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Novelty Statement: 

 A simple cost-utility model was developed to evaluate new interventions for 

Type 1 diabetes mellitus by assessing the association between the 

interventions’ effects on mean glycated haemoglobin and long-term 

complications and the risk of hypoglycaemic events. 

 High-quality, recently reported data specific to people with Type 1 diabetes 

mellitus were identified by a systematic review. 

 Model validation included review by clinical and economic experts, verification 

of input data and formulae, and comparison of model predictions with 

observations from studies used to build the model and other published data. 
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ABSTRACT 

Aims: To develop a health economic model to evaluate the cost-effectiveness of new 

interventions for Type 1 diabetes mellitus (Type 1 DM) by their effects on long-term 

complications (measured through mean glycated haemoglobin) while capturing the impact of 

treatment on hypoglycaemic events. 

Methods: Through a systematic review, we identified complications associated with 

Type 1 DM and data describing the long-term incidence of these complications. An individual 

patient simulation model was developed and included the following complications: 

cardiovascular disease, peripheral neuropathy, microalbuminuria, end-stage renal disease, 

proliferative retinopathy, ketoacidosis, cataract, and adverse birth outcomes. Risk equations were 

developed from published cumulative incidence data and hazard ratios for the effect of glycated 

haemoglobin, age, and duration of diabetes. We validated the model by comparing model 

predictions with observed outcomes from studies used to build the model (internal validation) 

and from other published data (external validation). We performed illustrative analyses for 

typical patient cohorts and a hypothetical intervention. 

Results: Model predictions were within 2% of expected values in the internal validation 

and within 8% of observed values in the external validation  (percentages represent absolute 

differences in the cumulative incidence). 

Conclusions: The model utilised high-quality, recent data specific to people with Type 1 

DM. In the model validation, results deviated less than 8% from expected values. 

Key words: diabetes mellitus, type 1; models, economic, economics, medical; costs and 

cost analysis 
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INTRODUCTION 

Since the Diabetes Control and Complications Trial (DCCT) established that intensive 

therapy slows the progression of Type 1 diabetes mellitus (Type 1 DM) complications [1], a 

number of new blood glucose management interventions have been developed. Evaluation of the 

value for money associated with new interventions is needed to assist decision makers in the 

efficient allocation of health care resources. Because the costs and quality-of-life impairments 

resulting from Type 1 DM complications develop over several decades, an economic model is 

needed. Until recently, economic models providing analyses for Type 1 DM had been designed 

primarily for Type 2 DM and did not include recent, systematically identified data specific to 

Type 1 DM [2]. 

Our objective was to develop a transparent cost-utility model in line with good practice 

guidelines [3] specifically for new Type 1 DM interventions. This article presents the model 

design and validation and the example results for a hypothetical intervention. The model 

structure and input data were based on a systematic review [4] and guided by a clinical expert. 
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PATIENTS AND METHODS 

The model simulated costs and outcomes over the lifetimes of a hypothetical cohort of 

people in the United Kingdom (UK) with Type 1 DM (as defined by the World Health 

Organization; see Supporting Information). The population characteristics (Table S1) and all 

model parameters and sources are presented in the Supporting Information. 

The base-case analysis was conducted from the perspective of the UK’s National Health 

Service and Personal Social Services and included costs associated with hospital care, primary 

care, and social care. Total government and societal perspectives also could be evaluated. 

Treatments and Treatment Effects 

To compare an intervention of interest versus a control intervention, treatment effects are 

entered into the model as differences in glycated haemoglobin (HbA1c) and rates of 

hypoglycaemia (as measured in trials). HbA1c levels are used in the model to predict the 

incidence of Type 1 DM complications over peoples’ lifetimes. Annual treatment costs also are 

entered into the model; people were assumed to continue on the assigned treatment for the entire 

model timeframe. 

Model Structure 

An individual patient simulation model with 1-year cycle was programmed in Microsoft 

Excel (Fig. 1). At the start of the model, the characteristics of individual patients were sampled 

from the population characteristics (Table S1). During each model year, people could develop 

complications or could die of a complication or other causes. Trends in HbA1c over time were 

not included because HbA1c levels are relatively stable in Type 1 DM [5] (see Supporting 
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Information). Total costs, life-years, and QALYs accrued over the analysis timeframe were 

calculated and discounted at a rate of 3.5% per annum [6]. 

Complications of Type 1 DM were identified by a systematic review [4]. Complications 

were included in the model where there was evidence for a statistical association between 

Type 1 DM, HbA1c, and an impact on mortality, costs, and/or health-related quality of life 

(Table S2). The following complications were selected: cardiovascular disease, peripheral 

neuropathy, renal disease, retinopathy, cataract, hypoglycaemia, and ketoacidosis. The risk of 

stillbirth, perinatal mortality, and infant congenital malformation are substantially increased with 

Type 1 DM [7]. Therefore, the model included an optional analysis of life-years and quality-

adjusted life-years (QALYs) lost due to infant death or congenital malformation. 

Prediction of Disease Progression and Death 

Data describing the development of complications over time were identified by the 

systematic review; 281 publications reporting 72 unique studies were identified. Because the 

model performs analyses over people’s lifetimes, data from long-term follow-up studies 

describing the development of complications over several decades were preferred. However, 

long-term studies are unlikely to accurately represent outcomes in current clinical practice 

because of improvements in Type 1 DM management. The DCCT and the follow-up 

Epidemiology of Diabetes Interventions and Complications (EDIC) study provide more than 

20 years of follow-up in a cohort who received intensive HbA1c control (e.g., [1]). These studies 

were used, where possible, to estimate the underlying risk of complications. Other studies were 

used for validation, and the effects of HbA1c were summarised from all studies so that 

alternative values could be explored. 
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With the exception of hypoglycaemia and pregnancy outcomes, development of 

complications was governed in the model by time-dependent probabilities derived from 

parametric functions (shown as ellipses in #Fig. 1) fitted to published cumulative incidence 

curves. Data from published curves were estimated electronically (Digitize Software; DigitizeIt 

1.5, Köln, Germany). Parametric functions were fitted using the Solver function in Excel and 

individually selected for each complication based on minimising the sum squared of residuals, 

visual goodness of fit, and clinical plausibility of long-term predictions. Each function was 

adjusted for the effects of HbA1c and other risk factors, using published hazard ratios, (Table 1). 

Risk factors were limited to age and duration of diabetes, due to the limitations of available data. 

The development of subsequent complications (e.g., death from cardiovascular disease, 

conditional upon a first event) was governed by fixed probabilities. 

A summary of the remaining model parameters is presented in Table S3. An overview of 

the modelling approach for each complication is provided in the following subsections. 

[FIG. 1 HERE] 

Cardiovascular Disease 

Probabilities of a first cardiovascular event were derived from a Weibull function fitted to 

data from the DCCT and EDIC studies (Table 1 [1]). The type of first event was specified (death, 

non-fatal acute myocardial infarction, silent myocardial infarction, revascularisation, confirmed 

angina, or non-fatal cerebrovascular event), using conditional probabilities based on the type of 

first event observed. The probabilities of subsequent events also were based on the DCCT and 

EDIC studies, with the exception of stroke (where no subsequent events were observed). The risk 

of death from cardiovascular complications was not available for people with Type 1 DM; 

probabilities were based on data for general cardiovascular patients. 
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Cataract and Cataract Surgery 

Probabilities of cataract surgery were calculated from a Weibull function (Table 1 [8]). 

People were assumed to have clinically significant visual impairment for 1 year prior to cataract 

surgery [9]. Up to two cataract surgeries were modelled. 

Peripheral Neuropathy (Foot Ulcer and Lower Extremity Amputation) 

Probabilities of peripheral neuropathy were derived from a Weibull function fitted to data 

from the DCCT and EDIC studies (Table 1 [10]). 

Neuropathy-related conditions, such as erectile dysfunction, urinary incontinence, and 

urinary tract infections, were excluded from the model because there was insufficient evidence 

that effective diabetes management reduced their risk. 

Probabilities of diabetic foot ulcer, amputation (conditional upon having peripheral 

neuropathy), gangrene and infection for people with a foot ulcer, and the probabilities of peri-

operative death for people with lower-extremity amputation are presented in Table S3. Up to two 

lower-extremity amputations per patient were modelled. 

People with peripheral neuropathy were at higher risk for hypoglycaemia. The rate of 

hypoglycaemia was adjusted using the hazard ratio for hypoglycaemia for peripheral neuropathy 

versus no peripheral neuropathy [11]. Thus, patient populations with more advanced disease (and 

a higher prevalence of peripheral neuropathy) were at a higher risk for hypoglycaemia. 

Microalbuminuria and End-Stage Renal Disease 

Probabilities of microalbuminuria were derived from a Weibull function fitted to data 

from the DCCT and EDIC studies (Table 1 [12]). Conditional probabilities for end-stage renal 

disease in people with microalbuminuria [13] and for death in people with end-stage renal 

disease were based on published literature. 



 

9 

Proliferative Diabetic Retinopathy and Blindness 

Probabilities of proliferative diabetic retinopathy were derived from a Weibull function 

fitted to data from the DCCT and EDIC studies [5]. The annual probability of blindness (defined 

as severe vision loss, < 5/200) in people with proliferative diabetic retinopathy was estimated 

from the Early Treatment Diabetic Retinopathy Study trial. 

Diabetic Ketoacidosis 

The rate per patient-year was estimated from a linear function describing the change in 

the rate of diabetic ketoacidosis with age, fitted to data from the DCCT and EDIC studies [5]. 

