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18 ABSTRACT — . - g
19 Objective To explore the pathway to diagnosis of type 1 diabetes (T1D) in children - §
20 Design Questionnaire completed by parents a by
21 Participants Parents of children aged 1 month to 16 years diagnosed with T1D within the previous s S
22 three months a g
23 Setting Children and parents from 11 hospitals within the East of England. S 9
24 Results 88/164 (54%) of invited families returned the questionnaire. Children had mean+SD age of g w
25 9.41+4.5 years. 35 (39.8%) presented with DKA at diagnosis. The most common symptoms were 3 =
26 polydipsia (97.7%), polyuria (83.9%), tiredness (75.9%), nocturia (73.6%) and weight loss (64.4%) o m%
27 . . . o MS
o8 and all children presented with at least one of those symptoms. The time from symptom onset to e85 N
29 diagnosis ranged from 2 to 315 days (median 25 days). Most of this was the appraisal interval from Z325
30 symptom onset until perceiving the need to seek medical advice. Access to healthcare was good but T50
31 one in five children presenting to primary care were not diagnosed at first encounter, most 5% 2
32 commonly due to waiting for fasting blood tests or alternative diagnoses. Children diagnosed at first S0z
33 consultation had a shorter duration of symptoms (p=0.022) and children whose parents suspected g—g §
34 the diagnosis were 1.3 times more likely (RR 1.3, 95% CI 1.02-1.67) to be diagnosed at first s e
35 consultation. ERF
g? Conclusions Children present with the known symptoms of T1D but there is considerable scope to = g
38 improve the diagnostic pathway. Future interventions targeted at primary care physicians may help > ©
39 reduce delays in a small number of children but targeting parents in the appraisal interval is likely to 3 S
40 have greater effect. S %
41 g E
42 2 =
43 STRENGTHS AND LIMITATIONS OF THIS STUDY o 3
44 e This study uses a questionnaire developed from a previous interview study to explore the 3 3
45 diagnostic pathway of children with newly diagnosed T1D ) g
jg e It uses the Model of Pathway to Treatment as a framework to allow analysis of the factors T ;
48 acting at different stages in the pathway :gT 2
49 e The inclusion of a calendar with key events in the questionnaires and use of free text o N
50 responses for internal validation and checking of prompted responses reduced bias but the E' g
51 data was necessarily collected retrospectively and so subject to recall and framing bias ™
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INTRODUCTION

Type 1 diabetes (T1D) is one of the commonest endocrine diseases in children, with an estimated
65,000 children world-wide under 15 years developing the disease each year and the incidence
increasing at a rate of 3% per year1’2. Despite this, in a typical primary care practice a child with
new onset T1D will be seen only about once every two years” and the symptoms are often non-
specific in the early stages. Distinguishing the rare child with T1D from the large number with
similar symptoms and minor undifferentiated illness is therefore challenging for both primary care
physicians and families. The mean duration of symptoms prior to diagnosis is over two weeks; a
significant number of children experience delay in diagnosis or mjsdiagnosis4 with only one in five
diagnosed at first encounter’’; and worldwide up to 80% present in diabetic ketoacidosis (DKA)"™
which has both immediate life-threatening complications and is associated with poorer long term
diabetic control''™,

Whilst several studies have highlighted these difficulties in making the diagnosis and the features
associated with diabetic ketoacidosis at diagnosis*'*, few have explored the period between
symptom onset and diagnosis. Our recent qualitative interview study of parents and General
Practitioners (GPs) of children newly diagnosed with T1D suggested that the longest component in
the diagnostic pathway is the time between onset of symptoms and the decision to seek medical
help (known as the appraisal interval)'”. The early symptoms are subtle, and even with some
knowledge of T1D it took many parents several weeks of a complex decision making process and
often a physical trigger, such as weight loss or vomiting, to decide to consult a healthcare
professional. Once the decision to seek help had been made almost all children were seen
immediately and diagnoses were mostly prompt and managed appropriately. Parents continued to
play a key role during the diagnostic interval however, with many having already made or suspected
the diagnosis themselves, and several feeling that their GP did not take their concerns seriously.

This study builds on this earlier work by using a questionnaire developed from the interview
findings to further explore the pathway to diagnosis of T1D in children. By using a structured
questionnaire to survey a larger number of families we aimed to quantify the symptoms and their
time course prior to diagnosis, the triggers and barriers to seeking help, the influence of parental
prior knowledge of diabetes, and the role of healthcare services.

METHODS

Design

A questionnaire about the pathway from first symptom(s) to diagnosis was completed by the
parent(s)/guardian(s)/step-parents (hereafter referred to as parents) of children aged 1 month to 16
years diagnosed with T1D within the previous three months.

Recruitment

Children and parents were identified and recruited via the paediatric diabetes specialist nurses and
research nurses at 11 hospitals within the East of England Diabetes Children and Young People’s
Network. Parents of all children aged 1 month to 16 years diagnosed with T1D diagnosed within
the previous 3 months at participating hospitals were eligible for inclusion unless their clinical team
felt that this was not appropriate. Parents who failed to respond within one month were sent a
reminder letter with a further copy of the questionnaire. Recruitment began at each site between
February 2013 and April 2013, and continued across all sites until January 2014.

The clinical or research teams at all sites collected data on the age and gender of each child
diagnosed during the study period and whether they had DKA at diagnosis. Each hospital used a
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3 slightly different definition of DKA but all included either pH < 7.3, bicarbonate < 15 mmol/L or o
g clinical acidosis. T
? The questionnaire E*
8 The questionnaire was developed from the findings of our previous qualitative study of parents and =
9 children recently diagnosed with TID". It was first reviewed by an expert panel comprising §
10 paediatric diabetes consultants, a paediatric diabetes research nurse and primary care researchers, o
11 and then piloted with parents of four children recently diagnosed with T1D. In addition to their 5-9 o
12 specific feedback, parents were asked to talk aloud whilst completing the questionnaire and then T 5
13 interviewed after completion to ensure face validity. Based on feedback from the parents, the T B
Er questionnaire was revised. g §

g 3
16 The final questionnaire included 5 sections. The first included questions about the child’s age, § él
g gender, postcode, ethnic background, family history of diabetes, any medically trained family é 5
19 members, the number of children in the household and whether the parents knew about the - §
20 symptoms of diabetes prior to their child being diagnosed. The second section asked about the a by
21 symptoms the children had experienced with yes/no responses for 14 symptoms and space to add s S
22 the date they noticed the symptoms, what they thought the symptoms were due to at the time and a g
23 how much it concerned them. The third section focused on help-seeking and asked where parents S 9
24 had looked for information, who they spoke to and then details on when and how they had sought g "
25 medical advice. It also asked them to describe their main concern at their first appointment and 3 =
26 whether they had considered diabetes. Parents were also asked in this section about factors im%
% contributing to their decision to seek medical advice sooner or later. The fourth section asked about §§ g
29 the diagnosis, including whether it was made at their first appointment with a healthcare Z325
30 professional and, if not, how many subsequent consultations they had, and the investigations that T50
31 were done before diagnosis. The final section then asked parents if they felt there was anything that 5% 2
32 prolonged them finding out their child had diabetes and had further space for free text comments. S0z
33 588
34 Analysis p=o
35 Data from the questionnaires were entered into a database and then double checked by a second 2 o
g? researcher. Socioeconomic status was computed using postcode and the English indices of = g
38 deprivation 2010 available online'®. The presence of DKA at diagnosis was 0btaine1<7i 1fsrom hospital > ©
39 records rather than self-report. Walter et al’s Model of Pathways to Treatment "~ provided a 3 S
40 theoretic model of the intervals that occur prior to a diagnosis. This model divides the pathway to S %
41 diagnosis into two intervals prior to presentation to healthcare about a symptom (the appraisal 3 3
42 interval from the onset of symptoms to perceiving a reason to discuss symptoms with a healthcare g =
43 professional, and the help-seeking interval from that decision until presentation to a healthcare o 3
44 professional), and then the diagnostic interval from first presentation to a healthcare professional 3 8
45 until diagnosis. The help-seeking interval was further sub-divided into the behavioural interval (the ) 3
46 time between perceiving the reason to discuss the symptoms with a healthcare professional to T S
j; making the decision to seek help) and the sclléeduling interval (the time between making the 3 §
49 decision to seek help and the first consultation) ~. Intervals were calculated from responses to the S N
50 questionnaire. Where dates were incomplete we applied midpoint rules to estimate the actual date®. S o
51 In cases where the responses in free text differed from the dates entered as numbers, the free text @ §
52 was assumed to be correct, and where there was uncertainty the researchers met to agree consensus. ®
53 9
54 Characteristics (age, gender, presence of DKA) were compared between children whose parents had g
55 and had not returned a questionnaire using a t-test for age and chi-squared test for gender and 3
o6 presence of DKA. All further analyses used only data from returned questionnaires. The frequency =1
g; of the 14 symptoms was compared between those with and without DKA using a chi-squared test. E
59 —
60 >
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Cox regression was used to estimate the association between various factors and the hazard of
diagnosis; if a factor was associated with an increased hazard (i.e. hazard ratio greater than 1), this
implied that that factor was associated with a shorter time to diagnosis, and vice versa. Time to
diagnosis was from the date of the earliest symptom to the date of diagnosis, and the factors
assessed were age, gender, family history of T1D, index of multiple deprivation, prior knowledge of
symptoms of T1D, whether the parents suspected T1D, whether the diagnosis was made at the first
consultation, whether the first consultation was with primary or secondary care and whether the
child had DKA at diagnosis. A similar approach was used to assess factors associated with the
length of the appraisal and help-seeking intervals (with the end of the interval being defined as the
“event” in the Cox model), but only the first six variables in the list above were considered, as the
others do not relate to those time intervals. The Schoenfeld residuals test was used to assess the
proportional hazards (PH) assumption for each covariate in each model. Whether parents suspected
the diagnosis of T1D did not meet the PH assumption for the total diagnostic interval and so the
Cox regression model was stratified by that variable. Logistic regression was used to estimate the
association between the same factors and presence of DKA at diagnosis. All analyses were
performed using STATA version 12.

Free text responses were grouped into similar categories and coded. Where individual free text
responses contained several comments, these were each coded individually.

RESULTS

A total of 172 children were diagnosed with T1D in the 11 hospitals during the study period. Of
those, 8 families were not invited to take part in the study: 5 lived outside the hospital catchment
area; 1 emigrated the week after diagnosis; and the clinical team felt it was not appropriate to
include 2. From the remaining 164 families invited to take part in the study, 88 (54%) completed
and returned the questionnaire. There were no significant differences in the proportion presenting in
DKA (p=0.27), mean age (p=0.77) or gender (p=0.77) between children of responders and non-
responders.

Table 1 shows the characteristics of the 88 children and families included in the study. The mean
age was 9.41 £ 4.5 years, 49 (55.7%) were male and 35 (39.8%) presented with DKA at diagnosis.
The majority (90.9%) were white and as a group they were generally from less deprived areas.

One child was excluded from subsequent analysis as the parents were intermittently testing the
child’s blood glucose prior to diagnosis in the absence of symptoms as they had an older child with
T1D. 87 children are therefore included in the analysis that follows.

Symptoms

Table 2 shows the frequency and duration of the 14 symptoms that were specifically asked about in
the questionnaire. The most common symptoms were polydipsia (97.7%), polyuria (83.9%),
tiredness (75.9%), nocturia (73.6%) and weight loss (64.4%). Most symptoms were present for a
median of between 13 and 17 days. Faster breathing and vomiting both had much shorter median
(IQR) durations of 0.5 (0-7.5) and 2.5 (1.5-5.5) days respectively and weight loss, vomiting and
faster breathing were significantly more frequent in those children who presented in DKA. All the
children had at least one of the 4 main symptoms (polydipsia, polyuria or nocturia, weight loss or
tiredness), 97.7% had 2 or more, 79.3% 3 or more and over half (50.6%) had all 4 symptoms.

A very small number of parents mentioned symptoms other than those listed in the questionnaire,

these included constipation (9), headaches (3), thrush (3), blurred vision (2), dry skin (2) and
different smelling urine (1).
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4 Diagnostic intervals 3
5 Table 3 shows the mean = SD and median (IQR) for the diagnostic intervals. Additional details on =
6 the diagnostic intervals for different subgroups are shown in Appendix Table 1. The total diagnostic 5
; interval ranged from 2 to 315 days with a median (IQR) of 25 days (14-50). In unadjusted Cox =
regression analysis (data not shown) the time to diagnosis was significantly shorter for children 7
9 g y g g y )
diagnosed at first appointment compared to a subsequent appointment (p=0.046) and for those seen @
10 o
11 in secondary care rather than primary care (p=0.01). No evidence of associations with time to 5-9 o
12 diagnosis was found for age, gender, family history of T1D, deprivation, prior knowledge of T 5
13 symptoms or DKA at diagnosis. Adjusting for age, gender, family history of T1D, index of T B
14 multiple deprivation, prior knowledge of symptoms of T1D, whether the diagnosis was made at the g &
15 first consultation, whether the first consultation was with primary or secondary care and whether the o 3
o =
i? child had DKA at diagnosis (Figure 1a), the association between whether the diagnosis of T1D was Z 8
18 made at the first or subsequent appointments and total diagnostic interval remained statistically é 5
19 significant (p=0.022). =g
> >
20 5 1}
21 The appraisal interval s §
22 The appraisal interval was the longest of all the intervals in the pathway for all but 3 of the families 2 X
o
23 with a mean + SD of 39.1 £ 49 days and median (IQR) 20 (8-42) days. During this period nearly S 9
24 two thirds (64%) of parents discussed the symptoms with family members, 40% with friends and g "
25 41% looked on the internet. Only 16% spoke to the child’s nursery, school or playgroup and very 3 =
g? few (6%) looked for information in books. Over half of parents (49, 56%) reported being aware of o m%
some symptoms of T1D in children prior to their child’s diagnosis: 40 (45%) were aware of 5 2
28 @
29 increased thirst, 24 (27%) of polyuria, 17 (19%) of weight loss and 13 (15%) tiredness. gg E
— v -
30 00
31 Cox-regression analysis (Figure 1b) showed no significant associations between parent/child =3 2
o o 583
32 characteristics and the appraisal interval. 285
33 238
Q
34 Analysis of the free text showed that most parents found explanations for their child’s symptoms s O‘%
35 (Table 4). For example, polydipsia was attributed most commonly to hot weather (19/58, 33%) or =N
2 3
g? infection (13/58, 22%), polyuria and nocturia were frequently explained by drinking more (29/47, 2 =
38 62% and 26/40, 65%) and tiredness was thought to be school related (12/44, 27%) or secondary to > -g
39 infection (5/44, 12%) or nocturia (4/44, 10%). ;T:a §
40 =)
41 The majority of parents (61/87, 70%) additionally reported that they had suspected diabetes before @ }8,,
42 their first consultation with a healthcare professional. When asked what had made them suspect 2 =
43 diabetes, the most common reason given was that they knew the symptoms (22/59, 37%), especially o 3
44 thirst (12/59, 20%). Others cited information from the internet (12/59, 20%) or having a family 3 8
jg history of diabetes (11/59, 19%). ) §
® >
j; The help-seeking interval % §
49 24 (28%) children were seen on the same day their parents first thought about seeking medical S N
50 advice and 64 (74%) within 5 days. Most of this time was the behavioural interval (mean + SD 2.1 ‘?D- I
51 + 3.7 days, median (IQR) O (0-3) days) rather than the scheduling interval (mean + SD 1.1 + 2.6 e §
52 days, median (IQR) 0 (0-1) days). =1
53 &
54 Cox-regression analysis (Figure 1c) showed no significant associations between parent/child g
gg characteristics and the help-seeking interval. %
]
57 o
58 y
59 :
60 >
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The most common reasons that parents cited for seeking medical advice sooner rather than later
(Table 5) were that the symptoms were not getting better or were getting worse, wanting
reassurance or concern something serious was wrong. This was also reflected in the free text
responses where 22% of parents noted that worsening or persistent symptoms was the reason they
decided to seek help. In general, fewer parents reported factors that led to them seeking medical
advice later. Of those that did, the most common reason for waiting was hope that the symptoms
would go away (51.6%) but 29.8% felt difficulty getting an appointment contributed and 27.6% and
25.2% were worried about wasting the GPs time or that the GP would not take them seriously
respectively.

