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Abstract

Objective This study leveraged data from 11 independent international diabetes models to evaluate the impact of unrelated
future medical costs on the outcomes of health economic evaluations in diabetes mellitus.

Methods Eleven models simulated the progression of diabetes and occurrence of its complications in hypothetical cohorts
of individuals with type 1 (T1D) or type 2 (T2D) diabetes over the remaining lifetime of the patients to evaluate the cost
effectiveness of three hypothetical glucose improvement interventions versus a hypothetical control intervention. All models
used the same set of costs associated with diabetes complications and interventions, using a United Kingdom healthcare sys-
tem perspective. Standard utility/disutility values associated with diabetes-related complications were used. Unrelated future
medical costs were assumed equal for all interventions and control arms. The statistical significance of changes on the total
lifetime costs, incremental costs and incremental cost-effectiveness ratios (ICERs) before and after adding the unrelated future
medical costs were analysed using t-test and summarized in incremental cost-effectiveness diagrams by type of diabetes.
Results The inclusion of unrelated costs increased mean total lifetime costs substantially. However, there were no significant
differences between the mean incremental costs and ICERs before and after adding unrelated future medical costs. Unrelated
future medical cost inclusion did not alter the original conclusions of the diabetes modelling evaluations.

Conclusions For diabetes, with many costly noncommunicable diseases already explicitly modelled as complications, and
with many interventions having predominantly an effect on the improvement of quality of life, unrelated future medical costs
have a small impact on the outcomes of health economic evaluations.

1 Introduction

Key Points for Decision Makers

Unrelated future medical costs are healthcare expenses that
may incur in the future for conditions that are not directly
related to the intervention under evaluation. These costs have
long been excluded from most economic analysis. When an

Incorporating unrelated future medical costs may have little
impact on the findings from the cost-effectiveness analyses
of many diabetes interventions, at least those whose benefits

include quality-adjusted life-year gains and cost offsets, but intervention extends life, however, these costs will continue
815wt ine Se slpmifenit hioizases ba L enpeciancy to accrue and thus affect estimates of cost effectiveness.
Some health technology assessment guidelines require For instance, successful smoking cessation initiatives may
the inclusion of unrelated future medical costs in cost- reduce rates of lung cancer, increase average life expectancy,
effectiveness analysis. This study demonstrates that, at and reduce lung cancer treatment costs, but the additional
least in the interventions and disease area studied, the longevity may increase rates of other age-related health con-
inclusion of unrelated future medical costs is unlikely to ditions not commonly considered in economic analysis of
impact decision making. lung cancer.

While rare in economic analysis, it is essential to
include unrelated future medical costs in economic
evaluations (e.g., cost-effectiveness/cost-utility/
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cost-minimization analyses) in order to ensure both inter-
nal and external consistency [1, 2], especially when adopt-
ing a broad societal perspective [3]. By considering these
costs, we acknowledge that additional medical care is
required during the incremental life-years gained through
an intervention, maintaining the integrity of the analysis.
The consideration of future unrelated medical costs will
vary by intervention, given different incremental longevity
and different timing of mortality reductions (e.g., early on
and not heavily discounted or later and deeply discounted).
Incorporating these costs additionally improves the accu-
racy of estimates of the true financial impact, including
opportunity costs produced by interventions over future
consumption.

Empirical research has shown that the impact of omitting
unrelated future costs can be large [4]. Van Baal et al. [5],
for example, found that including unrelated future medical
costs reduced the cost effectiveness of smoking cessation
interventions across the board, but the impact declined with
smoker age. de Vries et al. [6] found that inclusion led to
vaccine interventions no longer being cost effective, espe-
cially for those at higher risk of infection. In the diabetes
mellitus space—where typically patients are middle-aged to
older, treatment is multi-modal (e.g., often including anti-
hypertensive and dyslipidaemia therapies) and treat-to-goal
algorithms are standard—estimated gains in life expectancy
tend to be small, which may limit the impact of including
unrelated future medical costs. Roberts et al. [7] corrobo-
rated this in a sensitivity analysis, finding virtually no effect
on cost-effectiveness estimates. Meltzer et al. [8], however,
found that inclusion of these costs along with consumption
and productivity costs lowered ICER estimates by 57%.