Although poor glycaemic control and compliance have been reported to increase the risk of 

hospital admission for recurrent diabetic ketoacidosis [14], no hazard ratio estimates were 

identified for the association between ketoacidosis and HbA1c. The model allowed the user to 

enter a hazard ratio for HbA1c in order to explore the impact of a possible association. The 

probability of death from diabetic ketoacidosis was based on a published study. 

Pregnancy Outcomes 

The number of pregnancies during the model time horizon was estimated from UK 

general population birth rates. Probabilities of stillbirth, perinatal mortality, and congenital 

malformation were applied to estimate the number of cases of infant death and congenital 

malformation. Probabilities were adjusted for HbA1c using a published hazard ratio [15]. 

Infant deaths, life-years, and QALYs lost were estimated from the average life 

expectancy at birth for the UK population and an average lifetime utility weight. For infants with 

congenital malformation, life-years and QALYs lost were estimated using the difference in life 

expectancy and utility between infants with congenital malformation and infants in the general 

population. 
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[TABLE 1 HERE] 

Hypoglycaemia 

Hypoglycaemia was modelled as four separate events—non-severe day, non-severe 

nocturnal, severe day, and severe nocturnal—and were driven by user-entered data (e.g., 

observations from pivotal trials). No adjustment to the risk of hypoglycaemia was made for 

differences in HbA1c because any differences between interventions in the incidence of 

hypoglycaemia are expected to be observed during the trial (and the trial data would reflect any 

impact of differences in HbA1c levels between the two groups on the incidence of 

hypoglycaemia). 

No data were identified for the probability of death from individual severe 

hypoglycaemia events. The probabilities were calibrated so that the model result for the 

proportion of all deaths that were due to hypoglycaemia was consistent with published data [18]. 

Death From Other Causes 

Death from other causes was modelled using standard age- and sex-specific mortality 

rates for the UK general population. 

Valuation of Health Effects 

Default utility weights were based on the CORE diabetes model (Table S4). For people 

with multiple complications, the lowest utility weight of all chronic complications was applied to 

that year. Utility decrements for acute events were subtracted from the QALYs accrued during 

the year. 
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Resource Utilisation and Costs 

Direct costs to the health care provider included interventions (drug acquisition, needles, 

and other costs) and management of Type 1 DM complications (based on published data; see 

Table S4). No estimates of indirect costs were available. The cost-year for the analysis was 2010. 

Sensitivity Analysis 

To account for uncertainty, the model was programmed to allow for univariate and 

probabilistic sensitivity analyses for all parameters. Distributions for the probabilistic sensitivity 

analyses were individually selected as appropriate for the underlying distribution of the data [19]. 

All variables were assumed to vary independently of one another. 

Validation 

Model validation was performed in alignment with best practice guidelines [20] and other 

diabetes models (e.g., [21]). 

Face validity (first-order validation in the diabetes modelling literature [20]) was ensured 

by clinical and economics experts’ (MD and AB) review of the model structure, data inputs, 

assumptions, and results. Internal validity was ensured by verification of all input parameters 

with original sources, checking of model formulae by an independent health economist, scenario 

testing, and verification of model results against independent calculations. 

Dependent external validation (second-order validation in the diabetes literature) was 

performed by comparing model predictions with outcomes observed in the studies used to build 

the model (the intensive-treatment groups from the DCCT and EDIC studies). Comparison with 

the conventional-treatment groups also was performed after adjustment of the population 

characteristics (HbA1c, age, duration of diabetes) and a further adjustment for the residual effect 

of treatment observed in the studies after adjusting for HbA1c. 
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Independent external validation (third-order validation in the diabetes modelling 

literature) was conducted by comparing model predictions with outcomes observed in studies 

that were not used to build the model. Studies identified by the systematic review were selected 

in which long-term cumulative incidence for a complication using similar endpoint definitions to 

the DCCT and EDIC studies were reported for a large cohort of people with T1DM and where 

sufficient baseline characteristics were reported to allow predictions for that population to be 

estimated within the model. 
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RESULTS 

Model Validation 

Model predictions were within 2% of expected values in the dependent external (second 

order) validation and within 8% of values reported from other studies in the independent external 

(third-order) validation (Table 2 and Table 3, Fig. 2, Fig. 3) (percentages represent absolute 

differences in the cumulative incidence). 

[TABLE 2, TABLE 3 [22-29 NEW], FIG. 2, FIG. 3 HERE] 

Model Predictions for Example Patient Cohorts 

Table 4 presents model predictions for the general Type 1 DM population in the UK and 

for subpopulations of men, women (including and excluding adverse pregnancy outcomes), and 

people with specific ages and durations of diabetes. 

[TABLE 4 HERE] 

Cost-Utility Analysis Results for a Hypothetical Intervention 

An analysis was performed for a hypothetical intervention with an annual drug cost of 

£700 (vs. £600 for the control drug). The mean change in HbA1c from baseline was 

12 mmol/mol (1.1%) for the intervention and 11 mmol/mol (1.0%) for the control. The analysis 

was conducted over a timeframe of 50 years for a Type 1 DM population in the UK with the 

following characteristics: mean age, 39 years; mean disease duration, 11 years; mean HbA1c, 

72 mmol/mol (8.7%); and 43% women (adverse pregnancy outcomes were excluded). The 

number of first-order simulations required for this analysis was investigated at intervals between 

1,000 and 100,000 simulations (Table S5). In simulation models, a standard error of less than 5% 
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of the mean is typically considered acceptable [30]. This was achieved with 50,000 first-order 

simulations. 

Fig. 4 presents the cumulative incidence of complications for the intervention and control 

cohorts. As expected, the cumulative incidence of events was slightly lower for the intervention 

cohort (solid lines) than for with the control cohort (dotted lines). Table 5 presents the results for 

a hypothetical intervention. Cost-offsets due to reduced complications outweighed the increased 

drug costs, resulting in lower overall costs for the cohort receiving the intervention of interest. 

The intervention therefore was dominant. An analysis was performed to estimate the maximum 

value-based price for the intervention at a willingness-to-pay threshold of £20,000 per QALY. 

The maximum annual cost of the intervention was £460 higher than that of the control drug. The 

results of a probabilistic sensitivity analysis for 1,000 second-order and 50,000 first-order 

simulations are presented in Fig. S1 and Fig. S2, respectively. 

[TABLE 5 HERE; FIG. 4 HERE] 
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DISCUSSION 

To our knowledge, this is the first cost-effectiveness model developed specifically for 

Type 1 DM using up-to-date, systematically identified evidence. Only complications for which 

improved glycaemic control has been demonstrated to reduce the risk were modelled. A 

comprehensive model validation process was undertaken; in the dependent and independent 

external validation, model predictions were within 2% and 8% of expected values, respectively. 

This compares well with validation results from other diabetes models [21]. In analyses of the 

example patient cohorts, model predictions were consistent with expected results. 

Several simplifying assumptions were made due to limitations in the available data and to 

meet the objective to develop a simple and accessible model. Assumptions included simplifying 

the interactions between complications and applying the lowest utility weight of all 

complications in people with more than one complication. The latter approach is consistent with 

other diabetes models (e.g., the CORE model [21]); however, this approach may underestimate 

QALY losses if the presence of multiple complications results in greater impairment than does 

the worst of the complications alone. It is possible that simplification of interactions between 

complications may result in a wider distribution of complications among the population. For 

simplicity and due to paucity of available data, the risk of complications worsening or recurring 

was not adjusted for the HbA1c level. For example, the risk of a first cardiovascular event was 

adjusted for HbA1c, but the risk of subsequent events was not. 

A number of Type 1 DM complications (e.g., anxiety, depression, autoimmune 

thyroiditis, and limited joint mobility) were excluded from the model (Table S2). It is possible 

that these complications are influenced by HbA1c levels, but research demonstrating such an 
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association has been insufficient. If improved glycaemic control does reduce the incidence of 

these complications, the model may underestimate the benefit of improved control and therefore 

may be conservative when considering the benefit of interventions associated with improved 

glycaemic control. 

A limitation of the model is that reduction in HbA1c levels may not reflect the full 

benefit of more effective glycaemic control. In the DCCT, HbA1c accounted for approximately 

90% of the treatment effect, but there was a residual treatment effect that was not explained by 

HbA1c [1]. In addition, the model does not explicitly incorporate the costs and effects of 

treatments that are used to prevent cardiovascular complications (e.g., statins and 

antihypertensive agents). 

The prediction of long-term outcomes and the effect of HbA1c, age, and disease duration 

is subject to uncertainty. The risk of death from hypoglycaemia was difficult to estimate. This is 

likely to be an important driver of cost-effectiveness estimates when the incidence of severe 

hypoglycaemia differs among treatments. 

In our model, the treatment effects can be user defined. Therefore, it is not possible to 

provide firm guidelines regarding the number of individual people that should be simulated in 

order to achieve reproducible results. This should be determined by the user for individual 

analyses, as demonstrated in the example analysis for a hypothetical intervention. Run times for 

the probabilistic sensitivity analysis will vary from less than an hour to many hours, depending 

on the number of first-order (individual patient) simulations and second-order (probabilistic) 

simulations required and the speed of the computer processor. Whilst Excel is not the optimum 

software with respect to speed, it was selected in order to provide the required transparency and 

accessibility for multiple users. 
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In conclusion, we have developed a simple, probabilistic individual patient-simulation 

model based on recent data specific to Type 1 DM (where available) that included only those 

complications for which improved glycaemic control has been demonstrated to reduce the risk. 

