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Appendix 2 — Costing the consequences of poorly managed
Type 1 diabetes among adolescents at transition age (15-19
years old).

1 Guideline
Transitions from children’s to adult services

2 Aim

This analysis attempts to cost the consequences of poorly managed Type 1 Diabetes
(T1D) among adolescents at transition age (between ages 15-19). The aim is to estimate
both the short-term and long-term impacts through mapping the trajectory of
complications rates and their associated costs and QALY losses. This information is
intended to support research recommendations and to stimulate innovation in service
delivery because the transition period may be a time of suboptimal management of
T1D. This work, which estimates QALY losses, costs and rates of complications can help
to support future cost-effectiveness work, but is not itself a cost-effectiveness analysis.

3 Background

Diabetes is a life-long condition. There are two types of diabetes — type 1 and type 2.
T1D is usually known as juvenile diabetes because it mainly develops in children and
adolescents (97% of individuals under age 18 are diagnosed with T1D) (Diabetes UK,
2012, p. 7). In England there are 25,069 individuals aged 19 registered with a pediatric
diabetes unit in 2013/14 (NPDA, 2015, pp. 15,17). In a one-year period, the number of
individuals between ages 15-19, the range at which a transition might occur, is around
7,619 (NPDA, 2015, pp. 15,17).

Glycemic levels (HbA1lc) are the standard clinical indicator for monitoring whether T1D
is managed well. Glycemic levels less than 58 mmol/mol indicate excellent glycaemic
control and levels greater than 80 mmol/mol indicate poor control, as advised by NICE
guidelines (NPDA, 2015, p. 5). Good control of T1D requires intensive daily self-
management, education, and training (Elliot, et al., 2014, p. 848).

Is it important to have good diabetes control?

Poor management of T1D can lead to a range of health complications; some of which
occur immediately and some that develop over time (Chiarelli & Marcovecchio, 2011, p.
203).

The immediate complications are diabetic ketoacidosis (DKA, caused by hyperglycemia —
where blood glucose levels are too high) or hypoglycemia (when blood glucose levels
are too low). DKA almost always leads to a hospital admission, while usually only severe
hypoglycemic events lead to an acute admission (Elliot et al 2014).
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Consistently high HbA1lc levels indicate poorer control and can contribute to longer-
term complications (NPDA, 2015). These include final outcomes like chronic kidney
disease including established renal failure (development of nephropathy), blindness
(due to retinopathy), limb amputations and skin ulcers (due to vascular disease and
neuropathy), stroke, heart attack, and congestive heart failure (due to cardiovascular
disease). These outcomes are costly to the healthcare system and result in significant
QALY losses. Not everyone will experience these complications if they receive treatment
to prevent deterioration.

What is the possible impact of good diabetes management during the transition period?
Well-managed diabetes during the transition period can have sustained benefits post-
transition. There is evidence from the DCCT / EPIC longitudinal comparative study that
sustained, well-managed diabetes control contributes to ‘metabolic memory’. That is, a
history of good glycemic control leads to lasting effects on lowering the risk of
complications even if glycemic control in subsequent years are not as optimal.! These
effects apply to both adolescents and adults, but effects wane over time.?

Overall, the implication is that the benefits of the transition period can be sustained
even after the intervention ends.

4 Methods

Search strategy and inclusion criteria

Bibliographic searching was conducted to identify epidemiological studies. Our inclusion
criteria were samples with diabetes diagnosed in childhood (before age 18). We were
mainly interested in evidence from England (complication rates, QALYs, costs) but drew
on evidence from other countries where information was not available. It is important
to note that this is not a comprehensive or systematic review and therefore there is
potential that we may have missed evidence.

Data sources and limitations

Ideally, the estimation of total costs is based on healthcare resource use associated with
a cohort of individuals at age 15-19 followed up until death. No such studies were
identified.

Instead, various longitudinal and cross-sectional studies were available but only
reported health outcomes rather than both outcomes and service use. However, using
other literature it is possible, on the basis of outcomes only, to estimate total costs. A
further limitation is that some of our sources only reported outcomes at the end of the
study period, as a cumulative rate, which means we could not estimate the ongoing

! This was evidenced in a comparison of complication rates between former intervention and control
groups four and ten years after the study ended despite similarities in glycemic levels between groups
(White et al 2010, p. 1244, p.1248).

2 Overall, effects were stronger for the adult sample (mean age at baseline = 27, range 18-39) compared
to adolescents (mean age at baseline = 15, range 13-17) (White et al 2010, p.1247). Part of the reason for
stronger effects for adults is due to better levels of glycemic control during the intervention and post-
intervention period compared to adolescents (79% of the difference can be explained by the better
controlled glycemia).
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costs of care. Therefore we costed outcomes if they were associated with one-off
treatment costs. However, these may also be underestimates because it is unclear
whether more than one treatment is needed.

