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ABSTRACT
Objectives: To describe the characteristics of children and adults with incident type 1
diabetes in contemporary, multi-ethnic UK, focusing on differences between the islet

autoantibody negative and positive.
Design: Observational cohort study.
Setting: 146 mainly secondary care centres across England and Wales.

Participants: 3,312 people aged =5 years were recruited within 6 months of a clinical
diagnosis of type 1 diabetes via the National Institute for Health Research Clinical
Research Network. 3,021 were of white European ethnicity and 291 (9%) were non-
white. There was a small male predominance (57%). Young people <17 years

comprised 59%.
Main outcome measures: Autoantibody status and characteristics at presentation.

Results: The majority presented with classical osmotic symptoms, weight loss, and
fatigue. Ketoacidosis was common (42%), especially in adults, and irrespective of
ethnicity. Of the 1,778 participants who donated a blood sample, 85% were positive for
one or more autoantibodies against glutamate decarboxylase, islet antigen-2, and zinc
transporter 8. Presenting symptoms were similar in the autoantibody positive and
negative participants, as was the frequency of ketoacidosis (43% vs 40%, p=0-3).
Autoantibody positivity was less common with increasing age (p=0-0001), in males
compared with females (82% vs 90%, p<0-0001) and in people of non-white compared
with white ethnicity (73% vs 86%, p<0-0001). Body mass index was higher in
autoantibody negative than positive adults (median, IQR 25-5, 23-1-29-2 vs 23-9,

21-4-26-7 kg/mz; p=0-0001). Autoantibody negative participants were more likely to
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have a parent with diabetes (28% vs 16%, p<0-0001) and less likely to have another

autoimmune disease (4% vs 8%, p= 0.01).

Conclusions: Most people assigned a diagnosis of type 1 diabetes presented with

oNOYTULT D WN =

9 classical clinical features and islet autoantibodies. Although indistinguishable at an
1 individual level, autoantibody negative participants as a group demonstrated features

more typically associated with other diabetes subtypes.
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STRENGTHS AND LIMITATIONS OF THE STUDY

¢ We have studied a large multi-ethnic cohort of adults and children 25 years with
clinically diagnosed incident type 1 diabetes in whom pancreatic islet
autoantibodies were measured in a central laboratory.

¢ In routine practice, the initial assignment of a diagnosis of type 1 diabetes is a

purely clinical one. The lack of further selection before inclusion in this study (e.g.

based on autoantibody status and/or genetic testing) renders the results of
particular relevance to standard clinical care.

¢ Individual autoantibody positive and negative patients were indistinguishable
clinically but the size and diversity of the cohort permitted group differences to be
detected at high levels of statistical significance, suggesting diagnostic
heterogeneity.

¢ As this was a volunteer study recruiting from mainly secondary care centres,
ascertainment bias could have been introduced.

¢ Provision of a blood sample was optional and autoantibody status was therefore
available in just over half of the patients. Other than having a higher median age,

this sub-group was representative of the whole cohort.
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INTRODUCTION

Type 1 diabetes (T1D) is an autoimmune disease that develops at any age, but most
frequently in children and young adults.” Autoantibodies against islet antigens are
typically present before, and for a variable time following, diagnosis.?® Once initiated,
beta cell damage classically leads to progressive loss of insulin secretion and a need
for lifelong insulin treatment.

The diagnosis of T1D is a clinical one, but may be supported by the presence of one
or more of the autoantibodies to islet-cell antigens. In routine care, autoantibody status
may not be available at diagnosis, and may never be checked (management
guidelines differ, with some not recommending their routine measurement or restricting
measurements to situations where there is clinical doubt).”® Previous studies suggest
that 80-90% have detectable autoantibodies at disease onset,” ° with a background
autoantibody prevalence of around 2% in the young general population.'
Autoantibody positivity may be lower in some non-white ethnic groups.'*'* There is
however uncertainty around the clinical and demographic correlates of autoantibody
status in incident disease in an unselected multi-ethnic cohort including children and
adults, using well characterised, validated assays. The After Diabetes Diagnosis
REsearch Support System (ADDRESS), supported by the National Institute for Health
Research (NIHR) Clinical Research Network (CRN), recruits people with incident T1D
from centres across England and Wales. We aimed to characterise these people with

reference to their autoantibody status.
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METHODS

Ethics approval

Ethical approval was obtained from the South Central — Berkshire NHS Research
Ethics Committee (reference 10/H0505/85). The project complies with the
recommendations for research on human subjects by the 18th World Medical
Assembly, Helsinki 1964 and later revisions and the International Conference on
Harmonization Guideline for Good Clinical Practice (Topic E6 - 10 June 1996).
Protocol details have been reported previously15 and are therefore described in brief

only.
Inclusion and exclusion criteria

People with a clinician-assigned diagnosis of T1D aged =5 years were recruited within

6 months of diagnosis. Written, informed consent was obtained for all participants.
Data collection

On recruitment: demographic information; medications including insulin(s); medical
history, including that of autoimmune disease; family history of diabetes; blood
pressure; weight and height; HbA1c; fasting or random blood glucose. A diagnosis of
ketoacidosis was recorded if clinically assigned or if hyperglycaemia was accompanied
by acidosis and either ketonaemia or ketonuria."® Ethnicity was self-reported as one of

16 categories.'®

Project-specific blood sampling and measurement of islet autoantibodies
Sample donation was voluntary.' Where collected, autoantibodies to glutamate
decarboxylase (GADA), islet antigen-2 (IA-2A), and zinc transporter 8 (ZnT8A) were

measured in sera using established radiobinding assays'® '’

in a single central
laboratory. Antibodies to both major ZnT8 isoforms, defined by the polymorphic amino
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acid at position 325 (Arginine, ZnT8RA or Tryptophan, ZnT8WA), were measured
separately. Thresholds for autoantibody positivity were set at the 97™ percentile of 974
control samples for GADA, the 98" percentile of 500 control samples for IA-2A, and
the 97-5% percentile of 523 healthy schoolchildren for both ZnT8RA and ZnT8WA.
Positive autoantibody status was defined as positive for one or more of GADA, 1A-2A
or either form of ZnT8A. In the 2015 Islet Autoantibody Standardization Program
Workshop, the assay sensitivities and specificities achieved were 74% and 96-7% for
GADA; 72% and 100% for IA-2A; 60% and 100% for ZnT8RA, and 46% and 100% for

ZnT8WA, respectively.

Data analysis

Children were defined as aged <17 years. Body mass index (BMI) was derived as a z-
score for children using World Health Organisation (2007) reference data.® As a
criterion for adiposity shared between children and adults, we applied a definition of
‘normal’ weight (z-score <1 for children, BMI <25kg/m? for adults, both including
underweight) as distinguished from ‘overweight’ (z-score 21 for children,'® BMI
>25kg/m? for adults,?® both including obese). Parental and sibling history of diabetes
was recorded. No attempt was made to differentiate between diabetes types in the
family history. Variables were categorized as ‘Individual Characteristics’ and ‘Diabetes
Presentation’. We analysed data from participants recruited between 1% September
2011 and 30" April 2016, with data querying and verification completed in November

2016.

Statistical analysis
Statistical analysis was carried out using StataCorp. 2013 (Stata Statistical Software:

Release 13. College Station, TX: StataCorp LP). Median and interquartile ranges
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(IQRs) were used to summarize continuous variables. Categorical variables were
summarized as percentages. The Mann-Whitney U test and Kruskal-Wallis test were
used for between-group comparisons of continuous variables. Chi-square testing was
used for comparisons of categorical variables. Individual characteristics were explored
as predictors of diabetes presentation and antibody status in univariate logistic and
linear regression analyses. Multiple logistic and linear regression were used to
establish the independence of predictors. For regression analyses, non-normally
distributed continuous variables were transformed to normalize their distributions. A
significance level of p<0-05 (two-sided) was taken as a guide to interpretation (actual p
values down to p<0-0001 are reported throughout).