While many practice guidelines emphasize inclusion
of unrelated future medical costs [9—11], there have been
instances where the inclusion of unrelated future medical
costs is either not explicitly recommended [12, 13], or is dis-
allowed [14]. Research is recommended to establish a formal
process to evaluate the economic impact of including future
unrelated medical costs in cost-effectiveness analysis [2].

Diabetes has been recognized as a serious public health
concern with a considerable impact on human life and
health expenditures. Several economic evaluation models
of diabetes have been developed to evaluate the long-term
disease outcomes and cost effectiveness of diabetes inter-
ventions, with many of them not including unrelated future
medical costs [15-17]. As part of the Mount Hood 2022
Diabetes Challenge, 11 diabetes models simulated a set of
standardized scenarios designed to evaluate how cost and
cost-effectiveness outcomes vary in response to adding unre-
lated future medical costs. The detailed challenge instruction
is included as Supplement 1 (see electronic supplementary
material [ESM]). Our study aimed to leverage these cross-
model simulation results to further analyse the impact of
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unrelated future medical costs in health economic evalua-
tions of diabetes interventions.

2 Methods
2.1 2022 Mount Hood Diabetes Challenge

Eleven diabetes modelling groups participated in the chal-
lenges. Four models participated in the Type 1 Diabetes
(T1D) challenge: IQVIA (formerly known as the CORE
Diabetes Model) [18], COSMO-T1D [19], PRIME [20] and
ECHO-T1D. Seven models participated in the Type 2 Diabe-
tes (T2D) challenge: IQVIA [18], CARDIFF [21], CHIME
[22], PRIME [23], ECHO-T2D [24], MICADO [25] and
UKPDS [26]. The models are summarized individually in
Supplement 2 (see ESM). All modelling groups contributed
towards the preparation of this article and approved the use
of their results/outputs.

Challenge 2 consisted of simulating three hypothetical
blood glucose interventions—a low cost (£12 annually)
option with an HbA1c reduction of 0.5% and no body mass
index (BMI) reduction, a middle option (£320 annually)
with an HbA1c reduction of 0.9% and a 1-kg/m? increase
in BMI and a more effective option (£3810 annually) with a
1.5% HbAc reduction and 1-kg/m? decrease in BMI—and
a control arm with no treatment effects or costs. All changes
were considered permanent for simplicity, treatment adher-
ence was assumed to be 100%, and the time horizon was
lifetime. Each modelling team compiled and submitted a
complete set of health, cost and cost-effectiveness results to
the conference organizers in advance, importantly including
estimates with and without unrelated future medical costs.
Results provided by the modelling groups were pooled, ana-
lysed and presented at the meeting.

2.2 Standardized Input Data

To ensure valid comparisons across the models, the model-
ling groups were requested to use the standardized profiles
described in the challenge instructions, including baseline
characteristics, utility value set and complication costs, to
the extent possible. If a model required additional input
parameters or assumptions that differed from the instruc-
tions, the modelling groups were requested to document
these additional inputs, data sources and/or assumptions
applied and submit them with their results.

2.2.1 Baseline Characteristics
Baseline patient characteristics are presented in Table S2 in

Supplement 1 (see ESM) and were chosen to reflect typical
patients with T2D enrolled in a randomized controlled trial
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for diabetes, specifically being sourced from the Action in
Diabetes and Vascular Disease—PreterAx and DiamicroN
Controlled Evaluation (ADVANCE) trial for T2D [27] and
from the Swedish National Diabetes Register for T1D [19].
All risk factors (except age) were held constant over the sim-
ulation period, after applying treatment effects for HbAlc
and in some cases BMI.