The cost estimates are also limited in that we could not capture the potential for these
complications to have knock-on effects on other service use, for example, the potential
for increased outpatient and specialist healthcare visits for maintenance.

Furthermore, the studies we found did not measure all of the important complications.
For example, we do not have rates (and therefore costs) of neuropathy that results in
ulcers or amputations or rates of retinopathy leading to severe visual impairment or
rates of nephropathy leading to kidney disease or kidney failure. These events are
themselves relatively rare during the transition age, but do have significant cost
implications when they occur.

On the whole, our total cost estimates are underestimates.

Likewise, estimates of total QALY losses are underestimates. This is either due to a lack
of information on the duration of QALY losses or a lack of information more generally.

Costing approach

The perspective of the analysis is that of the NHS. Costs and QALY estimates were drawn
from published sources in the UK, mostly drawing on those published sources identified
in the Sheffield Type 1 Diabetes Policy Model (Thokala, et al., 2013). Other costs were
taken from NHS reference costs 2013/14. The costs supplied in the Sheffield paper are
intended to allow the addition of costs across all complications, and therefore do not
double-count costs (this is because these are direct treatment costs associated with the
complication). Likewise, costs not taken from the Sheffield model are also associated
with direct treatment costs and do not double-count costs. All costs used in this report
are inflated to 2013/14 prices.

5 Results

Total costs that we were able to identify (see below) amount to £9.94 million, for ages
15-38. This is an under-estimate.

Immediate complications for ages 15-24, where available, amount to £9.5 million as a
result of an inpatient admission due to DKA, hypoglycemia, and unknown diabetes

related cause.

The remaining costs stem from nephropathy (micro and macro albuminuria) between
ages 15-18 (£0.06 million) and at age 23, retinopathy (£0.0314 million).

Costs as a result of cardiovascular disease amount to £0.353, at age 38 (undiscounted).

Total QALY losses between ages 15-24 due to hypoglycemic and DKA inpatient
admissions and clinically confirmed neuropathy between ages 15-22 amount to -5.89
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QALYs and -17.43 QALYs, respectively. It was not possible to calculate QALY losses for
other complications.

With respect to age-specific mortality, rate ratios for males and females in the age
group from 15-34 were 3.9 and 6.6 times higher than the general population (National
Diabetes Audit, 2015).

To aid readability, the details of the analysis are postponed until section 7, “supporting
evidence” and instead the following section, section 6, provides a discussion and
summary of the issues in estimating the final figures.

6 Discussion

We attempted to estimate the consequences of costs and QALY losses associated with
the poor management of T1D among adolescents that may undergo transition to adult
services, usually between the ages of 15-19.

Our findings are more robust for the immediate costs. This is because they were drawn
from a recent national English survey and comprehensively measured all of the possible
immediate outcomes. However, the estimates are somewhat limited and might be
underestimates, because costs could not be calculated on the impact of these
complications on the use of non-acute care service use (i.e. primary or specialist health
services). However, these costs may not be as large as those involved in the provision of
acute care services. Therefore, we are more comfortable that the costs associated with
the immediate outcomes are largely captured.

Findings for medium and long-term costs are much less robust due to the lack of data in
several aspects. First, because not all major outcomes were measured, including ulcers,
amputations, severe visual impairment, and kidney disease or kidney failure. Second, for
outcomes that were available, we could only capture the intermediate processes and
these were only over a very short time horizon, for example, ages 15-22 for clinically
confirmed neuropathy, ages 15-18 for micro albuminuria and macro albuminuria, and
age 23 for retinopathy. Where there were longer-term measurements, for example,
cardiovascular outcomes, these were only provided as point estimates at age 38 and
therefore means we could not measure the ongoing maintenance costs nor capture the
impact that these may have on the use of primary and secondary health care services.
However, an important point to consider is that, for the outcomes of nephropathy and
retinopathy, findings are more robust as they came from an RCT, which demonstrates
that good diabetes management has lasting, although diminishing positive impacts on
reducing complication in the medium and long-term. However, other outcomes, in
relation to neuropathy and cardiovascular disease are based on observational studies,
not RCTs. Therefore, even though our estimates are already underestimated due to a
large amount of missing or comprehensive data, not all of those costs identified in the
long-term could be attributed to poor management during the transition period.
Essentially, we cannot distinguish the difference between poor management in earlier
versus later life.
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Another limitation is that results are mainly based on US data and it is unclear how to
interpret and generalize to the UK context. We can only make assumptions but cannot
be sure of the magnitude of the impact found in the US studies. Furthermore, those
studies are based on older data.