Patient involvement

Patient and public involvement groups within the NIHR CRN representing people with
diabetes, and representing children and young people, had input into the design of the
patient information sheets, consent forms, and recruitment strategies. After the start of
recruitment, a patient advocate group was established to have input into aspects of
study design and conduct, such as the procedures for accessing the data and stored
biological samples, and communication with and engagement of participants, people
living with T1D, and healthcare professionals. The group is made up of adults with
type 1 diabetes and the parents of children with type 1 diabetes. Results are
disseminated to participants via newsletters and other information about the study is

published on the study website and on social media.
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RESULTS

Cohort characteristics

Data were analyzed for 3,312 participants recruited with incident T1D (1,879 (57%)
males, 1,946 (59%) children, from 146 centres, Table 1). The slight male
predominance was more prominent in adults than in children (61% versus 54%,
p<0-0001, Table 2). Islet autoantibodies were measured in the 1,778 participants who
donated an optional blood sample. For individual characteristics, data recording was
>98% complete for all variables except BMI (and ‘overweight’ - 88%) and records of
having a sibling with diabetes (91%). Data recording for diabetes presentation features
was >98% complete for all variables except symptom duration (94%). Sample sizes for
incomplete data are reported in Figure 1 and Tables 1-3. Of the total cohort, people of
white European origin comprised 91% (n=3021), Asian (not Chinese) 3% (n=107),
African-Caribbean 2% (n=63) and other or mixed ethnicity 3% (n=121). Median time
from diagnosis to recruitment was 71 days (IQR 40-119) and to blood sampling, 75
days (IQR 42-126). Of those with body weight measured (n=2911), 35% were
classified as overweight or obese, more commonly in adults than children (41% versus

31%, p<0-0001, Table 2).
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Table 1. Clinical and demographic characteristics of the cohort (n=3312).

median (IQR) /

percentage (n)

INDIVIDUAL CHARACTERISTICS
Age (years) (n=3312)
Male (n=3312)
Children (<17y) (n=3312)
Body mass index (n=2911)
Children (z score, n=1676)
Adult (kg/cm?, n=1235)
Overweight or obese (n=2911)
White European ethnicity (n=3312)
Other autoimmune disease present (n=3270)
Parent(s) with any diabetes (n=3261)
Sibling with any diabetes (n=3003)
DIABETES PRESENTATION
Clinical presentation
Ketoacidosis (n=3242)
Osmotic symptoms (n=3286)
Weight loss (n=3251)
Fatigue (n=3252)
Symptom duration (weeks, n=3105)

Antibody positive (n=1778)

14-6 (104, 26-4)
57 (1879)

59 (1946)

0-44 (-0-28, 1-23)
24-1 (215, 27-1)
35 (1033)

91 (3021)

6 (204)

15 (499)

8 (229)

42 (1348)
96 (3158)
85 (2753)
82 (2682)
3 (2, 6)

85 (1510)

Abbreviations: IQR: interquartile range; BMI, body mass index.

Sample sizes (n) are given for each variable if data collection was incomplete.
Data collection for ketoacidosis at diabetes presentation was based on a record of it being
assigned clinically, or of hyperglycaemia accompanied by acidosis and either ketonaemia or

ketonuria.
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Table 2. Characteristics of children and adults; percentages (n) or medians (IQR)

are shown.

BMJ Open

Children (n=1946) Adults (n=1366) p

INDIVIDUAL CHARACTERISTICS

Age (years)

Male

Overweight (n=1676, 1235)
White European ethnicity

Other autoimmune disease (n=1915,
1355)

Parent(s) with any diabetes (n=1920,
1341)

Siblings with any diabetes (n=1769,
1234)

DIABETES PRESENTATION
Clinical presentation
Ketoacidosis (n=1912, 1330)
Osmotic symptoms (n=1935, 1351)
Weight Loss (n=1907, 1344)
Fatigue (n=1904, 1348)

Symptom Duration (weeks, n=1844,
1261))

Antibody positive (n=680, 1098)

11-1(8-5,13-5)  29-6 (22-9, 39-8) NA

54 (1048) 61 (831) <0-0001
31 (527) 41 (5086) <0-0001
90 (1750) 93 (1271) 0-001

4 (82) 9 (122) <0-0001
12 (223) 21 (276) <0-0001
6 (100) 10 (129) <0-0001
39 (744) 45 (604) 0-0002
97 (1877) 95 (1281) 0-001
82 (1556) 89 (1197) <0-0001
78 (1493) 88 (1189) <0-0001
3 (2, 4) 4 (25, 8) 0-0001
90 (614) 82 (896) <0-0001

Sample sizes (n) are given for each variable if data collection was incomplete.
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Relationships between clinical presentation and individual characteristics

The main presenting features (Table 1) were: osmotic symptoms (polyuria and/or
polydipsia) 96%; weight loss 85%; and fatigue 82%. Ketoacidosis was identified at
clinical presentation in 42%. Another autoimmune disease was present in 6%; 15%
had a parent with diabetes; 8% had a sibling with diabetes. One or more
autoantibodies were present in 85% of those in whom they were measured.

Effect of age, and characteristics of children versus adults: Increasing age was
independently associated with an increased prevalence of ketoacidosis, weight loss,
and fatigue at presentation, and decreased prevalence of osmotic symptoms, longer
symptom duration, and lower antibody positivity (Figure 1). Although significant
statistically, the differences between children and adults in presenting symptoms were
small, as were significant differences in symptom duration (Table 2). Ketoacidosis was
less common in children than adults (Table 2, 39% versus 45%, p=0-0002). Children
were more likely than adults to be positive for one or more islet autoantibodies (90%
vs 82%, p<0-0001).

Sex: Female sex was independently associated with longer symptom duration and
increased prevalence of autoantibodies (Figure 1). Median symptom duration in
females and males were 4 and 3 weeks, respectively (p=0-0001); the prevalence of
islet autoantibody positivity was 90% and 82%, respectively (p<0-0001).

Ethnicity: Ethnicity was a significant determinant of autoantibody status (on chi-
squared analysis, p<0-0001). Amongst the 3 major non-white ethnic groups (Asian;
African-Caribbean; other or mixed ethnicity) numbers with autoantibodies measured
were small (n=46, 36 and 51, respectively) and the proportion with autoantibody
positivity did not differ significantly (70%, 64% and 82%, respectively; p=0-1). People
of non-white ethnic origin were therefore grouped and comparisons limited to white

European versus non-white ethnic origin. White European ethnicity was independently
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associated with a higher prevalence of autoantibody positivity compared with the
combined non-white group (86% and 73%, respectively; p<0-0001, Table 3 and Figure
1). There were no other significant associations between ethnicity and initial clinical
presentation and ketoacidosis was equally likely (white Europeans, 41%; non-white,
44%; p=0-3, Table 3).

Other autoimmune disease: Another autoimmune disease was present in 204
participants and 117 of those in whom autoantibodies were measured. A history of
another autoimmune disease was positively associated with autoantibody positivity
(p=0-01, Figure 1), being present in 8% of the autoantibody positive and 4% of the
autoantibody negative participants (Table 4).

Family history of diabetes: Having a parent with any diabetes was associated with a
lower probability of presenting with ketoacidosis; such people were also less likely to
have autoantibodies (Figure 1). The proportion of those with ketoacidosis at
presentation who had a parent with diabetes was 12% versus 18% of those without
ketoacidosis (p<0-0001). The proportion of those who were autoantibody positive and
who had a parent with any diabetes was 16% versus 28% of those who were
autoantibody negative (p<0-0001, Table 4). Having a sibling with diabetes was also
independently negatively associated with presentation with ketoacidosis (Figure 1).
The proportion of those with ketoacidosis who had a sibling with any diabetes was 5%

compared with 10% of those without ketoacidosis (p<0-0001).
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Table 3. Characteristics of participants of white European ethnicity and non-
white ethnicity; percentages (n) or medians (IQR) are shown.

White European
(n=3021)

Non-white ethnicity

European (n=291)

INDIVIDUAL CHARACTERISTICS

Age (years)

Male

Children

Body mass index

Children (z score, n=1507, 169)
Adult (kg/cm?, 1151, 84)
Overweight (n=2658, 253)

Other autoimmune disease (n=1981,
289)

Parent(s) with any diabetes (n=2976,
285)

Siblings with any diabetes (n=2751,
252)

DIABETES PRESENTATION
Clinical presentation
Ketoacidosis (n=2960, 282)
Osmotic symptoms (n=2997, 289)
Weight loss (n=2964, 287)
Fatigue (n=2970, 282)

Symptom duration (weeks, n=2840,
265))

Antibody positive (n=1645, 133)

14.8 (10.5, 26.6)
57 (1713)

58 (1750)

0.42 (-0.28, 1.20)
24.0 (21.5, 27.1)

35 (935)

6 (184)

15 (444)

7 (204)

41 (1224)
96 (2879)
84 (2503)

82 (2449)

4 (2, 6)

86 (1413)

12.7 (9.0, 23.7)
57 (166)

67 (196)

0.48 (-0.32, 1.45)
24.8 (22.6, 27.2)

39 (98)

7 (20)

19 (55)

10 (25)

44 (124)
97 (279)
87 (250)

83 (233)

3 (2, 6)

73 (97)

<0.001

0.9

0.002

0.5

0.1

0.2

0.6

0.05

0.1

0.3

0.6

0.2

0.9

0.02

<0.001

Sample sizes (n) are given for each variable if data collection was incomplete.
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Table 4. Characteristics of pancreatic autoantibody (Ab) positive and negative
participants (n=1778 with known antibody status); percentages (n) or medians
(IQR) are shown.

Ab positive Ab negative
(n=1510) (n=268)

oNOYTULT D WN =

10 INDIVIDUAL CHARACTERISTICS

13 Age 20-1 (131,31-1)  31-4 (17-7,41-0) 0-0001
15 Male 56 (851) 72 (192) <0-0001
17 Children 41 (614) 25 (66) <0-0001
19 Body mass index

2] Children (z score, n=545, 56))  0-41 (-0-35, 1-19)  0-47 (-0-48, 0-97) 0-4
Adult (kg/cm?, n=825, 184)  23-9 (21-4,26:7) 25:5(23-1,29-2) 0-0001
%6 Overweight (n=1370, 240) 36 (490) 48 (114) 0-0005
28 White European ethnicity 86 (1413) 14 (232) <0-0001

30 Other autoimmune disease (n=1495,

8 (117 4 (10 0-01
. 265) (117) (10)

Parent(s) with any diabetes (n=1493,
34 16 (233) 28 (74) <0-0001
35 261)

37 Siblings with any diabetes (n=1374,
38 238) 9(117) 8 (20) 09

41 DIABETES PRESENTATION

43 Clinical presentation

45 Ketoacidosis (n=1483, 260) 43 (639) 40 (104) 0-3
47 Osmotic symptoms (n=1495, 267) 97 (1444) 94 (250) 0-02
49 Weight loss (n=1480, 267) 87 (1285) 88 (235) 0-5
51 Fatigue (n=1490, 265) 86 (1282) 80 (213) 0-01

Symptom duration (weeks, n=1424,
54 6-8 (10-5) 10-4 (32-2) 0-004
55 246)t
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T median and IQRs for symptom duration were identical: 4 (2, 8); mean and SD is shown to
clarify the direction of difference
Sample sizes (n) are given for each variable if data collection was incomplete.