2.2.2 Health State Utility Values

The challenge instructions provided a set of utility/disutil-
ity values for a wide range of likely health states including
diabetes-related complications (Table S1 in Supplement 1,
see ESM) for T1D and T2D. The health state utility value
set was from a published systematic review and literature
[28, 29]. The modelling groups were requested to follow the
additive quality-of-life model when combining the health
utility values in the modelling simulation.

2.2.3 Costs

The perspective of the cost analysis was the health care
system in the United Kingdom (UK). All costs were pre-
sented in UK currency (£GBP 2017-2018). The challenge
instructions specified the costs of diabetes-related compli-
cations in the UK (Table S3 in Supplement 1, see ESM).
This standardized unit cost vector was applied for both T1D
and T2D, as well as both male and female patients. The
challenge instructions also specified age- and sex-specific
annual unrelated future medical costs, based on estimates by
Briggs et al. [30]. For models where age- and sex-specific
values could not be accommodated, the modelling groups
were directed to use mean values if possible and to docu-
ment methods used when submitting results. Instructions
also requested that these costs be unaffected by the occur-
rence of diabetes-related complications. Unrelated future
medical costs are presented in Table 1. A discount rate of
3.5% was applied to both costs and quality-adjusted life-
years (QALYSs).

2.3 Statistical Analyses and Outcomes

The differences on the mean lifetime costs, incremental
costs and ICERs of intervention and control groups before
and after considering the unrelated future medical costs
were calculated for each model and were summarized by
diabetes type. Statistical significance of the differences was
tested using t-test. Whether adding unrelated medical costs
changed the model conclusions at a threshold of £20,000
per QALY gained was summarized using an incremental
cost-effectiveness diagram.

Table 1 Total annual expenditure on unrelated future medical cost by
age group and sex (EGBP 2017-2018 price) [28]

Age group Men Women Differences
between men and
women

65-69 years 1737 1659 78

70-74 years 2085 1989 96

75-79 years 2742 2565 177

80-84 years 3189 2962 227

85+ years 3694 3339 355

The shifting on ICERs before and after adding the unre-
lated future medical costs was also analysed using linear
regression, controlling for the amount of unrelated future
medical costs added to the evaluation using the regression
model:

E(ICER

pm,) = Py + By « ICER,,, + B, » UnrelatedCost

+ f3 « ICER,,,, * UnrelatedCost + €

For each model and intervention, the amount of incre-
mental unrelated future medical costs was calculated as the
difference between total lifetime costs with and without
modelling unrelated future medical costs.

3 Results
3.1 Incremental Life Expectancy and QALYs Gained

Table 2 shows the incremental life expectancy and QALY's
gained of each intervention compared with control from 11
diabetes models. All three interventions had only a minor
effect on life expectancy and QALYs, with a maximum
incremental life expectancy of 0.52 years and a QALY
gain of 1.25.

3.2 Total Lifetime Costs

Total lifetime costs increased substantially for all inter-
ventions and control arms (Supplement 3, see ESM). The
t-test showed there was a statistically significant increase
in the mean total lifetime costs after adding the unrelated
future medical costs for T2D but no significant changes
for T1D (Table 3).

3.3 Incremental Costs

The incremental costs of each intervention compared with
control changed slightly with and without including the
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Table 2 Incremental life expectancy and QALY's gained for each intervention compared with control

Model name Incremental life expectancy (years) Incremental QALYs

Intervention 1 Intervention 2 Intervention 3 Intervention 1 Intervention 2 Intervention 3

Type 1 diabetes

COSMO-T1D 0.09 0.12 0.26 0.12 0.17 0.39
ECHO-T1D 0.13 0.08 0.39 0.26 0.23 0.79
IQVIA 0.21 0.33 0.52 0.48 0.70 1.25
PRIME 0.15 0.23 0.51 0.35 0.44 1.17
Type 2 diabetes

