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Supplementary Data 1: Parameters and results for Cohort 2
Cohort 2 - Diagnosed with diabetes <30yrs old and still <30 yrs old at start of model

Table 1A Characteristics of the modelled Cohort 2 at entry to the model
Characteristic

Parameter value

Evidence source

Prevalence (95% confidence interval)
GCK mutation

Shields et al1 & unpublished data from

1·2%
(0.5%, 2.3%)

HNF1A mutation

Shields et al1 & unpublished data from

0·9%
(0.3%, 1.9%)

HNF4A mutation

93·4%

accompanying clinical study (N=687)
Unpublished data from accompanying clinical

(91.3%, 95.2%)
Type 2 diabetes

accompanying clinical study (N=687)
Shields et al1 & unpublished data from

0.1%
(0%, 0.5%)

Type 1 diabetesa

accompanying clinical study (N=687)

4·5%

study (N=687)
Unpublished data from accompanying clinical

(3.1%, 6.3%)

study (N=687)

Age (years) b

19

Unpublished data from accompanying clinical

Time since diagnosis (years) b

8

study (N=687)

Body mass index b

25·7

HbA1c (mmol/mol) b

59.8

Female

50%

Systolic blood pressure b

131·7

2

Total cholesterol b

4·74

2

High density lipoprotein b

1·31

2

Low density lipoprotein b

2·61

2

Triglycerides b

0·83

2

Caucasian

89%

3

1
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Black

4%

3

Asian

7%

3

Defined as receiving insulin treatment within 12 months of diabetes diagnosis.
Mean.

b

Table 1B Percentage (95% CI) of referred individuals tested for mutations in GCK and/or HNF1A and
HNF4A genes by true diagnosis (from unpublished UK referral centre data)
True diabetes
diagnosis
Not monogenic
GCK mutation
HNF1A mutation
HNF4A mutation

Percentage (95% CI) [N=1399]
GCK only
15.8%
(13.4%, 18.4%)
94.6%
(91.0%, 97.1%)

HNF1A and HNF4A
69.0%
(65.8%, 72.0%)

95.0%
(91.0%, 97.6%)
96.4%
(89.8%, 99.2%)

GCK, HNF1A and HNF4A
15.2%
(12.9%, 17.8%)
5.3%
(2.9%, 9.0%)
5.0%
(2.4%, 9.0%)
3.6%
(0.8%, 10.2%)

Table 1C Percentage (95% CI) of cohort not accepting offer of testing, or requiring multiple tests for
the Biomarker Testing strategy
Number of tests
0
1
2
3

Percentage (95% CI)
UCPCR (including urine sample)
Autoantibody (including blood sample)
N=1299
N=419
12·8%
6·9%
(11.0%, 14.7%)
(4.7%, 9.8%)
84·6%
90·5%
(82.5%, 86.5%)
(87.2%, 93.1%)
2·4%
2·6%
(1.6%, 3.4%)
(1.3%, 4.6%)
0·1%
0%
(0.04%, 0.7%)

UCPCR, urinary c-peptide creatinine ratio. Unpublished data from accompanying clinical study.

Table 1D Multipliers (and 95% confidence intervals) to inform cascade genetic testing of diabetic
family members
Number of relatives test per true monogenic diabetes
case identified
Relatives positive for monogenic diabetes
Relatives negative for monogenic diabetes

Cohort 2
multiplier
5.6 (4.7, 6.5)
0.6 (0.3, 1.0)

Data source
Re-analysis of Shields et al4
(specific to definition of
modelled cohort)
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Table 1E Pre-genetic treatment pattern, cost and frequency of HBGM by true diagnosis
Treatment

Type 1
Type 2

GCK

Insulin only
Insulin only
Insulin + tablets
Tablets only
No diabetes
treatment
Insulin only
Tablets only

HNF1A or
HNF4A

Insulin only
Insulin + tablets
Tablets
No diabetes
treatment

a

% receiving
treatment

Mean monthly
treatment costs

Mean frequency of
HBGMa

100%
0%
19%
68%
13%

£52
£55
£50
£2
£0

78
43
43
17
0

75%
(19%, 99%)
25%
(0.6%, 81%)
67%
(35%, 90%)
0%
25.0%
(6%, 57%)
8%
(0.2%, 38%)