Relationships between autoantibodies, diabetes presentation and individual
characteristics

Children comprised 38% of the sub-group of 1,778 participants who provided a blood
sample and the sub-group with blood samples was, accordingly, significantly older
than the full cohort (21-6 (13-4, 32-:8) vs 14:6 (10-4, 26-4) years, p<0-0001). Other
parameters were similar.

The relationship between positive autoantibody status and diabetes presentation was
restricted to an increased prevalence of osmotic symptoms (97% versus 94%, p=0-02,
Table 4). There was no significant difference in rates of ketoacidosis at presentation
between autoantibody positive and negative participants (43% versus 40%, p=0-3,
Table 4). The rate of autoantibody positivity was higher among children than adults,
females versus males, and white Europeans versus people of non-white ethnicity (see
above). Autoantibody positivity decreased progressively with age in adults (Figure 2).
Of the individual autoantibodies, GADA were the most frequently observed in adults,
with 1A-2A and ZnT8A being relatively more common in children (Figure 2). The
autoantibody positive adults were of lower BMI than autoantibody negative adults
(BMI, median (IQR) 23-9 (21.4, 26-7) vs 25-5 (23-1, 29-2), p<0-0001), but no
relationship to z-score was observed in children (Table 4). Autoantibody positivity was

less prevalent amongst those who had a parent with diabetes.
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DISCUSSION

For the first time, relationships between autoantibody status (measured centrally in a
single reference laboratory) and phenotypic features in incident T1D are reported from
a large, unselected, multi-ethnic population of both children and adults. The study was
conducted with support from the NIHR CRN with most participants recruited from
specialist centres. Based on estimates of T1D incidence and population
demographics,?' 2 20-25% of eligible incident cases in England and Wales were

recruited.

Male predominance is unusual for an autoimmune condition but has been reported in
adults with incident T1D.% In young children, the sex ratio has been reported to be
close to unity.24 In the present study the male excess was observed also in children,
although the excess was less marked than in adults. Symptoms at presentation were
as expected. Although weight loss was common, average body weight at the time of
recruitment was normal, and many participants were overweight or obese, especially
adults. An association between increased BMI and increased risk of progression from
autoantibody positivity to development of diabetes in at-risk relatives has been
reported previously.25 Symptom duration was similar to that reported previously by
others and was shorter in children than adults.?® 2’ This may reflect parental vigilance

of unwell children or a more insidious onset of clinical disease in older people.

The overall frequency of ketoacidosis at diagnosis (42%) was high, and slightly more
so in adults than children. It occurred with similar frequency in white European and
non-white ethnic groups. The figure of 42% is higher than in previous reports from the

UK (23% in a recent national paediatric audit,?® 26-27% in regional studies®® *

)and a
range of 13-80% in those aged <20 years has been reported internationally.®' A very

similar figure (40.3%) has been reported recently for children in Italy.*? Ketoacidosis at
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diagnosis is a quality issue as it reflects lack of awareness of diabetes features
amongst professionals and the general population®® and efforts to increase awareness
lead to reductions in ketoacidosis at first presentation.33 All methods of estimating the
frequency of ketoacidosis at diagnosis have limitations, often leading to under-
reporting.28 Strengths of the current study include the large number of patients and the
ability to confirm or refute the diagnosis where this was in doubt. A limitation is that
ascertainment bias could be introduced because those who are the most ill at
diagnosis may be the most likely to volunteer or to be referred. The higher
ketoacidosis rate in adults versus children in our study appears at variance with the
observation that ketoacidosis or severe ketoacidosis is more common in younger than
in older children.?® %2343 The current study did not include children <5 years of age,
the group in childhood in whom ketoacidosis at diagnosis occurs most frequently®’,
and this may have contributed to the apparent children to adult difference. Of course, if
such younger children had been included, this could have been increased the overall
rate of ketoacidosis even higher. The lower rate associated with having a parent or a
sibling with diabetes could result from a heightened awareness of symptoms leading to

|'31

earlier clinical referral.”” The absence of any significant ethnic influence on

ketoacidosis is at variance with some previous reports where higher rates were
. . 38 39
observed in non-white sub-groups.

One or more islet autoantibodies were observed in 85% of participants, more

commonly in female than male and in younger compared with older participants. This

40-42

is compatible with previous literature from the UK and other countries, although

assay differences make such comparisons difficult. The positivity rate is higher than

1213

reported in people with T1D of non-white ethnic origin, albeit with the same

caveats and bearing in mind that the previous studies of ethnic influences on antibody
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status have been limited in size or age range of population studied. The slight female
autoantibody preponderance has been observed in other studies in young children, but
not in older children and young adults.” The higher autoantibody frequency in those
with a coexistent autoimmune disease reflects the clustering of autoimmune disorders
observed in T1D and shared genetic susceptibility.44 Overall, GADA were the
antibodies most commonly present; while IA-2A and ZnT8A were seen most frequently
in children, findings compatible with previous studies.® Insulin itself is considered a
potential primary autoantigen as insulin autoantibodies are observed in incident T1D,
especially in children?®?” #°_ |n the current study, most participants had received insulin
therapy for weeks before study entry and as they could have developed antibodies to
the exogenous insulin, insulin autoantibodies were not measured. In prospective
studies of infants at high genetic risk of T1D, insulin autoantibodies were often

detected earlier than the other islet autoantibodies*® %’

and in consequence we may
have underestimated the frequency of autoantibody positivity at diagnosis, especially

in children.

Although autoantibodies can be present for years in people with diabetes who do not

require insulin treatment immediately,*® 4°

and are present in some diagnosed clinically
with type 2 diabetes,* they are generally regarded as a biomarker for T1D. In
prospective studies they precede and predict the onset of T1D.>" They typically
disappear, or titres drop to very low levels, in the years following diagnosis. In the
autoantibody negative participants studied here, several explanations may be
proposed. First, insulin autoantibodies were not measured. Second, autoantibodies to
as yet unknown antigens may have been present.52 The identification of tetraspanin-7

as an autoantigen could, for example, account for some apparently antibody negative

participants,53 although recent data suggest this is unlikely to account for large
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numbers.>* Third, autoantibodies may have disappeared or their levels diminished, by
the time of sampling. As all participants were recruited within six months of diagnosis,
this is unlikely to be a major factor. Fourth, autoantibodies might develop
subsequently, as reported previously for islet cell antibodies in a small proportion of
patients.>® Fifth, some people may have autoimmune T1D without a humoral
response. Finally, people may actually have another diabetes sub-type. The
autoantibody negative participants as a group tended to be older and, if adult, more
overweight. These features are compatible with type 2 diabetes. They were more
likely to have a parent with diabetes, typical of type 2 or monogenic diabetes. They
were more likely to be of non-white ethnicity, more associated with type 2 diabetes.
Those with ketoacidosis could have ketosis-prone diabetes (so-called idiopathic
diabetes)® as this is difficult to distinguish from T1D at first presentation. Further
studies and follow-up of the cohort are planned to explore the extent to which T1D
without detectable autoantibodies describes a sub-group of T1D that is distinct from

other diabetes sub-types.
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Figure captions

Figure 1. Individual characteristics as predictors of diabetes presentation and
autoantibody status.

Univariate logistic regression odds ratios or linear regression coefficients (circles),
95% Cls (horizontal lines)* and statistical significances are shown. Red circles signify
that a significant univariate relationship was sustained on multivariable analysis with
all individual characteristics included as predictor variables (participants with complete
data: n=2911-3312) and in the sub-group with antibodies measured (participants with
complete data including antibody status: n=1610-1778)

Footnotes: * for ‘Age’ 95% Cls did not extend beyond the odds ratio circles

* not significant in sub-group with antibodies measured on multivariable analysis
** significant in sub-group with antibodies measured on multivariable analysis

T not significant on multivariable analysis

™" significant on multivariable analysis

§ coefficient derived from square-root-transformed data

Figure 2. The percentage of participants exhibiting islet autoantibodies (any and
individual) autoantibody in relation to age at diagnosis.
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ABSTRACT

Introduction Type 1 diabetes is heterogeneous in

its presentation and progression. Variations in clinical
presentation between children and adults, and with

ethnic group warrant further study in the UK to improve
understanding of this heterogeneity. Early interventions to
limit beta cell damage in type 1 diabetes are undergoing
evaluation, but recruitment is challenging. The protocol
presented describes recruitment of people with clinician-
assigned, new-onset type 1 diabetes to understand

the variation in their manner of clinical presentation, to
facilitate recruitment into intervention studies and to
create an open-access resource of data and biological
samples for future type 1 diabetes research.

