltider eller hogt blodsocker. Bade vid behandling med
insulinpenna eller insulinpump kan Overvakning av blodsockret, som
traditionellt skett via blodsockermétningar med stick i fingret, kompletteras
med en sensor som fésts i huden och kontinuerligt méter blodsockret under ett
par veckor. De mest moderna insulinpumparna tar emot tradlés information
av sadana sensorer, och kan sedan automatiskt minska eller Oka
insulintillférseln beroende pa det aktuella eller férvintade blodsockervérdet.

Den forsta och den tredje studien i denna avhandling handlar om barn som
nyinsjuknat med typ 1 diabetes, och riskfaktorer for att fa diabetisk ketoacidos
hos dessa barn. Den andra och den fjarde studien handlar om barn som redan
har haft diabetes ett tag, och riskfaktorer for diabetisk ketoacidos hos dessa
barn.

I den forsta studien undersdktes forekomst av forsenad remittering av barn frén
primdrvard (till exempel vérdcentraler eller sjukvardsupplysning) till
akutmottagning pa sjukhus, och huruvida forsenad remittering kan relateras till
allvarlighetsgraden av diabetisk ketoacidos. Denna studie fann att en stor del
av barn som ldgg in for nyupptickt diabetes med diabetisk ketoacidos hade
haft primarvardkontakter for diabetesrelaterade symtom inom fyra veckor fore
inldggningen, men att dessa kontakter inte hade lett till kontakt med sjukhus
samma dag. [ manga fall hade &ven blodsockret testats och var hogt, men utan
att detta ledde till inldggning pa sjukhus samma dag. Barn som hade fatt en
forsenad handldaggning hade svérare ketoacidos dn de som kommit till sjukhus
samma dag som primérvardskontakten. I de fall fordldrar hade misstankt



diabetes innan nigon kontakt med sjukvarden, hade barnen lattare former av
diabetisk ketoacidos.

I den andra studien undersoktes om diabetisk ketoacidos var vanligare bland
barn med insulinpump jamfort med insulinpenna. I denna studie jaimfordes
andelen barn med insulinpump som fatt ketoacidos under tva ar, med andelen
barn som behandlades med insulinpump i hela Sverige under samma
tidsperiod. Studien fann ett samband mellan behandling med insulinpump och
diabetisk ketoacidos, dvs att risken for ketoacidos verkade ndgot hogra bland
barn med insulinpump. Detta samband sags dock bara for léttare fall av
ketoacidos. Vid svérare former sigs ingen skillnad mellan insulinpump och
insulinpenna. Diaremot fanns tecken till att barn med insulinpenna hade hogre
nivéer i blodet veckorna eller manaderna innan de fick ketoacidos, jamfort med
de som fick ketoacidos med insulinpump.

I den tredje studien undersoktes om risken for DKA vid insjuknandet i T1D
var 0kad for barn boendes i hushéll med 1&g ekonomisk standard. I studien
anvindes en standardiserad definition av lag ekonomisk standard som anvinds
av bade Statistiska Centralbyrdn och den Europeiska unionens statistikbyra.
Enligt denna definition har en individ relativ 1ag ekonomisk standard om den
disponibla inkomsten understiger 60% av medianvardet for den disponibla
inkomsten i ett land. Studien visade ett starkt samband mellan 1ag ekonomisk
standard och risk for DKA.

I den fjdrde studien undersoktes om det fanns ett samband mellan diabetisk
ketoacidos vid diagnos av typ 1 diabetes och risk for framtida episoder av
diabetisk ketoacidos. Ett samband kunde inte pavisas. Dédremot sigs ett
samband mellan lag disponibel inkomst (den fjdrdedelen av familjerna med
lagst inkomst) och/eller 1ag utbildning i familjen (utbildningsnivd maximal
grundskola) vid diagnos av typ 1 diabetes, och inldggning pé sjukhus for
diabetisk ketoacidos under en senare tidpunkt.
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1 INTRODUCTION

Diabetic ketoacidosis (DKA) is a life-threatening acute complication to
diabetes. The biochemical criteria for DKA are hyperglycemia,
hyperketonemia, and metabolic acidosis. Thirst, vomiting, and polyuria are
examples of typical symptoms, but not all children show these symptoms at
presentation for DKA. In principle, delayed treatment is the reason for all cases
of DKA to occur, as timely initiation of insulin treatment will prevent
metabolic acidosis from developing. It is thus an entirely preventable
condition. DKA is seen in a relatively large portion of children with new-onset
type 1 diabetes (T1D) and to a lesser extent in children with known, established
diabetes.

1.1 HISTORICAL BACKGROUND

Diabetes mellitus (from the classical Greek word diabetes, meaning “to pass
through” and the Latin word mellitus, meaning “honey-sweetened”) has been
known since ancient times. (1) Ancient texts probably describe what is known
today as T1D with DKA, and it was understood that this condition ultimately
led to death. (1) Detailed, clinical descriptions of the symptoms of DKA
appeared in medical literature in the nineteenth century, and before the turn of
that century it was also discovered that the later stages of diabetes were
characterized by acidosis and urine excretion of ketone bodies. (2)

Before the discovery of insulin, T1D was invariably fatal, and DKA was an
unavoidable end-stage manifestation. Although insulin (from the Latin word
insula, referring to the islets of Langerhans) had already been proposed as a
hypothetical pancreatic hormone that could be involved in glucose
homeostasis, it was the research work of Frederick Banting, with the help of
laboratory assistant Charles Best, that led to the first treatment with insulin. (3)
In January 1922, a 14-year-old Canadian boy named Leonard Thompson
became the first patient with diabetes to be successfully treated, and the same
year several other children went on to start treatment. Banting and the head of
his research department, John MacLeod, were awarded the Nobel Prize in 2023
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for the discovery of insulin (both decided to share the prize sum with their
assistants).

The rate of insulin production soon accelerated, and treatment for T1D
eventually became available on a larger scale. At the time, insulin was made
from bovine pancreatic tissue and associated with several immunologic side
effects with sometimes serious reactions. However, the availability of a
treatment changed T1D from a palliative condition to a chronic disease. Since
the early days of insulin treatment, physiological understanding,
pharmacological progress, and technical innovations have advanced
enormously.

Research on the importance of glycemic control, and particularly the landmark
Diabetes Control and Complications Trial (DCCT) during the end of the last
century, changed insulin treatment regimes. (4-6) The DCCT study established
the paramount importance of intensive glycemic control by longitudinal
measurements of glycated hemoglobin (HbAlc) and showed that efforts to
keep HbA1c low were effective in preventing neurological and vascular long-
term injury. (7, 8)

Insulin was made from bovine or porcine pancreatic tissue for many decades,
but since the end of the last century, recombinant DNA techniques allow for
industrial mass production of insulin that is identical to naturally secreted
human insulin. (9) Thus, it can avoid the relatively common problems with
immunological reactions encountered when animal insulins were used.
Moreover, insulin is now available in various formulae, with long-acting,
medium-acting, and short- or ultrashort-acting types depending on the type of
individual treatment regime. (10)

During the last three decades, several technical advances have been made
regarding insulin delivery mechanisms and daily monitoring of glucose control
and metabolic status. Many children with T1D are currently offered advanced
types of treatment devices, such as continuous subcutaneous insulin infusion
systems (CSII systems, commonly known as insulin pumps) and continuous
glucose monitoring systems (CGM systems, subcutaneous sensors that provide
continuous information on glucose levels), with the possibility of alerting the
child and caregivers if blood glucose levels become too high or too low.

Nonetheless, even to date, lack of insulin is the leading cause of death among
children with T1D. (11) Children still die or become seriously injured from
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DKA in cases of delayed treatment at the onset of disease, or due to scarcity of
resources or mismanagement during established disease. (12-14) Moreover,
DKA also carries high public costs in monetary terms. Most hospitals routinely
admit children with DKA to an intensive care unit according to guidelines, and
even when intermediary care can be adequately provided, the public cost
remains high. (15-19)

1.2 PATHOPHYSIOLOGY

Insulin is an anabolic hormone that exerts a wide range of effects in the human
body. The metabolism of glucose, fat and proteins is affected by the actions of
insulin. It facilitates glucose uptake in most cells of the body (with some
exceptions, such as neurons, pancreatic beta-cells, erythrocytes, and intestinal
mucosa, which do not need insulin for this transport). Moreover, it both
induces the synthesis and inhibits the breakdown of glycogen. It is thus a vital
component in the process of replenishing and storing energy depots within
cells and in regulating blood glucose levels. Insulin is also a major component
in lipid metabolism. It reduces lipolysis by inhibiting the action of lipase,
increases the conversion of free fatty acids to triglycerides, and facilitates the
synthesis of triglycerides from glucose. Adding to the anabolic and regulatory
effects are increased cellular intake of amino acids and decreased
gluconeogenesis.