The diagnostic interval

The diagnostic interval was the shortest of the intervals with a mean + SD of 5 days + 34.8 and
median 0 (IQR) (0-0) days. 69 (78%) of children were diagnosed at first consultation. Cox
regression was not possible given the high number of children with a diagnostic interval of zero.
However, children whose parents suspected the diagnosis were more likely (unadjusted RR 1.30,
1.02-1.67) to be diagnosed at first consultation (p=0.046) than those in whom there was no
suspicion. All children (10) who were seen first in secondary care were diagnosed at first
consultation compared to 76.6% (59/77) of those seen first in primary care, but this difference was
not statistically significant (p=0.114). None of the variables considered were significantly
associated with risk of DKA (Figure 2).

Further details from the questionnaires were available from 14 of the 18 children who were not
diagnosed at first encounter with primary care. Of these, 6 had fasting glucose blood tests arranged
by the GP and 4 were given alternative diagnoses (urine infection, viral infection, tonsillitis,
puberty) and diagnosed at a second appointment. Two children were diagnosed with psychological
problems: In one case the child’s mother had seen the GP alone to discuss her child’s ‘obsessive
drinking’ and was advised to see the school counsellor, and in the second the GP apparently felt the
symptoms were psychological and the child was diagnosed in the emergency department four
consultations later. One other family had already done a finger prick glucose test at home which
was high but the GP did not trust the result and asked the child to come back later in the day with a
urine sample. In the final case, the child’s mother had spoken to a health visitor and suggested
diabetes but was told ‘no, not unless the child is lifeless’. The mother took the child to the GP 12
days later and the diagnosis was made at that consultation.

DISCUSSION

Principal findings

This study shows that all children with new onset T1D present with one, and 98% present with two,
of the four main symptoms of diabetes (polydipsia, polyuria, weight loss and tiredness). Moreover,
over half have had symptoms for over three weeks before diagnosis. Most of that time is the
appraisal interval during which parents found alternative explanations for the symptoms, discussed
the symptoms with family and friends and looked on the internet for information. Once they made
the decision to seek advice, access to healthcare was generally not difficult with 28% consulting
with a healthcare professional on the same day. However, when asked about factors contributing to
their decision to seek help, nearly a third of parents felt that difficulty getting an appointment
contributed to them waiting to seek help and over a quarter felt that worry about wasting the
doctor’s time influenced their decision. This suggests that even if access is not difficult, it is
perceived as such.

Once parents had sought help, one in five children were then not diagnosed at their first
consultation with a healthcare professional, mainly due to being given an alternative diagnosis,
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1 os}
2 =
3 most commonly infection, or waiting for further investigations. Diagnosis at first consultation was o
4 associated with a shorter total diagnostic interval and children were more likely to be diagnosed at 3
S first consultation when their parents suspected the diagnosis of T1D. The association between =
? diagnosis at first consultation and total diagnostic interval may simply reflect the additional time 5
8 between consultations, or it may be due to biological differences causing some children to develop 5
9 symptoms more slowly which are then more difficult for both parents and primary care physicians @
10 to recognise. o
11 s B
12 Strengths and weaknesses T 5
13 By using a questionnaire developed from a previous interview s‘[udy15 and the Model of Pathway to T B
14 Treatment' "' as a framework for analysis, this study provides in-depth insights into the diagnostic g &
15 pathway of children with newly diagnosed T1D and allows factors acting at different stages in the g §
i? pathway to be explored. % .(80'
18 : , . . , ES
19 The main weakness is that the data was necessarily collected retrospectively and so subject to recall - §
20 and framing bias. Parents have multiple contacts with different healthcare professionals in the a by
21 period immediately following diagnosis and so their responses to the questionnaire reflect a post- s S
22 hoc rationalisation of events framed by those subsequent encounters and increased knowledge since a g
23 the diagnosis. The inclusion of a calendar with key events in the questionnaires minimised the error S 9
24 in recall of dates, and the free text responses allowed internal validation and checking of prompted g "
25 responses. Despite these efforts, we still only have the parents’ perspective on the pathway and 2 =
26 were not able to confirm the number of healthcare contacts, diagnostic tests or the parental reports o m%
27 of missed opportunities for diagnosis. P 2
28 =32
ég Comparison with existing literature ;* §$
31 The median duration of symptoms prior to diagnosis was 13-17 days for the nine most frequent 5% 2
32 symptoms, with a mean of 30-50 days. This is longer than previous studies relying on retrospective S0z
33 review of medical records®'* but similar to studies which have used a checklist to identify subtle g—g 8
34 symptoms25 or asked parents soon after diagnosisM’lS. The wide range (a few days to over six s O‘%
gg months) has been described previouslyls’zz’24 and highlights the heterogeneous nature of the disease. 2 g
37 o . vy . - 14,1521,2326 S z
38 The frequency of individual symptoms we report is also similar to previous studies =~ > ~7. > -Fi’
39 Additionally we showed that all the children had at least one of 4 symptoms (polydipsia, polyuria, 5 g
40 weight loss and fatigue) and over half (50.6%) had all four. Consistent with the known course of S %
41 the disease and previous studies, vomiting®***, weight loss'****’, and dyspnoea® were more 3 3
42 common in those children who presented in DKA. g =
43 o 3
44 This is the first quantitative study to compare the time periods during the pathway to diagnosis of % 8
45 TI1D in children. The finding that most of the total diagnostic interval was the appraisal interval is ) 3
46 consistent with a previous qualitative study15 and the free text analysis confirms that during that T S
j; time the parents find alternative explanations for the symptoms initiallyliazrilgc;gmake use of a social 3 §
49 network of extended family, friends and work colleagues, or the internet ~>“". That children were % N
50 more likely to be diagnosed at their first encounter with a healthcare professional when their parents S o
51 suspected diabetes prior to that consultation may also reflect the findings of previous qualitative e §
52 work in which a number of parents prompted the GP to consider T1D and pushed for ®
53 investigationsls. However, whilst parental suspicion of T1D has also been shown to be associated g
54 with a reduced risk of DKA in a parental survey14, in that study the incidence of DKA at g
55 presentation was no different whether or not the parents discussed their concerns with the healthcare E]
g? professional, suggesting other factors may be contributing. The absence of an effect of parental =1

@)
58 [
59 —
60 >

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

prior knowledge of diabetes either on the total diagnostic interval or the risk of DKA further
highlights the complexities around the role of knowledge on help-seeking behaviour.

The finding that parents worry about wasting the doctor’s time has also been shown in previous
qualitative studies in children®**! and in studies of help-seeking behaviour for adults with
symptoms of cancer in the UK*** and so it may reflect a particular British trait rather than be
specific to T1D or children.

Implications for clinicians and policymakers

Clinicians should remain alert to the possibility of T1D in all children presenting with one or more
symptoms of polyuria, polydipsia, weight loss and tiredness — as almost all children have at least
two of these. Interventions targeted at increasing public awareness, such as the 4 T’s campaign
launched by Diabetes UK to raise awareness of the four most common symptoms of T1D (Toilet,
Thirsty, Tired and Thinner)**, should continue to focus on these established symptoms.

As most of the time between symptom onset and diagnosis is the appraisal interval, the greatest
benefit is likely to be seen from interventions directed towards parents and their social network,
probably via the internet. Despite ongoing government pressure for better access to primary care,
improving access is unlikely to have much impact on the pathway. Instead efforts should be made
to address the perception that access is difficult and the general concern in the UK about wasting
healthcare professional time, particularly for children with acute or sub-acute health concerns.

Additionally, although the diagnostic interval itself was generally short, one in five children
presenting to primary care were not diagnosed at first consultation. Similar numbers have been
reported in a recent survey in the UK which found that 24% were not diagnosed at first contact with
a healthcare professionalM, and studies in the USA, Canada and Poland noted between 14 and 35%
of children had more than one consultation before diagnosis7’8’35’37. As in those studies, the most
common reasons for not being diagnosed at first encounter was either being given an alternative
diagnosis, most commonly infection, or waiting for further investigations. In this study 33% of
those not diagnosed at first consultation were waiting for fasting %lucose tests and in other studies
the number waiting for further investigations is as high as 46%’ *. This suggests that healthcare
professionals may have considered a diagnosis of T1D but either lack ready access to rapid tests to
confirm or exclude the diagnosis, or are reluctant to use existing tests in children'. Access to point
of care urine and finger-prick testing and the use of those tests should be routine management for all
children presenting with one or more of the four main symptoms of diabetes. The increased use of
point of care testing in Emergency departments may also explain why all children seen in secondary
care were diagnosed at their first consultation. Whilst educational interventions aimed at primary
care physicians may help a small number of children not currently diagnosed at first encounter,
finding ways to overcome barriers to point-of-care tests in primary care may be more effective and
this approach may also improve the diagnosis of other serious illnesses in children and adults.

Unanswered questions and future research

Whilst this study contributes to our understanding of the pathway to diagnosis and the stages at
which this may be improved, the findings are unable to explain the large variability in the overall
duration of the pathway to diagnosis and why some children develop DKA within a few weeks
whilst others can be symptomatic for up to six months before requiring treatment. Further studies
are, therefore, needed into the natural course and biology of the disease to better understand these
variations. The findings also highlight the need for continuing research into the presentation of
serious but rare conditions in primary care and the best ways to improve diagnosis of these
conditions.
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36 s 3
37 Medically trained family member 9 10.2 e =
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Table 2. Frequency of symptoms amongst all children and those with and without DKA and duration of individual symptoms

BMJ Open

*p<0.05
Frequency of symptoms Duration of symptoms
All DKA No-DKA Mean = SD Median n

(n=87) (n=35) (n=52) (IQR)

n %o n %o n %o
Polydipsia 85 97.7 33 94.3 52 100 31.9 £48 16 (8,36) 77
Polyuria 73 83.9 27 77.1 46 88.5 29.8 £53 14 (5,26) 65
Tiredness 66 75.9 28 80.0 38 73.1 34.5+£49.2 17 (10,39) 53
Nocturia 64 73.6 28 80.0 36 69.2 31.3+£52.1 15.5 (7,28.5) 56
Weight loss 56 64.4 28 80.0* 28 53.8* 50.1 £82.7 13.5 (7,44) 42
Changes in behaviour/mood 48 55.2 17 48.6 31 59.6 34.3 +£40.8 15 (8,42) 34
Change in appetite 45 51.7 18 514 27 51.9 30.7 £ 48 14.5 (7,39) 38
Abdominal pain 37 42.5 17 48.6 20 38.5 41.4 +64.1 17 (7,38) 25
Noctural enuresis 33 37.9 14 40.0 19 36.5 28.4+49.2 15 (5.5,21.5) 28
Different smelling breath 31 35.6 14 40.0 17 32.7 17.5 £28.7 6.5 (3,17) 22
Vomiting 17 19.5 15 42.9% 2 3.8% 7.3+£12.6 2.5(1.5,5.5) 8
Faster breathing 15 17.2 12 34.3%* 3 5.8% 3.8+58 0.5 (0,7.5) 8
Urinary incontinence 14 16.1 4 114 10 19.2 36.6 +77.2 10 (3,21) 10
Fever 12 13.8 6 17.1 6 11.5 25 +£35.8 8 (2,55) 7
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! <
2 fa
3 Table 3. Duration of diagnostic intervals o
4 g
5 Mean £ SD Median (IQR) n =
° (days) (days) z
8 Appraisal Interval 41 £51.7 20 (9,40) 75 S
9 Help-seeking Interval 3+4.6 1(0,4.5) 83 )
10 Diagnostic Interval 5+34.8 0 (0,0) 83 e
11 Total Diagnostic Interval 48 + 60.4 25 (14,50) 74 5-? 8
12 g 5
13 Table 4. Parents’ explanations for the ten most common symptoms 8 E
5 . . . g g
16 Symptom n Number with explanation Most common explanations é %
17 for symptom n (%) <3
18 n (%) g 3
19 Polydipsia 85 58 (68.2) Hot weather 19 (32.8) ; Q
20 Infection 13 (22.4) 2 &
21 Activity/Travel 10 (17.2) 2 §
22 Polyuria 73 47 (64.4) Drinking more 29 (61.7) @ 3
23 Urine infection 6 (12.7) S 9
g;‘ Diabetes 4 (8.5) 5 5
26 Tiredness 66 44 (66.7) School related 12 (27.3) © =
27 Infection 5(11.9) % ms
28 Nocturia 4(9.5) 2hn
29 Nocturia 64 40 (62.5) Drinking more 26 (65.0) = 3 &
30 Diabetes 4 (10.0) 8§20
31 Urine infection 3(7.5) 2?2
32 Weight loss 56 33 (58.9) Growth related 15 (45.5) a § 5}
33 Decreased appetite 4 (12.1) £3 %
gg Increased activity 3(9.1) g S 3
36 Changes in behaviour/mood | 48 31 (64.6) Tiredness 10 (32.3) 5 g
37 Age related/puberty 7 (22.6) a =z
38 Infection/illness 6 (19.4) > T
39 Change in appetite 45 28 (62.2) Growth related 14 (50.0) S g
40 Infection 5(17.9) 2 é‘
41 Holiday related 2(7.1) e o
42 Abdominal pain 37 19 (51.4) Infection 4 (21.1) 5 5
P School related 3 (15.8) . T
45 Period pains 3 (15.8) 3 S
46 Nocturnal enuresis 33 23 (69.7) Drinking more 13 (56.5) gj §
47 Tired 4(17.4) § =
48 School related 3(13.0) 3 2
49 Different smelling breath 31 14 (45.2) Poor dental hygiene 4 (28.6) g R
50 Infection 3(21.4) o N
51 Diabetes 3(21.4) TR
52 ]
53 9
54 S
55 %
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Table 5. Factors influencing parents’ decisions to seek medical advice sooner or later

Not at all A little Quite a lot Very much  Did not answer
n (%) n (%) n (%) n (%) n (%)
Factors influencing seeking medical advice sooner
Concern something serious 9 (10.3) 16 (18.4) 18 (20.7) 42 (48.3) 2 (2.3)
Symptoms getting worse 7 (8.0) 19 (21.8) 14 (16.1) 46 (52.9) 1(1.1)
Symptoms not getting better 4 (4.6) 12 (13.8) 22 (25.3) 45 (51.7) 4 (4.6)
Wanting reassurance 8(9.2) 15(17.2) 16 (18.4) 46 (52.9) 2 (2.3)
Comments from family 30 (34.5) 28 (32.2) 11 (12.6) 13 (14.9) 5(.7)
Comments from school 63 (72.4) 10 (11.5) 4 (4.6) 4 (4.6) 6 (6.9)
Comments from friends 49 (56.3) 20 (23.0) 7 (8.0) 5(5.7) 6 (6.9)
Written information 50 (57.5) 8(9.2) 10 (11.5) 15 (17.2) 4 (4.6)
Factors influencing seeking medical advice later

Difficulty getting appointment 60 (69.0) 8(9.2) 7 (8.0) 11 (12.6) 1(1.1)
Waiting for a particular doctor or nurse 68 (78.2) 7 (8.0) 4 (4.6) 6 (6.9) 2 (2.3)
Concern about having to wait at the surgery 72 (82.8) 6 (6.9) 4 (4.6) 3(3.4) 2 (2.3)
Worry about wasting the doctor or nurse’s time 61 (70.1) 10 (11.5) 8(9.2) 6 (6.9) 2 (2.3)
Worry the doctor would not take them seriously 62 (71.3) 12 (13.8) 334 7 (8.0) 3(3.4)
Symptoms weren't very serious 55 (63.2) 20 (23.0) 9 (10.3) 0 (0) 334
Hope the symptoms would go away 42 (48.3) 21 (24.1) 9(10.3) 15 (17.2) 0 (0)
Fear of serious diagnosis 58 (66.7) 16 (18.4) 5.7 7 (8.0) 1(1.1)
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Figure 1a. Associations between parent/child characteristics and the total diagnostic
; interval. IMD — Index of multiple deprivation. Hazard ratios adjusted for all \‘Za@ables in
3 the figure. Cox model stratified by whether parents suspected the diagnosis%ognot.
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Figure 1b. Associations between parent/child characteristics and the appraiga

IMD — Index of multiple deprivation. Hazard ratios adjusted for all variables"in

900-vT0

Hazard ratio

Later diagnosis Earlier diagnosis

=
b
= ]
S
s 2
5mS
o
Age (years) | L 520
X O O
X3¢
33
Male vs Female | . oS8
2oo
0 —a
. S R
15t degree relative vs No family history | o = 3
& =
> g
2nd degree relative vs No family history o § _§
g %
IMD: Middle vs High - ° 3 &
) 3 S
IMD: Low vs High - o 5 2
= S
S z
Knowledge of symptoms: Yes vs No i o 3 <
g =
: . g 8
Considered diabetes: Yes vs No - . TR
D
T I T I g
0.2 0.5 1 2 579
5
5
@)
m
N
b
_|
>

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

interval.