Methods and analysis Using the National Institute for
Health Research Clinical Research Network, patients >5
years of age diagnosed clinically with type 1 diabetes (and
their siblings) are recruited within 6 months of diagnosis.
Participants agree to have their clinical, laboratory and
demographic data stored on a secure database, for their
clinical progress to be monitored using information held by
NHS Digital, and to be contacted about additional research,
in particular immunotherapy and other interventions.

An optional blood sample is taken for islet autoantibody
measurement and storage of blood and DNA for future
analyses. Data will be analysed statistically to describe the
presentation of incident type 1 diabetes in a contemporary
UK population.

Ethics and dissemination Ethical approval was obtained
from the independent NHS Research Ethics Service.
Results will be presented at national and international
meetings and submitted for publication to peer-reviewed
journals.

INTRODUCTION

Type 1 diabetes (T1D) is the most common
form of diabetes in childhood, but it is
frequently diagnosed in adults.' In the UK
it is most common in people of white Euro-
pean descent, but also affects other ethnic
groups,” and it is heterogeneous in initial

Strengths and limitations of this study

» Children and adults (including older adults) are
characterised soon after disease onset.

» There is wide geographical spread of ascertainment.

» The study allows differences in presentation of type
1 diabetes to be assessed by ethnic group.

» There is no attempt to capture information on all
incident cases.

» Assessment of C-peptide and genetic risk markers is
desirable in the characterisation of new-onset type
1 diabetes, but beyond the scope of this protocol.
However, the After Diabetes Diagnosis REsearch
Support System resource will enable precisely such
future studies.

clinical presentation and in its progression.”’
Markers of autoimmunity, such as antibodies
to islet antigens, most commonly glutamate
decarboxylase (GADA), insulin itself, islet
antigen 2 (IA-2A) and zinc transporter-T8
(ZnT-8A), are frequently, but not always
detectable at onset in people with a clinical
diagnosis of TID."® Measurement of autoan-
tibodies is advocated by many to aid diabetes
classification,” "’ but only recommended in
the UK when knowledge of autoantibody
status (positive/negative) would have impli-
cations for clinical management or access
to treatment (eg, ‘insulin pump’ therapy).'’
Few T1D cohorts include both children and
adults and, where studied, clinical charac-
teristics and autoantibody frequencies have
been found to vary between children and
adults at onset.''™'? Additionally, descriptions
of adult-onset diabetes with autoantibodies
have highlighted differences in T1D pheno-
type at onset between adults and children.'® "’
Reports of the variation of autoantibody status
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and frequency with ethnicity are also scarce and have
revealed a somewhat conflicting picture.’'** Differences
in presenting features of T1D with autoantibody status
warrant further investigation in children and adults in the
multiethnic UK population to improve understanding of
the heterogeneity of T1D. People with T1D have a life-
long dependency on treatment with exogenous insulin,
resulting from an autoimmune destruction of pancreatic
beta cells. Early intervention therapies are emerging that
aim to limit this autoimmune destruction and preserve
beta cell function.’ ** Preservation of even modest
levels of insulin secretion has been shown to reduce
the risk of developing diabetic complications, improve
glycaemic control and may also protect against severe
hypoglycaemia.”” ** Many investigational therapies target
new-onset T1D — at a stage when there is still significant
insulin secretion to preserve. Recruitment to trials in
new-onset T1D is challenging, in part because individual
centres see a relatively small number of incident cases per
year. The aims of the After Diabetes Diagnosis REsearch
Support System (ADDRESS) are therefore the following:
1. to characterise people with clinician-assigned, new-
onset T1D, demographically, clinically and by islet
autoantibody status, in a national, multiethnic cohort,
and to perform hypothesis-generating analyses
investigating the heterogeneity of clinical presentation
2. to use the cohort of children and adults with incident
T1D and theirsiblings to supportrecruitmentinto T1D
trials and other clinical research studies by providing
them with information about studies for which they
might be eligible (initially in new-onset T1D, and with
time, studies in established T1D, or studies for first-
degree relatives), thereby also increasing awareness
of opportunities to participate in research among
patients and their families
3. to establish an open-access resource of data and
biological samples, including DNA, collected close to
diagnosis for use in other T1D research, forming, in
particular, a foundation for prospective studies from
the time of diagnosis.

There are a number of ongoing initiatives in the USA and
Europe to characterise people with incident T1D, some
of which include the banking of biological samples and
open access to samples or data, some that include the
study of first-degree relatives, and some that also support
the conduct of clinical trials. Exemplar initiatives are
summarised in table 1, in comparison with ADDRESS.
There are T1D registries in the UK primarily set up to
drive improvements in clinical care, and the notable
open-access Warren repository,” established to further
understanding of T1D genetic susceptibility. There are,
however, no national, multiethnic collections of data and
biological samples from both children and adults with
incident T1D in the UK. The Scottish Health Research
register SHARE is an example of another national
resource that supports recruitment to clinical research,
although unlike ADDRESS it does not focus on new-onset

u%ls, 2017 - Published by group.bmj.com

T1D.” The features of these UK-specific TID registries
and resources are summarised in table 2.

In 2006 the National Institute for Health Research
Clinical Research Network (NIHR CRN) was set up as
the research delivery arm of the National Health Service
(NHS) in England. The universal health coverage of
the NHS, coupled with the NIHR CRN, makes the UK a
particularly suitable environment for studies in new-onset
TID. This is further strengthened via linkage with the
ADDRESS new-onset T1D ascertainment network, which is
dedicated to identifying people with incident T1D shortly
after diagnosis and offering them and their siblings entry
into T1D clinical research studies. ADDRESS is a partner
in the TIDUK Consortium, formed in 2015 to promote,
support and develop immunotherapy research in the UK
via a network of centres to conduct clinical trials, and a
mechanistic core to conduct state-of-the-art assays to study
the immunology of T1D and the mechanisms of action of
immunotherapies.

METHODS AND ANALYSIS

Establishment of the cohort

The After Diabetes Diagnosis REsearch Support System
(previously referred to as ADDRESS or ADDRESS-2,
hereafter as ADDRESS) started in pilot form in 2008 to
establish the ‘proof of concept’ that ascertainment and
recruitment of people with incident T1D shortly after
diagnosis were feasible in substantial numbers using the
resources of the NIHR CRN. Patients with a clinician-as-
signed diagnosis of T1D were recruited if they agreed to
have their data on a database and to be contacted about
other research projects for which they might be eligible.
Clinical and demographic information, including the
participant’s unique NHS identifier, was obtained for
analysis, but no biological samples were collected. This
pilot was established in 78 recruiting hospitals in England
and Wales. NIHR CRN staff recruited 645 participants
between 2008 and 2010. With cofunding from Diabetes
UK and the Juvenile Diabetes Research Foundation, and
with separate NHS Research Ethics Committee review,
the project was expanded to its present and ongoing
form in January 2011 in which 156 hospitals are partic-
ipating in 124 NHS Trusts across England and Health
Boards in Wales. Figure 1 illustrates the timeline of devel-
opment of ADDRESS, and figure 2 shows the locations
of centres participating currently. The NIHR CRN struc-
ture provides research support via 15 local branches in
England and a related system exists to support diabetes
research in Wales.

Inclusion and exclusion criteria

During the first 3 years of the current study (2011-2014),
people with a clinician-assigned diagnosis of T1D aged
5-60 years were recruited within 6 months of diagnosis.
From October 2014 the upper age limit was removed to
allow newly diagnosed adults over the age of 60 to partic-
ipate. People initially diagnosed with another diabetes

56, 4bi:10.1136/bmjopen-2016-013956
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Initiation of the

Expansion to measure islet

pilot autoantibodies, collect DNA

and blood samples, and

recruit unaffected siblings

Ongoing recruitment

Figure 1

Study timeline.

subtype and later reassigned a diagnosis of T1D are eligible
if still within 6 months of the initial diagnosis. Adults who
are not competent to give consent are excluded. People
who took part in the pilot form of ADDRESS are eligible
to be recruited to the current study, and their individual
data are transferred from the pilot into the current study.

Sample size

The annual incidence of T1D in the UK is 22-30 per
100000 in the 0-l4years age group, with an estimated
76% of incident cases aged 5—14years”’. There is a paucity
of incidence data for adults worldwide, but one UK study
reported an incidence of 12 per 100000 for those aged
1E'>—E’>4years.28 Therefore, we estimate that 3900-4500 chil-
dren and adults will be diagnosed per year in the current
recruitment age range in England and Wales.

Recruitment

Methods vary depending on local resources and prefer-
ences, but local researchers (NIHR CRN research nurses
and/or other local research nurses and physicians)
perform the recruitment mainly via secondary care and
specialist diabetes centres, as patients (both children
and adults) are mostly seen clinically in these settings.
Recruiting staff in the NIHR CRN have been trained to
approach patients and families with sensitivity soon after
diagnosis and to take informed consent. Permission is
sought from the patient or parent/guardian to approach
siblings. The patients, their siblings and the parent/
guardian for children aged 5-15 years are provided
with age-specific information sheets about the study by
the local researcher. Informed consent is sought at least
1week after diagnosis and at least 48 hours after the infor-
mation sheets have been given. Recruitment support
initiatives have included providing NHS clinical care
teams with information about T1D research, displaying
posters about ADDRESS and providing patients with leaf-
lets introducing clinical research and ADDRESS in clinic
and in packs for newly diagnosed patients. A website
provides additional information.

