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Abstract

Aims/hypothesis—Children participating in longitudinal type 1 diabetes prediction studies

were reported to have less severe disease at diabetes diagnosis. Our aim was to investigate

children who from birth participated in the Diabetes Prediction in Skåne (DiPiS) study for

metabolic status at diagnosis and then continued to be followed for two years of regular clinical

care.

Methods—Children, followed in DiPiS before diagnosis, were compared to children in the same

birth cohort who did not participate in follow-up. Metabolic status, symptoms at diagnosis as well

as HbA1c and doses of insulin at 3, 6, 12 and 24 months after diagnosis were compared.

Results—Children, followed in DiPiS and diagnosed at 2–12 years of age, had 0.8% (9 mmol/

mol) lower HbA1c at diagnosis than those who were not followed (p=0.006). At diagnosis, fewer

DiPiS children had symptoms (p=0.014) and ketoacidosis at diagnosis were reduced (2%
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compared to 18%, p=0.005). During regular clinical care, HbA1c levels for the DiPiS children

remained lower both at 12 (0.4% (4 mmol/mol); p=0.009) and 24 months (0.8% (9 mmol/mol) p

<0.001) after diagnosis, despite no difference in total daily insulin between the two groups.

Conclusions—Participation in prospective follow-up before diagnosis of type 1 diabetes leads

to earlier diagnosis with fewer symptoms, decreased incidence of ketoacidosis as well as better

metabolic control up to two years after diagnosis. Our data indicate that metabolic control at the

time of diabetes diagnosis is important for early metabolic control possibly affecting the risk of

long-term complications.
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Introduction

The triggering event for islet autoimmunity eventually resulting in the clinical onset of type

1 diabetes, is still unknown. This is true for both the initial insult of the autoimmune process

but also for factors governing the time it takes for autoimmunity to lead to clinical disease.

Prediction of who will develop the disease and when is critical for attempts to stall and

perhaps to stop the disease process. The human leukocyte antigen (HLA) DQ locus is

presumed to account for 50% of the genetic risk of type 1 diabetes (1). More than 40

additional non-HLA risk genes have been identified in recent genome wide association

studies (2). Islet autoantibodies are used to estimate the risk for diabetes and it is well

established that the risk is increasing with an increasing number of autoantibodies (3).

Children born with increased genetic risk for type 1 diabetes have been followed in several

prospective longitudinal studies. The focus has been the development and maintenance of

the beta-cell autoimmune process. Only a few studies have been published on the status of

the participants both at the time of diagnosis of diabetes and during follow-up after

diagnosis. Participants in longitudinal studies have been shown to have fewer metabolic

abnormalities at diagnosis and a lower frequency of diabetic ketoacidosis (4–6) as well as

having a milder clinical course in the first year after diagnosis (7). This may be due to

intense follow-up with measures of plasma glucose, HbA1c or glucose tolerance tests.

However, the parent´s knowledge of the risk of disease may also result in an earlier

diagnosis through increased vigilance regarding symptoms.

DiPiS is a prospective study on type 1 diabetes prediction in Sweden. The aim of this study

was to investigate the disease at diagnosis and the metabolic control during two years of

regular clinical care after diagnosis, after participation in the DiPiS study (8). We compared

the DiPiS children with children born during the same years who developed diabetes outside

of the DiPiS study.
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Methods

Participants

In the Diabetes Prediction in Skåne (DiPiS) study, 2500 children with genetic risk for type 1

diabetes in southern Sweden are prospectively studied in a 15-year longitudinal investigation

(9). Between September 2000 and August 2004 approximately 48 000 children were born in

the five participating hospitals and after oral consent from the mother, 35 683 of those

children had umbilical cord blood samples collected, for HLA genotyping (Figure 1). When

the child was two months old, the parents were invited to participate in DiPiS by giving

written consent and answering questionnaires regarding, among other things, pregnancy,

socioeconomic factors, birth weight and length, hereditary factors and stressors during

pregnancy. A total of 25 378 questionnaires (71%) were returned by the parents of the study

participants of which 92% wanted to participate.