£5

52
(0, 110)
0

£1
£18

£1
£0

63
(37, 90)
0

HBGM, home blood glucose monitoring

Table 1F Post-diagnosis HBGM frequency by treatment changed to and true diagnosis

GCK – no diabetes treatment
HNF1A and HNF4A – tablets only

Time since diagnosis of monogenic
diabetes
1
3
6
12
month
months months months
0
0
0
0
41
23
19
16
(19, 62) (5, 41)
(6, 33)
(3, 28)

Table 1G Percentage of individuals with HNF1A or HNF4A mutations changing to more appropriate
treatment after receiving a diagnosis of monogenic diabetes

Percentage changing to more
appropriate treatment

Time since treatment change (month)
1
3
6
100%
100%
100%
(73%,
(73%,
(73%,
100%)
100%)
100%)

12
100%
(73%,
100%)
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Table 1H Summary of base case, sensitivity and threshold analyses
Parameter
Long-term insulin
need for
individuals with
HNF1A or HNF4A
mutations
Prevalence of
monogenic
diabetes

Base case justification
Expert 1

Justification of sensitivity/threshold analyses
Expert 2, who assumed greater insulin need sooner.

In the accompanying clinical
study, the total number of cases
of monogenic diabetes was 14
from a total of 687 individuals
screened. This leads to an
estimated prevalence within the
definition of Cohort 1 of 14/687 =
2%.

Sensitivity and
specificity of the
Ad Hoc Testing
strategy
Genetic test cost

Based on referral rate data for
Northern Ireland (the region with
the lowest referral rates)4

In sensitivity analyses it was assumed that:
1. all of the remaining 993 who were eligible to be
screened in the accompanying clinical study
would fit the definition for Cohort 2, but were
not cases of monogenic diabetes, therefore a
lower prevalence of monogenic diabetes was
assumed (14/1670 = 0.8%).
2. as an upper limit, the prevalence of monogenic
diabetes was doubled (28/687 = 4%).
Analysed all regions using estimates of sensitivity and
specificity given in Supplementary Data 3.

Uptake of UCPCR
test

Uptake of
autoantibody
test

Uptake of genetic
test

Repeat urine
samples and
UCPCR tests

UK referral centre costs5: £350 for
GCK mutation; £450 for HNF1A
and HNF4A mutations.

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy.
Uptake of UCPCR was assumed to
be 87%.
Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy.
Uptake of autoantibody testing
was assumed to be 93%.
Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy.
Uptake of genetic testing was
assumed to be the same as for
autoantibody testing (93%) since
the same blood sample for
autoantibody testing was used
for the genetic testing.
Based on data from the
accompanying clinical study
which investigated the

Threshold analyses to identify at what cost of the GCK
and HNF1A and HNF4A genetic tests would the All
Tested strategy incur no additional costs over the No
Testing strategy. Costs of tests for GCK and HNF1A and
HNF4A mutations were reduced in 10% steps to just
10% of their base case costs: £35 for GCK and £45 for
HNF1A and HNF4A.
Threshold analyses where UCPCR test uptake was
assumed to range from 100% to just 10%.
It was hypothesised that test uptake in practice is likely
to be lower than test uptake in the accompanying
clinical study where individuals have consented to
participating in a study.
Threshold analyses where autoantibody test uptake was
assumed to range from 100% to just 10%.
It was hypothesised that test uptake in practice is likely
to be lower than test uptake in the accompanying
clinical study where individuals have consented to
participating in a study
Threshold analyses where genetic test uptake was
assumed to range from 100% to just 10%.
It was hypothesised that test uptake in practice is likely
to be lower than test uptake in the accompanying
clinical study where individuals have consented to
participating in a study

Threshold analyses were undertaken assuming no
repeats, 1%, 5%, 10%, 20%, 50%, 100%, 150% and 200%
of samples and tests needed to be repeated. 200%
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Repeat blood
samples and
autoantibody
tests