Even so, our findings indicate that the short-term complications are considerable and
these were based on robust and recent English data. There is evidence that good
management in the short-term can have a positive but diminishing impact in later life
but those contributions on costs and QALY losses are difficult to estimate due to a lack
of data.

In light of the limitations with the data, positive developments are underway in English
data collection - the NPDA are expanding data collection to measure outcomes and
processes for individuals transitioning from childrens’ to adult services and this is due in
June 2016 (NPDA 2015, p.59).

7  Supporting evidence

7.1 Estimating consequences of immediate complications

The National Pediatrics Diabetes Audit (NPDA) provides prevalence data on acute care
admissions associated with a primary diagnosis of DKA, hypoglycemia, or unknown
cause for age groups 15-19 and 20-24. The data come from a national English audit of all
177 pediatric diabetes units. The data for ages 15 to 19 covers 7,619 individuals. There
are smaller numbers of individuals between ages 20 to 24 covered in the audit
(approximately 36 individuals) as most have transitioned to adult diabetes units (NPDA,
2015).2 However, when estimating costs for ages 20-24, we assume a population size
similar to those aged 15-19 (7,619 individuals). Therefore, the estimated population size
for ages 15-24 is 15,238. The prevalence of each complication (DKA, hypoglycemia, or
unknown cause) for both males and females combined for ages 15-24 years is 42.8%,
3.2%, and 16.6% respectively.* We multiply these rates by the population size, resulting
in a total of 6,522 admissions due to DKA, 488 admissions due to hypoglycemia, and
2,530 admissions due to an unknown cause. NHS reference costs were multiplied by
each admission to estimate total costs. We used a weighted average of NHS reference
costs. This was based on whether the admission was elective or non-elective, the level
of complication, and length of stay (long, short, and excess). The categories used for
DKA, hypoglycemia, and ‘unknown’ were, respectively, “Paediatric Diabetes Mellitus,
with Ketoacidosis or Coma”, “Diabetes with Hypoglycemic Disorders”, and “Paediatric

3 NPDA (2015, p.15) provide the English population size with Type 1 diabetes for ages 0-19, totaling
25,069 individuals. While the NPDA report does not report the number of individuals between ages 20-24
covered in the audit, it is possible to calculate based on the reported total population size between ages
0-24 (25,105 individuals). We subtracted the 0-19 estimate (25,069) from the 0-24 population size (25,105
individuals) to find that there are 36 individuals between ages 20-24 covered in the audit.

4 The NPDA prevalence estimates we use are per 100,000 diabetes population. The NPDA present

estimates for both admissions with and without a first time diagnosis (defined as within 10 days of a
diagnosis). Our estimates are only based on those without a first time diagnosis.
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Diabetes Mellitus, without Ketoacidosis or Coma”. We used the mean weighted
average, which was estimated to be £980 for a DKA admission, £719 for a hypoglycemic
admission, and £1,107 for an admission without DKA, coma, or hypoglycemia.

Ages 15-24, male and female, hospital admissions associated with a primary diagnosis

Prevalent Complication Prevalence | Admissions | Mean NHS Total cost

population with rate reference cost | (millions) **

Type 1 diabetes

Ages 15-24* = DKA 42.8% 6,522 £980 £6.3

15,238 Hypoglycaemia 3.2% 488 £719 £0.35
Unclear diagnosis | 16.6% 2,530 £1,107 £2.8

*In the audit, 36 individuals are covered, however, the number we use in our calculation assumes the cohort
size is the same as ages 15-19.

** Total costs for ages 20-24 may not be robust because of the small sample available for ages 20-24.
Source: NPDA (2015)

What is interesting to note is that there is potential for lower DKA rates if we refer to a
well-known long-term RCT conducted between 1983/89 and 1993 in a 29 multi-center
study in the USA and Canada (the Diabetes Control and Complications Study, DCCT). This
study found that intensive control (defined as multiple, at least 3 daily insulin injections
with frequent daily blood glucose monitoring) compared to standard care was able to
reduce DKA rates by approximately 50%, but there was some trade-off in that it
increased the rate of hypoglycemic events by 2.5 times (DCCT, 1993).> Results from
1993 in North America may not be generalizable to current context in England.
According to expert opinion, current practice continues to improve and good
management would probably be associated with less hypoglycemic events. However,
significant hypoglycemic events still occur in those with poorly managed diabetes.
Furthermore, evidence from adult studies including young adults indicate that good
management need not need not increase the risk of hypoglycemic events (McEwan et al
2007, Elliot et al 2014).