To maintain homeostasis, other hormones exert counterregulatory effects,
which directly or indirectly oppose the actions of insulin. The most important
of these are catecholamines, glucagon, cortisol, and human growth hormone.
Catecholamines and glucagon have immediate effects and rapidly increase
glucose availability. Cortisol and human growth hormone have less rapid (but
more lasting) counterregulatory effects, with onset and effect durations ranging
within hours.

DKA is caused by insufficient blood levels of insulin. This can be understood
in absolute terms, when insulin depots are effectively depleted, or in relative
terms, when insulin levels may not be depleted but are insufficient to balance
the increased relative effect of counterregulatory hormones (Figure 1). In both
cases, an uninhibited catabolic state eventually appears with an unregulated
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breakdown of glycogen and triglycerides, increased gluconeogenesis, and
severely impaired cellular intake of glucose. Rising levels of blood glucose and
free fatty acids lead to osmotic diuresis with dehydration, loss of electrolytes,
and metabolic acidosis. Metabolic acidosis primarily results from the
accumulation of ketone bodies but may be aggravated by lactic acidosis due to
impaired tissue perfusion from severe dehydration. A depiction of these
pathophysiological process is shown in Figure 1 below:

Insulin
deficiency
Y Y h 4 h 4
Triglyceride Increased Impaired Increased
breakdown gluconeogenes transport of glycogenolysis
cellular glucose
h 4 Y
Accumulation of .
: Osmotic .
free fatty acids > S < Hyperglycemia [«
. diuresis
and ketonemia

Y h 4 ¢

Metabolic P : Electrolyte
acidosis || Delaten depletion (K*)

Figure 1. Pathophysiological process of diabetic ketoacidosis.
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1.3 STAGES OF DEVELOPMENT OF T1D

There is a genetic susceptibility to develop T1D. A child whose biological
sibling or parent has T1D has a substantially increased risk of developing T1D.
On average, one out of twenty children with at least one first-degree biological
relative with T1D will also develop clinical T1D sometime in life. (20-22)

The importance of genetic risk factors has also been shown in various studies
where associations between certain genes and HLA groups and risk of clinical
T1D are demonstrated. (23-25) On the other hand, most children who are
diagnosed with T1D do not have known close relatives with this type of
diabetes, so the contribution of environmental factors seems to have a major
role at the population level. It is not clear which types of environmental
exposures are involved, and many different factors have been proposed,
ranging from early exposure to cereals, bovine dairy products, enteroviruses,
among many others. (26, 27)

There is evidence that genetic susceptibility and environmental factors can
initiate an autoimmune response in some individuals, with the production of
autoantibodies to pancreatic endocrine islets and beta-cell destruction, and
eventual progression to clinical symptoms. (26) A model for this process has
been proposed and divided in three stages. (28) The link between these stages
is the finding of multiple beta-cell autoantibodies during all three stages. In
stage 1, two or more islet autoantibodies can be detected in blood samples, but
there are no clinical symptoms, and there is normoglycemia both during fasting
and after meals. (29) In stage 2, multiple antibodies can be detected in blood
and abnormal glucose levels can be seen, but no clinical symptoms of diabetes
have yet appeared. In stage 3, there are multiple antibodies, blood glucose
levels have reached above the threshold for diabetes, and clinical symptoms
typical of diabetes have started to appear in many individuals, although not in
everyone. At this stage, a formal diagnosis of clinical T1D can be made. (30,
31)
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1.4 SYMPTOMS OF T1D AND DKA

Some symptoms, or rather combinations of symptoms, are more specific for
new-onset T1D than others. In a primary healthcare setting where a previously
healthy child presents with polyuria and thirst, new-onset diabetes should be a
typical differential diagnosis, and a blood glucose test should be made. Other
symptoms, such as tiredness, weight loss, and stomach pains, are less specific
and may not lead to immediate suspicion of diabetes. Unintended weight loss
is always a serious symptom, especially in children. Nonetheless, this
symptom, as well as tiredness and stomach pains may be attributed to other,
less acute albeit serious conditions or circumstances. A blood glucose test in
this setting could reveal the real nature of these symptoms, and blood glucose
tests should be performed liberally in all children presenting with unexplained
symptoms. If symptoms that may be attributable to diabetes are present and
blood glucose levels >11.1 mmol/L (200 mg/dl), or fasting plasma glucose
>7.0 mmol/L (=126 mg/dl), then a diagnosis of can be made, and the child
should be referred the same day to a hospital with pediatric emergency
capabilities.

In addition to specific or less specific symptoms of diabetes, alarm symptoms
signaling progressive disruption of homeostatic buffer mechanisms eventually
appear in all children with new-onset diabetes, with tachypnoea, (characterized
by large tidal volumes, so-called Kussmaul breathing), vomiting, pronounced
nausea, stupor, and finally coma, which are all signs of DKA and worsening
metabolic acidosis.

In rare cases (0.5-1% of DKA), clinically manifest cerebral edema ensues
which carries high mortality and risk of severe morbidity even when prompt
treatment is initiated. Clinical signs of cerebral edema in children with DKA
were described by Muir et al. who presented a scoring system that is still in use
in clinical practice. (32)
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1.5 TREATMENT OF DKA

The initial treatment of T1D with DKA is in principle the same as treatment of
T1D without DKA. The main physiological derangements, dehydration,
electrolyte loss and metabolic acidosis, should be addressed in that order. This
means that rehydration should first be initiated and continued for 1-2 hours,
until signs of improved tissue perfusion are found. However, there are a few
caveats to evaluation of the degree of dehydration in children with DKA. First,
sodium measurements can be misleading as a guide for rehydration regimes,
since pseudohyponatremia often occur due to high blood glucose
concentrations. (33, 34) Corrected sodium levels should be calculated (the
expected sodium level, given that blood glucose would have been in the normal
range) and used as a complement during rehydration and treatment, until
normal glucose levels and normal pH are reached. (34, 35) Second, evaluation
of the degree of dehydration based on clinical signs is not reliable in children
and especially not in children with DKA, as has been shown in several
publications. (36-39) It is therefore recommended to rehydrate with volumes
corresponding to between 5-10% of the child’s weight, depending on the level
of acidosis.

Metabolic acidosis result in potassium efflux from cells, and this can result in
laboratory values of potassium that may appear to be within normal ranges or
slightly elevated. (34) However, potassium is always depleted in absolute
terms, and parenteral potassium must be administered before or at the time of
start of insulin treatment. Even in severe DKA, administration of bicarbonate
buffer solutions should be avoided whenever possible since it generally does
not improve outcome, can lead to rapid hypokalemia, and has been associated
with increased risk of cerebral edema. (40-43)

Insulin treatment should be started as a continuous infusion. Bolus doses of
insulin should not be given, since they cause rapid intracellular shift of
potassium and risk of hypokalemia, may increase intravascular volume
depletion due to rapid intracellular flux of glucose and water, and have not
been shown to shorten the time until resolution of acidosis. (44)
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1.6 POTENTIAL ACUTE AND CHRONIC COMPLICATIONS OF
DKA

The leading cause of death in children with DKA is cerebral edema. Clinically
manifest cerebral edema is relatively rare in developed countries (0.5% - 0.9%
of children with DKA) but is likely much more common in developing
countries. (45-47) Mortality rates in children with clinically apparent cerebral
edema is 20% - 30%, making it a dreaded complication with frequent long-
term and permanent sequelae in survivors. (48, 49). The pathophysiology of
cerebral edema in children with DKA is not fully understood, but recent
research points towards subacute neurovascular inflammation and impaired
cerebral autoregulation as potential contributing mechanisms. (50, 51) Risk
factors for cerebral edema during DKA have been described in several
publications. (52, 53)

Subclinical edema may be present in a considerable proportion of children with
DKA. (54-56) The long-term implications of this are not fully established, but
a growing number of publications have shown a relationship between signs of
acute injury to the central nervous system (CNS) in children with DKA and
impaired cognitive function at mid- to long-term follow-up. (57-60)