CARDIFF 0.05 0.07 0.14 0.04 —-0.01 0.21
CHIME 0.11 0.14 0.10 0.14 0.30 0.32
ECHO-T2D 0.06 0.09 0.21 0.08 0.05 0.31
IQVIA 0.09 0.11 0.20 0.11 0.09 0.35
MICADO 0.01 —-0.03 0.14 0.07 0.09 0.27
PRIME 0.09 0.13 0.26 0.10 0.08 0.37
UKPDS 0.05 0.08 0.16 0.05 0.07 0.15

QALYs quality-adjusted life-years

Table 3 T-test analysis on the total lifetime costs before and after adding the unrelated future medical costs (EGBP 2017-2018)

Diabetes type Variable Observation Mean SE SD 95% CI P value (dif- P value (dif- P value (differ-
ference <0)  ference !=0) ence >0)
T1D Before 16 54,156 8560 34,241 35911 72,402
After 16 68,436 8408 33,633 50,514 86,358
Difference — 14,280 11,999 — 38,785 10,226 0.12 0.24 0.88
T2D Before 28 71,511 13,277 70,255 44,269 98,753
After 28 105,422 13,971 73,930 76,755 134,089
Difference —33911 19,274 — 72,553 4730 0.04 0.08 0.96

Difference = Before—After
Bolded p-value indicates statistical significance at 0.05 threshold
95% CI 95% confidence interval, SD standard deviation, SE standard error, T1D type 1 diabetes, T2D type 2 diabetes

unrelated future medical costs (Supplement 4, see ESM). 3.6 Regression on ICERs With and Without
However, the t-test showed that the changes were not sta- Unrelated Future Medical Costs
tistically significant for either T1D or T2D (Table 4).
Regression result showed that the post-inclusion ICERs were
3.4 Incremental Cost-Effectiveness Ratios (ICERs) only significantly associated with the pre-inclusion ICERs,
with a coefficient 1.05 (Table 6).
While the ICERs of each intervention versus control changed
with and without including the unrelated future medical
costs (Supplement 5, see ESM), the t-test showed that the 4 Discussion
changes were insignificant for both T1D and T2D (Table 5).
This study leveraged unique simulation results from a large
3.5 Model Conclusions number of independent models to assess whether unre-
lated future medical costs should be routinely considered
The incremental cost-effectiveness diagram showed no  in economic analysis for diabetes interventions. While, by
change in model conclusions under the threshold of £20,000  definition, including unrelated future costs increased total
per QALY gained for both T1D and T2D (Figs 1 and 2). lifetime costs in absolute terms, we found that there was no
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Table 4 T-test analysis on the incremental costs before and after adding the unrelated future medical costs (EGBP 2017-2018)

Diabetes Variable = Observation = Mean SE SD 95% C1 p-Value (dif- p-Value (differ- p-Value (dif-
type ference <0) ence !=0) ference >0)
T1D Before 12 23,550 9988 34,599 1567 45,534

After 12 23,944 10,043 34,791 1839 46,049

Difference - 3% 14,164 —-29,769 28,981 0.48 0.97 0.52
T2D Before 21 16,146 4817 22,073 6099 26,193

After 21 16,412 4837 22,168 6322 26,503

Difference —266 6826 - 14,063 13,531 049 0.99 0.51

Difference = Before—After

95% CI 95% confidence interval, SD standard deviation, SE standard error, 71D type 1 diabetes, 72D type 2 diabetes

Table 5 T-test analysis on the incremental cost-effectiveness ratios (costs per quality-adjusted life-year gained) before and after adding the unre-

lated future medical costs (£EGBP 2017-2018)

Diabetes Variable Observa- Mean SE SD 95% CI p-Value (dif-  p-Value (dif-  p-Value (differ-
type tion ference <0) ference !|=0) ence >0)
T1D Before 12 35,008 15,485 53,640 927 69,090
After 12 35,849 15,550 53,868 1623 70,075
Difference —841 21,945 — 46,352 44,670 0.48 0.97 0.52
T2D Before 21 51,027 28,582 130,977 —8593 110,647
After 21 51,760 29,336 134,435 —9434 112,954
Difference —733 40,957 — 83,511 82,045 0.49 0.99 0.51

Difference = Before—After

95% CI 95% confidence interval, SD standard deviation, SE standard error, T1D type 1 diabetes, 72D type 2 diabetes

significant change in incremental costs (and thus ICERs)
for both T1D and T2D, in line with the relatively small
increases in life expectancy provided by these interventions
(relative to the control arm).