Consent
ADDRESS operates a two-tier consent model: for tier 1,
participants provide written informed consent for their

Walkey HC, et al. BMJ Open 2017:7:¢013956. doi-10. Miopen 2016

v

health and contact details to be held on a database and
for their being contacted about studies. They also consent
to follow-up using information held by NHS Digital and
the Office for National Statistics (ONS). With additional
second-tier consent, participants may choose to donate
blood samples for islet autoantibody analysis and storage
of blood and DNA for future use in diabetes research.

Data collection

At the time of recruitment participant information is
collected via interview with the participant or parent/
guardian, and from specialist care medical records, as
shown in table 3. Ethnicityis self-reported as one of 16 cate-
gories, following UK ONS guidance on collecting ethnic
group data. A diagnosis of parental or grandparental
diabetes is recorded without subtype because historical
classifications may be incorrect or incomplete.29 Labora-
tory test results are recorded from those tests performed
locally as part of routine clinical care. A diagnosis of keto-
acidosis at presentation is recorded if assigned by the
local clinical team, or if all of the following were docu-
mented in the clinical records: glucose >11mmol/L;
blood ketone bodies >3mmol/L or urine ketones levels
positive ++; pH <7.3;and/or bicarbonate <15mmol/L.
Except for the additional specialist care information avail-
able for patients, similar data are collected at baseline for
siblings.

Project-specific blood sampling

Sample donation is a voluntary component of ADDRESS,
currently for participants with T1D only (prior to October
2014, siblings were also given the option of donating
samples). Random blood samples are collected and sent
at ambient temperature via standard post to the Public
Health England European Collection of Cell Cultures at
Porton Down, UK, which operates in accordance with the
UK Human Tissue Act 2004. Serum (from a serum sepa-
ration tube) and peripheral blood lymphocytes (PBLs,
from an acid citrate dextrose tube) are separated on
arrival. An EDTA tube is frozen for later DNA extraction
(median: 2 (IQR: 1-3) days after sampling). The samples
are stored in coded, pseudoanonymised format and
include serum from coagulated blood, extracted and


http://bmjopen.bmj.com/
http://group.bmj.com

oNOYTULT D WN =

Downloaded from http://bmjopen.bmj.cw? 5 u‘%ls, 2017 - Published by group.bmj.com

Open Access

‘,.!
Dumfrieso Un I t e d ‘Gcastle
" T
Ki@gdom =& "
RN North °
° Pennines mc
D oBelfast = AONB iddlesbrough
\o;ake District &0 th York
National Park Moors
_— \ " Yorkshire National Palocarborough

alk , i
Blazmoo!

S o0

oo%

ngin Lg’?ﬁ‘

o 9% _9
\ y/ \\{, =
N

Snowdonia °

National Park 5
1W

|

WALES

\

Swansea
o]

Dales

» g \(0 National Park o \°
o Ll .
Oﬂ I I|
i) L)

Great Britanr

2, 0
00

rd N ° °
(- g
A

\ Tq%ﬁgolds 0@ o

Be”"°

sw‘a

ak Distriet |

Witional Park

Notaham °
QO ¥

. Leig@ster ¢
0 Pete°*ough

N
‘%J 9o

g ° Soutg °*ton Ca(l)als

= A\ \ "/

o ) =4
E>cr BO[‘Q Sty b@nﬁ)t\nn/ e
: (¥ g

ewquay P|y°th wr

- w

St. Lves ° ’

5 . .h Channe

Penzance®  Faimouth Er\g\‘Sh y

Figure 2 Map with circles showing the locations of the 156 recruiting centres in 124 English NHS Trusts and Welsh Health
Boards (an estimated 84% of the total number that provide acute care services). Numbers of centres recruiting from both
paediatric and adult clinics, the paediatric clinic only, and the adult clinic only are 80, 32 and 44, respectively.

resuspended DNA, PBLs, and lymphoblastoid cell lines
(LCLs) derived by Epstein-Barr virus transformation of
thawed PBLs. Samples are stored at -80°C and PBLs and
LCLs are placed in liquid nitrogen for cryopreservation
for the duration of the study. An aliquot (0.5mL) of
serum from each blood sample is sent to the University
of Bristol for autoantibody measurements.

Islet autoantibody measurement

Autoantibodies to GADA, IA-2A and ZnT-8A are
measured in participants with TID using established
radiobinding assays.”’ *' Insulin autoantibodies are not
measured as these people are receiving exogenous
insulin therapy, which could itself induce an immune

response.
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Table 3 Data and associated methods of collection for participants with incident T1D and for sibling participants at the time

of recruitment

Data

Incident T1D Sibling

Via or validated

Via interview against medical Via interview

or at visit records or at visit
Contact details and unique NHS identifier X X
General practitioner (GP) details (GP is informed of the person’s X X
participation)
Diabetes care physician details (physician is informed of the person’s X X
participation if not the principal investigator at the research site)
Demographic information including self-reported ethnic origin X X
Date of diagnosis, clinical presentation and duration of symptoms X X
(presentation with diabetic ketoacidosis, polyuria/polydipsia, weight loss,
fatigue, abdominal pain,* fasting or random plasma glucose)
Current diabetes treatment regimen, including date insulin first administered X X
Non-diabetic medication X X X
Medical history including history of autoimmune diseases (Addison’s X X X
disease, coeliac disease, hyperthyroidism, hypothyroidism and vitiligo) and
of gestational diabetes
Family medical history including parental and grandparental history of X X
diabetes, hypertension, myocardial infarction and stroke, along with sibling
demographics and diabetes history
Clinical measures, including blood pressure, weight and height using X X
standard protocols
Blood biochemistry including glycated haemoglobin (HbA1c) (mmol/ X
mol), fasting or random plasma glucose (mmol/L), oral glucose tolerance
test results (mmol/L) if performed locally and C-peptide levels (hnmol/L) if
performed locally
Details of diabetes structured education offered/scheduled/completed* X X

*Collected for participants recruited from February 2015 onwards.
T1D, type 1 diabetes; NHS, National Health Service.

Antigens radiolabelled with S methionine are
expressed using a TNT in vitro reticulocyte lysate quick
coupled transcription/translation system kit (Promega,
Madison, Wisconsin, USA) with plasmids encoding full-
length GADG5, the intracytoplasmic region of IA-2 (aa
606-979), and the 325-arginine (ZnT8R) and 325-trypto-
phan (ZnT8W) isoforms of the C-terminal region of ZnT8
(2a268-379). Immunocomplexes formed following incu-
bation of sera with radiolabelled antigens are precipitated
with Protein A-Sepharose (GE Healthcare Life Sciences,
Little Chalfont, Bucks, UK), washed and counted in a
TopCount beta counter (PerkinElmer, Waltham, Massa-
chusetts, USA).

Results are expressed in digestive and kidney
(DK) units/mL (GADA and IA-2A) or arbitrary units
(ZnT8A) after reference to standard curves consisting of
dilutions of patient sera in antibody-negative sera from
healthy donors. Thresholds are set at the 97th percentile
of 974 control samples for GADA, the 98th percentile of
500 control samples for IA-2A and the 97.5th percentile of
523 healthy schoolchildren for ZnT8A. The GADA assay
achieves a sensitivity of 74% at 96.7% specificity, while the

Walkey HC, et al. BMJ Open 2017:7°80

IA-2A, ZnT8RA and ZnT8WA assays achieve sensitivities
of 72%, 60% and 46%,respectively, at 100% specificity,
in the 2015 Islet Autoantibody Standardization Program
Workshop. Interassay coefficients of variation of high and
moderate/low positive samples, respectively, were 18%
and 18% for GADA, 19% and 17% for 1A-2A, 22% and
16% for ZnT8RA, and 25% and 20% for ZnTSWA.

Follow-up data collection and verification

Participants with T1D are reviewed via their medical
records at 4-8 months following diagnosis to verify that
their original clinical diabetes classification has not been
changed by their clinicians. Data reviewed at the follow-up
are shown in table 4.

An application to NHS Digital and the UK ONS is
planned for tracing change of postal address, mortality
flagging and access to hospital admission data (Hospital
Episode Statistics).

Database
Data are entered into a secure electronic data capture
and management system designed specifically for clinical
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Table 4 Data collection for participants with incident T1D
at 4-8 months postdiagnosis and at least 2 months after the
time of recruitment

Data Incident T1D
Via medical
records

Confirmation of, or change in classification X

of, diabetes subtype

Occurrence of diabetic ketoacidosis since X

diagnosis*®

Any change in diabetes treatment or dose, X

and concurrent medication

Clinical measures, including blood pressure, X
weight and height

Blood biochemistry including glycated X
haemoglobin (HbA1c) (mmol/mol), fasting

or random plasma glucose (mmol/L), oral

glucose tolerance test results (mmol/L)

if performed locally and C-peptide levels

(nmol/L) if performed locally

Details of diabetes structured education X
offered/scheduled/completed*®

All data are collected from medical records.
*Collected for participants recruited from February 2015 onwards.
T1D, type 1 diabetes.

research. All information is stored in accordance with the
UK Data Protection Act (1998).