In addition to potentially adverse CNS consequences, acute renal injury is
present in many children admitted to hospital for DKA.(61, 62) Although only
a small minority need dialysis in the acute setting and kidney function
normalizes in the majority of cases, acute kidney injury is a matter of concern
in a population already at risk of chronic kidney disease.(63, 64) The best
treatment protocols to prevent or alleviate acute kidney injury in children with
DKA needs further research. (65)

1.7 EPIDEMIOLOGY OF T1D AND DKA

T1D is one of the most common chronic childhood diseases in the world, and
it is particularly common in Sweden where 1 in 200 children has T1D, making
it the second most common chronic childhood disease after asthma. (66, 67)
Only Finland has a higher annual incidence of T1D than Sweden among
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children worldwide. (68) There seem to be an inverse relationship between the
prevalence of T1D in a country and the incidence of DKA. (69)

In Sweden, the annual DKA rates among children have been stable for decades,
yet there is a tendency for an increase in DKA at diabetes onset since the last
seven to eight years. Between one-fourth to one-fifth of all children with new-
onset T1D, and less than 1% of all children with established T1D are admitted
to hospital for DKA each year. There is considerable age variation, with
children < 2 years having the highest frequency of DKA at diagnosis and
children 2-4 years the lowest frequency. (70)

Internationally, DKA rates at onset of T1D show great variation from one
country to another but are generally higher than in Sweden. In Europe and the
United States, relative frequencies of DKA at onset of T1D vary between 15-
70%. (71). In children with established diabetes, the annual rates of DKA show
great variation depending on which country is surveyed but is generally higher
than in Sweden. (72-74)

1.8 INSULIN DELIVERY TYPES

In children with T1D, a goal of the therapy is to mimic the normal pancreatic
function as much as possible. The normal endocrine pancreas continuously
secrete insulin to maintain basal homeostasis, and automatically up- or
downregulates this secretion in accordance with the physiologic needs. During
meals, a secretion spike occurs when rising blood glucose triggers beta cells to
secrete large amounts of insulin, and during fasting, lower blood glucose levels
inhibit insulin secretion and the effects of counter-regulatory mechanisms may
increase. With these feedback mechanisms, blood glucose levels are kept
within a tight range under normal physiologic circumstances.

In T1D, these normal physiologic fluctuations of insulin levels are mimicked
by employing a so-called basal-bolus treatment regime, to ensure continuous
delivery of a basal insulin level, and bolus doses to ensure “spikes” in insulin
levels during meals. Since insulin only has a half-life of a few minutes in blood,
delivery of insulin must be made subcutaneously in children with T1D. To
achieve this, there are two types of insulin delivery modes for children with
T1D.
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One is Continuous Subcutaneous Insulin Infusion therapy (CSII), or more
commonly known in society as insulin pump therapy. With CSII, a continuous
basal insulin infusion is given through a catheter, which is attached to a
subcutaneous cannula in one end and a pump in the other end. During meals
or to correct hyperglycemia, bolus doses are given through the same catheter.
In CSII, only short- or ultrashort-acting types of insulins are used. The
technological progress has been rapid in this field. As for the time of writing,
several CSII systems communicate with subcutaneously attached sensors for
continuous glucose monitoring and permit automatic tuning of basal insulin
infusion rate, and in certain systems automatic bolus infusions in case of
hyperglycemia. These systems have shown promising results in several studies
in maintaining metabolic control, including both lower DKA rates and lower
HbAlc levels compared with older systems. (75-77) The use of Continuous
subcutaneous insulin infusion (CSII) has gradually increased and has become
the commonest type of insulin delivery for children with T1D in many high-
income countries. Since 2015, most children in Sweden with T1D use CSII,
and this proportion is steadily increasing in the national population. (70)

The other type of insulin delivery is via Multiple Daily Injection therapy
(MDI), during which subcutaneous injections of long-acting insulin types are
given once or twice daily for basal requirements, and bolus doses with short-
acting insulin types are given during meals, or to correct hyperglycemia. MDI
is substantially cheaper than CSII, which has implications for children in
societies without publicly reimbursed healthcare, or where political decisions
or public finances do not allow for CSII, the financial situation in a family may
be decisive for the type of treatment that can be allowed. This is important to
consider when comparing CSII with MDI, since various types of selection
biases may influence results, depending on which population is studied.

1.9 CAUSES OF DKA

1.9.1 SOCIOECONOMIC FACTORS

Socioeconomic status has been reported to be associated with DKA in children
in many studies. Socioeconomic status is an umbrella term for various aspects
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of societal coping resources which include, but are not limited to, education
level, economic capacity, occupational status, perceived “social status”, to
name a few.

Of the various aspects of socioeconomic status, parental education level and
parental income level have been discussed and included in many studies and
reviews of risk factors for DKA in children. (78-81) Indeed, education level
and income are factors that are associated with health outcomes on a general
population level and not just in children with diabetes, as has been shown in
several publications. However, when studying and discussing parental
education level and income as risk factors for acute complications in children
with T1D, it is important to point out that political, economic, and social
differences between countries mandate careful interpretation of education and
income as exposure factors. Income level in a country without publicly
financed healthcare for children means something else than it does in a country
where all pediatric care is paid for by the public healthcare system. Moreover,
assumptions of cause and effect are important both in the design and
interpretation of study results based on education and income. For example, it
may seem intuitive that income, generally, should rather be an effect caused
by education level and mediates the effects of parental education. (82)

1.9.2 AGE OF THE CHILD

Age at onset T1D is a known risk factor for DKA. This has been consequently
shown in various publications where the youngest children consequently have
highest rates of DKA. (71) In Sweden, data from the NDR show a clear
association between age and DKA, with the youngest children (<2 years)
having DKA rates more than double the rates of children 2-17 years, according
to reports from the last decade. (70) Children <2 years have DKA in half or
almost half of the cases with new-onset T1D at admission to hospital. The rate
of DKA is lowest in children 2-4 years of age and increases in comparison
during adolescence.

11
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1.9.3 DELAYED ADMISSION TO HOSPITAL

Delayed initiation of insulin treatment is, in terms of principle, always the
reason for DKA to develop. This can be caused by either the so-called
“patient’s delay”, or the “doctor’s delay”, or a combination of both. In patient’s
delay (when parents seek healthcare evaluation at a late stage in diabetes
development), many factors may play at hand.

Lack of awareness to diabetic symptoms, cases of child neglect, or language
barriers can all cause parents or caregivers to seck medical evaluation at later
stages than would have been preferable. Also in doctor’s delay, (when
healthcare personnel fail to refer a child with new-onset diabetes to the nearest
hospital with pediatric emergency capabilities) several factors also may
influence the failure to perform prompt referral to hospital. Unfamiliarity with
management and diagnostical procedures for suspected T1D could be
important in a primary healthcare setting, where type 2 diabetes is often much
more common. This may cause underestimation of the urgency of the condition
if procedures for suspected type 2 diabetes are followed. Language barriers
may also play arole, creating risks of misunderstandings between the caregiver
and the parents/caregivers or the child regarding the symptoms, and the
temporal evolution of those symptoms. Moreover, ignorance regarding T1D
can have had a role in certain cases, where diabetic symptoms were present
and blood glucose tests showed high levels, yet were attributed to stress, or
other causes than diabetes. (83) Delayed referral has been shown to be
relatively common in several publications, also when countries with different
types of healthcare infrastructure are compared. (84, 85)

1.9.4 INSULIN DELIVERY MODE

Insulin delivery mode (CSII or MDI) as a risk factor for DKA has been studied
in several publications in which some have shown increased risk with CSII
while others the opposite, and yet others have not shown evidence for
significant differences between CSII and MDI with respect to the risk of DKA.
(86-91) A plausible assumption of an inherent higher risk of DKA with CSII
lies in the nature of the treatment, since only short-acting insulin types are used
with this type of insulin delivery mode. If continuous delivery of insulins with
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short half-lives is interrupted, for example because of accidental dislocation of
the infusion set, there is rapid depletion of insulin depots, which leads to earlier
ketosis than is the case with long-acting insulins used in MDI. If an accidental
dislocation of the infusion set occurs before bedtime, interrupted infusion may
go undetected for a long time, until routine glucose monitoring at morning
hours reveal the problem. However, modern CSII systems come with
subcutaneous continuous glucose monitoring sensors, which are designed to
alert the child or caregiver about worsening hyperglycemia. (92, 93)

Delayed parental

contact with
healthcare
Low awareness of l Parental
disposable income

symptoms of type
1 diabetes \

level

Risk of DKA at
onset of type 1
diabetes

Delayed doctor's / I \ Age of the child

referral to hospital

Parental level of
education

Figure 2. Risk factors for diabetic ketoacidosis at onset of type 1 diabetes.
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1.10 DKA PREVENTION