In external validations, model predictions varied by less than 8% from expected values. 
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TABLES 

Table 1. Risk Functions for Type 1 DM Complications 

 

Source Function γ α 

Hazard Ratio: 

HbA1c 

Hazard Ratio: 

Age 

Hazard Ratio: 

Duration of 

Diabetes 

CVDa DCCT/EDIC 

Nathan et al. 

[1] 

Weibull  0.4574 4.3074 1.25 

(1.10-1.43) 

1.06 

(1.04-1.08)b 

NAa 

Cataract 

surgery 

Grauslund et 

al. [8] 

Weibull 0.9648 3.6095 1.22 

(0.91-1.64) 

Nonec 1.16 

(0.88-1.53) 

Peripheral 

neuropathyd 

DCCT/EDIC 

Albers et al. 

[10] 

Weibull 0.7123 3.3370 1.53 

(0.99-2.37) 

NAd 1.06 

(1.01-1.11) 

Micro-

albuminuriae 

DCCT/EDIC 

de Boer et al. 

[12] 

Partitioned 

(Weibull + log-

logistic)e 

Weibull: 

0.4238 

Log-logistic: 

Weibull: 

2.6727 

Log-logistic: 

1.80 

(1.54-2.10) 

1.03 

(1.00-1.07) 

Noneg 
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Source Function γ α 

Hazard Ratio: 

HbA1c 

Hazard Ratio: 

Age 

Hazard Ratio: 

Duration of 

Diabetes 

0.0048f 0.9919f 

Proliferative 

diabetic 

retinopathyh 

DCCT/EDIC 

Nathan et al. 

[5] 

Weibull 0.3184 3.8612 1.38 

(1.31-1.46) 

Noneh Noneg 

CVD = cardiovascular disease; DCCT = Diabetes Control and Complications Trial; EDIC = Epidemiology of Diabetes Interventions and 

Complications study; FinnDiane = Finnish Diabetic Nephropathy study; HbA1c = glycated haemoglobin; NA = not applicable; Type 1 DM = Type 1 

diabetes mellitus. 

a The function described the cumulative incidence of CVD with time and was adjusted for HbA1c and age. Statistical models did not include 

duration of diabetes due to colinearity with age (e.g., [16]). Adjustment for diabetes duration was performed by selecting the appropriate start point 

on a curve based on the baseline diabetes duration of the model population. 

b Gordin et al. [16] (FinnDiane) (not available from DCCT or EDIC). 

c Adjustment of the function for age was not appropriate because the function described the cumulative incidence with age. 

d The function described the cumulative incidence of peripheral neuropathy with time and was adjusted for HbA1c and diabetes duration. 

Statistical models did not include age due to colinearity with diabetes duration. Adjustment for age was performed by selecting the appropriate 

start point on curve based on the baseline age of the model population. 



 

28 

e The function described the cumulative incidence of microalbuminuria with increasing disease duration and was adjusted for HbA1c and age. A 

partitioned function was used in which the risk of a proportion of was described by a Weibull function and the risk to the remaining patients was 

described by a log-logistic function. The proportion of patients governed by the log-logistic function (86%) was estimated as a parameter during 

the fitting of the partitioned function. 

f Log-logistic location parameter. 

g Adjustment for duration was not appropriate because the function described the cumulative incidence with duration of diabetes. 

h The function described the cumulative incidence of proliferative diabetic retinopathy with duration of diabetes and was adjusted for HbA1c. The 

function was not adjusted for age because many studies found no independent association between age and retinopathy after adjustment for 

duration of diabetes (e.g., De Block et al. [17]). 
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Table 2. Internal Validation Results 

Complication Study 

Study Estimate for 

Cumulative Incidence or 

Validation Study Details 

Validation Estimate for 

Cumulative Incidence or 

Model Estimate for 

Cumulative Incidence 

Difference/ 

Comments 

CVD DCCT and EDIC 

Nathan et al. [1] (Fig. 1, 

intensive-treatment group) 

2.9% 2.6% –0.3% 

Microalbumin-

uria 

DCCT and EDIC 

de Boer et al. [12] (Fig. 1, 

intensive-treatment 

group)a 

21.0% 20.6% –0.4% 

Proliferative 

diabetic 

retinopathy 

DCCT and EDIC 

Nathan et al. [5] (Fig. 2A, 

intensive-treatment 

group)b 

7.8% 6.3% –1.5% 
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Complication Study 

Study Estimate for 

Cumulative Incidence or 

Validation Study Details 

Validation Estimate for 

Cumulative Incidence or 

Model Estimate for 

Cumulative Incidence 

Difference/ 

Comments 

Cataract 

surgery 

Grauslund et al. [8] (Fig. 2, 

Type 1 diabetes mellitus 

group)c 

0.0% 0.0% 0.0% 

Peripheral 

neuropathy 

EDIC 

Martin et al. [22] (Fig. 1, 

intensive-treatment 

group)d 

33.9% 33.2% –0.7% 

CVD = cardiovascular disease; DCCT = Diabetes Control and Complications Trial; EDIC = Epidemiology of Diabetes Interventions and 

Complications study. 

a Incidence for a duration of diabetes of 21 years (6 years at model entry + 15 years in model). Estimate was approximate as it was taken from a 

Kaplan-Meier curve with large steps at this point. 

b Incidence for a duration of diabetes of 21 years (6 years at model entry + 15 years in model). 

c Age at 15 years = 42; incidence of cataract surgery before age 50 = 0 [8]. 
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d Approximate data. The incidence in the DCCT and the EDIC study at baseline was 7%; at 13.5 years, incidence was 25% [10]. The derived 

Weibull function for the intensive-treatment group predicted a cumulative incidence of 26.9% at 15 years (incidence at baseline = 0). Estimated 

incidence at 15 years therefore was 26.9% + 7% = 33.9%. 
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Table 3. External Validation Results 

Complication Study 

Study Estimate for 

Cumulative Incidence or 

Validation Study Details 

Validation Estimate for 

Cumulative Incidence or 

Model Estimate for 

Cumulative Incidence 

Difference/ 

Comments 

Cardiovascular 

disease 

Cumulative incidence, 

hazard ratio, HbA1c: 

DCCT and EDIC, Nathan 

et al. [1] 

Cardiovascular disease 

included myocardial 

infarction,a stroke, angina,b 

revascularisation,c and 

cardiovascular death 

Hazard ratio, age and 

duration: EURODIAB, 

Soedamah-Muthu et al. 

EDC, Conway et al. [24] 

Coronary artery disease 

included myocardial 

infarction,d 

revascularisation,e 

stenosis,f and fatal 

coronary artery disease 

Patients diagnosed 1950-

1980; enrolled in EDC 

1986-1988 

26% at 

20 years of 

follow-upg 

Risk 

equation: 

21% at 20 

years of 

follow-up 

Model adjusted for 

difference in HbA1c 

between population 

underpinning model data 

(DCCT intensive 

treatment) and EDC, but 

other effects of 

contemporary 

management may account 

for the higher incidence in 

EDC 
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Complication Study 

Study Estimate for 

Cumulative Incidence or 

Validation Study Details 

Validation Estimate for 

Cumulative Incidence or 

Model Estimate for 

Cumulative Incidence 

Difference/ 

Comments 

[23] 

Coronary heart disease 

included clinical 

myocardial infarction, 

angina, coronary artery 

bypass graft surgery, 

electrocardiogram 

abnormality 

Cataract 

surgery 

Confidence interval: 

Grauslund et al. [8] 

None Not 

applicable 

Not 

applicable 

External validation was not 

possible because no 

studies were identified that 

reported cumulative 

incidence of cataract 

surgery in patients with 



 

34 

Complication Study 

Study Estimate for 

Cumulative Incidence or 

Validation Study Details 

Validation Estimate for 

Cumulative Incidence or 

Model Estimate for 

Cumulative Incidence 

Difference/ 

Comments 

Type 1 DM other than 

Grauslund et al. [8] 

Peripheral 

neuropathy 

Confidence interval: DCCT 

and EDIC, Albers et al. 

[10] 

Confirmed clinical 

neuropathy based on 

neurologist’s examinationh 

Hazard ratio, HbA1c: 

Nordic registry, Bragd et 

al. [25] 

Sensory neuropathy, as 

indicated by pathological 

thresholds revealed by 

EURODIAB, Tesfaye et al. 