Recruitment into other studies

Eligible participants are given information at intervals
about specific diabetes trials/research studies by the
central study team or local researchers. Information is
retained on those previously contacted about research
and whether or not they are currently participating in a
study.

Data analysis plan

The collected data allow generation and testing of hypoth-
eses about the presentation of clinician-assigned T1D and
other characteristics early after diagnosis. Our aim is to
compare characteristics between groups: for example,
islet autoantibody positive and negative; ethnicity group-
ings of white European, South Asian (including Indian,
Pakistani and Bangladeshi) and African-Caribbean (black
African or black Caribbean); and children and adults.
We aim also to investigate the relationships between
insulin dose and glycaemic control. Recorded variables
are categorised as ‘Individual Characteristics’ (eg, age,
gender, child/adult, birth weight, ethnicity, history of
other autoimmune disease, parent with diabetes, sibling
with diabetes), ‘Diabetes Presentation’ (eg, ketoacidosis
at TID presentation, osmotic symptoms (polydipsia/
polyuria), weight loss, fatigue, symptom duration, initial
insulin dose and autoantibody status) and ‘Diabetes
Characteristics’ (eg, insulin dose, glycated haemoglobin
(HbAlIc) at time points after presentation).

u%ls, 2017 - Published by group.bmj.com

ETHICS AND DISSEMINATION

Ethical approval was obtained from the NHS Research
Ethics Committee - South Central-Berkshire (refer-
ence 10/H0505/85), and each participating NHS Trust
submitted a Site-Specific Assessment in order to partic-
ipate. The project is conducted in accordance with the
recommendations for physicians involved in research
on human subjects by the 18th World Medical Assembly,
Helsinki 1964 and later revisions. The International
Conference on Harmonisation Guideline for Good Clin-
ical Practice (Topic E6 — 10 June 1996) and participant
confidentiality are maintained throughout.

ADDRESS is an accessible resource for clinical and
academic researchers, both as an infrastructure to identify
and contact candidates for recruitment into T1D studies
and as an open-access database and biological sample
repository. Access is through a management committee
comprised of lay people, scientists and clinical inves-
tigators representing relevant T1D research interests.
Researchers wishing to use the ADDRESS-2 resource can
apply to the ADDRESS-2 Management Committee. The
access process and associated documents are described
on the study website (www.address2.org).

Ethical approval will be sought for continuing use
of the data every byears (current approval is to the
end of 2019). Every effort will be made to sustain this
open-access resource beyond the present funding term.
The database will be maintained by Imperial College
London. The biological samples will continue to be
stored for as long as there is funding to support the
repository.

The results arising from this project will be presented
at national and international meetings, and submitted
for publication to peer-reviewed medical journals.
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ABSTRACT
Objectives: To describe the characteristics of children and adults with incident type 1
diabetes in contemporary, multi-ethnic UK, focusing on differences between the islet

autoantibody negative and positive.
Design: Observational cohort study.
Setting: 146 mainly secondary care centres across England and Wales.

Participants: 3,312 people aged =5 years were recruited within 6 months of a clinical
diagnosis of type 1 diabetes via the National Institute for Health Research Clinical
Research Network. 3,021 were of white European ethnicity and 291 (9%) were non-
white. There was a small male predominance (57%). Young people <17 years

comprised 59%.
Main outcome measures: Autoantibody status and characteristics at presentation.

Results: The majority presented with classical osmotic symptoms, weight loss, and
fatigue. Ketoacidosis was common (42%), especially in adults, and irrespective of
ethnicity. 35% were overweight or obese. Of the 1,778 participants who donated a
blood sample, 85% were positive for one or more autoantibodies against glutamate
decarboxylase, islet antigen-2, and zinc transporter 8. Presenting symptoms were
similar in the autoantibody positive and negative participants, as was the frequency of
ketoacidosis (43% vs 40%, p=0-3). Autoantibody positivity was less common with
increasing age (p=0-0001), in males compared with females (82% vs 90%, p<0-0001)
and in people of non-white compared with white ethnicity (73% vs 86%, p<0-0001).
Body mass index was higher in autoantibody negative than positive adults (median,

IQR 25-5, 23:1-29-2 vs 239, 21-4-26-7 kg/m2; p=0-0001). Autoantibody negative
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participants were more likely to have a parent with diabetes (28% vs 16%, p<0-0001)

and less likely to have another autoimmune disease (4% vs 8%, p= 0.01).

Conclusions: Most people assigned a diagnosis of type 1 diabetes presented with

oNOYTULT D WN =

9 classical clinical features and islet autoantibodies. Although indistinguishable at an
1 individual level, autoantibody negative participants as a group demonstrated features

more typically associated with other diabetes subtypes.
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STRENGTHS AND LIMITATIONS OF THE STUDY

¢ We have studied a large multi-ethnic cohort of adults and children 25 years with
clinically diagnosed incident type 1 diabetes in whom pancreatic islet
autoantibodies were measured in a central laboratory.

¢ In routine practice, the initial assignment of a diagnosis of type 1 diabetes is a

purely clinical one. The lack of further selection before inclusion in this study (e.g.

based on autoantibody status and/or genetic testing) renders the results of
particular relevance to standard clinical care.

¢ Individual autoantibody positive and negative patients were indistinguishable
clinically but the size and diversity of the cohort permitted group differences to be
detected at high levels of statistical significance, suggesting diagnostic
heterogeneity.

¢ As this was a volunteer study recruiting from mainly secondary care centres,
ascertainment bias could have been introduced.

¢ Provision of a blood sample was optional and autoantibody status was therefore
available in just over half of the patients. Other than having a higher median age,

this sub-group was representative of the whole cohort.
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INTRODUCTION

Type 1 diabetes (T1D) is an autoimmune disease that develops at any age, but most
frequently in children and young adults.” Autoantibodies against islet antigens are
typically present before, and for a variable time following, diagnosis.?® Once initiated,
beta cell damage classically leads to progressive loss of insulin secretion and a need
for lifelong insulin treatment.

The diagnosis of T1D is a clinical one, but may be supported by the presence of one
or more of the autoantibodies to islet-cell antigens. In routine care, autoantibody status
may not be available at diagnosis, and may never be checked (management
guidelines differ, with some not recommending their routine measurement or restricting
measurements to situations where there is clinical doubt).”® Previous studies suggest
that 80-90% have detectable autoantibodies at disease onset,’ ° with a background
autoantibody prevalence of around 2% in the young general population.'
Autoantibody positivity may be lower in some non-white ethnic groups.'*"® There is
however uncertainty around the clinical and demographic correlates of autoantibody
status in incident disease in an unselected multi-ethnic cohort including children and
adults, using well characterised, validated assays. The After Diabetes Diagnosis
REsearch Support System (ADDRESS), supported by the National Institute for Health
Research (NIHR) Clinical Research Network (CRN), recruits people with incident T1D
from centres across England and Wales. We aimed to characterise these people with
reference to their heterogeneity, focusing on the associations of autoantibody status

with variation in presentation characteristics.
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METHODS

Ethics approval

Ethical approval was obtained from the South Central — Berkshire NHS Research
Ethics Committee (reference 10/H0505/85). The project complies with the
recommendations for research on human subjects by the 18th World Medical
Assembly, Helsinki 1964 and later revisions and the International Conference on
Harmonization Guideline for Good Clinical Practice (Topic E6 - 10 June 1996).
Protocol details have been reported previously17 and are therefore described in brief

only.
Inclusion and exclusion criteria

People with a clinician-assigned diagnosis of T1D aged =5 years were recruited within

6 months of diagnosis. Written, informed consent was obtained for all participants.
Data collection

On recruitment: demographic information; medications including insulin(s); medical
history, including that of autoimmune disease; family history of diabetes; blood
pressure; weight and height; HbA1c; fasting or random blood glucose. A diagnosis of
ketoacidosis was recorded if clinically assigned or if hyperglycaemia was accompanied
by acidosis and either ketonaemia or ketonuria.'” Ethnicity was self-reported as one of

16 categories.'’

Project-specific blood sampling and measurement of islet autoantibodies
Sample donation was voluntary." Where collected, autoantibodies to glutamate
decarboxylase (GADA), islet antigen-2 (IA-2A), and zinc transporter 8 (ZnT8A) were

measured in sera using established radiobinding assays'® '°

in a single central
laboratory. Antibodies to both major ZnT8 isoforms, defined by the polymorphic amino
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acid at position 325 (Arginine, ZnT8RA or Tryptophan, ZnT8WA), were measured
separately. Thresholds for autoantibody positivity were set at the 97™ percentile of 974
control samples for GADA, the 98" percentile of 500 control samples for IA-2A, and
the 97-5% percentile of 523 healthy schoolchildren for both ZnT8RA and ZnT8WA.
Positive autoantibody status was defined as positive for one or more of GADA, 1A-2A
or either form of ZnT8A. In the 2015 Islet Autoantibody Standardization Program
Workshop, the assay sensitivities and specificities achieved were 74% and 96-7% for
GADA; 72% and 100% for IA-2A; 60% and 100% for ZnT8RA, and 46% and 100% for

ZnT8WA, respectively.