Three features of diabetes and this analysis may explain
the limited impact. First, the three interventions were associ-
ated with relatively small improvements (and in one case a
worsening) in life expectancy versus the control arm, with
mean discounted incremental life-years across the models
ranging from — 0.03 to 0.52 years. Therefore, compared with
the control arm, the additional unrelated future medical costs
occurring in those incremental life-years in the intervention
groups were relatively small. Second, this life extension and
the associated unrelated medical costs occurred primarily
far into the future, which when discounted at 3.5% annually,
deflates much of the impact. Third, we assumed the same
annual expenditure on unrelated medical costs by age and
sex for all groups and assumed these costs remain unchanged
by the occurrence of diabetes-related complications. This
may not hold in a real-world situation as these costs can vary
both between individuals (based on their sociodemographic
and clinical profiles) and over time due to complications or
other factors. For example, in a cancer cost-effectiveness
analysis where cost inputs used in the economic model

accounted for cancer type and phase of the disease, a notable
impact on the ICER was observed [31].

The regression result indicated that the post-inclusion
ICER was only significantly associated with the pre-inclu-
sion ICER, with a coefficient close to 1. This suggests that
the inclusion of unrelated future medical costs does not dra-
matically alter the ICERSs, as the relationship remains strong
and consistent. The direct effect of unrelated future medi-
cal costs and its interaction with pre-inclusion ICER was
not significant, indicating that the amount of future costs
added does not significantly impact the shifts in ICERs. This
implies that the overall influence of unrelated future medi-
cal costs on cost-effectiveness outcomes is minimal within
the context of this study. The minimal impact on the ICERs
can be explained theoretically considering the following
approximation of an ICER equation [8, 32], where diabetes
interventions led to a smaller increase in life expectancy than
in QALY (Supplement 6, see ESM).

ICERyrecosts = (Apresent costs)/(AQALY)
+ (Afuture costs)/(AQALY)
= (Apresent costs)/(AQALY)
+ C X (Alife expectancy)/(AQALY),
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Fig. 1 Incremental cost-effectiveness diagram for type 1 diabetes
before and after adding unrelated future medical costs. The ICERs
for type 1 diabetes interventions before and after adding the unre-
lated future medical costs were nearly overlapping in the plane, which
means there were only minor changes to ICERs after adding the
unrelated future medical costs. As shown in the diagram, adding the
unrelated future medical costs did not change any conclusions of the
model outcome under the £20,000 per QALY gained threshold. Costs
were presented in UK currency (£GBP 2017-2018). ICER incremen-
tal cost-effectiveness ratio, QALY quality-adjusted life-year
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Fig.2 Incremental cost-effectiveness diagram for type 2 diabetes
before and after adding unrelated future medical costs. The ICERs
for type 2 diabetes interventions before and after adding the unre-
lated future medical costs were nearly overlapping in the plane, which
means there were only minor changes to ICERs after adding the
unrelated future medical costs. As shown in the diagram, adding the
unrelated future medical costs did not change any conclusions of the
model outcome under the £20,000 per QALY gained threshold. Costs
were presented in UK currency (£GBP 2017-2018). ICER incremen-
tal cost-effectiveness ratio, QALY quality-adjusted life-year

where C is the annual expenditure on unrelated medical
costs.