[26,27] 

Abnormalities in at least 2 

of 4 assessmentsi 

Baseline examinations 

were conducted between 

1989 and 1991 

Patients with no peripheral 

neuropathy at baseline 

were followed up 

Mean duration of diabetes: 

14.7 ± 9.3 years 

23.5% at 

7.3 years of 

follow-up 

Risk 

equation: 

22.2% at 

7.3 years of 

follow-up 

Model estimate was close 

to and lower than 

observed in EURODIAB 

The EURODIAB studied 

patients who were 

diagnosed relatively 

recently 
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Complication Study 

Study Estimate for 

Cumulative Incidence or 

Validation Study Details 

Validation Estimate for 

Cumulative Incidence or 

Model Estimate for 

Cumulative Incidence 

Difference/ 

Comments 

neurometry and/or a 

vibration test with tuning 

fork and monofilament 

testing 

Microalbumin-

uria 

DCCT and EDIC, de Boer 

et al. [12] 

Persistent 

microalbuminuria, albumin 

excretion rate of at least 

30 mg per 24 hours at 2 

consecutive study visits 

Giordano et al. [28] 

Microalbuminuria, albumin 

levels of 30-300 mg in a 

24-hour urine collection 

23.0% at 

10 years 

from 

diagnosisj 

28.5% at 10 

years from 

diagnosis 

Giordano cohort consisted 

of 336 of 1,118 treatment-

naïve Sicilian patients 

hospitalised for Type 1 DM 

in 1991-2005 

Definition of 

microalbuminuria in 

Giordano study was less 

stringent (albumin 

excretion rate e 30 mg in 1 
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Complication Study 

Study Estimate for 

Cumulative Incidence or 

Validation Study Details 

Validation Estimate for 

Cumulative Incidence or 

Model Estimate for 

Cumulative Incidence 

Difference/ 

Comments 

sample rather than 2 

consecutive samples) 

Proliferative 

diabetic 

retinopathy 

DCCT and EDIC, Nathan 

et al. [5] 

Proliferative diabetic 

retinopathy or worse, 

ETDRS grading scale, and 

DCCT methods 

FinnDiane, Hietala et al. 

[29] 

ETDRS grading scale 

23.0% at 

20 years 

and 46.0% 

at 30 years 

from 

diagnosisk 

16.5% at 20 

years and 

47.7% at 30 

years from 

diagnosis 

Model estimate was lower 

at 20 years and  higher at 

30 years 

All-cause 

mortality 

Multiple data sources used 

for death from individual 

Type 1 DM complications 

and other causes 

Finne et al. [13] 

20,005 patients younger 

than 30 years diagnosed 

with Type 1 DM in Finland 

between 1965 and 1999, 

identified from the Finnish 

15% 18.9% Model estimate was higher 

than that observed by 

Finne et al. [13] 

Assumptions about 

baseline characteristics 

(as these were not 
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Complication Study 

Study Estimate for 

Cumulative Incidence or 

Validation Study Details 

Validation Estimate for 

Cumulative Incidence or 

Model Estimate for 

Cumulative Incidence 

Difference/ 

Comments 

Diabetes Register 

Baseline characteristics 

were not fully reported, so 

assumptions were applied 

during the validation 

reported by Finne et al. 

[13]) may have introduced 

error 

DCCT = Diabetes Control and Complications Trial; EDC = Epidemiology of Diabetes Complications study; EDIC = Epidemiology of Diabetes 

Interventions and Complications study; ETDRS = Early Treatment Diabetic Retinopathy Study; EURODIAB = Epidemiology and Prevention of 

Diabetes in Europe study; FinnDiane = Finnish Diabetic Nephropathy study; HbA1c = glycated haemoglobin; Type 1 DM = Type 1 diabetes 

mellitus. 

a Clinical and subclinical (silent) myocardial infarction (identified on the annual electrocardiograms). 

b Confirmed by ischaemic changes on exercise tolerance testing or by clinically significant obstruction on coronary angiography. 

c With angioplasty or coronary artery bypass graft. 

d Confirmed on medical records or Q-waves (Minnesota code 1.1 or 1.2). 

e Including coronary artery bypass graft, angioplasty, and coronary endarterectomy. 
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f Coronary artery stenosis e 50% without revascularisation. 

g Estimated from Conway et al. [24], Fig. 1 (top left). 

h Required at least 2 positive responses among symptoms, sensory signs, or reflex changes consistent with a distal symmetrical polyneuropathy 

(e.g., symptoms or signs showing a length-dependent gradient in a stocking or stocking-glove distribution) and nerve conduction study 

abnormalities involving 2 or more nerves among the median, peroneal, and sural nerves. 

i The assessment of neuropathy included (1) evaluation of neuropathic symptoms, (2) scored clinical examination, (3) measurement of vibration 

perception threshold, and (4) autonomic function tests by measuring 2 cardiovascular reflex responses. The criterion for the presence of diabetic 

peripheral neuropathy was if abnormalities were found in 2 or more of these 4 assessments. 

j Estimated from Giordano et al. [28], Fig. 3A. 

k Estimated from Hietala et al. [29], Fig. 1. 
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Table 4. Model Predictions for Example Population Cohorts (Mean Total Expected 

Lifetime Values; 50,000 Iterations; Costs and Outcomes Discounted at 3.5%) 

Population Total Cost Total LYs Total QALYs 

UK Type 1 DM Populationa £148,600 17.62 5.77 

Males £147,808 17.64 5.79 

Females (including pregnancy 

outcomes) 

£148,547 17.41 5.20 

Females (excluding pregnancy 

outcomes) 

£148,547 17.70 5.81 

Aged 25 yearsb £170,151 20.90 6.96 

Aged 30 yearsb £164,997 20.11 6.68 

Aged 35 yearsb £156,828 18.86 6.24 

Diabetes duration of 5.5 yearsc £128,167 18.46 6.80 

Diabetes duration of 15 yearsc  £162,367 17.13 5.13 

Diabetes duration of 20 yearsc  £180,580 16.55 4.31 

HbA1c = glycated haemoglobin; LY = life-year; QALY = quality-adjusted life-year; Type 1 DM = Type 1 

diabetes mellitus; UK = United Kingdom. 

a Age = 39 years; duration of diabetes = 11 years; HbA1c level = 72 mmol/mol (8.7%); gender (% 

female) = 43%; angina = 4%; prior myocardial infarction = 1.5%; prior revascularisation = 0.0%; disabled 

from stroke = 1.0%; cataract, partially sighted = 1.0%; peripheral neuropathy = 6.8%; active foot 

ulcer = 0.0%; amputee = 0.5%; microalbuminuria = 1.0%; end-stage renal disease = 1.5%; proliferative 

diabetic retinopathy = 3.5%; proliferative diabetic retinopathy blind = 1.0%. Adverse pregnancy outcomes 

not included. 

b Diabetes duration set at default: 11 years. 

c Age set at default: 39 years. 
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Table 5. Cost-Utility Analysis Results for a Hypothetical Intervention (Costs and 

Outcomes Discounted at 3.5%) 

Model Set-Up Intervention Control 

Annual drug cost £700 £600 

Annual other treatment cost £100 £100 

Mean change in HbA1c 

(standard error) 

–12 mmol/mol [1.1%] 

(1 mmol/mol [0.1%]) 

–11 mmol/mol [1.0%] 

(1 mmol/mol [0.1%]) 

Severity Rate Ratio Hypoglycaemiaa (Standard Error) 

Non-severe (day) 1.00 (0.05) 

Non-severe (nocturnal) 0.90 (0.05) 

Severe (day and nocturnal) 0.95 (0.05) 

Results Intervention Control Incremental Cost 

Drug £10,674 £8,872 £1,801 

Other treatment cost £1,779 £1,774 £5 

Complications £133,191 £136,759 –£3,568 

Total cost (95% CI) £145,644 (116,468, 

326,076) 

£147,406 (117,151, 

178,109) 

–£1,762 (–13,451, 

8,629) 

Life-years (95% CI) 17.70 (16.72, 18.50) 17.64 (16.71, 18.42) 0.05 (–0.11, 0.19) 

QALYs (95% CI) 6.02 (3.82, 7.57) 5.79 (3.72, 7.33) 0.23 (–0.30, 0.73) 

Incremental cost per 

QALY 

Intervention dominant; probability of cost-effectiveness: 0.72b 

CI = confidence interval; HbA1c = glycated haemoglobin; QALY = quality-adjusted life-year. 

a Rate ratio for intervention versus control. 

b Probability of cost-effectiveness at a willingness-to-pay threshold of £20,000 per QALY. 
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FIGURE LEGENDS 

Figure 1. Diagrammatic Representation of the Individual Patient-Simulation Model 

AMP = amputation; CS = cataract surgery; CVD = cardiovascular disease; DKA = diabetic ketoacidosis; 

ESRD = end-stage renal disease; FU = foot ulcer; HbA1c = glycated haemoglobin; 

hypo = hypoglycaemia; ICM = infant congenial malformation; ID = infant death; MA = microalbuminuria; 

MI = myocardial infarction; PDR = proliferative diabetic retinopathy; PN = peripheral neuropathy; 

REVASC = revascularisation; Type 1 DM = Type 1 diabetes mellitus. 

Note: All-cause mortality was included in the model; people with any complications or none could die of 

other causes. 

a The data used to estimate the parametric function for CVD represented the time to the first of any 

predefined CVD event (non-fatal acute MI, silent MI, stroke, death from CVD, confirmed angina, or the 

need for coronary artery revascularisation). Patients with silent MI were assumed to have no CVD. 

b Separate costs and utilities were applied for the first year (in which the event occurred) and for 

subsequent years. Patients can become permanently disabled or can recover. For patients without 

permanent disability, no cost or utility impact were applied after recovery. 

c Patients are assumed to have substantially impaired vision due to cataract for the year before the 

cataract surgery. The probability of a second surgery was assumed independent of previous cataract 

surgery. 

d FUs can become infected and patients could develop gangrene. 

e Patients can have up to 2 amputations. 

f Hypoglycaemic events were modelled separately as follows: non-severe day, non-severe nocturnal, 

severe day, and severe nocturnal. Specific mortality was for severe events only. 
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g Data from this outcome can be included or excluded from the results of individual analyses. Fixed 

probabilities were adjusted using the hazard ratio for HbA1c. 