Total QALY losses due to immediate complications

Two studies were identified that provided estimates of QALY losses associated with a
severe hypoglycemic event. No studies were found for DKA. Utility losses from a severe
hypoglycemic event with hospitalization were between -0.15 and -0.16 (Walters et al
2006; Nordfeldt & Jonnson 2001).°

The weighted average inpatient of stay for a severe hypoglycemic event is around 1.98
days. We took the average of the two sources, a disutility of -0.155, and multiplied it by
the weighted average inpatient stay of 1.98 days. Per admission, this results in a utility
loss of -0.309. As a proportion of an entire year, this represents a loss of -0.00084

5In the DCCT study, cumulative rates of DKA leading to an acute care admission for intervention and
control groups were 19% and 32% respectively, and for hypoglycemic events, 13.6% and 5.4%,
respectively (DCCT, 1993).

& These estimates are not from the UK; one was from the US and the other from Sweden, the former with
an unclear sample composition, the latter with an adolescent sample. Both used different measurement
tools, the former, the Hypoglycemia Fear Survey, and the latter, the EuroQoL 5-D. More information on
the samples are provided in the appendix.
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QALYs. Multiplying this by the population affected, 488 individuals, for years 15-24,
results in a total loss of 0.41 QALYs.” Our calculation assumes that there is immediate
hospitalization after the event and that there is immediate recovery once hospitalization

ends.

If we assume a hypoglycemic event and a DKA event have similar disutilities, multiplying
a disutility of -0.155 to a weighted average inpatient stay of a DKA event of 1.61 days
results in a per admission utility loss of -0.249. As a proportion of an entire year, this
represents a loss of -0.00068 QALYs. Multiplying this by the population affected, 6,522
individuals, for years 15-24, results in a total loss of 5.48 QALYs.

Due to the lack of information on the nature of an unknown admission we do not

assume that severe hypoglycemic events would have a similar disutility.

Total QALY losses due to all immediate complications are underestimates.

Ages 15-24, male and female, QALY losses associated with immediate complications

Prevalent Complication Prevalence | Admissions | Weighted | Disutility | Total QALY

population rate average ook losses**

with Type 1 inpatient

diabetes stay****

Ages 15-24* = | DKA 42.8% 6,522 1.98 -0.155 5.48

15,238 Hypoglycaemia 3.2% 488 1.61 -0.155 0.41
Unknown 16.6% 2,530 1.63 unknown | unknown

*In the audit, 36 individuals are covered, however, the number we use in our calculation assumes the cohort
size is the same as ages 15-19.
** Total QALY losses for ages 20-24 may not be robust because of the small sample available for ages 20-24.
*** No disutility data was identified for DKA events, therefore, we assume similar disutility to severe

hypoglycaemia.

****|n some cases inpatient stay was presented as “N/A”, where such was the case we assumed an average of

1 inpatient day.

Source: NPDA (2015) and NHS reference costs (2014)

7 We use the mean of the two utility scores in our calculation, 0.155 = (0.15 + 0.16)/2.
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7.2 Estimating consequences of medium/long-term complications
Neuropathy, Retinopathy, Nephropathy, Cardiovascular disease

Four distinct epidemiological studies were identified, two from England® and two from
the USA/Canada® on which we base our estimates of complication rates for any given
age. Detail on the studies’ samples is available in the appendix.

Neuropathy
No data were available from UK sources. The only available information was provided

from the DCCT studies as a cumulative rate at age 15 (at baseline) and age 22 (at follow-
up). Clinically confirmed neuropathy at baseline and follow up were 2.6% and 5%,
respectively. Without information on the rate at which neuropathy increases in the
sample, we take a conservative approach in estimating QALY losses and assume that, for
ages 15-22, the rate is constant, and is 2.6% for each year. Given that we knew the
population affected between ages 15-19 amounted to 7,619 individuals, we assumed
there was an equal distribution for each year, amounting to 1,524 individuals. In this
way we estimated that between ages 15-22, approximately 12,190 individuals have
Type 1 diabetes, and 2.6% would be affected with neuropathy, amounting to 317
individuals.

Unit costs for clinically confirmed neuropathy are not clear, but may incur
pharmaceutical costs related to pain management. Costs were available for an adult
sample (Currie et al 2003) but these were not the direct costs associated with
neuropathy, rather these were wider NHS costs (such as overall outpatient and inpatient
services), which is affected by other factors (other morbidities) and therefore we did not
use this in our analysis.