Data analysis

Children were defined as aged <17 years. Body mass index (BMI) was derived as a z-
score for children using World Health Organisation (WHO) (2007) reference data.?’ As
a criterion for adiposity shared between children and adults, we applied WHO-
recommended definitions of ‘normal’ weight (z-score <1, equivalent percentile
<84.13% for children; BMI <25kg/m? for adults, both including underweight) as
distinguished from ‘overweight’ (z-score 21, percentile 284.13% for children,?' BMI
>25kg/m? for adults,?* both including obese). Parental and sibling history of diabetes
was recorded. No attempt was made to differentiate between diabetes types in the
family history. Variables were categorized as ‘Individual Characteristics’ and ‘Diabetes
Presentation’. We analysed data from participants recruited between 1% September
2011 and 30" April 2016, with data querying and verification completed in November

2016.

Statistical analysis
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Statistical analysis was carried out using StataCorp. 2013 (Stata Statistical Software:
Release 13. College Station, TX: StataCorp LP). Median and interquartile ranges
(IQRs) were used to summarize continuous variables. Categorical variables were
summarized as percentages. The Mann-Whitney U test and Kruskal-Wallis test were
used for between-group comparisons of continuous variables. Chi-square testing was
used for comparisons of categorical variables. Individual characteristics were explored
as predictors of diabetes presentation and antibody status in univariate logistic and
linear regression analyses. Multiple logistic and linear regression were used to
establish the independence of predictors. A significance level of p<0-05 (two-sided)
was taken as a guide to interpretation (actual p values down to p<0-0001 are reported
throughout).

Patient involvement

Patient and public involvement groups within the NIHR CRN representing people with
diabetes, and representing children and young people, had input into the design of the
patient information sheets, consent forms, and recruitment strategies. After the start of
recruitment, a patient advocate group was established to have input into aspects of
study design and conduct, such as the procedures for accessing the data and stored
biological samples, and communication with and engagement of participants, people
with T1D, and healthcare professionals. The group is made up of adults with type 1
diabetes and the parents of children with type 1 diabetes. Results are disseminated to
participants via newsletters and other information about the study is published on the

study website and on social media.
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RESULTS

Overview of the cohort

Individual characteristics

Data were analyzed for 3,312 participants recruited with incident T1D (1,879 (57%)
males, 1,946 (59%) children, from 146 centres, Table 1). The slight male
predominance (57%) was more prominent in adults than in children (61% versus 54%,
p<0-0001). Islet autoantibodies were measured in the 1,778 participants who donated
an optional blood sample. For individual characteristics, data recording was >98%
complete for all variables except BMI (and ‘overweight’ - 88%) and records of having a
sibling with diabetes (91%). Data recording for diabetes presentation features was
>98% complete for all variables except symptom duration (94%). Sample sizes for
incomplete data are reported in the Tables. Of the total cohort, people of white
European origin comprised 91% (n=3021), Asian (not Chinese) 3% (n=107), African-
Caribbean 2% (n=63) and other or mixed ethnicity 3% (n=121). Median time from
diagnosis to recruitment was 71 days (IQR 40-119) and to blood sampling, 75 days
(IQR 42-126). Of those with body weight measured (n=2911), 35% were classified as
overweight or obese, more commonly in adults than children (41% versus 31%,
p<0-0001). Where records of body weight were available within 28 days of diagnosis
(n=554), 35% were also overweight or obese (adults 40% versus children 29%,

p<0.005).
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Table 1. Clinical and demographic characteristics of the cohort (n=3312).

median (IQR) /

percentage (n)

INDIVIDUAL CHARACTERISTICS
Age (years) (n=3312)
Male (n=3312)
Children (<17y) (n=3312)
Body mass index (n=2911)
Children (z score, n=1676)
Adult (kg/m?, n=1235)
Overweight or obese (n=2911)
White European ethnicity (n=3312)
Other autoimmune disease present (n=3270)
Parent(s) with any diabetes (n=3261)
Sibling with any diabetes (n=3003)
DIABETES PRESENTATION
Clinical presentation
Ketoacidosis (n=3242)
Osmotic symptoms (n=3286)
Weight loss (n=3251)
Fatigue (n=3252)
Symptom duration (weeks, n=3105)

Antibody positive (n=1778)

14-6 (10-4, 26-4)
57 (1879)

59 (1946)

0-44 (-0-28, 1-23)
24-1 (215, 27-1)
35 (1033)

91 (3021)

6 (204)

15 (499)

8 (229)

42 (1348)
96 (3158)
85 (2753)
82 (2682)
3(2, 6)

85 (1510)

Abbreviations: IQR: interquartile range; BMI, body mass index.

Sample sizes (n) are given for each variable if data collection was incomplete.

Data collection for ketoacidosis at diabetes presentation was based on a record of it being
assigned clinically, or of hyperglycaemia accompanied by acidosis and either ketonaemia or
ketonuria. The children’s body mass index z-score expressed as a percentile (median (IQR))

was 67% (39%, 89%) (n=1676).
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The relationships between diabetes presentation and individual characteristics
The main presenting features (Table 1) were: osmotic symptoms (polyuria and/or
polydipsia) 96%; weight loss 85%; and fatigue 82%. Ketoacidosis was identified at
clinical presentation in 42%. Another autoimmune disease was present in 6%; 15%
had a parent with diabetes; 8% had a sibling with diabetes.

The influence of age: Increasing age was independently associated with an increased
prevalence of ketoacidosis, weight loss, and fatigue at presentation, decreased
prevalence of osmotic symptoms and longer symptom duration (Figure 1). In accord
with its relationship with age, ketoacidosis was less common in children than adults
(39% versus 45%, p=0-0002). Although significant statistically, the differences
between children and adults in other presenting symptoms were small (osmotic
symptoms, 97% vs 95%, p=0.001; weight loss, 82% vs 89%, p=0.0001; fatigue, 78% v
88%, p=0.0001, respectively), as were differences in symptom duration (median, 3 vs
4 weeks, p=0.0001).

The influence of gender: Female sex was independently associated with longer
symptom duration (Figure 1). Median symptom duration in females and males were 4
and 3 weeks, respectively (p=0-0001).

Associations with ethnicity: There were no significant associations between ethnicity
and initial clinical presentation, including ketoacidosis, which was equally likely: in
white Europeans and non-whites (41% and 44%, respectively; p=0-3).

Family history of diabetes: Having a parent with any diabetes was associated with a
lower probability of presenting with ketoacidosis (Figure 1; 12% versus 18%,
p<0-0001). The same applied to those who had a sibling with diabetes (Figure 1: 5%

versus 10%, p<0-0001).
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Other autoimmune disease: The presence or absence of another autoimmune disease

had no significant influence on diabetes presentation.
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Table 2. Characteristics of pancreatic autoantibody (Ab) positive and negative
participants (n=1778 with known antibody status); percentages (n) or medians
(IQR) are shown.

oNOYTULT D WN =

9 Ab positive Ab negative
11 (n=1510) (n=268)

13 INDIVIDUAL CHARACTERISTICS

15 Age 20-1 (13:1,31-1)  31-4(17-7,41-0) 0-0001
17 Male 56 (851) 72 (192) <0-0001
19 Children 41 (614) 25 (66) <0-0001
Body mass index

4 Children (z score, n=545, 56) .41 (-0-35, 1-19) 0-47 (-0-48, 0-97) 0-4
Adult ( kg/m?, n=825, 184)  23-9 (21-4,26-7) 25-5(23-1,29-2) 0-:0001
28 Overweight (n=1370, 240) 36 (490) 48 (114) 0-0005
30 White European ethnicity 86 (1413) 14 (232) <0-0001
32 Other autoimmune disease (n=1495, 265) 8 (117) 4 (10) 0-01

34 Parent(s) with any diabetes (n=1493, 261) 16 (233) 28 (74) <0-0001
36 Siblings with any diabetes (n=1374, 238) 9 (117) 8 (20) 0-9

38 DIABETES PRESENTATION

Clinical presentation

43 Ketoacidosis (n=1483, 260) 43 (639) 40 (104) 0-3

45 Osmotic symptoms (n=1495, 267) 97 (1444) 94 (250) 0-02

47 Weight loss (n=1480, 267) 87 (1285) 88 (235) 0-5

49 Fatigue (n=1490, 265) 86 (1282) 80 (213) 0-01

51 Symptom duration (weeks, n=1424, 246)t 6-8 (10-5) 10-4 (32-2) 0-004

54 T median and IQRs for symptom duration were identical: 4 (2, 8); mean and SD is shown to
55 clarify the direction of difference
56 Sample sizes (n) are given for each variable if data collection was incomplete.
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The children’s body mass index z-scores expressed as percentiles (median (IQR)) were 66%
(36%, 88%) in the Ab positive (n=545) and 68% (32%, 83%) in the Ab negative (n=56).

Description of the cohort in whom autoantibodies were measured

Children comprised 38% of the sub-group of 1,778 participants who provided a blood
sample for autoantibody measurement. The sub-group with blood samples was,
accordingly, significantly older than the full cohort (median (IQR) 21-6 (13-4, 32-:8) vs
14-6 (10-4, 26-4) years, p<0-0001). Other parameters were similar. One or more
autoantibodies were present in 85% of those who donated a blood sample.