A risk score was developed based on HLA risk genotype for type 1 diabetes, presence of

maternal infections during pregnancy, maternal diabetes, cord blood autoantibodies and high

or low relative birth weight. Based upon this risk score approximately 6000 children who

had answered the two months questionnaire were selected for annual follow-up. Only

parents of the 3680 children who returned the 2-year questionnaire received HLA-based risk

information. Participants are screened yearly, from the age of two years, with a

questionnaire and blood sampling for islet autoantibody analysis. Those children who

develop two or more autoantibodies are offered follow-up every three months by a

pediatrician, with autoantibody sampling, random plasma glucose, HbA1c, growth

parameters, questionnaire and OGTT annually.

Up to July 2013 a total of 143 of the children with cord blood samples taken at birth had

developed type 1 diabetes. Of those, 14 children developed diabetes before two years of age

and were therefore not given risk information or the possibility to participate in the follow-

up. After exclusion of children who had developed other types of diabetes and those

diagnosed before the age of two, 129 children remained in the following three subgroups

(Figure 1): Group A: DiPiS children participating in intense follow-up. This group is

comprised of children who had developed multiple autoantibodies and have participated in

follow-up every 3 months (n=33).

Group B: DiPiS children who participated in annual autoantibody sampling and

questionnaires. This group has answered the two-year questionnaire, have been invited to

the DiPiS follow-up and have received information about the risk for type 1 diabetes (n=18).

Group C: Children with umbilical cord samples but who declined participation in follow up

and risk information or where not invited to the study due to low HLA risk for type 1

diabetes. None of these children received information about type 1 diabetes risk (n=78).

The analysis in this study was made as a comparison between children in groups A and B

together (Follow-up group (FU)) with group C (No Follow-Up group (NFU)) who were not

involved in any kind of follow-up.
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Compliance to follow-up in group A was good as only 15% (n=12) of the autoantibody

positive subjects have dropped out. The dropout rate is variable, as some of the dropout

children have opted to return to a yearly follow-up. Group B has 2160 subjects in active

follow-up out of the original 4258, representing a dropout rate of 49%. Group A and B

children who stopped follow-up have not been included in the NFU group and most

importantly none of the children in the NFU group have received any information on HLA-

DQ related risk for type 1 diabetes. Group A children who switched to annual follow-up has

been included in group B.

A total of 32 participants have not reached 24 months of clinical follow-up at the present

time: 8 in group A, 6 in group B and 18 in group C. The exact number of samples available

for analysis are indicated in figure 2.

Definition of DKA

Diabetic ketoacidosis was defined as a blood pH <7.3 and severe diabetic ketoacidosis as

blood pH <7.1 at diagnosis. Samples were drawn at diagnosis in an emergency room setting.

HLA DQ typing

HLA DQ genotyping was performed on cord blood with allele specific HLA DQ A1 and B1

probes as described elsewhere (9). HLA was classified as HLA-DQA1*0501-DQB1*0201

(DQ2) or HLA-DQA*0301-DQB1*0302 (DQ8) and stratified into 4 risk groups: DQ 2/8,

DQ8/8 or 8/X, DQ2/2 or 2/X or DQ X/X (X is neither DQ2 nor DQ8).

Autoantibody analysis

Follow-up samples and samples from diagnosis of diabetes were analyzed for autoantibodies

to GAD65 and IA-2 with radio immune assays described elsewhere (10) and with a

commercially available ELISA kit, according to the manufacturers instructions (RSR

Limited, Cardiff, UK). Samples from follow up visits and diabetes diagnosis were

additionally analyzed for autoantibodies to insulin (IAA) and radio immune assay of the

three amino acid variants of zinc transporter 8 (ZnT8RA, arginine 325 zinc transporter 8

autoantibody; ZnT8WA, tryptophan 325 zinc transporter 8 autoantibody; ZnT8QA,

glutamine 325 zinc transporter 8 autoantibody) autoantibodies.. For IAA performed before

2011 and all ZnT8 autoantibodies the method is described elsewhere (11). For IAA samples

analyzed after 2010 the following alterations to the assay has been made: To the buffer used

for incubation (TRIS-buffer (pH 8.0) with 1 % (v/v) Tween 20) 1% w/v bovine serum

albumin were added to prevent non-specific binding. In the competitive assay, instead of

arbitrary units, U/mL has been calculated using a standard curve. The standard curve

represented seven different concentrations (3–358 U/mL) and the concentration was plotted

against cpm values on a Log2 scale.