Page 18 of 22

he figure


http://bmjopen.bmj.com/

¢

Page 19 of 22 BMJ Open é
Figure 1c. Associations between parent/child characteristics and the heIp-sg,e
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IMD — Index of multiple deprivation. Hazard ratios adjusted for all variable
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Appraisal interval

Help-seeking interval

Diagnostic interval

Total diagnostic interval

Mean +SD  Median (IQR) n | Mean+SD  Median (IQR) n | Mean+SD  Median (IQR) n Mean + SD Median (IQR) n

All 41+51.7 20 (9,40) 75 3+4.6 1(0,4.5) 83| 5+34.8 0 (0,0) 83 48 +60.4 25 (14,50) 74
Age

0-5 years 47.8+53.8  35(11,67) 23| 24+29 1(0,3) 25| 1.1+32 0(0,0) 24 | 47.7+£519 36 (15,64) 21

6-10 years 29.2+40.7 15.5(11,31) 18 | 2.5+3.7 1(0,3) 18 | 16.1+69.0 0(0,0) 20| 473+756 21 (15,36) 19

11-16 years 38.5+49.9 17 (7,38) 34 | 41456 3(0,5) 39| 22+74 0(0,0) 38 | 45.5+51.9 22 (11,50) 34
Gender

Male 43.8+56.6  20(10,53) 43 | 2.9+47 1(0,4) 47 | 1.8+6.5 0(0,0) 45 | 46.9+56.9 22 (13,59) 41

Female 32.8+36.2  19.5(7,38) 32| 3.7t45 1(1,7) 35| 9.4+50.8 0(0,0) 37 | 46.2+60.2 29 (15,45) 33
Family history of T1D

No FH 37.7+51.8 19 (8,37) 41 | 4455 2(1,5) 46 | 1.8+6.4 0(0,0) 46 | 44.6+52.6 23 (15,50) 41

1st degree relative 42.5+54.3 29 (11,37) 13 1525 0(0,3) 14| 0.8+2.2 0(0,0) 13 32.8+47.8 15.5 (9,38.5) 12

2nd or 3rd degree relative 39.7+41.7 32 (12,56) 21 2.8+2.8 1.5(1,5) 22 | 14.7+t64.3 0(0,0) 23 58.3+72.3 40 (17,64) 21
Prior knowledge of symptoms

Yes 38.4+44.7  20(11,42) 46 | 3.7+523 1(0,6) 47 | 1.1+3.7 0(0,0) 48 | 42.3+46.5 23 (14,49) 47

No 42.7+57.3 22 (7,53) 27 | 2.8%+35 2(0,3) 33 | 11.6+54.8 0(0,0) 32| 57.5%76.3 28 (15,64) 25
Deprivation

Low 33.4+18.9 31 (27,38) 9 3.8+4.7 2(0,7) 9 23+73 0 (0,0) 42 | 36.8+36.8 20(11,58) 37

Middle 46.9+62.1 19 (11,38) 29 | 2.2+28 1(0,3) 30 | 11.6+57.3 0(0,0) 29 | 58.1+79.1 27 (15, 49) 27

High 30.3+345 14(6.5,47) 36| 3.9%55 2(0,6) 41 0+0 0(0,0) 9 | 37.2+17.8 36 (28,40) 9
Parents considered diabetes

Yes 40.2+45.8  23.5(12,50) 54 3.8+5 2(1,6.5) 60 1+34 0 (0,0) 60 | 4531473 28.5(16,50) 54

No 36.3+57.6 14 (7,37) 21 | 1.7+26 0.5(0,3) 22 | 17+65.8 0(0,2) 22 | 50.0+81.7 19 (7,50) 20
Diagnosis at first appointment

Yes 35.2+45.4 20(11,38) 61 | 3.0+£3.7 1.5(0,5) 66 | 1.1+24 0 (0,0) 32 | 38.4+448 22.5(14,41) 62

No 56.1+61.3  25.5(7,92) 14| 41+72 1(0,5) 16 | 7.9+44 0(0,0) 50 | 89.0+94.1 61.6 (15, 145) 12
First contact with healthcare

Primary care 425+51.0 23.5(1153) 66 | 3.5%4.7 2(1,5) 73 | 5.9+364 0(0,0) 73 | 51.0+60.4 28 (16,59) 65

Secondary care 14.4+16.4 8(4,16) 9 0.7+1.3 0(0,1) 9 00 0(0,0) 9 15.1+16.4 11 (4,17) 9
DKA

Yes 425+59.4  21(7,365) 28| 29+56 1(0,3) 34| 0.1+0.7 0(0,0) 68 | 43+59.6 21 (13,36) 26

No 37.1+42.2 20 (11,50) 47 3.4+3.7 2(1,5.5) 48 | 30.4 +80.9 6.5(2,12) 14 48.5 +57.7 35.5(14.5,61.5) 48
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Appendix Table 1. Time intervals along the pathway to diagnosis.
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3 The pathway to diagnosis of type 1 diabetes in children: a questionnaire study o
4 T
g Juliet A Usher-Smith', Matthew J Thompsonz, Hannah Zhu?, Stephen J Sharp4, Fiona M Walter’ ;:

%]
; ! Clinical Lecturer in General Practice, The Primary Care Unit, University of Cambridge CB1 8RN g
9 ? Professor, Department of Family Medicine, University of Washington, Seattle, WA 98195 USA @
10 * Foundation Year 2 Doctor, Cambridge University Hospitals NHS Foundation Trust, CB2 0QQ o
11 * Senior Statistician, MRC Epidemiology Unit, University of Cambridge, Institute of Metabolic 5-9 p
12 Science, Cambridge, CB2 0QQ T 5
13 > GP & Clinician Scientist, The Primary Care Unit, University of Cambridge CB1 8RN T E
14 o o
15 Correspondence to: J Usher-Smith jau20@medschl.cam.ac.uk E §
i
18 ABSTRACT . : : - Eg
19 Objective To explore the pathway to diagnosis of type 1 diabetes (T1D) in children - §
20 Design Questionnaire completed by parents a Y
21 Participants Parents of children aged 1 month to 16 years diagnosed with T1D within the previous s S
22 three months a g
23 Setting Children and parents from 11 hospitals within the East of England. S 9
24 Results 88/164 (54%) of invited families returned the questionnaire. Children had mean+SD age of S "
25 9.41+4.5 years. 35 (39.8%) presented with DKA at diagnosis. The most common symptoms were 3 =
26 polydipsia (97.7%), polyuria (83.9%), tiredness (75.9%), nocturia (73.6%) and weight loss (64.4%) o m%
27 . . . R
o8 apd all 9h11dren presented with at least one of those symptoms. The time from symptom onset to g8 N
29 diagnosis ranged from 2 to 315 days (median 25 days). Most of this was the appraisal interval from Z325
30 symptom onset until perceiving the need to seek medical advice. Access to healthcare was good but 350
31 one in five children presenting to primary care were not diagnosed at first encounter, most 5% 2
32 commonly due to waiting for fasting blood tests or alternative diagnoses. Children diagnosed at first S0=
33 consultation had a shorter duration of symptoms (p=0.022) and children whose parents suspected gg §
34 the diagnosis were 1.3 times more likely (RR 1.3, 95% CI 1.02-1.67) to be diagnosed at first p=o
35 consultation. ERF
g? Conclusions Children present with the known symptoms of T1D but there is considerable scope to = g
38 improve the diagnostic pathway. Future interventions targeted at parents need to address the > B
39 tendency of parents to find alternative explanations for symptoms and the perceived barriers to = >
40 access, in addition to symptom awareness. 5 %
41 @ 8
42 5 5
43 STRENGTHS AND LIMITATIONS OF THIS STUDY a3
44 e This study uses a questionnaire developed from a previous interview study to explore the 3 3
45 diagnostic pathway of children with newly diagnosed T1D ) g
jg e It uses the Model of Pathway to Treatment as a framework to allow analysis of the factors T ;
48 acting at different stages in the pathway :gT 2
49 e The inclusion of a calendar with key events in the questionnaires and use of free text o R
50 responses for internal validation and checking of prompted responses reduced bias but the 5 B
51 data was necessarily collected retrospectively and so subject to recall and framing bias 2R
52 ]
53 g
54 s
55 %
56 o
57 o
58 m
59 —
60 >
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INTRODUCTION

Approximately 65,000 children are diagnosed with type 1 diabetes (T1D) each year and the
incidence is continuing to increase at a rate of approximately 3% per year'”. The most common
symptoms are well described and include polyuria, polydipsia, weight loss and tiredness. At the
early stages of the disease, however, these symptoms are often non-specific and distinguishing the
children with T1D from the large number with similar symptoms and minor undifferentiated illness
can therefore be difficult. This is reflected in studies which have shown that the mean duration of
symptoms prior to diagnosis is over two weeks with a significant number of children experiencing
delay in diagnosis or misdiagnosis’ and only one in five diagnosed at first encounter* . Up to 80%
of children additionally present in diabetic ketoacidosis (DKA)’ which has both immediate life-
threatening complications and is associated with poorer long term diabetic control'*'2.

Whilst several studies have highlighted these difficulties in making the diagnosis and the features
associated with diabetic ketoacidosis at diagnosis® ™', few have explored the period between
symptom onset and diagnosis. Our recent qualitative interview study of parents and General
Practitioners (GPs) of children newly diagnosed with T1D suggested that the longest component in
the diagnostic pathway is the time between onset of symptoms and the decision to seek medical
help (known as the appraisal interval)'®. The early symptoms are subtle, and even with some
knowledge of T1D it took many parents several weeks of a complex decision making process and
often a physical trigger, such as weight loss or vomiting, to decide to consult a healthcare
professional. Once the decision to seek help had been made almost all children were seen
immediately and diagnoses were mostly prompt and managed appropriately. Parents continued to
play a key role during the diagnostic interval however, with many having already made or suspected
the diagnosis themselves, and several feeling that their GP did not take their concerns seriously.

This study builds on this earlier work by using a questionnaire developed from the interview
findings to further explore the pathway to diagnosis of T1D in children. By using a structured
questionnaire to survey a larger number of families we aimed to quantify the symptoms and their
time course prior to diagnosis, the triggers and barriers to seeking help, the influence of parental
prior knowledge of diabetes, and the role of healthcare services.

METHODS

Design

A questionnaire about the pathway from first symptom(s) to diagnosis was completed by the
parent(s)/guardian(s)/step-parents (hereafter referred to as parents) of children aged 1 month to 16
years diagnosed with T1D within the previous three months.

Recruitment

Children and parents were identified and recruited via the paediatric diabetes specialist nurses and
research nurses at 11 hospitals within the East of England Diabetes Children and Young People’s
Network. Parents of all children aged 1 month to 16 years diagnosed with T1D diagnosed within
the previous 3 months at participating hospitals were eligible for inclusion unless their clinical team
felt that this was not appropriate. Parents who failed to respond within one month were sent a
reminder letter with a further copy of the questionnaire. Recruitment began at each site between
February 2013 and April 2013, and continued across all sites until January 2014.

The clinical or research teams at all sites collected data on the age and gender of each child
diagnosed during the study period and whether they had DKA at diagnosis. Each hospital used a
slightly different definition of DKA but all included either pH < 7.3, bicarbonate < 15 mmol/L (see
Appendix Table 1).
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4 The questionnaire 3
S The questionnaire was developed from the findings of our previous qualitative study of parents and =
? children recently diagnosed with TID'. It was first reviewed by an expert panel comprising 5
8 paediatric diabetes consultants, a paediatric diabetes research nurse and primary care researchers, =
9 and then piloted with parents of four children recently diagnosed with T1D. In addition to their §
10 specific feedback, parents were asked to talk aloud whilst completing the questionnaire and then o
11 interviewed after completion to ensure face validity. Based on feedback from the parents, the 5-9 ®
12 questionnaire was revised. T 5
13 T P
o =