1.10.1 AWARENESS CAMPAIGNS

Several interventional attempts to decrease DKA at onset of T1D have been
made across various populations. (94) One notable example is an intervention
to increase population awareness by Vanelli et al. in two Italian regions. (95)
In this study, posters, oral information, and plastic memo cards were used to
raise awareness of typical symptoms of diabetes. The campaign was directed
to healthcare workers, parents and children, and school employees, and was so
successful that DKA rates were brought down to 0% during one period. The
positive effects of this campaign were followed up and has been estimated to
last for many years. (96) Apart from this very ambitious interventional study,
other interventions have proven effective, moderately effective, or
inconclusive depending on the study protocol and the population. (97) What
can be learnt at a general level from these campaigns is that awareness of
symptoms typically attributed to diabetes indeed contribute to decrease DKA
at new-onset type 1 diabetes. (94)

1.10.2 SCREENING FOR T1D

A recent and promising approach to improving care and preventing DKA is
screening for diabetes, either in high-risk groups of children or in the general
population of children in certain ages. (98) In an ongoing, prospective
intervention study initiated in 2015 in Bavaria, Germany (the Frlda study), it
has been shown that a group of children screened and tested positive for islet
autoantibodies had remarkably low rates of DKA (2.5%) at diagnosis of
symptomatic diabetes. (99) Within the framework of this and other studies,
screening for T1D is becoming a clinical reality internationally. (100, 101)
First-degree relatives of patients with T1D are now offered clinical tests for
islet autoantibodies in the United States, and in Italy a law was passed in
October 2023 which mandates national screening of all children 0-17 years at
risk of T1D, with one of the explicit aims being to decrease the rate of DKA at
new onset diabetes. (102) It remains to see the effects of screening programs

14



Johan Henrik Wersill

in the future and the feasibility of such programs in different countries and
regions worldwide.

1.10.3 PREVENTION OF DKA IN CHILDREN WITH ESTABLISHED
T1D

In children with established diabetes who develop moderate to severe DKA,
technical mismanagement, child neglect, skipped doses, or gastroenteritis have
often been found to be involved. (103) In cases with skipped doses, social
problems should be suspected, if not already known. In general terms,
prevention of DKA in this group should be focused on a multi-dimensional
team-based approach, frequent follow ups, and re-evaluation of the type of
insulin delivery (CSII or MDI) that may be the best option for the individual
child. (104, 105) However, it is also important to consider the severity of the
DKA episode and whether the child has suffered recurrent episodes of DKA
since diagnosis of T1D.

In first-time cases with only mild DKA and good long-term HbAlc levels,
penetration of the triggering mechanism may be sufficient to conclude that a
misfortune happened and that more information should likely prevent further
events from happening. (105) On the other hand, in children with established
T1D who suffer moderate or severe DKA events, or recurrent events, a deeper
problem should be assumed, especially if occurring against a background
problematic of HbAlc levels. (106) In these children, multidisciplinary
healthcare efforts, with possible involvement of school personnel and
sometimes contacts with the public social assistance services could be required
to improve the situation. (104, 106)
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2 AIMS

OVERALL AIMS

The overall aim of this dissertation is to investigate risk factors DKA in
children with T1D.

STUDY I

The primary aim of this prospective observational study was to characterize
children whose caregivers had suspected new-onset diabetes before contacting
healthcare services with delayed referral to hospital after contacts with the
primary healthcare system. The secondary aims were to analyze the effects of
parental suspicion of diabetes and delayed referral on pH levels at hospital
admission for DKA.

STUDY II

The primary objective was to compare the distributions of CSII and MDI in
the national pediatric T1D population with the population admitted to hospital
for DKA. Secondary objectives were to analyze the effect of CSII and MDI on
the level of acidosis at hospital admission for DKA and to compare HbAlc
levels between CSII and MDI in DKA.

STUDY Il

The aim of this study was to estimate the effect of an international,
standardized measurement of low household economic standard on the risk of
DKA among children with new-onset T1D.

STUDY IV

The primary aim of this study was to analyze if DKA at onset of T1D in
children is associated with an increased risk of a recurrent DKA episode.
Secondary aims were to assess the effects of parental education and family
income on the risk of DKA during established T1D.
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3 METHODS

3.1 DATA SOURCES

3.1.1 THE SWEDISH NATIONAL DIABETES REGISTER

The National Diabetes Register (NDR) was founded in 1996 and has since then
become one of the largest national population-based diabetes registers in the
world. (107) The Swedish Society for Diabetology created the NDR and still
maintains it. It includes a pediatric part formerly known as Swediabkids which
was merged with the NDR in 2018 and publishes open-access annual reports.
It is expected to cover a large part of the pediatric population with diabetes and
is widely used for research. (108) The register has a longitudinal structure,
covering a large number of variables for each individual, from initial admission
to hospital and diagnosis through regular follow-ups.

3.1.2 THE LONGITUDINAL INTEGRATED DATABASE FOR
HEALTH INSURANCE AND LABOR MARKET STUDIES
(LISA)

Statistics Sweden is a public agency responsible for official statistics, and for
coordination of statistics from other governmental agencies, including a wide
range of socioeconomic data from the national population level to the
individual level. Statistics Sweden initiated the LISA database in 2003, to a
large extent for health research purposes. This database includes many
socioeconomic variables created from Statistics Sweden’s own data as well as
from several other governmental agencies and is updated annually. (109)
Examples of socioeconomic variables in LISA are level of education, income,
country of birth, marital status, and occupational status. In many cases, the
classification of data in LISA is similar or identical to international standards,
such as level of education, which is based on the International Standard
Classification of Education (110, 111).
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3.1.3 QUESTIONNAIRES

Questionnaires were used for data collection in study I and II. These
questionnaires were filled out online via a digital questionnaire, constructed
with the help of a web survey program (SurveyMonkey®, SVMK Inc., Palo
Alto, CA) or printed out and compiled in paper format. The questionnaires
were anonymous and for each patient a code was used as identifier. The code
keys are kept at each clinic, and the identity of individual children were
accessible only to the researchers and to the health staff in charge of the child’s
care. The digital questionnaires were equipped with “smart jumping” features,
so that questions that were irrelevant to the responder were never shown. For
example, when the respondent was asked “did your child see a primary
healthcare provider within four weeks before admission to this hospital for
diabetes?”, other questions regarding primary healthcare contacts were not
visible if the answer was “no”. For the paper respondents, all questions
including those that were irrelevant, were visible. One questionnaire was for
parents/caregivers (or children if > 15 years of age and fully capable of
participating) and collected data on healthcare events within the four weeks
before diagnosis of diabetes at hospital admission. The other questionnaire was
for healthcare personnel (the attending pediatrician, or in some cases the nurse
in charge of the child). This questionnaire mainly collected data on in-house
events and measurements, such as laboratory values, clinical signs of brain
edema, intensive care support, etcetera. For study II, a few questions were
identical both in the questionnaire for healthcare personnel and for
parents/caregivers, such as use of CSII or MDI, use of CGM, and access to
ketone meters at home.
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3.2 METHODS STUDY | - IV

STUDY I was an observational study of children with DKA at the onset of
diabetes and included all cases from February 1, 2015, to January 31, 2017.
All health care contacts within 4 weeks before admission were registered and
the respondents were asked for data on the type of healthcare provider, the date
of the contact with that healthcare provider, and if an emergency referral to
hospital was arranged for the same day as the contact was made with the
provider. Two separate questionnaires were used, one for the legal
custodians/caregivers and another for the attending physician or nurse. The
questionnaire for custodians/caregivers was used for preadmission data and the
questionnaire for physicians for data during and after hospital admission.

The main purpose of the study was to characterize delay in referral. To this
aim, delay was defined as 1) primary healthcare contacts for any or a
combination of the classic diabetes symptoms described in table X within 1—-
28 days before admission for DKA without referral to a pediatric emergency
ward the same day, 2) primary healthcare contacts the same day as hospital
admission on the initiative of the caregiver without referral to a pediatric
emergency ward, and/or 3) identification of hyperglycemia in a primary
healthcare setting without referral to a pediatric emergency ward. The type of
primary health care contacts included were person-to-person contacts with a
physician or nurse; telephone contact with a medical professional from the
Swedish National Healthcare Service; contacts with a school nurse or contacts
with an operator from the national emergency telephone line. If several types
of primary healthcare providers were contacted before hospital admission, then
the first provider was considered the exposure in the study.