Health state utility losses associated with clinically confirmed neuropathy is -0.055
QALYs™ based on a sample of N=784 individuals in the USA (Coffey et al 2002). We did
not identify estimates from the UK in our search. As neuropathy is an ongoing state, we
assume this is a continuous reduction for each year with neuropathy. Assuming a
constant rate of individuals affected, this results in a loss of -17.43 QALYs between ages
15-22.

In our search of the evidence, no data was found for rates of amputations and ulcers.
Therefore, we were unable to provide estimates of any cost related to neuropathy.

Ages 15-22, male and female, QALY losses associated with clinically confirmed
neuropathy

Prevalent Complication Prevalence Affected Disutility Total QALY
population with rate population losses
Type 1 diabetes

Ages 15-22 = Neuropathy 2.6% 317 -0.055 -17.43
12,190

8 Amin et al 2008, Bryden et al 2001

9 DCCT studies (DCCT 1994, Nathan et al 2009, White et al 2010) and Orchard et al 2003, 2010

10 Using the Quality of Well Being index, based on a sample of individuals diagnosed with type 1 diabetes
prior to age 30, mean age 35 (range 25-44), 55% female.
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Nephropathy
The NPDA 2013/14 audit also provides data on the rate of complications for stage 3 and

4 of nephropathy between ages 15-18 (micro and macro albuminuria). There are some
limitations in that data is missing for between 22-33% of the sample, so it is unclear
whether rates of complications would change. Furthermore, the calculation does not
take into account the (small) proportion of people with established renal disease (stage
5 of nephropathy) who are on dialysis or who have had a transplant — both of which are
costly from the healthcare system perspective and result in significant QALY losses.

The rate of individuals with micro or macro albuminuria for each year between ages 15,
16,17, and 18 is 6.8%, 8.5%, 7.8%, and 8.1% respectively, representing a total rate of
31.2% for this cohort of individuals. There are approximately 6,095 individuals with Type
1 diabetes between ages 15-18.1* Multiplying these rates by the population size
amounts to a total of 1,902 individuals affected with micro or macroalbuminuria.

Our estimates of costs for micro and macro albuminuria are based on published figures
identified in the Sheffield model. These costs stem from pharmaceuticals and diagnostic
tests. The Sheffield model estimates that costs for macro and micro albuminuria are
similar, with ongoing costs of £35, using 2013/14 prices. For this cohort of 1,902
individuals affected between ages 15-18, this amounts to a total cost of £66,500. These
are conservative estimates, as they do not take into account that some individuals will
continue to remain on these medications beyond age 18 to prevent deterioration;
however, some individuals will return to normal albuminuria (but we do not have these
data).

QALY losses associated with macro albuminuria are available but the NPDA data provide
prevalence figures for micro and macro albuminuria combined. Therefore, we do not
provide estimates of QALY losses.

There are estimates from longitudinal studies of the cumulative rates of these
complications (as well as for end-stage renal disease) but it is unclear when these events
occurred and therefore make it difficult to estimate total costs. However, we do provide
this information in the appendix (from different epidemiological studies).

Ages 15-18, male and female, Total costs associated with micro or macro albuminuria

Prevalent Complication Prevalence Affected Unit cost Total Costs
population with rate population
Type 1 diabetes

Ages 15-18 = Micro or macro 31.2% 1,902 £35 £66,500
6,095 albuminuria

Retinopathy
NPDA estimates provide information on the results of screening exams in terms of

normal or abnormal findings. However, these do not help in estimating costs. We

11 Given that we knew the population affected between ages 15-19 amounted to 7,619 individuals, we
assumed there was an equal distribution for each year, amounting to 1,524 individuals.
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present costs based on rates of recorded treatment, defined as laser treatment or
photocoagulation, based on epidemiological studies at a mean age of 22 and 23.

The percentage of individuals receiving laser or photocoagulation at a mean age of 22 is
between 6.0% and 5.5%'2, and is 4%*3 of individuals at a mean age of 23. Our estimates
of total costs associated with retinopathy are based on the conservative estimate, 4%,
provided at age 23. Assuming a prevalent population of 1,524 individuals at age 23, this
affects around 61 individuals.**

Our estimates of costs for retinopathy are based on published estimates identified in
the Sheffield model. Unit costs for laser treatment, inflated to 2013/14 prices is £516.
Altogether, total costs at age 23 amounts to £31,400 as a result of laser treatment only.
Our estimates are based on the assumption that there is one treatment, but it is unclear
whether individuals received more than one.

No information was available on QALY losses associated with these outcomes (which is
usually at the stage of moderate to severe retinopathy and macular edema).