Figure 2. Dependent External (Second-Order) Validation: Comparison With the 

DCCT and EDIC Conventional-Treatment Group (IA Through IVA) and 

Independent External (Third-Order) Validation: (IB Through IVB) 

CT = conventional treatment; DCCT = Diabetes Control and Complications Trial; EDC = Epidemiology of 

Diabetes Complications study; EDIC = Epidemiology of Diabetes Interventions and Complications study; 

EURODIAB = Epidemiology and Prevention of Diabetes in Europe study; FinnDiane = Finnish Diabetic 

Nephropathy study; IT = intensive treatment. 

Sources: Fig. IB, the EDC Study, Conway et al. [24]; Fig. IIB, the EURODIAB Study, Tresfaye et al. [26]; 

Fig. IIIB, Giordano et al. [28]; Fig. IVB, the FinnDiane Study, Hietala et al. [29]. 

Figure 3. Graphical Presentation of the Results of the Dependent External 

(Second-Order) and Independent External (Third-Order) Validation of the Model 

CT = conventional treatment; DCCT = Diabetes Control and Complications Trial; IT = intensive treatment. 

Note: Model estimates are plotted against data reported in the external validation studies (original data). 

The straight line represents equivalence between the model estimates and the original data. 

Figure 4. Cumulative Incidence of Complications for a Hypothetical Intervention 

and Control 

CVD = cardiovascular disease; MA = microalbuminuria; PDR = proliferative diabetic retinopathy; 

PN = peripheral neuropathy. 

 



 

43 

FIGURES 

Figure 1. Diagrammatic Representation of the Individual Patient-Simulation Model 
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AMP = amputation; CS = cataract surgery; CVD = cardiovascular disease; DKA = diabetic ketoacidosis; ESRD = end-stage renal disease; 

FU = foot ulcer; HbA1c = glycated haemoglobin; hypo = hypoglycaemia; ICM = infant congenial malformation; ID = infant death; 

MA = microalbuminuria; MI = myocardial infarction; PDR = proliferative diabetic retinopathy; PN = peripheral neuropathy; 

REVASC = revascularisation; Type 1 DM = Type 1 diabetes mellitus. 

Note: All-cause mortality was included in the model; people with any complications or none could die of other causes. 

a The data used to estimate the parametric function for CVD represented the time to the first of any predefined CVD event (non-fatal acute MI, 

silent MI, stroke, death from CVD, confirmed angina, or the need for coronary artery revascularisation). Patients with silent MI were assumed to 

have no CVD. 

b Separate costs and utilities were applied for the first year (in which the event occurred) and for subsequent years. Patients can become 

permanently disabled or can recover. For patients without permanent disability, no cost or utility impact were applied after recovery. 

c Patients are assumed to have substantially impaired vision due to cataract for the year before the cataract surgery. The probability of a second 

surgery was assumed independent of previous cataract surgery. 

d FUs can become infected and patients could develop gangrene. 

e Patients can have up to 2 amputations. 

f Hypoglycaemic events were modelled separately as follows: non-severe day, non-severe nocturnal, severe day, and severe nocturnal. Specific 

mortality was for severe events only. 
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g Data from this outcome can be included or excluded from the results of individual analyses. Fixed probabilities were adjusted using the hazard 

ratio for HbA1c. 
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Figure 2. Dependent External (Second-Order) Validation: Comparison With the 

DCCT and EDIC Conventional-Treatment Group (IA Through IVA) and 

Independent External (Third-Order) Validation: (IB Through IVB) 
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CT = conventional treatment; DCCT = Diabetes Control and Complications Trial; EDC = Epidemiology of 

Diabetes Complications study; EDIC = Epidemiology of Diabetes Interventions and Complications study; 

EURODIAB = Epidemiology and Prevention of Diabetes in Europe study; FinnDiane = Finnish Diabetic 

Nephropathy study; IT = intensive treatment. 

Sources: Fig. IB, the EDC Study, Conway et al. [24]; Fig. IIB, the EURODIAB Study, Tresfaye et al. [26]; 

Fig. IIIB, Giordano et al. [28]; Fig. IVB, the FinnDiane Study, Hietala et al. [29]. 
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Figure 3. Graphical Presentation of the Results of the Dependent External 

(Second-Order) and Independent External (Third-Order) Validation of the Model 

 
CT = conventional treatment; DCCT = Diabetes Control and Complications Trial; IT = intensive treatment. 

Note: Model estimates are plotted against data reported in the external validation studies (original data). 

The straight line represents equivalence between the model estimates and the original data. 
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Figure 4. Cumulative Incidence of Complications for a Hypothetical Intervention 

and Control 
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CVD = cardiovascular disease; MA = microalbuminuria; PDR = proliferative diabetic retinopathy; 

PN = peripheral neuropathy. 
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SUPPORTING INFORMATION  

DEVELOPMENT AND VALIDATION OF A COST-UTILITY MODEL 

FOR TYPE 1 DIABETES MELLITUS 

S. Wolowacz, I. Pearson, P. Shannon, B. Chubb, J. Gundgaard, M. Davies and 
A. Briggs 

Definition of Type 1 Diabetes Mellitus 

The World Health Organization defines Type 1 diabetes mellitus (DM) as a 
condition of deficiency of insulin secretion from the pancreas, usually due to auto-
immune damage of the insulin-producing cells. However, the clinical condition 
generally is recognised on the basis of diabetes (high blood glucose levels) 
occurring in mainly younger and thinner people in the absence of other precipitating 
causes (WHO, 1999). 

Published Diabetes Models 

 Mueller E, Maxion-Bergemann S, Gultyaev D, Walzer S, Freemantle N, 
Mathieu C, et al. Development and validation of the Economic Assessment of 
Glycemic Control and Long-Term Effects of diabetes (EAGLE) model. Diabetes 
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 Palmer AJ, Roze S, Valentine WJ, Minshall ME, Foos V, Lurati FM, et al. The 
CORE Diabetes Model: projecting long-term clinical outcomes, costs and 
cost-effectiveness of interventions in diabetes mellitus (types 1 and 2) to 
support clinical and reimbursement decision making. Curr Med Res Opin 
2004; 20(suppl 1): S5-26. 

 Eddy DM, Schlessinger L. Archimedes: a trial-validated model of diabetes. 
Diabetes Care 2003; 26: 3093-1. 

 Mount Hood 4 Modeling Group. Computer modeling of diabetes and its 
complications, a report on the Fourth Mount Hood Challenge Meeting. 
Diabetes Care 2007; 30: 1638-46. 
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Table S1. Default Model Population Characteristics at Entry 

Characteristica Value Source 
Mean age, in years 39 Lauterbach et al., 2010 
Mean duration of diabetes, in years 11 Lauterbach et al., 2010 
Mean HbA1c, in mmol/mol (%) 72 (8.7) Lauterbach et al., 2010 
Sex (% female) 43 Lauterbach et al., 2010 
Angina (%) 4.0 United Kingdom National 

Diabetes Audit, 2010b 
Prior myocardial infarction (%) 1.5 United Kingdom National 

Diabetes Audit, 2010b 
Prior revascularisation (%) 0.0 Assumption 
Disabled from stroke (%) 1.0 United Kingdom National 

Diabetes Audit, 2010 
Cataract, partially sighted (%) 1.0 Assumption 
Peripheral neuropathy (%) 6.8 Lauterbach et al., 2010 
Active foot ulcer (%) 0.0 Assumption 
Amputee (%) 0.5 United Kingdom National 

Diabetes Audit, 2010 
Microalbuminuria (%) 1.0 Färnkvist and Lundman, 2003 
End-stage renal disease (%) 1.5 United Kingdom National 

Diabetes Audit, 2010 
Proliferative diabetic retinopathy (%) 3.5 United Kingdom National 

Diabetes Audit, 2010 
Proliferative diabetic retinopathy, blind (%) 1.0 Assumption 

HbA1c = glycosylated haemoglobin. 
a The model adjusted the probabilities of complications for patients’ age, duration of diabetes, and 
HbA1c; probabilities of death were dependent on age and sex. Probabilities of hypoglycaemia were 
adjusted for the presence of peripheral neuropathy. 
b Data for Type 1 diabetes mellitus estimated from the United Kingdom National Diabetes Audit, 2010, 
Figure 14, page 19. 
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Table S2. Selection of Type 1 Diabetes Mellitus Complications for Incorporation in the Economic Model 

Complication 
Associated With Type 1 
Diabetes Mellitus 

Associated with Glycaemic 
Control and/or HbA1c 

Selected 
(Yes/No) Reason for Exclusion 

Anxiety and 
depression 

Unclear; conflicting evidence, 
possibly confounded by 
comorbidities 

Unclear; association 
demonstrated but causality is 
questionable 

No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes mellitus 

Autoimmune 
thyroiditis 

Yes; approximately 10% of 
patients require treatment; 
screening programmes are in 
place in some countries 
(Kordonouri et al., 2005; 
Mantovani et al., 2007) 

Unclear; not investigated No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes mellitus; minor impact 
on costs and health-related 
quality of life 

Cardio-
vascular 
disease 

Yes; angina, hypertension, 
myocardial infarction, and 
stroke (Klein et al., 2004) 

Yes; the decrease in HbA1c 
values during DCCT was 
significantly associated with 
most of the positive effects of 
intensive treatment on the 
risk of cardiovascular disease 
(Nathan et al., 2005) 

Yes Not applicable 

Carpel tunnel 
syndrome 

Yes; predicted lifetime risk 
was approximately 85% after 
54 years of Type 1 diabetes 
mellitus (Singh et al., 2005) 