STUDY 1I included all children with established T1D who presented with
DKA in a Swedish hospital during the time from February 1, 2015, to January
31, 2017. All hospitals with pediatric emergency capacity participated. As in
Study I, data were collected through a questionnaire for the caregivers/legal
custodians and another questionnaire for the physician or nurse in charge of
the child’s diabetes care. Both caregivers and healthcare personnel filled out
data on the type of insulin delivery that was used at the time of admission for
DKA, and for how long it had been used. Moreover, data on access to home
ketone meters (so-called point-of-care ketone meters) and CGM was recorded
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from both questionnaires. Laboratory and physiological measurements during
and after admission were filled out by the physician or nurse.

STUDY III included all children registered in NDR from January 1, 2014, to
December 31, 2019. The reason for the end date of the period was the
beginning of CoViD-19 pandemic starting in early 2020, so that confounding
effects from mass infections with SARS-CoV-2 would be avoided. The start
period was chosen because Statistics Sweden utilizes different weights for
calculation of equivalized disposable income from the year 2011, and since the
exposure variable was based upon three consecutive years preceding the event
(DKA). A binomial regression model with a log link was built to analyze if
exposure to persistent relative risk of poverty was associated with the risk of
DKA at the time of hospital admission for new-onset T1D. The statistical
method was used under the assumption of a binomial distribution, and for
calculation of relative risks. Assumptions of causal relationships between the
exposure variables and the outcome variable were made, based on prior
literature, tabulation of the main exposure variable across the hypothetical
confounders, and tabulation of the outcome variable across the main exposure
variable and other explanatory variables. A causal diagram was drawn from
which the statistical model was built.

STUDY 1V included all children registered in NDR from January 1, 2012, to
December 31, 2019. The reason for the end of the period was the same as in
Study III, namely, to avoid confounding from the CoViD-19 pandemic. The
starting period also had to do with Statistics Sweden’s newly changed weights
for equivalized disposable income from 2011. However, in Study IV, the
equivalized disposable income during the year before diagnosis of diabetes
was divided into income quartiles. As in study III, assumptions were made
regarding associations and causality between the main exposure variable
(DKA at diagnosis of T1D) and the other explanatory variables and the
outcome variable (the first recorded occurrence of a DKA episode within five
years after the date of T1D diagnosis). For the Cox regression model, it was
assumed that a registered DKA episode, having occurred sometime before the
follow-up outpatient visit that recorded it, likely would have occurred
temporally very close to that visit. Assumptions for the validity of both
univariate and multivariable analyses were performed using Schoenfeld’s test
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and by visual assessment using log-log plots. Models for multivariable
analyses are shown in figures 3-6.

Parental
education
level
DKA at DKA during
onset of established
T1D T1D
Family Age of
income child

Figure 3. Assumed causal diagram for total effects of DKA at onset of T1D on the risk of DKA
during established type 1 diabetes in children.
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Figure 4. Assumed causal diagram for total effects of parental level of education at onset of T1D
on the risk of DKA during established type 1 diabetes in children.
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Figure 5. Assumed causal diagram for total effects of age of the child at onset of T1D on the risk
of DKA during established type 1 diabetes.
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Figure 6. Assumed causal diagram for total effects of family income at onset of T1D on the risk
of DKA during established type 1 diabetes in children.
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3.3 ETHICAL APPROVALS

STUDY I

Permission for conduct of the study granted by Regional Ethical Review Board
in Gothenburg, Sweden. (No. 748-14)

STUDY II

Permission for conduct of the study granted by Regional Ethical Review Board
in Gothenburg, Sweden. (No. 748-14).

STUDY III

Permission for conduct of the study granted by the Swedish Ethical Review
Authority (No. 2019-03600).

STUDY IV

Permission for conduct of the study granted by the Swedish Ethical Review
Authority (No. 2019-03600).
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4 RESULTS

41 STUDY |

There were 237 children with DKA included in the study, of whom 22 were
not found in the NDR. With a total of 299 recorded children with DKA in the
NDR, and an additional 22 patients from the study, the national coverage of
the study was expected to be 74% (237/321) with the NDR as reference point.

In 39% of the cases, caregivers/custodians reported having had suspicions of
new-onset diabetes before contacting the healthcare system. In 215/237 cases,
data on the type of healthcare contact was available. In 59% of those cases,
there were reports of primary healthcare contacts within four weeks before
hospital admission for DKA. Whether delay or not had occurred, according to
the study definition, could be clarified in 112 children. In this group, there were
48 children (43%) who did not receive an acute referral to hospital the same
day as having contact with the healthcare provider. In all cases, symptoms that
could be attributed to diabetes were reported to be present at the time of contact
with the primary healthcare provider. Blood or urine glucose test were
performed in 27% of the children who had seen a physician at a primary
healthcare center.

Children with DKA at new-onset T1D had less metabolic derangement at
hospital admission if there were reports of parental suspicion of diabetes before
healthcare contacts were taken. Parental suspicion of diabetes before any
healthcare contacts were taken predicted higher pH at hospital admission, both
in univariate analysis (p < 0.001, 95% C.I. 0.053-0.13) and adjusted for sex
and age in multivariable analysis (p < 0.001, 95% C.I. 0.058-0.129).

Children with delayed referral to hospital had significantly lower pH values
than children who were admitted to hospital the same day as contacts with a
primary healthcare provider (pH 7.15 vs 7.20, Figure 7). The difference in pH
between these groups was statistically significant (p=0.018, Mann-Whitney U
Test). Hodge-Lehmann’s test to estimate median difference was -0.04 (95%
C.I. -0.080 to — 0.010).
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The distribution of different symptoms was similar in children with and
without delayed treatment for T1D with DKA (Figure 8).

Mild (pH 7.20-7.29)

Moderate (pH 7.10-7.19)

Severe (pH<7.10)

0% 20% 40% 60% 80% 100%

mNo Delay mDelay

Figure 7. Diabetic ketoacidosis in children with or without delayed referral for new-onset type
1 diabetes in Sweden, divided into severity grades at hospital admission during the period
February 1, 2015, to January 31, 2017 (Study I).

Thirst
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Fatigue
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Nausea
Vomiting

Abdominal pain
Heavy breathing
Visual problems
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mDelay (n=48) mNo delay (n=68)

Figure 8. Distribution of reported symptoms at primary healthcare contacts among children with
or without delayed referral for new-onset diabetes type 1 in Sweden during the period February
1, 2015, to January 31, 2017 (Study I)
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4.2 STUDY Il

The inclusion rate in the study was 84% compared with background data from
the NDR (99 cases with DKA in the study and 118 cases registered in NDR).
DKA episodes not recorded in the study were assumed to be missing at
random.

The use of CSII was more common than expected among children admitted for
DKA when compared to the total use of CSII during the study period. In total,
CSII was used 60% of the time by the whole national pediatric population with
T1D, and this was the proportion of children expected to use CSII at admission
for DKA. However, 75% of the children used CSII at admission for DKA.
This difference was significant (p=0.002), and the null hypothesis of this
difference having occurred by chance was rejected.

This difference between total use of CSII in children with T1D and its use at
the time of admission for DKA was only significant for children with mild
metabolic derangement (pH 7.29 - 7.20). In this group, 85% used CSII at
admission for DKA (p<0.001). Children with moderate/severe metabolic
derangement (pH < 7.19) used CSII in a similar proportion to the total use
during the study period (62% vs 60%, Figure 9). Multivariable regression
analysis of exposure to either insulin delivery mode (CSII or MDI) on pH,
adjusted for sex, age, and access to ketone meters and CGM (yes/no) showed
higher mean pH for CSII (p=0.028) without significant interactions.

Mean HbA1c levels were substantially higher in children with MDI compared
with CSII (Figure 10).
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Figure 9. Distribution of CSII and MDI among children with established type 1 diabetes
admitted to hospital for diabetic ketoacidosis, compared with the use of CSII in the national
population during the period February 1, 2015, to January 31, 2017
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Figure 10. Median HbAlc levels among children with established type 1 diabetes admitted to
hospital for diabetic ketoacidosis. CSII and MDI are compared for the period February 1, 2015,
to January 31, 2017
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4.3 STUDY Il

In descriptive terms, DKA was more common in children from households
exposed to persistent risk of poverty than in the rest of the population with
new-onset T1D (30% vs 21%). There was strong evidence of an association
between exposure to persistent risk of poverty and DKA at diagnosis of T1D
under the significance level of 0.05. In univariate analysis, the risk of DKA
was 44% higher among households with persistent risk of poverty (95%
confidence interval 1.20 - 1.72, p < 0.001). In multivariable analysis adjusted
for confounding from parental education level, parental cohabitation, and age
at admission, the risk of DKA was 42% higher for children from households
with persistent risk of poverty (95% confidence interval 1.13 - 1.79, p=0.003),
without a significant interaction term between education level and the main
exposure variable (p=0.49).