Data collection

Pediatricians at the pediatric clinics in the Region Skåne continuously reported children

from the DiPiS cohort when they developed diabetes. Additional information was gained

from on-going studies, including all children diagnosed in Skåne (the Skåne study) and

Sweden (the Better Diabetes Diagnosis study)(12). Data regarding metabolic parameters,
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symptoms at diagnosis and clinical post diagnosis follow-up data on HbA1c and insulin

doses were retrieved from individual electronic patient records (Melior, Siemens AG,

Berlin, Germany). Insulin doses were analyzed as total units of insulin per kg and day.

Follow-up data was recorded after diagnosis at 3, 6, 12 and 24 ± one month. The clinical

care of the diagnosed patients is ongoing, and some children with type 1 diabetes have

therefore yet to reach 24 months after diagnosis.

Statistical Methods

Data were analyzed using SPSS version 21 (Spss inc, Chicago, Il). Differences in

categorical variables were tested using Pearson´s Chi-squared test or Fisher’s exact test

when appropriate. Mann – Whitney U test was used for continuous variables. Correlation

analysis between HbA1c and insulin doses was performed using Spearman’s rho. All

analyses were performed using IFCC (mmol/mol) and results were then recalculated to

NGSP (%). Missing data was excluded on a variable-by-variable basis to maximize use of

the data. Bonferroni correction for multiple comparisons was performed where applicable.

P-Values <0.05 were considered statistically significant.

The Regional Ethics Review Board in Lund, Sweden, approved the study.

Results

Baseline characteristics

The baseline characteristics of the 129 DiPiS children diagnosed with type 1 diabetes are

summarized in Table 1. The FU/NFU groups did not differ in gender (p=0.38) or mean age

at diagnosis of diabetes (p=0.45). Two children were negative for islet autoantibodies at

diagnosis of diabetes (Table 1). One was antibody positive in control samples one year after

diagnosis and the other had a clinically typical type 1 diabetes. The HLA risk genotypes DQ

2/8, DQ 8/8, DQ 8/X, DQ2/2 and DQ2/X were found in 97% in the children with intense

follow-up (group A), 100% in the group with some follow-up (group B) and 86% in the

group (group C) without follow-up (Table 1).

Clinical characteristics at diagnosis

The presence of the following symptoms was recorded at diagnosis: polyuria, polydipsia,

weight loss and ketoacidosis. The presence of at least 1 symptom was less in the FU (84%)

compared to the NFU group (97%; OR 0.14 (95% CI 0.03–0.70 ; p=0.014)), Bonferroni

corrected p-value 0.028) (Table 2).

Diabetic Ketoacidosis

The proportion of children presenting with diabetic ketoacidosis (pH <7.3) was lower in the

FU (2%) compared to the NFU group (18%; OR 0.091 (95% CI 0.01–0.80; p=0.005)

Bonferroni corrected p-value 0.010). Regarding severe ketoacidosis (pH <7.1) no significant

differences could be seen with an incidence of 2% in the FU and 5% in the NFU group.