No; there was no 
demonstrable effect of 
glycaemic control on the 
incidence of carpel tunnel 
syndrome (Singh et al., 2005) 

No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes mellitus; relatively 
minor impact on health-related 
quality of life 



 

4 

Complication 
Associated With Type 1 
Diabetes Mellitus 

Associated with Glycaemic 
Control and/or HbA1c 

Selected 
(Yes/No) Reason for Exclusion 

Cataract Yes; 25-year crude incidence 
of cataract surgery was 
approximately 20% 
(Grauslund et al., 2011) 

Yes; the hazard ratio for risk 
of cataract surgery was 1.22 
(95% confidence interval: 
0.91-1.64) [reported value 
inverted to give the hazard 
ratio for an 11-mmol/mol 
(1.0%) increase in HbA1c] 
(Grauslund et al., 2011) 

Yes Not applicable 

Cognitive 
dysfunction 

Unclear; conflicting evidence Unclear; association 
demonstrated but cause and 
effect not established 

No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes mellitus 

Cutaneous 
manifestations 

Yes; there was a higher 
prevalence in patients with 
Type 1 diabetes mellitus than 
in control subjects (Pavlovic et 
al., 2007) 

No; there was no evidence to 
relate diabetic hand to 
metabolic control (Pavlovic et 
al., 2007) 

No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes mellitus 

Female sexual 
dysfunction 

Unclear; conflicting evidence Unclear; conflicting evidence No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes mellitus 

Male sexual 
dysfunction 

Unclear; only 1 study 
identified (Enzlin et al., 2003) 

Unclear; only 1 study 
identified (Enzlin et al., 2003) 

No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes mellitus 

Fracture Unclear; conflicting evidence Unclear; no evaluation of the 
impact of HbA1c levels on 
fracture risk identified 

No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes mellitus 

Hypogly-
caemia 

Yes; reported severe 
hypoglycaemia (coma or 
seizure) rates ranged from 

Yes; HbA1c was inversely 
related with rate of severe 
hypoglycaemia with an effect 

Yes Not applicable 
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Complication 
Associated With Type 1 
Diabetes Mellitus 

Associated with Glycaemic 
Control and/or HbA1c 

Selected 
(Yes/No) Reason for Exclusion 

5.4% to 19.0% per 100 
patient-years in the EDIC, 
DCCT, and EDC Type 1 
diabetes mellitus populations 
(Nathan et al., 2009) 

corresponding to a relative 
risk of 1.4% in the lowest 
HbA1c quartile, compared with 
the upper quartile (Pedersen-
Bjergaard et al., 2004) 

Ketoacidosis Yes; rate of ketoacidosis 
events reported in DCCT, 
EDIC, and EDC ranged from 
0% to 3.1% per 100 patient-
years (Nathan et al., 2009) 

Yes; HbA1c was a significant 
predictor of ketoacidosis 
(P = 0.001) (Craig et al., 
2007) 

Yes Not applicable 

Limited joint 
mobility 

Unclear; limited evidence, 
only 1 study identified 
(Lindsay et al., 2005) 

Unclear; limited evidence, 
only 1 study identified 
(Lindsay et al., 2005) 

No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes mellitus 

Myopia Unclear; limited evidence, 
only 1 study identified 
(Jacobsen et al., 2008) 

Unclear; limited evidence, 
only 1 study identified 
(Jacobsen et al., 2008) 

No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes mellitus 

Non-alcoholic 
fatty liver 
disease 

Unclear; limited evidence, 
only 1 study identified 
(Targher et al., 2010) 

Unclear; limited evidence, 
only 1 study identified 
(Targher et al., 2010) 

No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes mellitus 

Peripheral 
neuropathy, 
foot ulcer, and 
amputation 

Yes; incidence rate for lower-
extremity amputation was 
3.2% (95% confidence 
interval: 1.2-9.4) per 1,000 
patients with Type 1 diabetes 
mellitus (McAlpine et al., 
2005) 

Yes; higher HbA1c (per 11-
mmol/mol (1.0%) odds ratio: 
1.40; 95% confidence 
interval: 1.24-1.58) was 
independently associated with 
the incidence of lower-
extremity amputation 
(Sahakyan et al., 2011) 

Yes Not applicable 

Pregnancy, 
birth outcomes 

Yes; the congenital 
malformation rates was 5.0% 

Yes; for HbA1c levels 
> 53 mmol/mol (7.0%), there 

Yes Not applicable 
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Complication 
Associated With Type 1 
Diabetes Mellitus 

Associated with Glycaemic 
Control and/or HbA1c 

Selected 
(Yes/No) Reason for Exclusion 

in the Type 1 diabetes 
mellitus population and 2.8% 
(relative risk: 1.7; 95% 
confidence interval: 1.3-2.2) 
in the background population 
(Jensen et al., 2004) 

was an almost linear 
association between HbA1c 
and risk of adverse outcome, 
whereby an 11-mmol/mol 
(1.0%) increase in HbA1c 
corresponded to 5.5% (95% 
confidence interval: 3.8-7.3) 
increased risk of adverse 
pregnancy outcome (Nielsen 
et al., 2006) 

Renal disease Yes; there was a 5-year 
incidence of renal 
replacement therapy of 
10.2% in patients with Type 1 
diabetes mellitus recruited to 
the ETDRS trial (Cusick et al., 
2004) 

Yes; 11-mmol/mol (1.0%) 
increment in HbA1c level was a 
significant risk factor of renal 
replacement therapy 
(P ≤ 0.01) (Cusick et al., 
2004); the adjusted hazard 
ratio for microalbuminuria per 
11-mmol/mol (1.0%) increase 
in HbA1c was 1.80 (95% 
confidence interval: 1.54-
2.10) (de Boer et al., 2007) 

Yes Not applicable 

Retinopathy Yes; there was a cumulative 
incidence of 84.1% for any 
retinopathy and 50.2% for 
advanced retinopathy after 
40 years of Type 1 diabetes 
mellitus (Hammes et al., 
2011) 

Yes; an HbA1c level of 
> 58 mmol/mol (7.5%) was a 
significant risk factor for both 
any retinopathy and advanced 
retinopathy (P < 0.0001) 
(Hammes et al., 2011); 
progression of diabetic 
retinopathy also was more 
likely after an increase in 
HbA1c level (Klein et al., 2008) 

Yes Not applicable 

Sleep 
disturbances 

Unclear; limited evidence, 
only 1 study identified (van 

Unclear; limited evidence, 
only 1 study identified (van 

No Insufficient evidence that 
effective diabetes management 
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Complication 
Associated With Type 1 
Diabetes Mellitus 

Associated with Glycaemic 
Control and/or HbA1c 

Selected 
(Yes/No) Reason for Exclusion 

Dijk et al., 2011) Dijk et al., 2011) reduces the risk of Type 1 
diabetes mellitus 

Urinary 
incontinence 

Unclear; limited evidence, 
only 1 study identified (Sarma 
et al., 2009) 

Unclear; limited evidence, 
only 1 study identified (Sarma 
et al., 2009) 

No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes mellitus 

Urinary tract 
infections or 
symptoms 

No; sexual activity, rather 
than measures of diabetes 
control and complications, 
was the main risk factor for 
urinary tract infection (Czaja 
et al., 2009) 

No; no association was 
observed between HbA1c 
levels at the DCCT baseline or 
end of study or the year 10 
EDIC examination (urological 
assessment component of the 
EDIC) (Van Den Eeden et al., 
2009) 

No Insufficient evidence that 
effective diabetes management 
reduces the risk of Type 1 
diabetes 

DCCT = Diabetes Control and Complications Trial; EDC = Epidemiology of Diabetes Complications; EDIC = Epidemiology of Diabetes 
interventions and Complications study; ETDRS = Early Treatment of Diabetic Retinopathy Study; HbA1c = glycosylated haemoglobin. 
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Table S3. Probabilities for Type 1 Diabetes Mellitus Complication Events 

Event Probability Source 
Type of first cardiovascular event: conditional upon having a first event 
Death from cardiovascular disease 0.08 Nathan et al., 2005 
Non-fatal acute myocardial infarction 0.20 Nathan et al., 2005 

Silent myocardial infarction 0.24 Nathan et al., 2005 
Revascularisation 0.12 Nathan et al., 2005 
Confirmed angina 0.28 Nathan et al., 2005 
Non-fatal cerebrovascular event 0.07 Nathan et al., 2005 

Subsequent Cardiovascular event annual probability: conditional upon having a 
first eventa 
Death from cardiovascular disease 0.0110 Nathan et al., 2005 
Non-fatal acute myocardial infarction 0.0132 Nathan et al., 2005 

Silent myocardial infarction 0.0176 Nathan et al., 2005 
Revascularisation 0.0685 Nathan et al., 2005 
Confirmed angina 0.0219 Nathan et al., 2005 
Non-fatal cerebrovascular event 0.0825b National Audit Office, 2010 

Death from angina and myocardial infarction 
Angina  
Age, in years: male/female  

35-44 0.0046/0.0025 Hunink et al., 1997c 
45-54 0.0107/0.0062 Hunink et al., 1997c 
55-64 0.0184/0.0120 Hunink et al., 1997c 
65-74 0.0327/0.0251 Hunink et al., 1997c 
75 and over 0.1059/0.0964 Hunink et al., 1997c 

Myocardial infarction: year 1  
Age, in years: first event/subsequent 
event 

 