Sub-analyses of the effect of persistent risk of poverty on DKA, divided in
severity grades, were performed for moderate/severe DKA (pH < 7.20) and
severe DKA (pH < 7.10). These showed an increased risk of 76% for
moderate/severe DKA (95% CI 1.31 - 2.37, p = 0.001), and 210% for severe
DKA (95% CI 1.35 - 3.25, p =0.001).

Univariate analyses were performed for sex, age, parental cohabitation, and
parental education level. Sex and parental education level were not
significantly associated with DKA. There was evidence that non-cohabiting
parents entailed a 20% increased risk of DKA in univariate analysis (95% CI
1.02 — 1.41, p=0.02). As is known a priori from the annual reports from the
NDR, age of the child at diagnosis of T1D was strongly associated with higher
risk of DKA at diabetes onset in the study data, confirming data from the
annual reports where children 2-4 years have the lowest proportion of DKA.
Using the age group 2-4 years as reference point, the youngest children (9
months — 24 months) had 3.9 times higher risk of DKA, children 5-9 years 1.5
times higher risk, children 10-14 years 2.6 times higher risk, and children 15-
17 years 2.3 times higher risk.
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4.4 STUDY IV

Multivariable Cox proportional hazards models for the main exposure (DKA
at onset of T1D) was built which included adjustments for age, parental
education level, and income quartiles with the event-time equaling the time of
the nearest follow-up with a record of a prior DKA episode. Three other models
for age, parental level of education, and household disposable income were
built according to assumptions described in Methods Study IV.

There was no evidence that DKA at onset of T1D in children was associated
with another episode of DKA during established diabetes (hazard ratio 0.78,
C.I. 0.39 - 1.6, p=0.47). There was a higher risk of DKA during established
T1D for primary level of education compared to tertiary level (hazard ratio 5.8,
p=0.001), and for secondary level of education compared to tertiary level
(hazard ratio 1.8, p=0.031). There was also significant association between
higher risk of DKA for children from the lowest household income quartile
compared to the highest income quartile (hazard ratio 0.30, p=0.011).
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5 DISCUSSION

5.1 CHILDREN WITH DKA AT ONSET OF TYPE 1 DIABETES

The findings in study I is in line with findings from other countries, which have
also shown that delayed admission to hospital at onset of T1D might be a
common problem. (83, 84, 112) The children included in Study I were not
exposed to SARS-CoV-2 and the direct and indirect adverse public health
effects of the CoViD-19 pandemic, and delayed diagnosis and treatment for
diabetes was likely accentuated during the height of the pandemic. Global
lockdowns, public reluctancy to seek medical evaluation, logistic problems in
physical contacts with healthcare providers all contributed negatively, and the
proportion of children with DKA at onset of diabetes increased in many
countries. (113-117).

It has been shown that the more common T1D is in a population, the less
common is DKA at onset of T1D. (69) This is likely due to early recognition
of symptoms of diabetes in a population where awareness of typical symptoms
is high. Sweden, being one of the countries with the highest prevalence of T1D
in the world, has relatively few children with DKA at disease onset.
Nonetheless, Study I showed that more than half of the children who presented
with DKA had at least one primary healthcare contact for symptoms that could
be attributed to T1D within four weeks before diagnosis of T1D, and many of
these children were not immediately referred to hospital, which in turn seemed
to carry a risk of worse metabolic derangement. On the other hand, children
whose parents had suspected diabetes before contacting healthcare services
had milder DKA at hospital admission. It may be that awareness of symptoms
typical of T1D is indeed high in the general population and acts as a protective
factor, while primary healthcare staff is less aware of T1D and more used to
diagnosis and management of type 2 diabetes in the adult and the elderly
population. If so, the urgency of the situation may not be apparent even if
diabetes is on the list of differential diagnoses. However, misdiagnosis was
also a reason of delay in some cases. From the study results there seem to be a
need for awareness and education not only in the general population but also
among healthcare practitioners.
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Study [ focused on delayed referral and did not include adjustment for
socioeconomic background factors in multivariable analyses. Socioeconomic
status (SES) is often used as an umbrella term for such factors. SES is a
construct that encompasses many different (but not necessarily independent)
variables, which can be thought of as an individual’s societal coping resources.
Such resources may have a protective role against both development of disease
and complications of existing disease.

Maintaining HbAlc levels within recommended ranges is paramount in the
pediatric age. A recent study found that poor metabolic control with high
HbA ¢ levels in childhood predict increased mortality in adults <30 years, and
the causal relationship between HbAlc levels and chronic diabetes
complications is well established. (118-120) There are many recent studies that
have found an association between DKA at onset of T1D and high HbAlc
levels that may persist over long time. (121-124) The findings in these well-
performed observational studies are important and not disputable as such and
should raise concern. However, causal inference is not necessarily evident
regarding the proposed physiological impact of DKA on long-term metabolic
control in these children. Some of these studies discuss the hypothesis that
DKA enhances beta-cell injury in children with clinical T1D, which in turn
may contribute to impaired metabolic control and higher HbAlc levels
compared with children without DKA at admission for new-onset diabetes.
This may be an explanation of the findings, but DKA at onset of diabetes may
also be an effect of more aggressive beta-cell destruction rather than a cause
of beta-cell destruction. In other words, DKA could mediate the effect of rapid
and severe beta-cell dysfunction on long-term metabolic control. Indeed,
fulminant, rapid development of T1D has been discussed in relation to risk of
DKA in recent publications. (125)

When discussing possible reasons for associations between low income and
DKA, it is important to emphasize national differences. Countries may not be
comparable in terms of the consequences of certain household disposable
income level. Low income may indeed lead to increased risk of DKA
generally, but for different reasons depending on the country in which the child
is living. (126) Often, low income, level of education, occupational status, and
in some countries private insurance status are expressed as a whole, in terms
of SES when investigating exposures that may be related to certain health
outcomes such as complications to T1D. In a country with highly accessible,
publicly reimbursed healthcare services it may appear reasonable to assume
that income per se does not affect utilization of healthcare but is rather a
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mediator to other risk factors, such as level of education (assuming that the
higher the level of education, the higher the income, and the higher the level
of education, the better the health). In fact, high education has often been
shown to be associated with better health. However, in Study III it was not
apparent that the parents’ level of education confounded the effect of low
economic standard on the risk of DKA at T1D onset.

Rather than being too focused on causal inference, it may be more fruitful to
investigate direct effects of certain exposures. It is yet to be analyzed in larger
international surveys, that should include comparable countries, whether the
association of a standardized measurement of low economic standard used by
the OECD and Eurostat and DK A at onset of T1D can be externally validated.

5.2 CHILDREN WITH DKA DURING ESTABLISHED TYPE 1
DIABETES

From what was found in study II and IV evidence emerged that CSII,
disposable income, and parental education level were associated with
increased risk for DKA among children with established, known T1D. There
are several other reports from different countries that also show increased of
DKA among children with CSII, just as there are a number of studies that show
the opposite. (86, 87, 89, 90, 127)

One of the challenges in comparing CSII with MDI are the ethical and practical
difficulties that would arise in randomized-controlled designs (RCT). There
have been attempts to conduct small RCTs (in which DKA was not the primary
endpoint) but most studies are observational, and without any possibility to
conduct RCTs with blinded, long-term longitudinal designs, interpretation and
generalization of study results are challenging. (90) Moreover, as CSII
technology is evolving fast, even relatively recent studies can rapidly become
historical. Nonetheless, individualized treatment should be guiding care of
children with T1D, also when choosing the insulin delivery type for a particular
child. A comprehensive review of diabetes care by Cameron and Wherrett
discusses CSII and MDI in a wider setting and emphasize the importance of
individualized care, while also underlining the rapid, ongoing technological
advances in CSII treatment. (128)
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From the vast body of published literature and expert recommendations on the
subject, technological advances and access to these advances are regarded as
key parts of successful diabetes management. That is likely true for many
children with T1D. However, in some large-population data, for example in
Sweden, there has not been indications of neither statistically nor clinically
significant differences in HbAlc levels between children with CSII and MDI.
(129) There are instead data that support a higher risk of DKA with CSII in
some populations, as demonstrated in Study II. However, for methodological
reasons as mentioned above, it is not possible to draw the conclusion from the
register alone that either one treatment is the “better” treatment for all children,
or that they are equally effective for everyone. Again, individualized treatment
and multi-dimensional views are paramount. In a recent publication, the
authors discuss the problem with excessively technology-oriented views and
put it eloquently: “the blame paradigm eschews that in suboptimal outcome
situations the technology, the patient or the outcome measure are the things
that ‘need to change.” This paradigm though, has demonstratively not been
successful at universally improving clinical outcomes after many years of
experience.” (130)