Age 23, male and female, total costs associated with retinopathy

Prevalent Complication Prevalence | Affected Unit cost Total Costs
population with rate population
Type 1 diabetes
Age 23 = Retinopathy requiring | 4% 61 £516 £31,400
1,524 treatment (laser or

photocoagulation)

Cardiovascular disease

Only one epidemiological study from the USA followed up individuals to age 38.

82% of individuals did not have cardiovascular disease, 8% had angina, 3.5% with non-
fatal myocardial infarction, 0.7% with silent myocardial infarction, and 2% have coronary
artery disease with catheter proven stenosis >50%.

While these conditions may be associated with increased healthcare costs and utility
losses, again, without information on timing of the event, our estimates for costs are
based on one-off direct treatment costs and we do not attempt to estimate QALY losses.
Therefore, we only provide cost estimates for non-fatal myocardial infarction.

Costs for non-fatal myocardial infarction are based on published estimates identified in
the Sheffield model, estimated at £6,628, inflated to 2013/14 prices. Assuming a

12 Estimates are based on the DCCT studies from the USA and Canada, reflecting results for control and
intervention groups, respectively.

13 Estimates are taken from a smaller epidemiological study in England (Bryden et al 2001).

14 Given that we knew the population affected between ages 15-19 amounted to 7,619 individuals, we
assumed there was an equal distribution for each year, amounting to 1,524 individuals.

Page 10 of 24




prevalent population of 1,524 individuals at age 38, this affects around 53 individuals,

resulting in a total cost of £353,500.%°

Age 23, male and female, total costs associated with retinopathy

Prevalent Complication Prevalence | Affected Unit cost Total Costs
population with rate population

Type 1 diabetes

Age 38 = Non-fatal myocardial | 3.5% 53 £6,628 £353,500
1,524 infarction

15 Given that we knew the population affected between ages 15-19 amounted to 7,619 individuals, we
assumed there was an equal distribution for each year, amounting to 1,524 individuals.
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Appendix

Nephropathy
Cumulative Cumulative rate of microalbuminuria
rate 0.25
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XDCCT/EDIC, |

XDCCT/EDIC, C

Orchard et al 2010

¢NPDA 2013/14
*(micro or macro),
*missing data

Age between 22-33%

Micro albuminuria
Mean age Cumulative rate Source
15 6.80% **NPDA 2013/14
16 8.50% (Rates are for micro and macro albuminuria
17 7.80% combined and between 22-33% of the data is
18 8.10% missing).
22 20.7% and 20.8% Control, Intervention groups

DCCT/EDIC, USA & Canada, White et al 2010
38 21.3% Orchard et al 2003, USA
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Cumulative ’ g
Cumulative rate of macro albuminuria

rate
25% ; ¢ Amin et al 2008
< 22.20%
20% | : DDCCT, |
15% - DECT. C
8.50%

10% o B.10% X Orchard et al 2003
59, | 6:80% 7.80% 5.8%

0 o 5 35% N 4.4% NPDA 2013/14

® 3% 3% 3.7% *(micro or macro),

*missing data

16 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Age
Macro albuminuria
Mean age Cumulative rate Source
15 6.80% **NPDA 2013/14
16 8.50% (Rates are for micro and macro albuminuria combined
17 7.80% and between 22-33% of the data is missing).
18 8.10%
19 3% Amin et al 2008, England
22 4.9% and 5.6% Control, Intervention groups
DCCT/EDIC, USA & Canada, White et al 2010
38 22.2% Orchard et al 2003, USA
End stage renal disease
Mean age Cumulative rate Source
38 3.2% Orchard et al 2003, USA
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Retinopathy

) Cumulative rate of microaneurysms
Cumulative rate

45%
40%
35%
30%
25%
20%
15%
10%
5%

0% - | 1 [
15 17 19 21 23

Age

& 43%
8 37% © 37%

¢DCCT, |
EDCCT, C

22%

Cumulative rate of mild non proliferative retinopathy

Cumulative rate
35.0%

29%
¥ 289, #DCCT, |
25.0% EDCCT,C
20.0%

30.0%

15.0%
10.0% |6:9%

5.0%

0.0% T T T T
15 17 19 21 23

Age
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Cumulative rate of moderate or severe retinopathy

Cumulative rate

30.00%
© 26.50%
25.00% - .
20.00% ¢DCCT, |
15.00% 12.30% mpecr.¢
: 0 T
o Bryden et al 2001
10.00% -
5.00% - '
* § 360% 4%
i 1.40%
0.00% ; - ; :
15 ¥ 19 21 23
Age
Cumulative rate at age Mean age 15 Mean age 22 Mean age 23
Source Control Int. Control | Int. Bryden et al 2001,
DCCT study, USA & Canada England
White et al 2010
Micro aneurysms only 21.7% 37% 37.4% 42.5% NA
Mild non proliferative 7.2% 6.9% | 27.7% 28.8% NA
retinopathy
Moderate or severe 3.6% 1.4% 26.5% 12.3% 1%
retinopathy *Defined as requiring
laser treatment
Total, photocoagulation 6.0% 5.5% NA
Photocoagulation, 4.8% 4.1% NA
scatter, for severe
retinopathy
Photocoagulation, 1.2% 1.4% NA
focal, for macular
edema
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Cardiovascular disease