35-44 0.0154/0.0867 Hunink et al., 1997c 
45-54 0.0336/0.1120 Hunink et al., 1997c 
55-64 0.0730/0.1446 Hunink et al., 1997c 
65-74 0.1587/0.1867 Hunink et al., 1997c 
75 and over 0.2953/0.2953 Hunink et al., 1997c 
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Event Probability Source 
Myocardial infarction: year 2+  
Age, in years: male/female  

35-44 0.0046/0.0025 Weinstein et al., 1987c 
45-54 0.0107/0.0062 Weinstein et al., 1987c 
55-64 0.0184/0.0120 Weinstein et al., 1987c 
65-74 0.0327/0.0251 Weinstein et al., 1987c 
75 and over 0.1059/0.0964 Weinstein et al., 1987c 

Death from revascularisation and death and disability from stroke 
Death from revascularisation 0.263 Mak and Faxon, 2003d 
Death from stroke 0.142 Sacco et al., 1994c,e 
Permanent disability from stroke 0.500 National Audit Office, 2010c 
Death from disabled from stroke 0.0915 Sacco et al., 1994c,e 
Foot ulcer, infection, amputation, and death due to amputation 
Foot ulcer for patients with peripheral 
neuropathy 

0.040 RTI-CDC model (Moss et al., 
1992; Ramsey et al., 1999; 
Reiber et al., 1995)d,f 

Infection for patients with foot ulcer 0.580 Eurodiale Study Group, 2008 
Lower-extremity amputation (defined 
as a non-traumatic lower-extremity 
amputation above or below the knee) 
for patients with peripheral neuropathy 

0.120 Value calibrated so that the 
model reproduced the 
incidence of lower-extremity 
amputation reported by 
Jonasson et al., 2008 (11% at 
age 65 years)g 

Second lower-extremity amputation for 
patients with prior lower-extremity 
amputation 

0.110 Reiber et al., 1995 (for Type 1 
diabetes mellitus and Type 2 
diabetes mellitus) 

Peri-operative death for patients 
undergoing amputation 

0.093 Vamos et al., 2010 
0.348: 30-day 
mortality = 9.3% (all 
individuals admitted to 
National Health Service 
hospitals for non-traumatic 
amputations in 2004-2005 in 
England; data for 376 patients 
with Type 1 diabetes mellitus 
and major lower-extremity 
amputations) 
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Event Probability Source 
End-stage renal disease and death due to end-stage renal disease 
End-stage renal disease for patients 
with microalbuminuria (annual 
probability) 

0.0180 Calibrated with respect to 
Finne et al., 2005 

Death for patients with end-stage renal 
disease 

0.1640 United Kingdom Renal 
Registry, 2010, for Type 1 
diabetes mellitus and Type 2 
diabetes mellitus 
Diabetic-prevalent patient 1-
year survival was 83.6% in 
2009 
Annual rate = 
(–Ln (1 – (1 – 0.836)) / 1) 
Probability = (1 – exp(annual 
rate)) 

Annual probability of blindness for patients with proliferative diabetic retinopathy 
Blindness for patients with proliferative 
diabetic retinopathy 

0.0064 Early Treatment Diabetic 
Retinopathy Study Research 
Group, 1991 (for Type 1 
diabetes mellitus or Type 2 
diabetes mellitus) 
Incidence = 2.6% – 3.7% at 
5 years (midpoint = 3.15% 
assumed) 
Annual rate = 
–Ln(1 – 0.0315) / 5 
Annual probability = 
1 – exp(–annual rate) 

Death from severe hypoglycaemiah and diabetic ketoacidosis 
Death from severe day hypoglycaemia 0.002 Assumptioni 

Death from severe nocturnal 
hypoglycaemia 

0.004 Assumptioni 

Death from diabetic ketoacidosis 0.05 Powers, 2005 
Stillbirth, perinatal mortality, and congenital malformationj 
Stillbirth 0.0210 Jensen et al., 2004 
Perinatal mortality 0.0310 Jensen et al., 2004 
Congenital malformation 0.0500 Jensen et al., 2004 

DCCT = Diabetes Control and Complications Trial; EDIC = Epidemiology of Diabetes interventions and 
Complications study; HbA1c = glycosylated haemoglobin; Ln = natural logarithm; RTI-CDC = Research 
Triangle Institute/Centers for Disease Control and Prevention; UK = United Kingdom. 

Note: Death from other causes was modelled using age- and sex-specific mortality rates for the UK 
general population (Office for National Statistics, 2010). 
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a Calculated as 1 – exp(rate per patient-year). The total patient-years of follow-up for patients with 
any first cardiovascular event was estimated as 451 years, based on the number at risk and the 
cumulative incidence of first cardiovascular event, as reported by Nathan et al., 2005. 
b Probability was derived from data reported by the National Audit Office, 2010, as no subsequent 
non-fatal cerebrovascular events were observed in the DCCT and EDIC studies (35% of patients had a 
subsequent stroke over a period of 5 years after the first stroke; annual rate = –((Ln(1 – 0.35)) / 5); 
probability = (1 – exp(rate)). 
c Not specific to patients with diabetes. 
d Patients with Type 2 diabetes mellitus. 
e Sacco et al., 1994, included 1-month, 1-year, and 5-year transition probabilities. These were 
converted to hazard rates, from which 6-month and 1-year transition probabilities were calculated. 
f Estimates of the incidence of diabetic foot ulcers for the entire Type 2 diabetes mellitus population 
included 2.6% for 1 year (Moss et al., 1992) and 5.8% cumulative incidence for 3 years (Ramsey et 
al., 1999). Most (78%) foot ulcers occurred among patients with neuropathy (Reiber et al., 1995). 
Assuming that the annual incidence rate for all patients with Type 2 diabetes mellitus was 2%, 
patients with neuropathy account for 80% of foot ulcers and that about 40% of patients with Type 2 
diabetes mellitus have neuropathy, the calculation yields an estimated annual incidence of 4% for 
patients with neuropathy. 
g The cumulative probability of having a non-traumatic lower-extremity amputation by age 65 years 
was 11.0% for women with Type 1 diabetes mellitus and 20.7% for men with Type 1 diabetes mellitus 
(Jonasson et al., 2008, based on 31,354 patients with Type 1 diabetes mellitus in the Swedish 
Inpatient Register between 1975 and 2004). Probability calibrated to give a model estimate at default 
settings (timeframe to yield mean age of 65 years) of 11% (the lower end of the reported range was 
selected because the Swedish Registry data included patients from 1975 and incidence was expected 
to decrease with more modern diabetes management). 
h The model was set to a mean age of 33 years, disease duration of 15 years, HbA1c of 72 mmol/mol 
(8.7%), and 49% female. The rate of severe hypoglycaemia per patient-year was based on the DCCT 
and EDIC studies (omitting the conventional treatment group of the DCCT study on the basis that that 
group represented out-of-date treatment). Severe hypoglycaemia (day and nocturnal 
combined) = 11.5 per 100 patient-years (Nathan et al., 2009, reported a range of 6.7-16.4). The 
proportion of all severe hypoglycaemic events that are nocturnal = 55% (The Diabetes Control and 
Complications Trial Research Group, 1993). The model was run to age 40 (7 years), and probability 
was adjusted to reproduce the proportion of all early deaths (age < 40 years) due to hypoglycaemia 
equal to 12%. The probability of death from a nocturnal hypoglycaemic event was assumed to be 
approximately double that for such an event during the day. Standard error was assumed to be 66% 
of the mean, based on the percentage difference in the reported range (66% = (12 – 4) / 12). 
i It is well recognised that the risk of death from hypoglycaemia is very difficult to estimate; the cause 
of death (particularly in cases of “dead in the bed”) is often unclear (Heller, 2008). No data were 
identified from which the probability of death from severe hypoglycaemia could be estimated. 
However, estimates of the proportion of all early deaths that were due to hypoglycaemia have been 
reported. In a review by Heller (2008), estimates of 4%, 7%, and 27% were reported. Patterson et al. 
(2007) reported an estimate of 9% (of 134 deaths, 5 were due to hypoglycaemia and 7 were dead in 
the bed; 12/134 = 9%). The average of these reported values was 12%. Default values for the 
probability of death from severe hypoglycaemic events were estimated using these data as follows: 
The probability of death from a severe day event was assumed to be approximately half that of a 
severe nocturnal event. These probabilities then were adjusted so that the proportion of all deaths 
that were due to hypoglycaemia was equal to 12% of all early deaths (age < 40 years). 
j The number of expected pregnancies during the model’s time horizon was estimated from UK general 
population birth rates, by age (Office for National Statistics, 2009). 
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Table S4. Utility Weights and Costs Associated With Type 1 Diabetes Mellitus Complications (Consistent With the 
CORE Model; Palmer et al., 2004) 

Complicationa 

Utility Weight Cost (£) 

Value Comment Source Value Comment  Source 
No complications 0.814 Utility applied 

annually 
Clarke et al., 
2002 

Not applicable Not applicable Not applicable 

Angina 0.682 Utility applied 
annually 

Clarke et al., 
2002 

Not applicable Not applicable Not applicable 

Angina, year 1 As above for 
angina 

— — 2,623 Annual costs 
due to an 
angina event 
in the first 
year of angina 

Dyer et al., 
2008 

Angina, years 2+ As above for 
angina  

— — 2,196 Annual costs 
in subsequent 
years 

Cameron and 
Bennett, 2009 

Myocardial infarction, 
year of event 

–0.129 Utility 
decrement 
applied 
annually 

Clarke et al., 
2002 

5,093 Annual costs 
due to an 
myocardial 
infarction 
event in the 
year of a first 
or recurrent 
event  