None of the patients enrolled in intense follow-up presented with diabetic ketoacidosis.
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HbA1c

At the time of diabetes diagnosis the FU group had a lower median HbA1c, 9.2% (77 mmol/

mol) compared to 10.0% (87 mmol/mol) in the NFU group (p=0.006) (Table 2). At three

and six months after diagnosis no significant differences were observed. At 12 months after

diagnosis the children in the FU group had lower HbA1c, 7.0% (53 mmol/mol) compared to

7.4% (57mmol/mol) in the NFU group (p=0.009) (Table 2, Figure 2). At 24 months after

diagnosis this difference increased with the FU group having median HbA1c 7.0% (53

mmol/mol) compared to 7.8% (62 mmol/mol) in the NFU group (p <0.001). All differences

remained statistically significant after correction for multiple comparisons (Table 3, Figure

2). In the total cohort at diagnosis, patients, with ketoacidosis (11.5% (102mmol/mol) had a

higher median HbA1c than patients without (9.6% (81mmol/mol); p <0.001). However,

HbA1c did not differ between these two groups during the first two years after diagnosis (3

months p=0.386 ; 6 months p=0.080 ; 12 months p=0.126 ; 24 months p=0.793).

Insulin Dose and Remission

Three months after diagnosis, children in the FU group had a lower total daily dose of

insulin (0.47 U kg−1 day−1) compared to the NFU group (0.52 U kg−1 day−1 ; p=0.026),

while no differences were observed at 6, 12 and 24 months after diagnosis (Table 3). No

differences in total daily insulin dose (TDD) were observed after Bonferroni correction for

multiple analyses. A weak but significant correlation between insulin dose and HbA1c was

detected in the total study group 24 months post diagnosis (ρ=0.376, p <0.001). No

differences in remission, defined as TDD <0.5 U kg−1 day−1, were observed between the

groups at any time.

Discussion

The main findings in this study is that children participating in a prospective long-term

follow-up before the diagnosis of type 1 diabetes are healthier at diabetes diagnosis and have

better metabolic control in standard clinical care up to two years after diagnosis, compared

to children who have not been followed in a study. Specifically, we found that children

participating in follow-up more often presented without any reported diabetes related

symptoms. Children in follow-up (FU) therefore had decreased rates of polydipsia polyuria

and weight loss, between 15 and 20 % less, than the No follow-up (NFU) group. These

findings are in line with earlier diabetes prediction studies such as DPT-1, DAISY and the

BABYDIAB (5, 7, 13). The TEDDY study described 11.3% ketoacidosis which was lower

than similar longitudinal studies or registries (6). It was therefore of interest that the NFU

group in our study had similar rates of ketoacidosis at diagnosis compared to data from the

Swedish pediatric diabetes registry from 2012 (14) whereas our FU group had only 2%

ketoacidosis at diagnosis. This very low frequency of ketoacidosis is in part explained by the

fact that our DiPiS children were not followed until they were two years of age.

Reducing the incidence of ketoacidosis is important as it carries a risk of mortality as well as

reduced beta cell function (15–17). Since DiPiS was designed to follow children and give

risk information from 2 years of age, children diagnosed with diabetes before this age

(n=14) were missed. It is known that children in the youngest age group have a higher
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frequency of diabetic ketoacidosis at diagnosis (16, 18). It cannot be excluded that our

frequency of ketoacidosis in the NFU group might have been higher if the DiPiS study

design would have included children from an earlier age. It is possible that the younger age

group may have had the greatest benefit of having parents who were informed about the risk

of diabetes in their child.

Our results implicate that children participating in follow-up before diagnosis of type 1

diabetes have better metabolic control up to two years after diagnosis, measured as a lower

HbA1c. Since HbA1c is strongly associated to the risk of long-term diabetes complications

(19, 20), this is an important finding not previously described for a timeframe as long as 2

years after participating in a longitudinal follow-up study. Furthermore, our finding that

HbA1c was improved in the FU group was unexpected. We can only speculate why the

study subjects showed an improved metabolic control for up to two years. One possibility is

that the families were better prepared for type 1 diabetes treatment and may have informed

themselves in anticipation of a diagnosis. Another possibility is that the early diagnosis

resulted in fewer metabolic abnormalities. This may have led to a prolonged period of partial

remission due to better beta cell function at diagnosis. Previous studies have also addressed

psychological problems related to early screening of infants and children, however, without

finding serious adverse effects (21, 22). In this study we show a beneficial effect to the

participants with less severe status at diagnosis and an improved metabolic control up to two

years after diagnosis. These results may be important to the recruitment of study subjects for

future follow-up studies.