Two studies have investigated the impact of unrelated
future medical costs on the cost effectiveness of diabetes
interventions [7, 8]. Our results align well with the study con-
ducted by Roberts et al. using a UK-based sample of adults
with diabetes (aged 50-59 years). Their study also observed
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no change in the cost effectiveness of the considered diabetes
intervention after the incorporation of unrelated future medi-
cal costs in their analyses [7]. Another study by Meltzer et al.
examined the effect of future costs on the cost effectiveness
of intensive therapy for T1D among young adults aged 13-39
years [8]. This study found a 57% decrease in ICER, which
fell from $22,576/QALY gained to $9626/QALY gained after
the incorporation of unrelated future medical costs, future
consumption, and loss of productivity. Inclusion of these
factors could potentially change the original model conclu-
sions, and hence, the decision-making process. Meltzer et al.
focused on a much younger population and an intervention
that leads to a gain in life expectancy in preretirement years
when net resource use is negative, which could be one of the
key differentiators to our study.

The inclusion of unrelated future medical costs could be
more applicable to particular therapeutic areas and public
health interventions. For example, in rare diseases with high
mortality rates at a young age like cystic fibrosis, patients
often face significant immediate healthcare costs due to the
severity of their condition, but their shorter lifespans result
in lower future healthcare costs. The economic evaluation
in such scenarios might prioritize the high immediate costs
over long-term costs. In contrast, a new gene therapy trans-
forming a previous fatal condition into a chronic manage-
able one would need to consider patients incurring unrelated
future medical costs over their extended lifespans in the
economic evaluations. Such unrelated future medical costs
could be highly relevant for life-extending interventions
like vaccination and early screening, that increase unrelated
future medical costs, as people live longer and develop other
health conditions unrelated to the initial interventions.

The key strength of our study is the systematic analysis of
the results from eleven independent diabetes models, each
applied to the same standardized scenario, thus allowing for
consistent comparisons across models and improving the
reliability of our conclusions. Our study also has limitations.
First, most of the model parameters were obtained from UK-
based literature and/or rely on a set of assumptions that may
or may not hold true in real-life situations and are unlikely to
be generalizable across other countries. For instance, unre-
lated future medical costs from UK sources [30] are low in
comparison to some other countries with similar levels of
wealth such as the Netherlands and Germany [33, 34]. Sec-
ond, our study is reporting the results of a past challenge,
for which we were not able to conduct any further analyses
including updates with newly available input parameters or
subgroup analyses. Furthermore, we relied on the assump-
tion of constant unrelated future medical costs irrespective
of the occurrence of complications, which increased the risk
of double counting the costs of complications. With respect
to future research, we believe it may be helpful to explore the
impact of different approaches of incorporating such costs,



Unrelated Future Medical Costs in CEA Models 867

Table6 The regression of post-  yopR Afyer Coefficient ~ SE ¢ P>t 95%Cl

ICERs on pre-ICERs and added

unrelated future medical costs ICER_Before 1.05 003 3687 000  0.99 1.11
FutureCost - 0.04 0.06 -0.59 0.56 -0.16 0.09
ICER_ 0.00 0.00 -0.89 0.38 0.00 0.00

Before#FUTURECOST

Constant 575.44 1743.57 0.33 0.74 —2990.55 414143

The added unrelated future medical costs to each model in each intervention equal to the total lifetime costs
of each intervention from each model after adding the unrelated future medical costs minus the correspond-
ing total lifetime costs before adding the unrelated future medical costs

ICER incremental cost-effectiveness ratio

particularly for chronic diseases that have compounding
health implications. We also suggest that future researchers
are encouraged to provide more accurate estimates of unre-
lated future medical costs that could be used in economic
evaluation studies, especially when interventions have an
effect on life expectancy.

5 Conclusions

An analysis of results from the multiple independent mod-
els in the 2022 Mount Hood Diabetes Challenge found that
incorporating constant unrelated future medical costs had
limited impact on the cost effectiveness of some diabetes
interventions, at least those whose benefits include QALY
gains and cost offsets, but do not include significant changes
in life expectancy. This will need to be revisited when treat-
ments that extend life substantially for diabetes patients are
developed.
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