Cardiovascular disease

Mean age 38, cumulative rate

Source Orchard et al 2003, USA, Pittsburgh
None 82%
Angina 8%
Non fatal Ml 3.50%
Silent Q-wave Ml 0.70%
CAD catheter proven stenosis >50% 2%
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Health state utility losses

Disutility 1  Disutility2 Source 1 Source 2
Short term complications
DKA Not avail. Not avail.
Hypoglycaemia -0.16 -0.15 Walters et al 2006  Nordfeldt &
(hospitalisation) Jonnson 2001
Any hospitalisation Not avail. Not avail.
Retinopathy
Micro aneurysm Not avail.
Mild retinopathy Not avail.
Moderate to severe Not avail.
retinopathy
Nephropathy
Macro albuminuria -0.017 Coffey et al 2002
Dialysis -0.023 Coffey et al 2002
Neuropathy
Clinically confirmed -0.055 Coffey et al 2002
neuropathy
Cardiovascular disease
CHF -0.058 Coffey et al 2002
Angina -0.09 UKPDS
Ml -0.058 Coffey et al 2002
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Unit costs

Mean unit costs

Source

Components

Short term complications, Average inpatient stay

DKA, hospitalisation

Hypoglycaemia, hospitalisation
Unclear cause, hospitalisation

£980
£718
£1,107

NHS reference costs
NHS reference costs
NHS reference costs

NHS acute care
inpatient costs

Medium/Long-term complications

Retinopathy

Laser therapy £516 Sheffield 2013, taken | Direct costs of
from McEwan et al laser therapy
2007

Nephropathy

Micro albuminuria £35 Sheffield 2013, taken | Costs of diagnostic

Macro albuminuria £35 from McEwan et al strips &
2007 pharmaceuticals

Cardiovascular disease

Ml £6,628 Sheffield 2013, taken | Acute care costs

from UKPDS
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Study information

Study Study design Recruitment method Location Follow up mean age, Baseline & follow-up Age at baseline & follow-up Diagnosis of
duration, period sample size TiD
NPDA Retrospective Representative. Audit of all England For 2014: N=23,925 individuals Ages 0-24, majority of individuals Unclear
2014 or audit (177 177 paediatric diabetes 2011-2012 with T1D in England are less than age 19 years.
2015 Pediatric units in England + linkages For 2015:
Diabetes Units) | to Hospital Episode 2013-2014.
statistics.
Bryden et Longitudinal Representative. Register of England, Mean = 8 years Baseline, Baseline, Diagnosed
al (2001) cohort study the outpatient pediatric Oxford N=76 Mean age = 15 (11-18), before 18.
using clinical diabetes clinic at John 43 male, 33 female Duration with diabetes = 7.5 years At least 1 year
notes and Radcliffe Hospital, Oxford, Follow up, with diagnosis
interviews UK. It is the only clinic N= 65 individuals Average age at diagnosis = 7.5 years | (inclusive
(Radcliffe serving children and 39 male, 26 female sample age
Hospital) adolescents with T1D and Follow-up, was between
almost all children with T1D Mean age = 23 (20-280, Duration = | 11-18).
are known to the clinic, 16.3 (3.5) male, 15.7 (2.9) female
whether or not they attend
regularly (P.1536).
Amin et al | Longitudinal Seems to be representative. | England, Mean age =19 Baseline, Baseline Diagnosed
2008 prospective Diabetes register used in the | Oxfordshire | Follow up duration = N=479 (55% males), Mean age = 8.8 (SD=4) before 16.
study (Oxford Bart’s-Oxford (BOX) health 10 years Follow-up = N=463 (55% | Duration with diabetes = ? Between
Regional geographic area (p.495-6). authority Follow up period = males), Average age at diagnosis = ? 1986 and 1996
Prospective 1986-97 Drop-out rate = 9.8% (p.1039)
Study) Follow-up,
Mean age =19
Duration = 16.3 (3.5) male, 15.7
(2.9) female
DCCT Prospective Unclear representativeness. | USA & Mean age = 22 Baseline & Follow-up, Baseline, At least 1 year
research longitudinal This is a RCT, which has Canada, Follow up duration = N=195 Mean age = 15, range (13-17), with diagnosis
group comparative inclusion and exclusion multicentre | 7.3 years Duration with diabetes =5 years
1994 study (subgroup | criteria. study Follow up period =
analysis on (29 centres) 1983 -1993 Average age at diagnosis = 10
adolescents)
Follow-up,