Therefore, when presenting the finding in study II that CSII was associated
with higher risk of DKA, it would be oversimplified to simply state that DKA
is more common among children with CSII without deepen the discussion of
possible reasons for this. It is important to stress a few observations particular
to the study. The first observation is that the higher risk for this insulin delivery
type only was seen in children presenting with mild DKA, and that HbAlc
levels among children with CSII and DKA were close to the population
average. The second is that children with MDI at admission for DKA had
considerably higher HbAlc levels. These distinctions are important, as hospital
admission for mild DK A without alarming HbA 1¢ levels indeed calls for closer
follow-ups but does not necessarily warrant deeper concerns regarding the
metabolic control of the child if the medical history points toward good
maintenance of the disease. In fact, ketosis develops rapidly in case of
interrupted insulin delivery from CSIL, as only short-acting insulins are used
with this type of insulin delivery type. A full night without insulin infusion
may suffice to provoke symptoms of ketosis in this group of children. This can
happen if the subcutaneous needle become dislocated or detached, or in any
case when the continuous infusion stops, such as in an anecdotal example of a
boy with excellent metabolic control whose cat chewed on the plastic infusion
set at night, and who woke up with early symptoms of ketosis but was rapidly
treated with oral water and insulin at home. With MDI, long-acting insulins

33



Risk Factors for Diabetic Ketoacidosis in Children

are administered, and considerably longer time spans are expected before DKA
develops. With current recommendations of daily glucose tests during wake
hours and high prevalence of CGM, DKA among children with MDI and high
HbA 1c¢ vales instead points towards the possibility of skipped insulin doses by
the child or the caregiver and/or misuse of the CGM system. The concomitant
finding of high HbAlc levels adds to this concern and should warrant more
thorough follow-up.

In addition to CSII, other technological features of daily diabetes care, such as
ketone meters for home use and continuous glucose monitoring sensors (CGM)
have been linked to lower rates of DKA. (87, 131-132) CGM is standard
equipment for Swedish children and permits the user to check glucose levels
at any time and may lower rates of DKA although evidence for this is not
conclusive. (87, 133, 134) In Study II, it was found that CGM was used to a
considerably lower extent among the study participants than in the general
population with T1D. This possibly indicates that children who developed
DKA did not use their advanced monitoring devices since CGM was used by
58% of the children with CSII and only 29% of the children with MDI
compared with 80-90% in the national population during the study period. Use
of diabetes technology can be assumed to be associated with the type of public
funding program utilized in various countries. Regardless of conflicting results
in publications comparing MDI and CSII with respect to the risk of DKA, it
has been shown in various recent studies that the use of CSII correlates with
better metabolic control. In fact, for this and many other reasons, ISPAD now
strongly recommend the use of CSII instead of MDI whenever possible in its
recent publication of clinical guidelines. (135) An interesting aspect of the use
of monitoring devices is that lower socioeconomic status (which was not
accounted for in Study II) has been shown to be associated with lower use of
CGM and CSII in Swiss publications. (136) Access to blood ketone meters for
use at home has been linked to decreased risk of DKA in various studies. In
study II, most children (98%) with CSII had access to such meters but only
68% of children with MDI, which is concerning, although the multivariable
regression analysis did not indicate access to ketone meters as an important
confounder.

There are several studies from other countries than Sweden with opposite
results, showing significantly lower rates of DKA in children treated with CSII
compared with MDI. This may reflect the fact that countries differ regarding
healthcare infrastructure and access to healthcare, socioeconomic population
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factors, and that selection bias may cause different outcomes depending on the
population studied, to name a few possible explanations.

There was not enough evidence to support the hypothesis that DKA at onset of
T1D was associated with higher risk of DKA during established disease. Other
studies have shown such an association but may not be comparable to a
Swedish setting, and do not assume causality. (137, 138) There are several
possible reasons for the inconclusive main result in Study IV. First, power is
likely not large with only 63 events, and therefore significance test may not
appropriately evaluate such an association. Second, the complex relationships
between observed covariates and non-observed potential confounders may not
be accurately reflected by the model for this study; for example, insulin
delivery mode (CSII or MDI) was not included, and neither was CGM. Thirdly,
there may not exist an association at all, although the lack of evidence in the
study cannot be taken as evidence of lack. Fourth, it could be hypothesized that
children with DKA at admission for new-onset T1D may even be at lower risk
of another DKA episode, due to a greater awareness after an unpleasant and
potentially life-threatening experience during the first admission to hospital at
the time of diagnosis. All these speculations must be seen in light of their
speculative nature and further research on larger populations may be needed to
explore this question further.

There have been many publications that show associations between adverse
social determinants of health and the risk of recurrent DKA. This is in line with
the findings in Study IV, where low parental education level and low parental
disposable income were associated with DKA in children with established
diabetes. It is plausible to assume that there is indeed an association between
DKA and socioeconomic factors, specifically defined as parental education
level and family income in Study III and IV. Under this assumption, DKA at
onset of diabetes mediates the effect of socioeconomic factors on the risk of
DKA during established diabetes. The negative main result in study IV does
not contradict this assumption, although a positive result would have
strengthened it.
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5.3 GENERAL REMARKS

DKA continues to inflict human suffering, public financial expenditure, risk of
collateral injury, and strains healthcare resources. This condition is avoidable
in principle and has been shown to be entirely preventable in at least one large-
population intervention. One of the challenges is to achieve sustainability of
large preventive campaigns aimed at raising awareness in whole populations
including healthcare workers. It is inspiring that the positive effects in reducing
DKA lasted for a remarkably long time in one awareness campaign. (95) The
magnitude if this campaign has not been repeated in any other setting, to the
knowledge of this writer. With the economic burden of many developing
countries in mind, awareness-raising campaigns of this extent may be cost-
effective and, from a logistical perspective, less challenging compared with the
promising screening programs offered in high-income countries.

One group of children with T1D that warrants special consideration are those
with immigrant backgrounds. In study I and II, these were not treated
separately, and in study III and IV they were excluded from analyses to avoid
bias, due to expected heterogeneity and a large proportion of missing data on
the outcome variable for this group. Nonetheless, it is known from various
studies that children from immigrant backgrounds may have higher risk of
DKA, both at admission for new-onset diabetes and afterwards. (71, 139, 140)
In study III, DKA was present in 33% of the children with foreign background
at new onset T1D, which was higher than in the non-immigrant population. To
address possible reasons for DKA, and to characterize socioeconomic
characteristics and the extent of delayed referral in this group of children, it
may be necessary to conduct future studies based on questionnaires since both
Statistics Sweden and the NDR provide insufficiently precise data on people
with foreign background. It is plausible to suspect that several factors have a
role in adverse outcomes in this group. This may have to do with language
difficulties, lower socioeconomic status, and lower prevalence of T1D in the
country of origin leading to decreased awareness of diabetes symptoms in
children. Indeed, the success of the awareness campaign by Vanelli et al. (95,
96) can perhaps be partly attributed to the fact that the poster information was
written not only in Italian, but also in other languages.
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5.4 METHODOLOGICAL CONSIDERATIONS

5.4.1 TOTAL STUDIES VS. SAMPLES

In a study that includes every individual in a finite population, or every event
in a finite total of events, hypothesis tests may not be meaningful. For example:
if the pH of all individuals in a national population is known, and if that
population is assumed to be non-comparable to any other population, then a
small difference of just 0.01 between males (mean pH 7.30) and females (mean
pH 7.29) is a difference, full stop. This finding could perhaps warrant a
discussion of clinical significance, but not of statistical significance. However,
if the same national population were regarded as hypothetical sample of an
“infinite” superpopulation, then hypothesis tests could indeed have meanings.
This may be the case if a national population is studied during a certain time
interval and the boundaries of that time interval are regarded as sample
boundaries, on the condition that information that lies before and after the time
interval is assumed to be comparable to the sample. Another hypothetical
superpopulation is a hypothetical entity of “all possible individuals” including
individuals from all other national populations.