14 The final questionnaire included 5 sections (see Supplementary file). The first included questions g &
15 about the child’s age, gender, postcode, ethnic background, family history of diabetes, any g §
i? medically trained family members and the number of children in the household. Parents were also Z 8
18 asked if they knew what the symptoms of diabetes in children are before their child was diagnosed, a 5
19 and if so, to give details of those symptoms they were aware of. The second section asked about the - §
20 symptoms the children had experienced with yes/no responses for 14 symptoms and space to add a by
21 the date they noticed the symptoms, what they thought the symptoms were due to at the time and s S
22 how much it concerned them. The third section focused on help-seeking and asked where parents a g
23 had looked for information, who they spoke to and then details on when and how they had sought S 9
24 medical advice. It also asked them to describe their main concern at their first appointment and g w
25 whether they had considered diabetes. Parents were also asked in this section about factors 2 =
g? contributing to their decision to seek medical advice sooner or later. The fourth section asked about o m%
o8 the diagnosis, including whether it was made at their first appointment with a healthcare §§ ~
29 professional and, if not, how many subsequent consultations they had, and the investigations that =3 E
30 were done before diagnosis. The final section then asked parents if they felt there was anything that 350
31 prolonged them finding out their child had diabetes and had further space for free text comments. 5% 2
32 243
33 Analysis S38
34 Data from the questionnaires were entered into a database and then double checked by a second p=o
35 researcher. Socioeconomic status was computed using postcode and the English indices of 2 g
g? deprivation 2010 available online. The presence of DKA at diagnosis was obtained from hospital 2 =
38 records rather than self-report. Walter et al’s Model of Pathways to Treatment'®'” provided a > °
39 theoretic model of the intervals that occur prior to a diagnosis. This model divides the pathway to ;T:a S
40 diagnosis into two intervals prior to presentation to healthcare about a symptom (the appraisal S %
41 interval from the onset of symptoms to perceiving a reason to discuss symptoms with a healthcare @ 8
42 professional, and the help-seeking interval from that decision until presentation to a healthcare 2 =
43 professional), and then the diagnostic interval from first presentation to a healthcare professional o 3
44 until diagnosis. The help-seeking interval was further sub-divided into the behavioural interval (the 3 3

g p g 3

45 time between perceiving the reason to discuss the symptoms with a healthcare professional to ) g
j? making the decision to seek help) and the scheduling interval (the time between making the T >
48 decision to seek help and the first consultation)'®. Intervals were calculated from responses to the = §
49 questionnaire. Where dates were incomplete we applied midpoint rules to estimate the actual date'. S N
50 In cases where the responses in free text differed from the dates entered as numbers, the free text S o
51 was assumed to be correct, and where there was uncertainty the researchers met to agree consensus. 2 §
52 2
53 Characteristics (age, gender, presence of DKA) were compared between children whose parents had g
54 and had not returned a questionnaire using a t-test for age and chi-squared test for gender and g
55 presence of DKA. All further analyses used only data from returned questionnaires. The frequency E]
g? of the 14 symptoms was compared between those with and without DKA using a chi-squared test. =1
58 Cox regression was used to estimate the association between various factors and the hazard of o
N

59 :
60 >
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diagnosis; if a factor was associated with an increased hazard (i.e. hazard ratio greater than 1), this
implied that that factor was associated with a shorter time to diagnosis, and vice versa. Time to
diagnosis was from the date of the earliest symptom to the date of diagnosis, and the factors
assessed were age, gender, family history of T1D, index of multiple deprivation, prior knowledge of
symptoms of T1D, whether the parents suspected T1D, whether the diagnosis was made at the first
consultation, whether the first consultation was with primary or secondary care and whether the
child had DKA at diagnosis. A similar approach was used to assess factors associated with the
length of the appraisal and help-seeking intervals (with the end of the interval being defined as the
“event” in the Cox model), but only the first six variables in the list above were considered, as the
others do not relate to those time intervals. The Schoenfeld residuals test was used to assess the
proportional hazards (PH) assumption for each covariate in each model. Whether parents suspected
the diagnosis of T1D did not meet the PH assumption for the total diagnostic interval and so the
Cox regression model was stratified by that variable. Logistic regression was used to estimate the
association between the same factors and presence of DKA at diagnosis. All analyses were
performed using STATA version 12.

Free text responses were grouped into similar categories and coded. Where individual free text
responses contained several comments, these were each coded individually.

RESULTS

A total of 172 children were diagnosed with T1D in the 11 hospitals during the study period. Of
those, 8 families were not invited to take part in the study: 5 lived outside the hospital catchment
area; 1 emigrated the week after diagnosis; and the clinical team felt it was not appropriate to
include 2. From the remaining 164 families invited to take part in the study, 88 (54%) completed
and returned the questionnaire. There were no significant differences in the proportion presenting in
DKA (p=0.27), mean age (p=0.77) or gender (p=0.77) between children of responders and non-
responders.

One child was excluded from the analysis as they had no symptoms and the diagnosis was made on
a random blood glucose test that the parents were doing at home on an intermittent basis as they had
an older child with T1D. Children whose parents checked blood glucose at home after noticing
symptoms remain in the analysis. 87 children are therefore included in the analysis that follows.

Table 1 shows the characteristics of the 87 children and families included in the study. The mean
age was 9.34 + 4.5 years, 49 (56.3%) were male and 35 (40.2%) presented with DKA at diagnosis.
The majority (90.8%) were white and as a group they were generally from less deprived areas of
England, with 49.4% from the least deprived tertile of English Indices of Deprivation and only
10.3% from the most deprived.

Symptoms

Table 2 shows the frequency and duration of the 14 symptoms that were specifically asked about in
the questionnaire. The most common symptoms were polydipsia (97.7%), polyuria (83.9%),
tiredness (75.9%), nocturia (73.6%) and weight loss (64.4%). Most symptoms were present for a
median of between 13 and 17 days. Faster breathing and vomiting both had much shorter median
(IQR) durations of 0.5 (0-7.5) and 2.5 (1.5-5.5) days respectively than the other symptoms. Weight
loss, vomiting and faster breathing were significantly more frequent in those children who presented
in DKA (p =0.014, <0.0005 and 0.001 respectively). All the children had at least one of the 4 main
symptoms (polydipsia, polyuria or nocturia, weight loss or tiredness), 97.7% had 2 or more, 79.3%
3 or more and over half (50.6%) had all 4 symptoms.
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: <
2 fa
3 A very small number of parents mentioned symptoms other than those listed in the questionnaire, o
4 these included constipation (9), headaches (3), thrush (3), blurred vision (2), dry skin (2) and 3
g different smelling urine (1). =
%]

; Diagnostic intervals ?,
9 Table 3 shows the mean + SD and median (IQR) for the diagnostic intervals. Additional details on §
10 the diagnostic intervals for different subgroups are shown in Appendix Table 2. The total diagnostic o
11 interval ranged from 2 to 315 days with a median (IQR) of 25 days (14-50). In unadjusted Cox 5-9 ®
12 regression analysis (data not shown) the time to diagnosis was significantly shorter for children T 5
13 diagnosed at first appointment compared to a subsequent appointment (p=0.046) and for those seen T B
14 in secondary care rather than primary care (p=0.01). No evidence of associations with time to g &
15 diagnosis was found for age, gender, family history of T1D, deprivation, prior knowledge of g §
16 symptoms or DKA at diagnosis. In multivariable cox regression including age, gender, family z g
g history of T1D, index of multiple deprivation, prior knowledge of symptoms of T1D, whether the é 5
19 diagnosis was made at the first consultation, whether the first consultation was with primary or - §
20 secondary care and whether the child had DKA at diagnosis (Figure 1a), the association between a by
21 whether the diagnosis of T1D was made at the first or subsequent appointments and total diagnostic s S
22 interval remained statistically significant (p=0.022). a g
23 S o
24 The appraisal interval c E
25 The appraisal interval was the longest of all the intervals in the pathway for all but 3 of the families 2 =
26 with a mean = SD of 41.0 £ 51.7 days and median (IQR) 20 (9-40) days. During this period nearly o m%
% two thirds (64%) of parents discussed the symptoms with family members, 40% with friends and §§ g
29 41% looked on the internet. Only 16% spoke to the child’s nursery, school or playgroup and very Z325
30 few (6%) looked for information in books. Over half of parents (49, 56%) reported being aware of T50
31 some symptoms of T1D in children prior to their child’s diagnosis: 40 (45%) were aware of 5%%
32 increased thirst, 24 (27%) of polyuria, 17 (19%) of weight loss and 13 (15%) tiredness. 2 §§_,
33 295a
34 Cox-regression analysis (Figure 1b) showed no significant associations between parent/child E'QC_DD;
gg characteristics and the appraisal interval. g: g
3 0

g; Analysis of the free text showed that most parents found explanations for their child’s symptoms E; -g
39 (Table 4). For example, polydipsia was attributed most commonly to hot weather (19/58, 33%) or = >
40 infection (13/58, 22%), polyuria and nocturia were frequently explained by drinking more (29/47, S %
41 62% and 26/40, 65%) and tiredness was thought to be school related (12/44, 27%) or secondary to 3 3
42 infection (5/44, 12%) or nocturia (4/44, 10%). g =
43 o 3
44 The majority of parents (61/87, 70%) additionally reported that they had suspected diabetes before % 8
45 their first consultation with a healthcare professional. When asked what had made them suspect ) g
jg diabetes, the most common reason given was that they knew the symptoms (22/59, 37%), especially gz 3
48 thirst (12/59, 20%). Others cited information from the internet (12/59, 20%) or having a family = §
49 history of diabetes (11/59, 19%). § N
50 o N
51 The help-seeking interval e §
52 24 (28%) children were seen on the same day their parents first thought about seeking medical 2
53 advice and 64 (74%) within 5 days. Most of this time was the behavioural interval (mean + SD 2.1 g
54 + 3.7 days, median (IQR) 0 (0-3) days) rather than the scheduling interval (mean + SD 1.1 + 2.6 H
gg days, median (IQR) 0 (0-1) days). g
]
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Cox-regression analysis (Figure 1c) showed no significant associations between parent/child
characteristics and the help-seeking interval.

The most common reasons that parents cited for seeking medical advice sooner rather than later
(Table 5) were that the symptoms were not getting better or were getting worse, wanting
reassurance or concern something serious was wrong. This was also reflected in the free text
responses where 22% of parents noted that worsening or persistent symptoms was the reason they
decided to seek help. In general, fewer parents reported factors that led to them seeking medical
advice later. Of those that did, the most common reason for waiting was hope that the symptoms
would go away (51.6%) but 29.8% felt difficulty getting an appointment contributed and 27.6% and
25.2% were worried about wasting the GPs time or that the GP would not take them seriously
respectively.

The diagnostic interval

The diagnostic interval was the shortest of the intervals with a mean + SD of 5 days + 34.8 and
median 0 (IQR) (0-0) days. 69 (78%) of children were diagnosed at first consultation. Cox
regression was not possible given the high number of children with a diagnostic interval of zero.
However, children whose parents suspected the diagnosis (n=61, 70.1%) were more likely
(unadjusted RR 1.30, 1.02-1.67, p=0.046) to be diagnosed at first consultation (n=52, 85.2%) than
those in whom there was no suspicion (n=26, 29.9% with 17 (65.4%) diagnosed at first
consultation). All children (10) who were seen first in secondary care were diagnosed at first
consultation compared to 76.6% (59/77) of those seen first in primary care, but this difference was
not statistically significant (p=0.114). None of the variables considered were significantly
associated with risk of DKA (Figure 2).

Further details from the questionnaires were available from 14 of the 18 children who were not
diagnosed at first encounter with primary care. Of these, 6 had fasting glucose blood tests arranged
by the GP and 4 were given alternative diagnoses (urine infection, viral infection, tonsillitis,
puberty) and diagnosed at a second appointment. Two children were diagnosed with psychological
problems: In one case the child’s mother had seen the GP alone to discuss her child’s ‘obsessive
drinking’ and was advised to see the school counsellor, and in the second the GP apparently felt the
symptoms were psychological and the child was diagnosed in the emergency department four
consultations later. One other family had already done a finger prick glucose test at home which
was high but the GP did not trust the result and asked the child to come back later in the day with a
urine sample. In the final case, the child’s mother had spoken to a health visitor and suggested
diabetes but was told ‘no, not unless the child is lifeless’. The mother took the child to the GP 12
days later and the diagnosis was made at that consultation.

DISCUSSION

Principal findings

This study shows that all children with new onset T1D present with one, and 98% present with two,
of the four main symptoms of diabetes (polydipsia, polyuria, weight loss and tiredness). Moreover,
over half have had symptoms for over three weeks before diagnosis. Most of that time is the
appraisal interval during which parents found alternative explanations for the symptoms, discussed
the symptoms with family and friends and looked on the internet for information. Once they made
the decision to seek advice, access to healthcare was generally not difficult with 28% consulting
with a healthcare professional on the same day. However, when asked about factors contributing to
their decision to seek help, nearly a third of parents felt that difficulty getting an appointment
contributed to them waiting to seek help and over a quarter felt that worry about wasting the
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1 os}
2 =
3 doctor’s time influenced their decision. This suggests that even if access is not difficult, it is o
g perceived as such. 3
? Once parents had sought help, one in five children were then not diagnosed at their first 5
8 consultation with a healthcare professional, mainly due to being given an alternative diagnosis, =
9 most commonly infection, or waiting for further investigations. Diagnosis at first consultation was §
10 associated with a shorter total diagnostic interval and children were more likely to be diagnosed at o
11 first consultation when their parents suspected the diagnosis of T1D. The association between 5-9 ®
12 diagnosis at first consultation and total diagnostic interval may simply reflect the additional time T 5
13 between consultations, or it may be due to biological differences causing some children to develop T B
14 symptoms more slowly which are then more difficult for both parents and primary care physicians g §
ig to recognise. g 3
17 s 3
18 Strengths and weaknesses o ' " g 3
19 By using a questionnaire developed from a previous interview study = and the Model of Pathway to - §
20 Treatment'®' as a framework for analysis, this study provides in-depth insights into the diagnostic a by
21 pathway of children with newly diagnosed T1D and allows factors acting at different stages in the s §
22 athway to be explored. 3 N
o p y p % g
24 The main weakness is that the data was necessarily collected retrospectively and so subject to recall g w
25 and framing bias. Parents have multiple contacts with different healthcare professionals in the 2 =
26 period immediately following diagnosis and so their responses to the questionnaire reflect a post- o m%
% hoc rationalisation of events framed by those subsequent encounters and increased knowledge since §§ g
29 the diagnosis. The inclusion of a calendar with key events in the questionnaires minimised the error Z325
30 in recall of dates, and the free text responses allowed internal validation and checking of prompted T50
31 responses. Despite these efforts, we still only have the parents’ perspective on the pathway and 5%%
32 were not able to confirm the number of healthcare contacts, diagnostic tests or the parental reports S0z
33 of missed opportunities for diagnosis. We were, however, able to confirm the diagnosis of DKA g—g §
34 from clinical records and, although there was variation in the definition of DKA used across the 11 p=o
35 sites, all included a biochemical measurement of either pH or bicarbonate. 2 g
ar : 8 z
38 Our results are also based on the views of 88 parents. Although not a large number, they were > -Fi’
39 recruited from 11 sites across a large region of the UK and the response rate was over 50% with no 5 3
40 significant differences in gender, age or DKA status between the children whose parents responded S %
41 and those who did not. The fact that they were a predominantly white group from less deprived 3 3
42 areas of England limits the generalizability of the results outside the East of England but the main g =
43 findings are likely to be relevant across the UK and other countries with similar primary care o 3
44 healthcare provision. The questionnaire also did not include questions specifically for the children 3 8
45 to complete and so we are unable to comment on the views of the children during this time. ) g
7 -
48 Comparison with existing literature S 2
49 The median duration of symptoms prior to diagnosis was 13-17 days for the nine most frequent S N
50 symptoms, with a mean of 30-50 days. This is longer than previous studies relying on retrospective S o
51 review of medical records’® > but similar to studies which have used a checklist to identify subtle 2 §
52 symptoms24 or asked parents soon after diagnosis13’14. The wide range (a few days to over six o
53 months) has been described previously'**"* and highlights the heterogeneous nature of the disease. g
©

gg Th e . L - - 13,142022,25 3
e frequency of individual symptoms we report is also similar to previous studies . 3

o6 Additionally we showed that all the children had at least one of 4 symptoms (polydipsia, polyuria, =1
g; weight loss and fatigue) and over half (50.6%) had all four. Consistent with the known course of E
59 —
60 >
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the disease and previous studies, vomiting 7", weight loss

common in those children who presented in DKA.