Mean age =22
____________________________________________________________________________________________________________________________________________ Duration with diabetes =124 years |
White et al | Same as above Same as above Same as Mean age = 33 Follow-up, Follow-up Same as above

2010 above Follow up duration = N= 156 Mean age = 32
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17.3 years
Follow up period =
1983-2005

Orchard et | Historical Representative of Allegheny | USA, Mean age = 38 years Baseline, Baseline Diagnosed
al (2003) prospective County. Participants of the Pittsburgh, Follow up duration = N=658 eligible, N=603 Mean age = 28 (8-47), before 18.
cohort study Pittsburgh EDC study, Pennsylvani 10 years patients available after Duration = 19 years (7-37), 1950 - 1980
(Pittsburgh recruited from children's a Follow up period = excluding individuals
Epidemiology of | hospital of Pittsburgh 1950-80 with CAD at baseline Mean age at diagnosis =9
Diabetes registry of T1D, which is (1986-1988),
Complications represetnative of the Follow-up,
Study) Allegheny County N =603
e ppopulation e
Orchard et | Same as above Same as above Same as Mean = 48 years Same as above Same as above Same as above
al 2010 above Follow up duration =
20 years
Follow up period =
1950-80
Norfeldt & | Prospective 12 Poor reporting, unclear Sweden, 1 year Baseline & Follow-up, Baseline & Follow-up, Before age 19
Johnson month survey representativeness. University N=129 Median age = 11.9, (duration with
(2001) Authors say that the sample | Hospital of Mean age = 11.8 (range 2.2-18.4) diabetes at
was a "complete geographic | Linkoping, Duration with diabetes, median = least greater
patient population of a Ostergotlan 3.8 years, than 1 year)
smaller University City and d County Duration, mean = 4.3 years, (p.138).
its surrounding district. We (range 0.1 - 15.3 years),
therefore consider the
socio-economic data to be Mean/median age at diagnosis =
representative for the rest 8 years old
of Sweden." (p.140)
Coffey Cross sectional Not representative. USA, Less than 1 year Baseline & Follow-up, Baseline & Follow-up, Before age 30.
2002 survey. Individuals were drawn from | Michigan, (survey) N=784 Mean age = 34.5 years, Mean age at
tertiary referral clinics. multicentre Duration = 20 years diagnosis = 14.

Individuals were
purposefully oversampled in
order to obtain large
enough sample size for
more rare health outcomes.

Mean age at diagnosis = 14.5
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Walters et
al (2006)

Cross sectional
survey

Unclear. N=85 type 1
diabetics who complete a
Hypoglycaemia Fear survey
and questions relating to
frequency and severity of
hypoglycaemic events.
N=122 people from general
population to evaluate
health states using TTO
methodology.

Australia

Less than 1 year
(survey)

Baseline & Follow-up,

Unclear

N=85 type 1 diabetics
and N=122 people from
general population to
evaluate health states

Unclear
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Studies assessed and type of data reported and used in our analysis

Other Hypoglycemia | DKA hospital | Nephropathy | Retinopathy Neuropathy Cardiovascular
hospital hospital admission
admission | admission
NPDA 2014 or 2015 X X X X The report only measured screening for these risk factors and did not measure
Adolescent sample final outcomes so we could not use it in our analysis.
DCCT 1994, X X X X Not used in our analysis. Not used in our analysis.
Adolescent sample Not There were no final There were no final outcomes.
measured outcomes. There were There were only intermediate
only intermediate outcomes like lipids and blood
outcomes. pressure.
Bryden et al (2001) Not reported X Not well X Not measured. Not used in our analysis.
Adolescent sample clearly so we reported There were no final outcomes.
did not use it. (definition was There were only intermediate
unclear) outcomes (Hypertension).
Amin et al 2008 Not measured Not measured | X Not measured Not measured Not measured
Adolescent sample
Orchard et al (2003) Not measured Not measured | X Not measured Not measured X
Adolescent sample
Orchard et al 2010 Not measured Not measured | X Not measured Not measured Not measured

Adolescent sample

Norfeldt & Johnson (2001)
Adolescent sample

Coffey et al 2002
Adult sample

Walters et al 2006
Unclear sample composition

Only used for QALYs.

Only used for QALYs.

Only used for QALYs.

Notes

X indicates data was available and was included in the analysis.
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