5.4.2 CAUSAL DIAGRAMS

Causal diagrams are excellent tools to graphically illustrate assumptions in
multivariable study designs, and to build statistical models at the same time.
(141) Causal assumptions in models are based on sensible hypotheses, on prior
knowledge, and sometimes on necessity. By necessity, we mean for example
that the country of birth of an individual cannot be caused by that individual’s
income level or level of education, yet the opposite may (or may not) be true.
By prior knowledge, we mean for example that there may be ample scientific
evidence that country of birth is associated with income level in adulthood. By
sensible hypotheses, we mean for example that income in adulthood (our
outcome variable that we want to investigate), which is assumed to be
associated with country of birth, may also be associated with level of education
based on scientific reports. Since neither someone’s level of education nor
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income level can cause that person to go back in time to be born somewhere
else, country of birth can only influence income and education level, not vice
versa. So, put together; if the research question is whether level of education
has effect on income level, and if country of birth has effects on both education
and income, then country of birth potentially confounds the estimate of the
total effect of education on income, and must be included in the multivariable
analysis. If the research question instead would be if country of birth has a
significant total effect on income, things become different. In this case, level
of education should NOT be included in the analyses since it is a mediator and
not a confounder of the effect of country of birth on income level.

5.4.3 QUESTIONNAIRES

Questionnaires are cost-effective and permit standardized question formulae
that are identical for all participants (as opposed to interviews). This makes
them useful for studies in which existing register data alone would not be
sufficient to answer specific research questions. As an example, Statistics
Sweden used questionnaires to estimate the proportion of children with “shared
parenting” (children who stay equal amounts of time in each parent’s home if
the parents are separated, which is common in Sweden). This would not have
been possible to estimate from register data from LISA database alone.
Naturally, it can be the other way around, in that register data can instead be
of importance as a complement to data from questionnaires, for example as
they were used in study I and II in this dissertation, where the number of
respondents (the number of children with DKA) from the questionnaires were
compared with the number of children with DKA from the register, to estimate
total inclusion rate from the national population. The design of questionnaires
is a difficult matter. Recall bias has been extensively discussed and is of
concern in every study design in which questionnaires have been used for data
collection. (142-146) In Study I and II, the respondent knew that the child had
DKA at the time of completing the questionnaire, and the respondent also knew
about the study since oral and written information was given before consent to
participation was granted.

Another limitation with questionnaires is that missing data are relatively
common. Because of this, assumptions should be made about the mechanism
of missingness. Unless the nature of missing data is addressed and assumptions
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of the reasons of missingness are made, study results may be taken for granted
without consideration of possible selection bias that may distort the results in
unpredictable ways. (145)

5.4.4 INTERVAL-CENSORED DATA

In some data, such as medical records and patient registers, the time span from
an exposure to an event may not always be precisely recorded. Such is the case
with DKA in children with established diabetes in the NDR. During an
outpatient visit, it is just recorded that a DKA episode has happened some time
since the last visit. Such data are interval-censored. In populations with
unevenly recorded time intervals, and with different interval lengths from one
individual to another, this can cause bias, and special difficulties in model
building can appear if time-dependent covariates, that may themselves be
interval-censored, are included to adjust for confounding.

5.4.5 ASSUMPTIONS FOR THE COX PROPORTIONAL HAZARDS
MODEL

As the name implies, the cox model requires the hazard ratio to be proportional
(or constant) over time. It means that the relative risk of an event, or  in a
regression model, is constant over time. If we do not have proportional hazards
the assumption is not met, and the estimate may be biased. There are a few
diagnostical approaches that can (and should) be used to help in evaluating the
assumption of proportional hazards in a Cox model. One is an hypothesis test,
often called Schoenfeld’s test after its inventor, who also gave name to the
Schoenfeld residuals used in the test. (147, 148) The mathematical
explanations and proofs are complex, and for practical purposes it may suffice
to know that a significant test is evidence against the null hypothesis of
proportional hazards and is an argument against using a Cox model. Other
ways to assess proportionality of the hazard ratio is graphical assessment of
the assumption of proportional hazards. This can be done using log-log plots
or Kaplan-Meier curves to visually check that the curves do not cross or show
increasing deviation from each other over the time variable. These are
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subjective but accepted assessments for validity of the assumption of the Cox
model.

5.4.6 MECHANISMS OF MISSING DATA

In many studies, missing data are assumed to be a random subset of the studied
population. This may not always be the case. If no assumption of the
mechanism of missingness is made and the possibility of non-random selection
of missing data is ignored, then a serious risk of biased results may be
overlooked.

Rubin identified three principal mechanisms: missing completely at random
(MCAR); missing at random (MAR); not missing at random (MNAR). (149)
At a first glance, the difference between MNAR and the rest may seem obvious
while the difference between MCAR and MAR may appear less evident.

MNAR occurs if the values of the outcome variable are themselves causing the
missingness. This may be the case, for example, if participation in a non-
anonymous drug screening would be offered by an employer who wishes to
analyze factors associated with sick leave. In this setting, it is quite rational to
assume that employees who are taking drugs will be less likely to participate,
leading to bias and probably misleading results with heavy underestimation of
the true extent of drug use. It is important to point out that MNAR cannot be
entirely excluded in any dataset. There is always the possibility that the missing
values are missing because of their actual value, had they been known.

In MCAR, which is probably the commonest assumptions in research articles,
missing outcome data are simply assumed to be a completely random sample
from the population. As such, excluding them from further consideration does
not make a difference in terms of bias if this assumption holds true.

In MAR, some of the outcome data themselves are randomly missing, but one
or more of the observed exposure variables are not randomly missing. A
hypothetical example would be if a random sample of laboratory data went
missing, and data on foreign backgrounds of the test persons also went missing,
simply because data for many persons with foreign background were
systematically left out. If the research question was how foreign background
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influenced the laboratory outcome, the results would be biased, not because of
the randomly missing laboratory data, but for the missing foreign background.
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6 CONCLUSIONS

Delayed referral to hospital from primary healthcare providers is common and
is associated with adverse outcome in children with new-onset T1D.

There is some evidence that use of CSII may increase the risk of DKA
compared with MDI. A higher risk with CSII was seen only for mild DKA.

Even in a high-income country with universal access to publicly reimbursed
healthcare, children from families with low economic standard have increased
risk of DKA at onset of T1D.

There is no evidence that DKA at onset of T1D is associated with increased
risk of recurrent DKA. The exposures that increase the risk of DKA at onset
and during established T1D may be only partly overlapping. There is evidence
that the child’s age at diagnosis of T1D, low parental level of education, and
low economic standard are associated with DKA after diagnosis, during
established T1D.

Children with foreign background are likely a socially and economically

vulnerably group as a whole, and therefore likely to be at higher risk of DKA.
More research on this group is warranted in Sweden and elsewhere.
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7 FUTURE PERSPECTIVES

Further development of new techniques, especially closed-loop systems (CLS)
and automated insulin delivery (AID) systems have shown promising results
in recent studies. (150) Interestingly, chronic complications of T1D seem to be
less frequent with sensor-augmented insulin delivery systems regardless of
similar HbAlc values when compared to MDI systems within the same
population. Whether acute hyperglycemic complications, particularly DKA,
are now less frequent with CSII compared to MDI in Sweden remains an open
question. The technological advances are rapid in the field of CSII, and the
data behind Paper II in this dissertation do not necessarily reflect the current
situation in Sweden regarding the distribution of acute complications between
CSII and MDI. However, all future insulin delivery systems that aim to mimic
the normal pancreas are developments of insulin pumps with continuous
insulin infusion. The availability of such systems, and the necessary
infrastructure surrounding them, will depend on public and private financial
resources in the countries where children with diabetes live.

Patient registers warrant continuous coordinated international cooperation and
development. It will be of importance that national registers continue to
develop, both for benchmarking and for research.

Screening for diabetes will likely be a very important tool to initiate timely
treatment of type 1 diabetes before acute complications develop. Whether this
can and should be done only in high-risk groups, or generally in all children at
certain ages, remains to be investigated in future analyses.

Awareness campaigns have proven to be effective in the past, sometimes to
point of reducing DKA to undetectable levels. Further spread and availability
of information technology and social media could offer cost-effective means
to increase awareness of symptoms of diabetes. In developing and low-income
countries, who have vastly higher mortality rates from DKA and T1D than
high-income countries, awareness campaigns may offer opportunities to
reduce acute complications at onset of T1D.
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