13,25,26 22
> and dyspnoea™ were more

This is the first quantitative study to compare the time periods during the pathway to diagnosis of
T1D in children. The finding that most of the total diagnostic interval was the appraisal interval is
consistent with a previous qualitative study'* and the free text analysis confirms that during that
time the parents find alternative explanations for the symptoms initially and make use of a social
network of extended family, friends and work colleagues, or the internet'**”*®, That children were
more likely to be diagnosed at their first encounter with a healthcare professional when their parents
suspected diabetes prior to that consultation may also reflect the findings of previous qualitative
work in which a number of parents prompted the GP to consider T1D and pushed for
investigations'®*. However, whilst parental suspicion of T1D has also been shown to be associated
with a reduced risk of DKA in a parental survey'’, in that study the incidence of DKA at
presentation was no different whether or not the parents discussed their concerns with the healthcare
professional, suggesting other factors may be contributing. The absence of an effect of parental
prior knowledge of diabetes either on the total diagnostic interval or the risk of DKA further
highlights the complexities around the role of knowledge on help-seeking behaviour.

The finding that parents worry about wasting the doctor’s time has also been shown in previous
qualitative studies in children””° and in studies of help-seeking behaviour for adults with
symptoms of cancer in the UK?'”* and so it may reflect a particular British trait rather than be
specific to T1D or children.

Implications for clinicians and policymakers

Clinicians should remain alert to the possibility of T1D in all children presenting with one or more
symptoms of polyuria, polydipsia, weight loss and tiredness — as almost all children have at least
two of these. Interventions targeted at increasing public awareness, such as the 4 T’s campaign
launched by Diabetes UK to raise awareness of the four most common symptoms of T1D (Toilet,
Thirsty, Tired and Thinner)*, should continue to focus on these established symptoms.

As most of the time between symptom onset and diagnosis is the appraisal interval, the greatest
benefit is likely to be seen from interventions directed towards parents and their social network,
probably via the internet. Despite ongoing government pressure for better access to primary care,
improving access is unlikely to have much impact on the pathway. Instead efforts should be made
to address the perception that access is difficult and the general concern in the UK about wasting
healthcare professional time, particularly for children with acute or sub-acute health concerns.

Additionally, although the diagnostic interval itself was generally short, one in five children
presenting to primary care were not diagnosed at first consultation. Similar numbers have been
reported in a recent survey in the UK which found that 24% were not diagnosed at first contact with
a healthcare professional”, and studies in the USA, Canada and Poland noted between 14 and 35%
of children had more than one consultation before diagnosis®’**¢. As in those studies, the most
common reasons for not being diagnosed at first encounter was either being given an alternative
diagnosis, most commonly infection, or waiting for further investigations. In this study 33% of
those not diagnosed at first consultation were waiting for fasting glucose tests and in other studies
the number waiting for further investigations is as high as 46%° . This suggests that healthcare
professionals may have considered a diagnosis of T1D but either lack ready access to rapid tests to
confirm or exclude the diagnosis, or are reluctant to use existing tests in children'. Access to point
of care urine and finger-prick testing and the use of those tests should be routine management for all
children presenting with one or more of the four main symptoms of diabetes. The increased use of
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! <
2 fa
3 point of care testing in Emergency departments may also explain why all children seen in secondary o
4 care were diagnosed at their first consultation. Whilst educational interventions aimed at primary 3
S care physicians may help a small number of children not currently diagnosed at first encounter, =
? finding ways to overcome barriers to point-of-care tests in primary care may be more effective and 5
8 this approach may also improve the diagnosis of other serious illnesses in children and adults. 5
(%]

20 Unanswered questions and future research 5
11 Whilst this study contributes to our understanding of the pathway to diagnosis and the stages at 5-9 p
12 which this may be improved, the findings are unable to explain the large variability in the overall T 5
13 duration of the pathway to diagnosis and why some children develop DKA within a few weeks T B
14 whilst others can be symptomatic for up to six months before requiring treatment. Further studies g 3
15 are, therefore, needed into the natural course and biology of the disease to better understand these g §
16 variations. The findings also highlight the need for continuing research into the presentation of z g
g serious but rare conditions in primary care and the best ways to improve diagnosis of these é 5
19 conditions. = 3
20 3 :
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TABLES

Table 1. Child and family characteristics for those included in the study

Child and family characteristics Number Percentage (%)
Gender
Male 49 56.3
Female 38 43.7 a'?
]
Age o
0-5 26 29.9 -
6-10 20 23.0 <
11-16 41 47.1 S
Mean = SD 9.34+45 <
2
=
Ethnicity o
White 79 90.8 a
Asian 2 2.3 s
Black 3 34 3
Mixed 3 3.4 =
c
Family history ‘é
First degree relative(s) with T1D 7 8.0 3
First degree relative(s) with T2D 8 9.2 Y
Second or third degree relative(s) with T1D 13 14.9 3
Second or third degree relative(s) with T2D 24 27.6 o
o
Indices of deprivation 5
Least deprived tertile 43 49.4 a
Middle tertile 33 37.9 S
Most deprived tertile 9 10.3 )
Missing 2 2.3 g
2
Medically trained family member 9 10.3 E;
DKA at diagnosis EF;.
Yes 35 40.2 g
No 52 60.0 @
g
o
@,
3
)
T
>0
>
o
e
g
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1

2

3

4 Table 2. Frequency of symptoms amongst all children and those with and without DKA and duration of individual symptoms

5 *p<

> p <0.05

; Frequency of symptoms Duration of symptoms

9

10 All DKA No-DKA Mean = SD Median n
11 (n=87) (n=35) (n=52) (IQR)

ig n % n % n %

14 Polydipsia 85 97.7 33 94.3 52 100 31.9+48 16 (8,36) 77
15 Polyuria 73 83.9 27 77.1 46 88.5 29.8 £53 14 (5,26) 65
16 Tiredness 66 75.9 28 80.0 38 73.1 34.5+49.2 17 (10,39) 53
17 Nocturia 64 73.6 28 80.0 36 69.2 31.3+£52.1 15.5(7,28.5) 56
ig Weight loss 56 644 | 28  80.0% | 28  53.8% | 50.1+82.7 13.5 (7,44) 42
20 Changes in behaviour/mood 48 55.2 17 48.6 31 59.6 343 +£40.8 15 (8,42) 34
21 Change in appetite 45 51.7 18 514 27 51.9 30.7 £48 14.5 (7,39) 38
22 Abdominal pain 37 42.5 17 48.6 20 38.5 41.4 +64.1 17 (7,38) 25
23 Noctural enuresis 33 379 | 14 400 19 365 | 284+492 15 (5.5,21.5) 28
;g Different smelling breath 31 35.6 14 40.0 17 32.7 17.5 £28.7 6.5 (3,17) 22
26 Vomiting 17 19.5 15 42.9* 2 3.8% 7.3+12.6 2.5(1.5,5.5) 8
27 Faster breathing 15 17.2 12 34.3% 3 5.8% 3.8+£5.8 0.5 (0,7.5) 8
28 Urinary incontinence 14 16.1 4 11.4 10 19.2 36.6 +77.2 10 (3,21) 10
gg Fever 12 138 | 6 17.1 6 11.5 25+35.8 8 (2,55) 7
31

32

33

34

35

36

37

38

39

40

41

42

43

44
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Table 3. Duration of diagnostic intervals

Mean + SD Median (IQR) n

(days) (days)

Appraisal Interval 41 +51.7 20 (9,40) 75
Help-seeking Interval 3+4.6 1(0,4.5) 83
Diagnostic Interval 5+34.8 0(0,0) 83
Total Diagnostic Interval 48 + 60.4 25 (14,50) 74

Table 4. Parents’ explanations for the ten most common symptoms

Symptom n Number with explanation Most common explanations
for symptom n (%)
n (%)
Polydipsia 85 58 (68.2) Hot weather 19 (32.8)
Infection 13 (22.4)
Activity/Travel 10 (17.2)
Polyuria 73 47 (64.4) Drinking more 29 (61.7)
Urine infection 6 (12.7)
Diabetes 4 (8.5)
Tiredness 66 44 (66.7) School related 12 (27.3)
Infection 5(11.9)
Nocturia 4(9.5)
Nocturia 64 40 (62.5) Drinking more 26 (65.0)
Diabetes 4 (10.0)
Urine infection 3(7.5)
Weight loss 56 33 (58.9) Growth related 15 (45.5)
Decreased appetite 4(12.1)
Increased activity 3(9.1)
Changes in behaviour/mood | 48 31 (64.6) Tiredness 10 (32.3)
Age related/puberty 7 (22.6)
Infection/illness 6 (19.4)
Change in appetite 45 28 (62.2) Growth related 14 (50.0)
Infection 5(17.9)
Holiday related 2(7.1)
Abdominal pain 37 19 (51.4) Infection 4 (21.1)
School related 3 (15.8)
Period pains 3 (15.8)
Nocturnal enuresis 33 23 (69.7) Drinking more 13 (56.5)
Tired 4(17.4)
School related 3(13.0)
Different smelling breath 31 14 (45.2) Poor dental hygiene 4 (28.6)
Infection 3(21.4)
Diabetes 3(21.4)
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1

2

3

4 Table 5. Factors influencing parents’ decisions to seek medical advice sooner or later

2 Not at all A little Quite a lot Very much  Did not answer
7 n (%) n (%) n (%) n (%) n (%)
8 Factors influencing seeking medical advice sooner

9 Concern something serious 9(10.3) 16 (18.4) 18 (20.7) 42 (48.3) 2(2.3)
12 Symptoms getting worse 7 (8.0) 19 (21.8) 14 (16.1) 46 (52.9) 1(1.1)
12 Symptoms not getting better 4 (4.6) 12 (13.8) 22 (25.3) 45 (51.7) 4 (4.6)
13 Wanting reassurance 8(9.2) 15 (17.2) 16 (18.4) 46 (52.9) 2(2.3)
14 Comments from family 30 (34.5) 28 (32.2) 11 (12.6) 13 (14.9) 5(5.7)
15 Comments from school 63 (72.4) 10 (11.5) 4(4.6) 4 (4.6) 6 (6.9)
i? Comments from friends 49 (56.3) 20 (23.0) 7 (8.0) 5(5.7) 6 (6.9)
18 Written information 50 (57.5) 8(9.2) 10 (11.5) 15(17.2) 4 (4.6)
19

20 Factors influencing seeking medical advice later

g; Difficulty getting appointment 60 (69.0) 8(9.2) 7 (8.0) 11 (12.6) 1(1.1)
23 Waiting for a particular doctor or nurse 68 (78.2) 7 (8.0) 4(4.6) 6 (6.9) 2(2.3)
24 Concern about having to wait at the surgery 72 (82.8) 6(6.9) 4(4.6) 3(3.4) 2(2.3)
25 Worry about wasting the doctor or nurse’s time 61 (70.1) 10 (11.5) 8(9.2) 6 (6.9) 2 (2.3)
26 Worry the doctor would not take them seriously 62 (71.3) 12 (13.8) 3(3.4) 7 (8.0) 3(3.4)
% Symptoms weren't very serious 55 (63.2) 20 (23.0) 9 (10.3) 0(0) 3(3.4)
29 Hope the symptoms would go away 42 (48.3) 21 (24.1) 9 (10.3) 15(17.2) 0(0)
30 Fear of serious diagnosis 58 (66.7) 16 (18.4) 5(5.7) 7 (8.0) 1(1.1)
31

32

33
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36
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ABSTRACT

Objective To explore the pathway to diagnosis of type 1 diabetes (T1D) in children

Design Questionnaire completed by parents

Participants Parents of children aged 1 month to 16 years diagnosed with T1D within the previous
three months

Setting Children and parents from 11 hospitals within the East of England.

Results 88/164 (54%) of invited families returned the questionnaire. Children had mean+SD age of
9.41+4.5 years. 35 (39.8%) presented with DKA at diagnosis. The most common symptoms were
polydipsia (97.7%), polyuria (83.9%), tiredness (75.9%), nocturia (73.6%) and weight loss (64.4%)
and all children presented with at least one of those symptoms. The time from symptom onset to
diagnosis ranged from 2 to 315 days (median 25 days). Most of this was the appraisal interval from
symptom onset until perceiving the need to seek medical advice. Access to healthcare was good but
one in five children presenting to primary care were not diagnosed at first encounter, most
commonly due to waiting for fasting blood tests or alternative diagnoses. Children diagnosed at first
consultation had a shorter duration of symptoms (p=0.022) and children whose parents suspected
the diagnosis were 1.3 times more likely (RR 1.3, 95% CI 1.02-1.67) to be diagnosed at first
consultation.

Conclusions Children present with the known symptoms of T1D but there is considerable scope to
improve the diagnostic pathway. Future interventions targeted at parents need to address the
tendency of parents to find alternative explanations for symptoms and the perceived barriers to
access, in addition to symptom awareness.

STRENGTHS AND LIMITATIONS OF THIS STUDY

e This study uses a questionnaire developed from a previous interview study to explore the
diagnostic pathway of children with newly diagnosed T1D

e It uses the Model of Pathway to Treatment as a framework to allow analysis of the factors
acting at different stages in the pathway

e The inclusion of a calendar with key events in the questionnaires and use of free text
responses for internal validation and checking of prompted responses reduced bias but the
data was necessarily collected retrospectively and so subject to recall and framing bias
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: <
2 fa
3 INTRODUCTION o
4 Approximately 65,000 children are diagnosed with type 1 diabetes (T1D) each year and the 3
S incidence is continuing to increase at a rate of approximately 3% per yearl’z. The most common =
6 symptoms are well described and include polyuria, polydipsia, weight loss and tiredness. At the E’
g early stages of the disease, however, these symptoms are often non-specific and distinguishing the =
9 children with T1D from the large number with similar symptoms and minor undifferentiated illness g
10 can therefore be difficult. This is reflected in studies which have shown that the mean duration of o
11 symptoms prior to diagnosis is over two weeks with a significant number of children experiencing —0-9 o
12 delay in diagnosis or misdiagnosis’ and only one in five diagnosed at first encounter* . Up to 80% T 5
13 of children additionally present in diabetic ketoacidosis (DKA)9 which has both immediate life- T B
1‘51 threatening complications and is associated with poorer long term diabetic control'*'2. g §

g 3
16 Whilst several studies have highlighted these difficulties in making the diagnosis and the features § E
ig associated with diabetic ketoacidosis at diagnosis® ™', few have explored the period between é 5
19 symptom onset and diagnosis. Our recent qualitative interview study of parents and General - §
20 Practitioners (GPs) of children newly diagnosed with T1D suggested that the longest component in a by
21 the diagnostic pathway is the time between onset of symptoms and the decision to seek medical g S
22 help (known as the appraisal interval)'*. The early symptoms are subtle, and even with some 3 g
23 knowledge of T1D it took many parents several weeks of a complex decision making process and S 9
24 often a physical trigger, such as weight loss or vomiting, to decide to consult a healthcare S "
25 professional. Once the decision to seek help had been made almost all children were seen 3 =
26 immediately and diagnoses were mostly prompt and managed appropriately. Parents continued to o m%
;g play a key role during the diagnostic interval however, with many having already made or suspected §§ g
29 the diagnosis themselves, and several feeling that their GP did not take their concerns seriously. Z325
30 5§30
31 This study builds on this earlier work by using a questionnaire developed from the interview 5%%
32 findings to further explore the pathway to diagnosis of T1D in children. By using a structured S0z
33 questionnaire to survey a larger number of families we aimed to quantify the symptoms and their gg §
34 time course prior to diagnosis, the triggers and barriers to seeking help, the influence of parental p=o
35 prior knowledge of diabetes, and the role of healthcare services. 2 g
ar 8 z
28 METHODS > €
39 Design 5 =
40 A questionnaire about the pathway from first symptom(s) to diagnosis was completed by the S %
41 parent(s)/guardian(s)/step-parents (hereafter referred to as parents) of children aged 1 month to 16 3 3
42 years diagnosed with T1D within the previous three months. g %
43 o =
44 Recruitment = 3
45 Children and parents were identified and recruited via the paediatric diabetes specialist nurses and ) 3
46 research nurses at 11 hospitals within the East of England Diabetes Children and Young People’s T S
j; Network. Parents of all children aged 1 month to 16 years diagnosed with T1D diagnosed within = §
49 the previous 3 months at participating hospitals were eligible for inclusion unless their clinical team S N
50 felt that this was not appropriate. Parents who failed to respond within one month were sent a S o
51 reminder letter with a further copy of the questionnaire. Recruitment began at each site between e §
52 February 2013 and April 2013, and continued across all sites until January 2014. 2
53 9
54 The clinical or research teams at all sites collected data on the age and gender of each child H
55 diagnosed during the study period and whether they had DKA at diagnosis. Each hospital used a 3
o6 slightly different definition of DKA but all included either pH < 7.3, bicarbonate < 15 mmol/L (see =1
g; Appendix Table 1). E
59 —
60 >
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The questionnaire

The questionnaire was developed from the findings of our previous qualitative study of parents and
children recently diagnosed with TID'. It was first reviewed by an expert panel comprising
paediatric diabetes consultants, a paediatric diabetes research nurse and primary care researchers,
and then piloted with parents of four children recently diagnosed with T1D. In addition to their
specific feedback, parents were asked to talk aloud whilst completing the questionnaire and then
interviewed after completion to ensure face validity. Based on feedback from the parents, the
questionnaire was revised.