The relationships between autoantibody status and individual characteristics
The influence of age: Autoantibody positivity decreased with increasing age; adults
were less likely than children to be positive for one or more antibodies (82% vs 90%,
p<0-0001). The decline in autoantibody positivity continued throughout adult life
(Figure 2). Of the individual autoantibodies, GADA were the most frequently observed
in adults, with IA-2A and ZnT8A being relatively more common in children (Figure 2).
The autoantibody positive adults were of lower BMI than autoantibody negative adults
(BMI, median (IQR) 23-9 (21.4, 26-7) vs 25-5 (231, 29-2), p<0-0001) and they were
less likely to be overweight or obese (40% vs 55%, p=0.0001). No relationship to BMI
z-score was observed in children and there was no independent relationship between
overweight/obesity and antibody positivity across children and adults (Figure 1).

The influence of gender: Females were more likely than males to be antibody positive
(90% versus 82%, respectively (p<0-0001).

Associations with ethnicity: There was a statistically significant relationship between
ethnicity and autoantibody status (on chi-squared analysis, p<0-0001). Amongst the 3
major non-white ethnic groups (Asian; African-Caribbean; other or mixed ethnicity)
numbers with autoantibodies measured were small (n=46, 36 and 51, respectively)
and the proportion with autoantibody positivity did not differ significantly (70%, 64%
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and 82%, respectively; p=0-1). People of non-white ethnic origin were therefore
grouped and comparisons limited to white European versus non-white ethnic origin.
White European ethnicity was independently associated with a higher prevalence of
autoantibody positivity compared with the combined non-white group (86% and 73%,
respectively; p<0-0001; Figure 1).

Family history of diabetes: People who had a parent with diabetes were less likely than
those without to have autoantibodies (Figure 1; 16% versus 28%, p<0-0001, Table 2).
Other autoimmune disease: Another autoimmune disease was present in 204
participants and 117 of those in whom autoantibodies were measured. A history of
another autoimmune disease was positively associated with pancreatic islet
autoantibody positivity (p=0-01, Figure 1), being present in 8% of the autoantibody

positive and 4% of the autoantibody negative participants (Table 2).

The relationship between autoantibody status and diabetes presentation

A statistically significant relationship between positive autoantibody status and
diabetes presentation was restricted to a very small increase in prevalence of osmotic
symptoms (97% versus 94%, p=0-02, Table 2). There was no significant difference in
rates of ketoacidosis at presentation between autoantibody positive and negative

participants (43% versus 40%, p=0-3, Table 2).

DISCUSSION

For the first time, relationships between autoantibody status (measured centrally in a
single reference laboratory) and phenotypic features in incident T1D are reported from
a large, unselected, multi-ethnic population of both children and adults. The study was
conducted with support from the NIHR CRN with most participants recruited from

specialist centres. Based on estimates of T1D incidence and population
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demographics,?® ?* 20-25% of eligible incident cases in England and Wales were

recruited.

Male predominance is unusual for an autoimmune condition but has been reported in
adults with incident T1D.?° In young children, the sex ratio has been reported to be
close to unity.? In the present study the male excess was observed also in children,
although the excess was less marked than in adults. Symptoms at presentation were
as expected.?” ?® Although weight loss was common, average body weight at the time
of recruitment was normal, and many participants were overweight or obese,
especially adults. This was apparent even in people with body weight measurements
obtained within 28 days of diagnosis, belying the belief that patients presenting with
type 1 diabetes are underweight. An association between increased BMI and
increased risk of progression from autoantibody positivity to development of diabetes
in at-risk relatives has been reported previously.29 Symptom duration was similar to
that reported previously by others and was shorter in children than adults.>* ! This
may reflect parental vigilance of unwell children or a more insidious onset of clinical

disease in older people.

The overall frequency of ketoacidosis at diagnosis (42%) was high, and slightly more
so in adults than children. It occurred with similar frequency in white European and
non-white ethnic groups. The figure of 42% is higher than in previous reports from the
UK (23% in a recent national paediatric audit,* 26-27% in regional studies****) and a
range of 13-80% in those aged <20 years has been reported internationally.35 A very
similar figure (40.3%) has been reported recently for children in Italy.*® Ketoacidosis at
diagnosis is a quality issue as it reflects lack of awareness of diabetes features
amongst professionals and the general population® and efforts to increase awareness

lead to reductions in ketoacidosis at first presentation.®” All methods of estimating the
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frequency of ketoacidosis at diagnosis have limitations, often leading to under-
reporting.? Strengths of the current study include the large number of patients and the
ability to confirm or refute the diagnosis where this was in doubt. A limitation is that
ascertainment bias could be introduced because recruitment was mainly from
secondary care and those who are the most ill at diagnosis may be the most likely to
volunteer or to be referred. The higher ketoacidosis rate in adults versus children in
our study appears at variance with the observation that ketoacidosis or severe
ketoacidosis is more common in younger than in older children.?® 33 3¢ 3840 The cyrrent
study did not include children <5 years of age, the group in childhood in whom
ketoacidosis at diagnosis occurs most frequently*', and this may have contributed to
the apparent children to adult difference. Of course, if such younger children had been
included, this could have increased the overall rate of ketoacidosis even higher. The
lower rate associated with having a parent or a sibling with diabetes could result from

|.35

a heightened awareness of symptoms leading to earlier clinical referral.” The absence

of any significant ethnic influence on ketoacidosis is at variance with some previous

reports where higher rates were observed in non-white sub-groups.*?*?

One or more islet autoantibodies were observed in 85% of participants, more
commonly in female than male and in younger compared with older participants. This

8 44-46

is compatible with previous literature from the UK and other countries, although

assay differences make such comparisons difficult. The positivity rate is higher than

1213 albeit with the same

reported in people with T1D of non-white ethnic origin,
caveats and bearing in mind that the previous studies of ethnic influences on antibody
status have been limited in size or age range of population studied. The slight female

autoantibody preponderance has been observed in other studies in young children, but

not in older children and young adults.*’” The higher autoantibody frequency in those
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with a coexistent autoimmune disease reflects the clustering of autoimmune disorders
observed in T1D and shared genetic susceptibility.*® Overall, GADA were the
antibodies most commonly present; while IA-2A and ZnT8A were seen most frequently
in children, findings compatible with previous studies.*’ Insulin itself is considered a
potential primary autoantigen as insulin autoantibodies are observed in incident T1D,
especially in children®*3'*°_ In the current study, most participants had received insulin
therapy for weeks before study entry and as they could have developed antibodies to
the exogenous insulin, insulin autoantibodies were not measured. In prospective
studies of infants at high genetic risk of T1D, insulin autoantibodies were often

detected earlier than the other islet autoantibodies®® '

and in consequence we may
have underestimated the frequency of autoantibody positivity at diagnosis, especially

in children.

Although autoantibodies can be present for years in people with diabetes who do not

require insulin treatment immediately,®*>*

and are present in some diagnosed clinically
with type 2 diabetes,* they are generally regarded as a biomarker for T1D. In
prospective studies they precede and predict the onset of T1D.>® They typically
disappear, or titres drop to very low levels, in the years following diagnosis .*" In the
autoantibody negative participants studied here, several explanations may be
proposed. First, insulin autoantibodies were not measured. Second, autoantibodies to

as yet unknown antigens may have been present.>®

The identification of tetraspanin-7
as an autoantigen could, for example, account for some apparently antibody negative
participants,®® although recent data suggest this is unlikely to account for large

numbers.?® Third, autoantibodies may have disappeared or their levels diminished, by

the time of sampling. As all participants were recruited within six months of diagnosis,

this is unlikely to be a major factor. Fourth, autoantibodies might develop
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subsequently, as reported previously for islet cell antibodies in a small proportion of
patients.®’ Fifth, some people may have autoimmune T1D without a humoral
response. Finally, people may actually have another diabetes sub-type. The
autoantibody negative participants as a group tended to be older and, if adult, more
overweight. These features are compatible with type 2 diabetes. They were more
likely to have a parent with diabetes, typical of type 2 or monogenic diabetes. They
were more likely to be of non-white ethnicity, more associated with type 2 diabetes.
Those with ketoacidosis could have ketosis-prone diabetes (so-called idiopathic
diabetes)® as this is difficult to distinguish from T1D at first presentation. Further
studies and follow-up of the cohort are planned to explore the extent to which T1D
without detectable autoantibodies describes a sub-group of T1D that is distinct from

other diabetes sub-types.
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Figure captions

Figure 1. Individual characteristics as predictors of diabetes presentation and
autoantibody status.

Univariate logistic regression odds ratios or linear regression coefficients (circles),
95% Cls (horizontal lines)* and statistical significances are shown. Red circles signify
that a significant univariate relationship was sustained on multivariable analysis with
all individual characteristics included as predictor variables (participants with complete
data: n=2911-3312) and in the sub-group with antibodies measured (participants with
complete data including antibody status: n=1610-1778)

Footnotes: * for ‘Age’ odds ratios or coefficients and 95% Cls were derived from
standardised data

* not significant in sub-group with antibodies measured on multivariable analysis
** significant in sub-group with antibodies measured on multivariable analysis

T not significant on multivariable analysis

T significant on multivariable analysis

Figure 2. The percentage of participants exhibiting islet autoantibodies (any and
individual) autoantibody in relation to age at diagnosis.
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Figure 2. The percentage of participants exhibiting islet autoantibodies (any and individual) autoantibody in
relation to age at diagnosis.
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