Sensitivity of
UCPCR test

Specificity of
UCPCR test

Sensitivity of
autoantibody
test

Specificity of
autoantibody
test

Percentage of
individuals with
GCK mutation
who are
receiving insulin
treatment at the

BMJ Open

repeat samples and tests can be interpreted as every
individual requiring another 2 urine samples and UCPCR
tests to be done, so that in total every individual has
provided 3 urine samples and 3 UCPCR tests have been
done – an extreme assumption.
Threshold analyses were undertaken assuming no
repeats, 1%, 5%, 10%, 20%, 50%, 100%, 150% and 200%
of samples and tests needed to be repeated. 200%
repeat samples and tests can be interpreted as every
individual requiring another 2 blood samples and
autoantibody tests to be done, so that in total every
individual has provided 3 blood samples and 3
autoantibody tests have been done – an extreme
assumption.
Since the sensitivity estimate for the UCPCR test is from
a case-control diagnostic study, it is likely that the
reported estimate will be greater than in practice.
Threshold analyses have therefore been undertaken to
investigate the impact of assuming lower sensitivity
values in particular.

application of the Biomarker
Testing strategy. The percentage
of repeat urine samples and
UCPCR tests was assumed to be
3%.
Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. The percentage
of repeat blood samples and
autoantibody tests was assumed
to be 3%.
Based on data from Besser et al6
which used a prevalent casecontrol diagnostic study design:
0.94.

Based on data from Besser et al6
which used a prevalent casecontrol diagnostic study design:
0.96.

Threshold analyses assumed sensitivity estimates
between 1 and 0·55.
Since the specificity estimate for the UCPCR test is from
a case-control diagnostic study, it is likely that the
reported estimate will be greater than in practice.
Threshold analyses have therefore been undertaken to
investigate the impact of assuming lower specificity
values in particular.

Based on data from MacDonald
et al7 which used a prevalent
case-control diagnostic study
design: 0.99.

Threshold analyses assumed specificity estimates
between 1 and 0·55.
Since the sensitivity estimate for the autoantibody test
is from a case-control diagnostic study, it is likely that
the reported estimate will be greater than in practice.
Threshold analyses have therefore been undertaken to
investigate the impact of assuming lower sensitivity
values in particular.

Based on data from MacDonald
et al7 which used a prevalent
case-control diagnostic study
design: 0.82.

Threshold analyses assumed sensitivity estimates
between 1 and 0·55.
Since the specificity estimate for the autoantibody test
is from a case-control diagnostic study, it is likely that
the reported estimate will be greater than in practice.
Threshold analyses have therefore been undertaken to
investigate the impact of assuming different specificity
values.

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. 75% of
individuals with GCK mutation are

Threshold analyses assumed specificity estimates
between 1 and 0·55.
Threshold analyses assuming 100% to 10% (in 10%
decrements) of individuals with GCK mutations are
receiving insulin at the start of the model.
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start of the
model

receiving insulin treatment at the
start of the model, while 25% are
receiving tablets (metformin and
sulphonylureas).

Percentage of
individuals with
HNF1A or HNF4A
mutation who
are receiving
insulin treatment
at the start of the
model

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. 67% of
individuals with HNF1A or HNF4A
mutation are receiving insulin
treatment at the start of the
model, 25% are receiving tablets
(metformin and sulphonylureas)
and 8% are not treated
pharmacologically.
Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. At every followup point after treatment change,
100% of individuals with HNF1A
or HNF4A mutations remained on
the most appropriate treatment.

Threshold analyses assuming 100% to 10% (in 10%
decrements) of individuals with HNF1A or HNF4A
mutations are receiving insulin at the start of the model.

Analysis of referral rate data4
indicate that for every 10 case of
monogenic diabetes identified,
6.2 family members are also
genetically tested: with 5.6 being
positive for monogenic diabetes
and 0.6 being negative for
monogenic diabetes.