The final questionnaire included 5 sections (see Supplementary file). The first included questions
about the child’s age, gender, postcode, ethnic background, family history of diabetes, any
medically trained family members and the number of children in the household. Parents were also
asked if they knew what the symptoms of diabetes in children are before their child was diagnosed,
and if so, to give details of those symptoms they were aware of. The second section asked about the
symptoms the children had experienced with yes/no responses for 14 symptoms and space to add
the date they noticed the symptoms, what they thought the symptoms were due to at the time and
how much it concerned them. The third section focused on help-seeking and asked where parents
had looked for information, who they spoke to and then details on when and how they had sought
medical advice. It also asked them to describe their main concern at their first appointment and
whether they had considered diabetes. Parents were also asked in this section about factors
contributing to their decision to seek medical advice sooner or later. The fourth section asked about
the diagnosis, including whether it was made at their first appointment with a healthcare
professional and, if not, how many subsequent consultations they had, and the investigations that
were done before diagnosis. The final section then asked parents if they felt there was anything that
prolonged them finding out their child had diabetes and had further space for free text comments.

Analysis

Data from the questionnaires were entered into a database and then double checked by a second
researcher. Socioeconomic status was computed using postcode and the English indices of
deprivation 2010 available online. The presence of DKA at diagnosis was obtained from hospital
records rather than self-report. Walter et al’s Model of Pathways to Treatment'®'” provided a
theoretic model of the intervals that occur prior to a diagnosis. This model divides the pathway to
diagnosis into two intervals prior to presentation to healthcare about a symptom (the appraisal
interval from the onset of symptoms to perceiving a reason to discuss symptoms with a healthcare
professional, and the help-seeking interval from that decision until presentation to a healthcare
professional), and then the diagnostic interval from first presentation to a healthcare professional
until diagnosis. The help-seeking interval was further sub-divided into the behavioural interval (the
time between perceiving the reason to discuss the symptoms with a healthcare professional to
making the decision to seek help) and the scheduling interval (the time between making the
decision to seek help and the first consultation)lg. Intervals were calculated from responses to the
questionnaire. Where dates were incomplete we applied midpoint rules to estimate the actual date'.
In cases where the responses in free text differed from the dates entered as numbers, the free text
was assumed to be correct, and where there was uncertainty the researchers met to agree consensus.

Characteristics (age, gender, presence of DKA) were compared between children whose parents had
and had not returned a questionnaire using a t-test for age and chi-squared test for gender and
presence of DKA. All further analyses used only data from returned questionnaires. The frequency
of the 14 symptoms was compared between those with and without DKA using a chi-squared test.
Cox regression was used to estimate the association between various factors and the hazard of
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1 os}
2 =
3 diagnosis; if a factor was associated with an increased hazard (i.e. hazard ratio greater than 1), this o
4 implied that that factor was associated with a shorter time to diagnosis, and vice versa. Time to 3
S diagnosis was from the date of the earliest symptom to the date of diagnosis, and the factors =
? assessed were age, gender, family history of T1D, index of multiple deprivation, prior knowledge of Ef
8 symptoms of T1D, whether the parents suspected T1D, whether the diagnosis was made at the first =
9 consultation, whether the first consultation was with primary or secondary care and whether the g
10 child had DKA at diagnosis. A similar approach was used to assess factors associated with the o
11 length of the appraisal and help-seeking intervals (with the end of the interval being defined as the 5-9 p
12 “event” in the Cox model), but only the first six variables in the list above were considered, as the T 5
13 others do not relate to those time intervals. The Schoenfeld residuals test was used to assess the T =
14 proportional hazards (PH) assumption for each covariate in each model. Whether parents suspected g &
15 the diagnosis of T1D did not meet the PH assumption for the total diagnostic interval and so the g §
16 Cox regression model was stratified by that variable. Logistic regression was used to estimate the z g
ig association between the same factors and presence of DKA at diagnosis. All analyses were é 5
19 performed using STATA version 12. ; §

5 &
32 Free text responses were grouped into similar categories and coded. Where individual free text s §
22 responses contained several comments, these were each coded individually. a g
23 S o
24 RESULTS s
25 A total of 172 children were diagnosed with T1D in the 11 hospitals during the study period. Of 2 =
26 those, 8 families were not invited to take part in the study: 5 lived outside the hospital catchment o m%
% area; 1 emigrated the week after diagnosis; and the clinical team felt it was not appropriate to §§ ~
29 include 2. From the remaining 164 families invited to take part in the study, 88 (54%) completed =3 E
30 and returned the questionnaire. There were no significant differences in the proportion presenting in T50
31 DKA (p=0.27), mean age (p=0.77) or gender (p=0.77) between children of responders and non- 5% g
32 responders. ad §
33 295a
34 One child was excluded from the analysis as they had no symptoms and the diagnosis was made on 5 2%
35 a random blood glucose test that the parents were doing at home on an intermittent basis as they had 2 o
g? an older child with T1D. Children whose parents checked blood glucose at home after noticing = g
38 symptoms remain in the analysis. 87 children are therefore included in the analysis that follows. > -Fi’

=g
ig Table 1 shows the characteristics of the 87 children and families included in the study. The mean g: %
41 age was 9.34 + 4.5 years, 49 (56.3%) were male and 35 (40.2%) presented with DKA at diagnosis. 3 3
42 The majority (90.8%) were white and as a group they were generally from less deprived areas of g =
43 England, with 49.4% from the least deprived tertile of English Indices of Deprivation and only o 3
44 10.3% from the most deprived. 3 8
45 i-,' 3
js Symptoms . . . T i
48 Table 2 shows the frequency and duration of the 14 symptoms that were specifically asked about in S 2
49 the questionnaire. The most common symptoms were polydipsia (97.7%), polyuria (83.9%), S N
50 tiredness (75.9%), nocturia (73.6%) and weight loss (64.4%). Most symptoms were present for a S o
51 median of between 13 and 17 days. Faster breathing and vomiting both had much shorter median e §
52 (IQR) durations of 0.5 (0-7.5) and 2.5 (1.5-5.5) days respectively than the other symptoms. Weight o
53 loss, vomiting and faster breathing were significantly more frequent in those children who presented g
54 in DKA (p =0.014, <0.0005 and 0.001 respectively). All the children had at least one of the 4 main S
55 symptoms (polydipsia, polyuria or nocturia, weight loss or tiredness), 97.7% had 2 or more, 79.3% 3
g? 3 or more and over half (50.6%) had all 4 symptoms. 3
58 E
59 —
60 >
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A very small number of parents mentioned symptoms other than those listed in the questionnaire,
these included constipation (9), headaches (3), thrush (3), blurred vision (2), dry skin (2) and
different smelling urine (1).

Diagnostic intervals

Table 3 shows the mean + SD and median (IQR) for the diagnostic intervals. Additional details on
the diagnostic intervals for different subgroups are shown in Appendix Table 2. The total diagnostic
interval ranged from 2 to 315 days with a median (IQR) of 25 days (14-50). In unadjusted Cox
regression analysis (data not shown) the time to diagnosis was significantly shorter for children
diagnosed at first appointment compared to a subsequent appointment (p=0.046) and for those seen
in secondary care rather than primary care (p=0.01). No evidence of associations with time to
diagnosis was found for age, gender, family history of T1D, deprivation, prior knowledge of
symptoms or DKA at diagnosis. In multivariable cox regression including age, gender, family
history of T1D, index of multiple deprivation, prior knowledge of symptoms of T1D, whether the
diagnosis was made at the first consultation, whether the first consultation was with primary or
secondary care and whether the child had DKA at diagnosis (Figure 1a), the association between
whether the diagnosis of T1D was made at the first or subsequent appointments and total diagnostic
interval remained statistically significant (p=0.022).

The appraisal interval

The appraisal interval was the longest of all the intervals in the pathway for all but 3 of the families
with a mean = SD of 41.0 + 51.7 days and median (IQR) 20 (9-40) days. During this period nearly
two thirds (64%) of parents discussed the symptoms with family members, 40% with friends and
41% looked on the internet. Only 16% spoke to the child’s nursery, school or playgroup and very
few (6%) looked for information in books. Over half of parents (49, 56%) reported being aware of
some symptoms of T1D in children prior to their child’s diagnosis: 40 (45%) were aware of
increased thirst, 24 (27%) of polyuria, 17 (19%) of weight loss and 13 (15%) tiredness.

Cox-regression analysis (Figure 1b) showed no significant associations between parent/child
characteristics and the appraisal interval.

Analysis of the free text showed that most parents found explanations for their child’s symptoms
(Table 4). For example, polydipsia was attributed most commonly to hot weather (19/58, 33%) or
infection (13/58, 22%), polyuria and nocturia were frequently explained by drinking more (29/47,
62% and 26/40, 65%) and tiredness was thought to be school related (12/44, 27%) or secondary to
infection (5/44, 12%) or nocturia (4/44, 10%).

The majority of parents (61/87, 70%) additionally reported that they had suspected diabetes before
their first consultation with a healthcare professional. When asked what had made them suspect
diabetes, the most common reason given was that they knew the symptoms (22/59, 37%), especially
thirst (12/59, 20%). Others cited information from the internet (12/59, 20%) or having a family
history of diabetes (11/59, 19%).

The help-seeking interval

24 (28%) children were seen on the same day their parents first thought about seeking medical
advice and 64 (74%) within 5 days. Most of this time was the behavioural interval (mean + SD 2.1
+ 3.7 days, median (IQR) 0 (0-3) days) rather than the scheduling interval (mean + SD 1.1 + 2.6
days, median (IQR) 0 (0-1) days).
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1 w
2 =
3 Cox-regression analysis (Figure 1c) showed no significant associations between parent/child o
g characteristics and the help-seeking interval. 3
6 The most common reasons that parents cited for seeking medical advice sooner rather than later 5
; (Table 5) were that the symptoms were not getting better or were getting worse, wanting =
9 reassurance or concern something serious was wrong. This was also reflected in the free text §
10 responses where 22% of parents noted that worsening or persistent symptoms was the reason they o
11 decided to seek help. In general, fewer parents reported factors that led to them seeking medical 5-9 ®
12 advice later. Of those that did, the most common reason for waiting was hope that the symptoms T 5
13 would go away (51.6%) but 29.8% felt difficulty getting an appointment contributed and 27.6% and T =
14 25.2% were worried about wasting the GPs time or that the GP would not take them seriously g &
15 respectively. g §
16 2 3
g The diagnostic interval <:§T 3
19 The diagnostic interval was the shortest of the intervals with a mean + SD of 5 days + 34.8 and - §
20 median 0 (IQR) (0-0) days. 69 (78%) of children were diagnosed at first consultation. Cox a by
21 regression was not possible given the high number of children with a diagnostic interval of zero. s S
22 However, children whose parents suspected the diagnosis (n=61, 70.1%) were more likely a g
23 (unadjusted RR 1.30, 1.02-1.67, p=0.046) to be diagnosed at first consultation (n=52, 85.2%) than S 9
24 those in whom there was no suspicion (n=26, 29.9% with 17 (65.4%) diagnosed at first S r
25 consultation). All children (10) who were seen first in secondary care were diagnosed at first 2 =
26 consultation compared to 76.6% (59/77) of those seen first in primary care, but this difference was o m%
27 not statistically significant (p=0.114). None of the variables considered were significantly N
28 associated with risk of DKA (Figure 2) 232
z |
31 Further details from the questionnaires were available from 14 of the 18 children who were not 5% 2
32 diagnosed at first encounter with primary care. Of these, 6 had fasting glucose blood tests arranged S0z
33 by the GP and 4 were given alternative diagnoses (urine infection, viral infection, tonsillitis, g—g §
34 puberty) and diagnosed at a second appointment. Two children were diagnosed with psychological p=o
35 problems: In one case the child’s mother had seen the GP alone to discuss her child’s ‘obsessive 2 S
36 drinking’ and was advised to see the school counsellor, and in the second the GP apparently felt the = i
g; symptoms were psychological and the child was diagnosed in the emergency department four > -g
39 consultations later. One other family had already done a finger prick glucose test at home which 3 S
40 was high but the GP did not trust the result and asked the child to come back later in the day with a S %
41 urine sample. In the final case, the child’s mother had spoken to a health visitor and suggested 3 3
42 diabetes but was told ‘no, not unless the child is lifeless’. The mother took the child to the GP 12 g =
ji days later and the diagnosis was made at that consultation. o %

3 o
45 DISCUSSION 2 3
jg Principal findings T ;
48 This study shows that all children with new onset T1D present with one, and 98% present with two, S 2
49 of the four main symptoms of diabetes (polydipsia, polyuria, weight loss and tiredness). Moreover, S N
50 over half have had symptoms for over three weeks before diagnosis. Most of that time is the S o
51 appraisal interval during which parents found alternative explanations for the symptoms, discussed e §
52 the symptoms with family and friends and looked on the internet for information. Once they made 2
53 the decision to seek advice, access to healthcare was generally not difficult with 28% consulting g
54 with a healthcare professional on the same day. However, when asked about factors contributing to H
55 their decision to seek help, nearly a third of parents felt that difficulty getting an appointment 3
g? contributed to them waiting to seek help and over a quarter felt that worry about wasting the =1
58 E
59 —
60 >
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doctor’s time influenced their decision. This suggests that even if access is not difficult, it is
perceived as such.

Once parents had sought help, one in five children were then not diagnosed at their first
consultation with a healthcare professional, mainly due to being given an alternative diagnosis,
most commonly infection, or waiting for further investigations. Diagnosis at first consultation was
associated with a shorter total diagnostic interval and children were more likely to be diagnosed at
first consultation when their parents suspected the diagnosis of T1D. The association between
diagnosis at first consultation and total diagnostic interval may simply reflect the additional time
between consultations, or it may be due to biological differences causing some children to develop
symptoms more slowly which are then more difficult for both parents and primary care physicians
to recognise.

Strengths and weaknesses

By using a questionnaire developed from a previous interview study'* and the Model of Pathway to
Treatment'®' as a framework for analysis, this study provides in-depth insights into the diagnostic
pathway of children with newly diagnosed T1D and allows factors acting at different stages in the
pathway to be explored.