A potential weakness of the present study was that the recording of data and the follow up

was not part of the original DiPiS protocol. For example, fasting or stimulated C-peptide at

the time of diabetes diagnosis could not be done. During follow-up after diagnosis, c-peptide

sampling was not a part of the regular clinical follow-up. However, no differences in

remission, defined as total daily insulin dose <0,5 U kg−1 day−1, could be seen between the

FU and NFU groups. Also, the number of study participants with type 1 diabetes in this

study may be regarded as rather small. This has to be taken into account when interpreting

the data.

It could be argued that families willing to participate in the DiPiS study were more

motivated, have a higher educational level or are more anxious about their child’s health.

Socioeconomic data is only available for the 25 0000 families who filled out the 2-month

questionnaire but not for the approximately 10 000 families who did not, Previous analyses

in DiPiS have found that families were less likely to participate if the child was born in a

hospital in a large city, the mother was either less than 25 or older than 40 years of age, was

premature or twin. Mothers with diabetes were less likely to participate. (4–6, 21). It is

possible that other socioeconomic factors influenced the outcome after diagnosis, which was

outside of the scope of this study.

The present study represents a large part of the population since cord blood samples were

obtained from 80% of the children born during four years in the southernmost part of

Sweden. The incidence of diabetes in the study cohort is 40/100 000 at the present time. The

children diagnosed with diabetes are all cared for by public healthcare in six pediatric clinics
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and all physicians are using the same electronic patient records. It was therefore possible

easily to access the patient charts. Differences in care are presumed to be small since all

centers adhere to national guidelines on the management of pediatric type 1 diabetes and

regular meetings are held in the region to ensure equal care.

In conclusion, our study shows that the DiPiS children who were enrolled at two years of

age in a longitudinal study on the prediction of diabetes were diagnosed at an early stage of

the disease as HbA1c was lower and there were fewer symptoms including a lower

frequency of ketoacidosis. Additionally, the DiPiS children had better metabolic control

after diagnosis when subjected to standard clinical care, demonstrating significantly lower

HbA1c levels 12 and 24 months after diagnosis. Screening at birth for type 1 diabetes

genetic risk and informing the parents may be sufficient to increase the awareness of

diabetes symptoms to permit a diagnosis with less symptoms.
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Figure 1.
Study design and selection of participants.
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Figure 2.
HbA1c levels at diagnosis and the first two years after diagnosis in the FU and NFU Groups.
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Table 1

Baseline characteristics of the DiPiS study groups at diagnosis

Studygroup in DiPiS

A B C

n 33 18 78

Age at diagnosis (yrs) Mean ±SD 6.5±2.6 7.3±3.2 6.5±2.6

Gender (n) Female 20 (61%) 9 (50%) 38 (49%)

Male 13 (39%) 9 (50%) 40 (51%)

HLA-DQ (n) 2/8 15 (46%) 6 (33%) 34 (44%)

8/8, 8/X (X is not 2) 14 (42%) 9 (50%) 18 (23%)

2/2, 2/X (X is not 8) 3 (9%) 3 (17%) 15 (19%)

X/X (X is not 2 or 8) 1 (3%) 0 11 (14%)

Autoantibody pos. (n) GAD65A 24 (73%) 13 (72%) 52 (67%)

IAA-A 11 (33%) 8 (44%) 33 (42%)

IA2-A 28 (85%) 13 (72%) 51 (65%)

ZnT8RA 17 (52%) 8 (44%) 36 (46%)

ZnT8WA 18 (55%) 8 (44%) 29 (37%)

ZnT8QA 12 (36%) 5 (28%) 18 (23%)

Antibodycount (n) Negative 0 0 2 (3%)

Single 4 (12%) 4 (22%) 12 (15%)

Multiple 27 (82%) 14 (78%) 60 (77%)

Missing 2 (6%) 0 4 (5%)
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