The impact of family cascade testing in the Ad Hoc
Testing, Clinical Prediction Model Testing and Biomarker
Testing strategies was investigated by removing all
cascade family testing from the strategies.

Percentage of
individuals with
HNF1A or HNF4A
mutations who
remain on most
appropriate
treatment after a
diagnosis of
monogenic
diabetes
Cascade family
testing

Frequency of
HBGM before
and after
changing
treatment due to
a diagnosis of
monogenic
diabetes

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. Data suggested
that individuals with GCK
mutations stopped HBGM after
their diagnosis of monogenic
diabetes, while individuals with
HNF1A or HNF4A mutations
significantly reduced their
frequency of HBGM after a
diagnosis of monogenic diabetes.

The base case estimates are based on a small number of
participants. Threshold analyses have been conducted
to investigate the percentage of individuals with HNF1A
or HNF4A mutations who need to remain on tablets for
the strategies to be cost-saving compared to No Testing.
It was assume that for all follow-up time periods after a
monogenic diabetes diagnosis, the percentage receiving
tablets is: 86%, 77%, 50%, 25% or 10%.

Estimates of the magnitude of cascade family testing
based on the 95% confidence interval limits are used to
investigate the impact of this parameter: 4.7 to 6.5
family members who are found to be positive for
monogenic diabetes, and 0. 3 to 1 family members who
are found to be negative for monogenic diabetes.
The 95% confidence limits for the estimated frequency
of HBGM at the start of the model and at follow-up after
a treatment change for individuals with HNF1A or
HNF4A mutations were used in sensitivity analyses. The
change in frequency of HBGM before and after a
diagnosis of monogenic diabetes was maximised (which
would favour strategies to identify cases of monogenic
diabetes) by assuming the upper 95% confidence limit at
baseline and the lower 95% confidence limits at followup. Conversely, the change in frequency of HBGM was
minimised (which would not be as favourable to
strategies to identify cases of monogenic diabetes) by
assuming the lower 95% confidence limit at baseline and
the upper 95% confidence limit at follow-up.

Table 1I Summary of “base case” results
6
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Strategy

Total
undiscoun
ted LYs

Clinical
Prediction
Modelb
Biomarker
Ad Hoc
No Testing
All Testing

38·4

Total
discount
ed
QALYs
11·9

£54,000

Incremental
costs vs No
Testing
strategya
-£100

% who are genetically tested
With
Without
monogenic
monogenic
diabetes
diabetes
93
3

£54,000
£54,100
£54,100
£54,400

-£100
0
NA
£300

93
7
0
93

Total
discount
ed costsa

5
<1
0
93

rounded to nearest £100; b thresholds chosen to maximise costs saved

Incremental costs of strategy vs No Testing
strategy

Fig 1A Incremental costs (vs No Testing) and the proportion of monogenic diabetes cases identified
for each strategy
£350
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Fig 1B Tornado plot of sensitivity analyses for the Ad Hoc Testing strategy
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Fig 1C Tornado plot for the Clinical Prediction Model Testing strategy
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Fig 1D Tornado plot for the Biomarker Testing strategy
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Fig 1E Tornado plot for the All Testing strategy
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Fig 1F Incremental costs (vs No Testing) for all strategies for reducing percentage of GCK cohort
starting on insulin
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Fig 1G Incremental costs (vs No Testing) for all strategies for reducing percentage of HNF1A and
HNF4A cohort starting on insulin
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Incremental cost of strategy vs No Testing
strategy

Fig 1H Incremental costs (vs No Testing) for the Biomarker Testing strategy with reducing levels of
UCPCR and antibody testing uptake
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Fig 1I Incremental costs (vs No Testing) for the Biomarker Testing strategy with reducing estimates of
sensitivity and specificity for the UCOCR and antibody tests
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Incremental costs of strategy vs No
Testing strategy

Fig 1J Incremental costs for the Biomarker Testing strategy (vs No Testing) with increasing estimates
of repeat samples and UCPCR and autoantibody tests
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Fig 1K Incremental costs (vs No Testing) for all strategies when genetic test costs are reduced
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