The main weakness is that the data was necessarily collected retrospectively and so subject to recall
and framing bias. Parents have multiple contacts with different healthcare professionals in the
period immediately following diagnosis and so their responses to the questionnaire reflect a post-
hoc rationalisation of events framed by those subsequent encounters and increased knowledge since
the diagnosis. The inclusion of a calendar with key events in the questionnaires minimised the error
in recall of dates, and the free text responses allowed internal validation and checking of prompted
responses. Despite these efforts, we still only have the parents’ perspective on the pathway and
were not able to confirm the number of healthcare contacts, diagnostic tests or the parental reports
of missed opportunities for diagnosis. We were, however, able to confirm the diagnosis of DKA
from clinical records and, although there was variation in the definition of DKA used across the 11
sites, all included a biochemical measurement of either pH or bicarbonate.

Our results are also based on the views of 88 parents. Although not a large number, they were
recruited from 11 sites across a large region of the UK and the response rate was over 50% with no
significant differences in gender, age or DKA status between the children whose parents responded
and those who did not. The fact that they were a predominantly white group from less deprived
areas of England limits the generalizability of the results outside the East of England but the main
findings are likely to be relevant across the UK and other countries with similar primary care
healthcare provision. The questionnaire also did not include questions specifically for the children
to complete and so we are unable to comment on the views of the children during this time.

Comparison with existing literature

The median duration of symptoms prior to diagnosis was 13-17 days for the nine most frequent
symptoms, with a mean of 30-50 days. This is longer than previous studies relying on retrospective
review of medical records® > but similar to studies which have used a checklist to identify subtle
symptoms24 or asked parents soon after diagnosis13’14. The wide range (a few days to over six
months) has been described previously'**'** and highlights the heterogeneous nature of the disease.
The frequency of individual symptoms we report is also similar to previous studies'*'*?**%%,
Additionally we showed that all the children had at least one of 4 symptoms (polydipsia, polyuria,
weight loss and fatigue) and over half (50.6%) had all four. Consistent with the known course of
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1 os}
2 z
3 the disease and previous studies, vomiting®****, weight loss>**°, and dyspnoea® were more o
g common in those children who presented in DKA. 3
? This is the first quantitative study to compare the time periods during the pathway to diagnosis of 5
8 T1D in children. The finding that most of the total diagnostic interval was the appraisal interval is =
9 consistent with a previous qualitative study'* and the free text analysis confirms that during that §
10 time the parents find alternative explanations for the symptoms initially and make use of a social o
11 network of extended family, friends and work colleagues, or the internet'**”*®, That children were 5-9 p
12 more likely to be diagnosed at their first encounter with a healthcare professional when their parents T 5
13 suspected diabetes prior to that consultation may also reflect the findings of previous qualitative T B
14 work in which a number of parents prompted the GP to consider T1D and pushed for g &
15 investigations'®*. However, whilst parental suspicion of T1D has also been shown to be associated g 3
16 with a reduced risk of DKA in a parental survey'’, in that study the incidence of DKA at Z él
g presentation was no different whether or not the parents discussed their concerns with the healthcare é 5
19 professional, suggesting other factors may be contributing. The absence of an effect of parental - §
20 prior knowledge of diabetes either on the total diagnostic interval or the risk of DKA further a by
21 highlights the complexities around the role of knowledge on help-seeking behaviour. s S
22 E g
23 The finding that parents worry about wasting the doctor’s time has also been shown in previous S 9
24 qualitative studies in children””° and in studies of help-seeking behaviour for adults with S "
25 symptoms of cancer in the UK?'”* and so it may reflect a particular British trait rather than be 3 =
26 specific to T1D or children. S 3
27 sl
28 _— - : 26y
29 Implications for clinicians and policymakers Z325
30 Clinicians should remain alert to the possibility of T1D in all children presenting with one or more T50
31 symptoms of polyuria, polydipsia, weight loss and tiredness — as almost all children have at least 5% g
32 two of these. Interventions targeted at increasing public awareness, such as the 4 T’s campaign S0z
33 launched by Diabetes UK to raise awareness of the four most common symptoms of T1D (Toilet, g—g §
2451 Thirsty, Tired and Thinner)*, should continue to focus on these established symptoms. g -2

S
g? As most of the time between symptom onset and diagnosis is the appraisal interval, the greatest = g
38 benefit is likely to be seen from interventions directed towards parents and their social network, > ©
39 probably via the internet. Despite ongoing government pressure for better access to primary care, 3 S
40 improving access is unlikely to have much impact on the pathway. Instead efforts should be made S %
41 to address the perception that access is difficult and the general concern in the UK about wasting 3 3
42 healthcare professional time, particularly for children with acute or sub-acute health concerns. g %
43 o =
44 Additionally, although the diagnostic interval itself was generally short, one in five children % 8
45 presenting to primary care were not diagnosed at first consultation. Similar numbers have been ) 3
46 reported in a recent survey in the UK which found that 24% were not diagnosed at first contact with T S
a1 a healthcare professional", and studies in the USA, Canada and Poland noted between 14 and 35% 3 5
48 . . . . 6,7,34-36 . . o <
49 of children had more than one consultation before diagnosis . As in those studies, the most s N
50 common reasons for not being diagnosed at first encounter was either being given an alternative S o
51 diagnosis, most commonly infection, or waiting for further investigations. In this study 33% of e §
52 those not diagnosed at first consultation were waiting for fasting glucose tests and in other studies 2
53 the number waiting for further investigations is as high as 46%° . This suggests that healthcare g
54 professionals may have considered a diagnosis of T1D but either lack ready access to rapid tests to g
55 confirm or exclude the diagnosis, or are reluctant to use existing tests in children'. Access to point 3
o6 of care urine and finger-prick testing and the use of those tests should be routine management for all 3
g; children presenting with one or more of the four main symptoms of diabetes. The increased use of o
59 =
60 >
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point of care testing in Emergency departments may also explain why all children seen in secondary
care were diagnosed at their first consultation. Whilst educational interventions aimed at primary
care physicians may help a small number of children not currently diagnosed at first encounter,
finding ways to overcome barriers to point-of-care tests in primary care may be more effective and
this approach may also improve the diagnosis of other serious illnesses in children and adults.

Unanswered questions and future research

Whilst this study contributes to our understanding of the pathway to diagnosis and the stages at
which this may be improved, the findings are unable to explain the large variability in the overall
duration of the pathway to diagnosis and why some children develop DKA within a few weeks
whilst others can be symptomatic for up to six months before requiring treatment. Further studies
are, therefore, needed into the natural course and biology of the disease to better understand these
variations. The findings also highlight the need for continuing research into the presentation of
serious but rare conditions in primary care and the best ways to improve diagnosis of these
conditions.
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2 Table 1. Child and family characteristics for those included in the study =
%]
; Child and family characteristics Number Percentage (%) -cg,
9 Gender o
10 Male 49 56.3 8
11 Female 38 43.7 L
2 %]
12 @ B
13 Age g B
14 0-5 26 29.9 2 Q
15 6-10 20 23.0 < =
16 11-16 41 47.1 s 2
17 Mean + SD 934 +45 < g
18 g 3
19 Ethnicity - §
20 White 79 90.8 a g
21 Asian 2 2.3 s S
22 Black 3 34 =S
23 Mixed 3 3.4 g o
24 c
25 Family history ® g
26 First degree relative(s) with T1D 7 8.0 g S
27 First degree relative(s) with T2D 8 9.2 gL
28 Second or third degree relative(s) with T1D 13 14.9 8§ N
29 Second or third degree relative(s) with T2D 24 27.6 Sch
30 820
31 Indices of deprivation 5‘}8,, g
32 Least deprived tertile 43 49.4 293 %
33 Middle tertile 33 37.9 238
34 Most deprived tertile 9 10.3 =8
35 Missing 2 23 33
36 = 3
37 Medically trained family member 9 10.3 e =
38 > =
39 DKA at diagnosis s 3
40 Yes 35 40.2 = g'
41 No 52 60.0 e o
42 2 =
o 3
43 o =
44 S5 8
:
o S
47 8 =
48 2 %
: ::
o N
51 S
52 2
53 1
S
54 o
55 S
3
56 o
57 =
@
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Table 2. Frequency of symptoms amongst all children and those with and without DKA and duration of individual symptoms
*
p <0.05

Frequency of symptoms Duration of symptoms
All DKA No-DKA Mean = SD Median n
(n=87) (n=35) (n=52) (IQR)
n % n % n %
Polydipsia 85 97.7 33 943 52 100 31.9+48 16 (8,36) 77
Polyuria 73 83.9 27 77.1 46 88.5 29.8 £53 14 (5,26) 65
Tiredness 66 75.9 28 80.0 38 73.1 34.5+49.2 17 (10,39) 53
Nocturia 64 73.6 28 80.0 36 69.2 31.3+£52.1 15.5(7,28.5) 56
Weight loss 56 64.4 28 80.0* 28 53.8* 50.1 £82.7 13.5 (7,44) 42
Changes in behaviour/mood 48 55.2 17 48.6 31 59.6 343 +£40.8 15 (8,42) 34
Change in appetite 45 51.7 18 51.4 27 51.9 30.7 £48 14.5 (7,39) 38
Abdominal pain 37 42.5 17 48.6 20 38.5 41.4 £ 64.1 17 (7,38) 25
Noctural enuresis 33 37.9 14 40.0 19 36.5 28.4+£49.2 15 (5.5,21.5) 28
Different smelling breath 31 35.6 14 40.0 17 32.7 17.5 £28.7 6.5 (3,17) 22
Vomiting 17 19.5 15 42.9% 2 3.8% 7.3+12.6 2.5(1.5,5.5) 8
Faster breathing 15 17.2 12 34.3% 3 5.8% 3.8+£5.8 0.5 (0,7.5) 8
Urinary incontinence 14 16.1 4 11.4 10 19.2 36.6 £77.2 10 (3,21) 10
Fever 12 13.8 6 17.1 6 11.5 25+35.8 8 (2,55) 7
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Table 3. Duration of diagnostic intervals

Mean £+ SD Median (IQR) n

(days) (days)

Appraisal Interval 41 +51.7 20 (9,40) 75
Help-seeking Interval 3+4.6 1(0,4.5) 83
Diagnostic Interval 5+34.8 0(0,0) 83
Total Diagnostic Interval 48 + 60.4 25 (14,50) 74

Table 4. Parents’ explanations for the ten most common symptoms

Symptom n Number with explanation Most common explanations
for symptom n (%)
n (%)
Polydipsia 85 58 (68.2) Hot weather 19 (32.8)
Infection 13 (22.4)
Activity/Travel 10 (17.2)
Polyuria 73 47 (64.4) Drinking more 29 (61.7)
Urine infection 6 (12.7)
Diabetes 4 (8.5)
Tiredness 66 44 (66.7) School related 12 (27.3)
Infection 5(11.9)
Nocturia 4(9.5)
Nocturia 64 40 (62.5) Drinking more 26 (65.0)
Diabetes 4 (10.0)
Urine infection 3(7.5)
Weight loss 56 33 (58.9) Growth related 15 (45.5)
Decreased appetite 4(12.1)
Increased activity 3(9.1)
Changes in behaviour/mood | 48 31 (64.6) Tiredness 10 (32.3)
Age related/puberty 7 (22.6)
Infection/illness 6 (19.4)
Change in appetite 45 28 (62.2) Growth related 14 (50.0)
Infection 5(17.9)
Holiday related 2(7.1)
Abdominal pain 37 19 (51.4) Infection 4 (21.1)
School related 3 (15.8)
Period pains 3 (15.8)
Nocturnal enuresis 33 23 (69.7) Drinking more 13 (56.5)
Tired 4(17.4)
School related 3(13.0)
Different smelling breath 31 14 (45.2) Poor dental hygiene 4 (28.6)
Infection 3(21.4)
Diabetes 3(21.4)
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Table 5. Factors influencing parents’ decisions to seek medical advice sooner or later

Not at all A little Quite a lot Very much  Did not answer
n (%) n (%) n (%) n (%) n (%)
Factors influencing seeking medical advice sooner
Concern something serious 9(10.3) 16 (18.4) 18 (20.7) 42 (48.3) 2(2.3)
Symptoms getting worse 7 (8.0) 19 (21.8) 14 (16.1) 46 (52.9) 1(1.1)
Symptoms not getting better 4 (4.6) 12 (13.8) 22 (25.3) 45 (51.7) 4 (4.6)
Wanting reassurance 8(9.2) 15 (17.2) 16 (18.4) 46 (52.9) 2(2.3)
Comments from family 30 (34.5) 28 (32.2) 11 (12.6) 13 (14.9) 5(.7)
Comments from school 63 (72.4) 10 (11.5) 4(4.6) 4 (4.6) 6 (6.9)
Comments from friends 49 (56.3) 20 (23.0) 7 (8.0) 5(5.7) 6 (6.9)
Written information 50 (57.5) 8(9.2) 10 (11.5) 15(17.2) 4 (4.6)
Factors influencing seeking medical advice later

Difficulty getting appointment 60 (69.0) 8(9.2) 7 (8.0) 11 (12.6) 1(1.1)
Waiting for a particular doctor or nurse 68 (78.2) 7 (8.0) 4(4.6) 6 (6.9) 2(2.3)
Concern about having to wait at the surgery 72 (82.8) 6 (6.9) 4 (4.6) 3(3.4) 2(2.3)
Worry about wasting the doctor or nurse’s time 61 (70.1) 10 (11.5) 8(9.2) 6 (6.9) 2 (2.3)
Worry the doctor would not take them seriously 62 (71.3) 12 (13.8) 3(3.4) 7 (8.0) 3(3.4)
Symptoms weren't very serious 55 (63.2) 20 (23.0) 9 (10.3) 0(0) 3(3.4)
Hope the symptoms would go away 42 (48.3) 21 (24.1) 9(10.3) 15(17.2) 0(0)
Fear of serious diagnosis 58 (66.7) 16 (18.4) 5(5.7) 7 (8.0) 1(1.1)
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Figure 1a. Associations between parent/child characteristics and the total diagnostic
interval. IMD — Index of multiple deprivation. Hazard ratios adjusted for all variables in
the figure. Cox model stratified by whether parents suspected the diagnosis or not.

Age (years) J *
Male vs Female | A N
1t degree relative vs No family history | N S
2nd degree relative vs No family history —
IMD: Middle vs High : —_
IMD: Low vs High 1 —_————
Knowledge of symptoms: Yes vs No | N U
Made at first appointment: Yes vs No | B
Primary care vs Secondary care . -
DKA: Yes vs No 1 —T—

02 05 1 2 5

Hazard ratio
Later diagnosis Earlier diagnosis
Figure 1a

125x90mm (300 x 300 DPI)
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Figure 1b. Associations between parent/child characteristics and the appraisal interval.
IMD — Index of multiple deprivation. Hazard ratios adjusted for all variables in the figure

Age (years) I
Male vs Female PR
15t degree relative vs No family history | e
2"d degree relative vs No family history P
IMD: Middle vs High —_—
IMD: Low vs High —_————————
Knowledge of symptoms: Yes vs No — |
Considered diabetes: Yes vs No —_— e
02 05 1 2 5
Hazard ratio
Later diagnosis Earlier diagnosis
Figure 1b

122x86mm (300 x 300 DPI)
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Figure 2. Associations between parent/child characteristics and presence/absence of DKA.

IMD - index of multiple deprivation. Odds ratios adjusted for all variables in the figure
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15t degree relative vs No family history - °

2nd degree relative vs No family history = a—
IMD: Middle vs High 1 —_——
IMD: Low vs High 7 °

Knowledge of symptoms: Yes vs No 9 .

Considered diabetes: Yes vs No ks

Total diagnostic interval (days) 9 ®

Made at first appointment: Yesvs No

Primary care vs Secondary care T ®

T
02 05 1 2 5

Odds ratio
Decreased risk of DKA  Increased risk of DKA

Figure 2
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Appraisal interval

Help-seeking interval

Adoo Aq |
7-ugdolwa/9e

Diagnostic inteBval 5

Total diagnostic interval

Mean £SD  Median (IQR) n | Mean+SD Median (IQR) n | Mean =SD MedianngI% n Mean £ SD Median (IQR) n
All 41 +51.7 20 (9,40) 75 314.6 1(0,4.5) 83 5+34.8 0 (O:é‘) § 83 48 £ 60.4 25 (14,50) 74
Age ‘g g
0-5 years 47.8 +53.8 35(11,67) 23 | 24+29 1(0,3) 25| 1.1+3.2 0 (O,Q‘) S 24 | 47.7+51.9 36 (15,64) 21
6-10 years 29.2+40.7 15.5(11,31) 18 | 2.5+3.7 1(0, 18 | 16.1+69.0 0(08) = 20| 473+756 21 (15,36) 19
11-16 years 38.5+49.9 17 (7,38) 34 | 41+56 3(0,5) 39| 22+7.4 0(0,&) § 38 | 45.5+51.9 22 (11,50) 34
Gender %T §
Male 43.8 +56.6 20 (10,53) 43 | 29147 1(0,4) 47 | 1.816.5 0 (0,8)% § 45 | 46.9156.9 22 (13,59) 41
Female 32.8+36.2 19.5(7,38) 32 | 3.7+45 1(1,7 35| 9.4+50.8 0 (O,@)ég 37 | 46.2+60.2 29 (15,45) 33
Family history of T1D ~Q 2
No FH 37.7+51.8 19 (8,37) 41 | 455 2(1,5) 46 | 1.8+6.4 0 (05)2 S 46| 446+526 23 (15,50) 41
1st degree relative 42.5+54.3 29 (11,37) 13 15+25 0(0,3) 14 0.8+2.2 0 (O,H :8T§ 13 32.8+47.8 15.5(9,38.5) 12
2nd or 3rd degree relative 39.7+41.7 32 (12,56) 21| 2.8+28 1.5(1,5) 22 | 147+64.3 0 (o,§)-_§ 23| 583+723 40 (17,64) 21
Prior knowledge of symptoms E: %
Yes 38.4+44.7 20 (11,42) 46 | 3.7+53 (0,6) 47 | 1.1+3.7 00, £ 48| 423:465 23 (14,49) 47
No 42.7+57.3 22 (7,53) 27 | 2.8+35 0,3 33 | 11.6£54.8 0(08) & 32| 57.5+76.3 28 (15,64) 25
Deprivation %: %
Low 33.4+18.9 31(27,38) 9 3.8+4.7 2(0,7 9 2373 0 (O§:§) § 42 | 36.8+36.8 20(11,58) 37
Middle 46.9+62.1 19 (11,38) 29 | 2.2+28 1(0,3 30 | 11.6+57.3 0(08) § 29 | 58.1+79.1 27 (15, 49) 27
High 30.3+34.5 14 (6.5, 47) 36 | 39+55 2 (0,6 41 0+0 0 (0,5) % 9 37.2+17.8 36 (28,40) 9
Parents considered diabetes &: o
Yes 40.2 +45.8 23.5(12,50) 54 3.8+5 2(1,6.5) 60 1+34 0 (O,§) ; 60 | 45.3+47.3 28.5 (16,50) 54
No 36.3+57.6 14 (7,37) 21 | 17+26 0.5(0,3) 22 | 17+65.8 0 (O,g) % 22 | 50.0+81.7 19 (7,50) 20
Diagnosis at first appointment ‘('Ci:. i
Yes 35.2+45.4 20(11,38) 61 | 3.0£3.7 1.5(0,5) 66 | 11+24 0 (0,55) § 32| 38.4+44.8 22.5(14,41) 62
No 56.1+61.3 25.5(7,92) 14 | 41+7.2 1(0,5) 16 7.9+44 0(0,0) % 50 | 89.0+94.1 61.6 (15, 145) 12
First contact with healthcare L)
Primary care 425+51.0 23.5(11,53) 66 | 3.5t4.7 (1,5) 73 | 5.9+36.4 0(0,0) % 73 51.0+60.4 28 (16,59) 65
Secondary care 14.4+16.4 8(4,16) 9 0.7+1.3 ,1) 9 00 000 & 9 15.1+16.4 11 (4,17) 9
DKA I_E)I:I
Yes 42.5+59.4 21 (7,36.5) 28 | 29+5.6 1(0,3) 34| 0.1+0.7 0(0,0) l’:‘ 68 43 +£59.6 21 (13,36) 26
No 37.1+42.2 20 (11,50) 47 | 3.4+3.7 2 (1,5.5) 48 | 30.4+80.9 6.5(2,12) ;_>' 14 | 48.5+57.7 35.5(14.5,61.5) 48
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Appendix Table 2. Time intervals along the pathway to diagnosis.
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P General Practitioners

sssesssnes
Diabetes Research Network

g’athway to diagnosis of type 1 diabetes in children questionnaire

4 We are interested in your experience of the time before your child was diagnosed with diabetes. We

g know that recognising the symptoms of diabetes is difficult and we really want to know what you

7 noticed and what made you first ask for medical advice from a doctor or nurse. The symptoms are

8 different for every child so don’t worry if your child didn’t have all the symptoms mentioned. We are

9 hoping to also find out how long children have symptoms for before they are diagnosed so please try to
dd dates wherever possible and be as accurate as you can. We have included a calendar on the next

140age with school holidays and bank holidays on it so please use this and your own diaries to help you

13emember.
14

%gction 1 - Information about your child and family

L14n this section we are interested in details about your child and family. This allows us to make sure that
1gve have included children of different ages and from different places to make the results as useful as
2@ossible.

21
22 Gender of your child: Male OO0 Female O Date of birth of your child:
23

Zg Ethnic background? White 0 Asian O Black O Chinesed Mixed OO Other
26

% Does your child have any other medical problems? Yes [1 No [ (If yes, please give details)
29
30
31
32

gi Does your child take any medication other than for diabetes? Yes [0 No [ (If yes, please give details)

35

36

37

38

39 Does anyone else in the family have diabetes? Is anyone in the family medical / healthcare
40 i ? i
i Typel Type2 trained? e.g. a doctor, a nurse or a paramedic
42 Child’s parent (s) O O Yes [0 No O (If yes, please give details)

43 Child’s brother or sister?

N O O
45 Other (please specify)

46 O O
47 O O
48

49

50 What are the child’s parents’ current

g; occupations? Yes [0 No [ (If yes, please give details of

those symptoms you knew of)

Before your child was diagnosed did you
know what the symptoms of diabetes in
children are?

53
54 Child’s mother
55 Child’s father

56

57

58 How many other children live in the same
59 What is your postcode? house as your child?

60
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(galendar

4 This calendar shows the school holidays and bank holidays. We have included it to help you remember
6 when you noticed symptoms and other dates relating to your child’s diagnosis. You may find it helpful to
7 add important family dates such as birthdays and holidays.

8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

August 2012 September 2012 October 2012

27th - Bank holiday 3rd —school term starts 29th Oct — 2" Nov - half term
27t July — 12th August - Olympics 315t - Halloween

November 2012 December 2012 January 2013

29th Oct — 2" Nov - half term 215t - school term ends 8th —school term starts
5th — Guy Fawkes day 25t — Christmas Day

36 February 2013 March 2013 April 2013

37
38
39
40
41
42
43
44
45
46
47
48
49

18 18 20 21 22 23 24 18 19 20 21 22 23 24 22 23 24 25 26 2V

256 26 27 2B 25 26 27 28 29 30

11th — 15t Half term 28t - school term ends 1t — Easter Monday
31st - Easter Sunday 15t —school term starts

50May 2013 June 2013 July 2013

51
52
53
54

55 1

56
57
58
59
60

20 21 22 23 24 25 26 17 | 18 1@ 20 21 22 23 22 23

24 25 26 27 28 20 30

27t — 315t - half térar peer review only -2atbpudera o Rilyb WimbledsHe/ab o ut/zt denee 3 iy Wimbledon
6t and 27t Bank holidays 23 - school term ends
11th — FA cup final
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1
Section 2 — Information about the symptoms you noticed before your child was diagnosed

4 |n this section we are interested in all the symptoms your child had in the weeks or months leading up

2 to when they were diagnosed with diabetes.

7 For each symptom please tick yes or no to indicate whether you noticed that symptom. If you did notice
8 it, please add the date you first noticed it and what you thought the symptom was due to at the time.
9

10
11 Symptom Did you If yes, when  What did you think the symptom was
ig notice this did you due to at the time?
14 symptom? notice this
15 symptom?
12 Drinki th
17 Drinking more than VES 00 NO OO
18 usual
19 W . . .
20 Weeing (passing urine) VES 00 NO OO
21 more than usual
22
23 Changes in appetite YESO No O
24 .
25 G.omg to the loo at VES O NO O
26 night more than usual
27
2g Being more tired than VES O NO O
29 usual
30 .
31 Wettlng the bed at VES O NO O
32 night
33
34 Losing weight YESO No O
35
36 Vomiting YESO No O
T Havi idents wh
38 avn.'1g acc_l ents when VES [0 NO O
39 passing urine
40
41 Tummy pain YESO No O
4§ Fever YES O NO O
45 Constlpatlon YESO No O
46 pj i

7 Different smelling YES O NO [0

breath

gg Skin infections YESO No O
g; Faster breathing YESO No O
53 Other changes in
54 hehaviour / mood
Lo (please give details) YESO No O
57
58

59
60 Other (please specify)
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3 Still thinking about the symptoms that you noticed at the time before your child was diagnosed with
g diabetes, when you first noticed each symptom, how much did each of them concern you?

6
7 Symptom Not applicable, Not at all A little Quitealot Very much
8 my child did

9 not have this

10 t
1 symptom

ig Drinking more than

14 usual

15 . . .
16 Weeing (passing urine)
17 more than usual

18

19 Changes in appetite
& 2t O O O O O

21

22 Going to the loo at
22 night more than usual O O O O O
25 . .

26 Being more tired than
27 usual

28

29 Wetting the bed at

30 night

31

32 Losing weight

33

34 Vomiting

35

g? Having accidents when

38 passing urine

39 ,

40 Tummy pain

41

42 Fever

43

44 Constipation

45

46 Different smelling

47
48 breath

49
50
51
5o Faster breathing
53

54 Other changes in

gg behaviour/mood

57 Other (please specify)

58
g O O O O

60

O O O O O

O O O O O

O
O
O
O
O

Skin infections

O OO0 O OO0 O oo d
O OO0 O OO0 O oo ad
O 00 O OO0 O oo 4d
O OO0 O OO0 O oo d
O OO0 O OO0 O oo d

O
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gection 3 — Information about what made you decide to seek medical advice

4 In this section we are interested in what made you decide to seek medical advice and where you went
6 for that advice.

-
g Did you look for information about the symptoms your child had in any of the places below?

9 Books O Magazines O
ig The internet O Other O

13f you have ticked any of the boxes above, please give details below of where you looked and what
ﬁnformation you read

15
16
17

1§Did you discuss the symptoms your child had with any of the following groups of people? (Please tick

o@ll that apply)

21 Family members O School / nursery / play group O
gg Friends O Other O

24f you have ticked any of the boxes above, please give details below of who you spoke to and what
ggadvice they gave

27
28
29

30

31WWhen did you first think about seeking medical advice about the symptoms?
32

nghen did you decide to seek medical advice about the symptoms?

35
38N hat was it that made you decide to seek medical advice then?
37

igNhere did you go first for that medical advice?

41 GP O Out of hours GP O Emergency department O
42 NHS Direct O Health visitor O  Other O
ji Pharmacy O Minor illness centre O

45

48N here did you first see a doctor or nurse?

j; GP O Out of hours GP O Emergency department O
49 Minor illness centre O Other O

50

gJZWhen was that first appointment with a doctor or nurse?

5 . . . .
5iWhat was the main concern that you mentioned at that first appointment?

55
56
57

5g-lad you considered diabetes at that stage? Yes [J No [ If yes, please explain what had made you

gdhink it might be diabetes
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1
2
3

4 Thinking about your decision to seek medical advice, how much do you think each of the following
5 made you seek medical advice sooner?
6

2
8 Not atall A little Quite a lot Very much
9

ig Concern there was something serious

1o wrong

13
14

1 .
12 The symptoms were not getting any

17 better

18 .
19 Wanting reassurance from a doctor

20

21 Comments from other family

22 members

23

24 Comments from school

25

26 Comments from friends

27

28 Written information from books,
29 magazines, posters or the internet
30
31
32

gi&nd how much do you think each of the following made you wait and seek medical advice later?

The symptoms were getting worse

O OO O O O O O4d
O OO0 O O O O d
O OO0 O 0 O O Od
O OO O O O O O4d

36
g; Notatall A little Quitealot  Very much
o Difficulty getti int t with
40 Difficulty getting an appointment wi
41 adoctor or nurse = = = =
42 W h
43 aiting to get an appointment with a
44 particular doctor or nurse = = = =
45
46 Concern about having to wait at the
47 surgery to see a doctor or nurse O O O O
48
49 . .
50 Worry about wasting the time of the O O O O
51 doctor or nurse
52 . . . .
53 Fear of getting a serious diagnosis | O (| |
54

Worry that the doctor would not take
55
56 Yyou seriously = = = =
57
5g The symptoms weren’t very serious O O O O
59

Hope that the symptoms would
¥ P Fc}/r p%er review on y http://bmjdaan.bmj.com/Ele/about/guidElnes.xhtmI O
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%ection 4 — Information about the diagnosis

4 In this section we are interested who made the diagnosis, how the diagnosis was made and how your
child was at the time.

Was the diagnosis of diabetes made or suggested at that first appointment? Yes [ No O

© 0o~ O

ﬂf not, how many more times did you see a health professional before you were told your child might
1have diabetes?
13

14 10 20 300 40 5+0
15
18Nhen were you told your child had diabetes?
17

18
;3Nho told you your child might have diabetes?

g; GP O Out of hours GP O Emergency department [
23 Hospital doctor [ Health visitor O  Other

24

gg«Nhich of the following tests did your child have before the diagnosis?

27 Urine dipstick O Finger prick blood test [0  Fasting blood test O
28

29
gﬂDid your child need to have fluids through a tube (a drip)? Yes 0 No O
3How long did your child stay in hospital after the diagnosis was made? nights

33

3Did your child have diabetic ketoacidosis? Yes 0 No O Idon’t know O
35

36

S$gction 5 — Other information

38

39

40In your opinion, do you feel there was anything that prolonged you finding out that your child has
41ldiabetes? (Please continue over the page if you need more space)

42

43

44

45

46

47

48

gg Do you have any other comments about the symptoms your child had or how the diagnosis was made?
51 (Please continue over the page if you need more space)

52
53
54
55
56
57
58 Thank you very much for completing this questionnaire.
59
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Dr Juliet Usher-Smith, University of Cambridge, Dept. Public Health & Primary Care, Strangeways
Research Laboratory, 2 Worts Causeway, Cambridge CB1 8RN.
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