National 
Institute for 
Health and 
Clinical 
Excellence, 
2007 

Myocardial infarction, 
years 2+ post-event 

0.736 Utility applied 
annually 

Clarke et al., 
2002 

573 Annual costs 
in subsequent 
years after an 
event 

National 
Institute for 
Health and 
Clinical 
Excellence, 
2007 
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Complicationa 

Utility Weight Cost (£) 

Value Comment Source Value Comment  Source 
Revascularisation, year 
of event 

–0.129 Utility 
decrement 
applied 
annually 

Assumption 5,000 Annual costs 
due to a 
revascular-
isation event 
in the year of 
a first or 
recurrent 
event 

Assumption 

Revascularisation, 
years 2+ post-event 

0.736 Utility applied 
annually 

Assumption 1,500 Annual costs 
in subsequent 
years after an 
event 

Assumption 

Stroke, year of event –0.181 Utility 
decrement 
applied 
annually 

Clarke et al., 
2002 

9,401 Annual costs 
due to a 
stroke event in 
the year of a 
first or 
recurrent 
event 

National 
Institute for 
Health and 
Clinical 
Excellence, 
2006 

Stroke, years 2+ As above for 
stroke, year of 
event  

— — 2,527 Annual costs 
in subsequent 
years after an 
event 

National 
Institute for 
Health and 
Clinical 
Excellence, 
2006 

Stroke, permanently 
disabled, years 2+ post-
event 

0.545 Utility applied 
annually 

Clarke et al., 
2002 

Not applicable Not applicable Not applicable 
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Complicationa 

Utility Weight Cost (£) 

Value Comment Source Value Comment  Source 
Stroke, death 0.000 — — 8,242 Annual costs 

in the year of 
death due to 
stroke 

Youman et al., 
2003 

Cataract, partially 
sighted (year before 
surgery) 

0.794 Utility applied 
annually 

Palmer et al., 
2004 

0 — Assumption 

Cataract, year of 
surgery 

–0.010 Utility 
decrement 
applied 
annually 

Assumption 833 Annual costs 
in the year of 
cataract 
surgery 

National 
Health 
Service, 2010 

Cataract, years 2+ 
(after operation) 

0.000 — Assumption 383 Annual costs 
in subsequent 
years  

Clarke et al., 
2003 

Neuropathy, year 1 0.624 Utility applied 
annually 

Palmer et al., 
2004 

399 Annual costs 
in the year of 
developing 
neuropathy 

National 
Health 
Service, 2010 

Neuropathy, years 2+ 0.624 Utility applied 
annually 

Palmer et al., 
2004 

399 Annual costs 
in subsequent 
years  

National 
Health 
Service, 2010 

Foot ulcer 0.600 Utility applied 
annually 

Palmer et al., 
2004 

Infected: 
25,858 
Uninfected: 
25,351 

Cost per 
episode 

Ghatnekar et 
al., 2002 

Amputation (year of 
event) 

–0.109 Utility 
decrement 
applied 
annually 

Clarke et al., 
2002 

4,437 Annual costs 
in the year of 
having an 
amputation 

National 
Health 
Service, 2010 
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Complicationa 

Utility Weight Cost (£) 

Value Comment Source Value Comment  Source 
Amputation prosthesis 
(per event) 

Not applicable Not applicable Not applicable 2,234 Costs per 
prosthesis and 
fitting 

Ghatnekar et 
al., 2002 

Post-amputation (years 
2+ post-event) 

0.680 Utility applied 
annually 

Clarke et al., 
2002 

0 Annual cost in 
years after 
amputation 

Palmer et al., 
2004 

Gangrene treatment 
(per event) 

Not applicable Not applicable Not applicable 45,100 Cost per 
episode 

Ghatnekar et 
al., 2002 

Microalbuminuria 0.814 Utility applied 
annually 

Clarke et al., 
2002 

Not applicable Not applicable Not applicable 

End-stage renal diseaseb 
Haemodialysis, year 1 0.490 Utility applied 

annually 
Tengs and 
Wallace, 2000 

37,882 Annual costs 
in the first 
year of 
haemodialysis 

National 
Institute for 
Health and 
Clinical 
Excellence, 
2008 

Haemodialysis, years 
2+ 

0.490 Utility applied 
annually 

Tengs and 
Wallace, 2000 

37,882 Annual costs 
in subsequent 
years 

National 
Institute for 
Health and 
Clinical 
Excellence, 
2008 

Peritoneal dialysis, 
year 1 

0.560 Utility applied 
annually 

Tengs and 
Wallace, 2000 

20,832 Annual costs 
in the first 
year of 
peritoneal 
dialysis 

National 
Institute for 
Health and 
Clinical 
Excellence, 
2008 
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Complicationa 

Utility Weight Cost (£) 

Value Comment Source Value Comment  Source 
Peritoneal dialysis, 
years 2+ 

0.560 Utility applied 
annually 

Tengs and 
Wallace, 2000 

20,832 Annual costs 
in subsequent 
years 

National 
Institute for 
Health and 
Clinical 
Excellence, 
2008 

Renal transplant, year 1 0.762 Utility applied 
annually 

Tengs and 
Wallace, 2000 

22,385 Annual costs 
in the year of 
renal 
transplant 

National 
Institute for 
Health and 
Clinical 
Excellence, 
2008 

Renal transplant, 
years 2+ 

0.762 Utility applied 
annually 

Tengs and 
Wallace, 2000 

7,275 Annual costs 
in subsequent 
years  

National 
Institute for 
Health and 
Clinical 
Excellence, 
2008 

Proliferative diabetic 
retinopathy, year 1 
(laser treatment) 

0.794 Utility applied 
annually 

Palmer et al., 
2004 

290 Annual costs 
in the year of 
development 
of proliferative 
diabetic 
retinopathy 

National 
Health 
Service, 2010 

Proliferative diabetic 
retinopathy, years 2+ 
(after laser treatment) 

0.794 Utility applied 
annually 

Palmer et al., 
2004 

100 Annual costs 
in subsequent 
years  

Assumption 

Blindness, year of onset 0.700 Utility applied 
annually 

Assumption 4,406 Annual costs 
in the first 
year of 
blindness 

Meads and 
Hyde, 2003 
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Complicationa 

Utility Weight Cost (£) 

Value Comment Source Value Comment  Source 
Blindness, following 
years 

0.700 Utility applied 
annually 

Assumption 4,406 Annual costs 
in subsequent 
years of 
blindness 

Meads and 
Hyde, 2003 

Non-severe 
hypoglycaemic event, 
day 

–0.005 Utility 
decrement per 
event, applied 
annually 

Assumption 0 Cost per event Assumption 

Non-severe 
hypoglycaemic event, 
nocturnal 

–0.005 Utility 
decrement per 
event, applied 
annually 

Assumption 0 Cost per event Assumption 

Severe hypoglycaemic 
event, day 

–0.012 Utility 
decrement per 
event, applied 
annually 

Assumption 354 Cost per event National 
Institute for 
Health and 
Clinical 
Excellence, 
2009 

Severe hypoglycaemic 
event, nocturnal 

–0.012 Utility 
decrement per 
event, applied 
annually 

Assumption 354 Cost per event National 
Institute for 
Health and 
Clinical 
Excellence, 
2009 

Diabetic ketoacidosis 
event 

0.000 Utility 
decrement per 
event, applied 
annually 

Assumption 995 Cost per event Ray et al., 
2007 
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Complicationa 

Utility Weight Cost (£) 

Value Comment Source Value Comment  Source 
Average lifetime utility 
for infant with 
congenital malformation 

0.700 Utility applied 
annually 

Assumption Not applicable Not applicable Not applicable 

Average lifetime utility 
for general infant 

0.820 Utility applied 
annually 

Assumption Not applicable Not applicable Not applicable 

a No data describing the uncertainty in cost and utility estimates were available. In the probabilistic sensitivity analysis, the user could select 
from a range of alternative distributional forms and enter estimates of the uncertainty. 
b Of all patients with end-stage renal disease, 44% were assumed to have haemodialysis; 8%, peritoneal dialysis; and 48%, renal 
transplantation (United Kingdom Renal Registry, 2010). 
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Table S5. Mean Net Monetary Benefit and Standard Error as a Function of the 
Number of Individual Patient (First-Order) Simulations 

Number of First-
Order Simulations 

Net Monetary Benefit (at £20,000 per QALY) 

Meana Standard Errora 
Standard Error 
(% of Mean)a 

1,000 £5,079 £2,191 43.1% 
2.000 £7,464 £2,237 30.0% 
5,000 £6,754 £926 13.7% 
10,000 £6,425 £854 13.3% 
20,000 £7,249 £679 9.4% 
50,000 £6,254 £288 4.6% 
100,000 £6,647 £179 2.7% 

QALY = quality-adjusted life-year. 

Note: The individual patient (first-order) simulation was run 5 times for each of the intervals. The 
mean net monetary benefit and standard error were calculated for each simulation; the standard error 
was expressed as a percentage of the mean. 
a Mean and standard error of successive first-order simulation results. 

 

Progression of HbA1c in Patients With Type 1 Diabetes Mellitus 

There is no apparent trend over time in glycated haemoglobin (HbA1c) levels 
in patients with Type 1 diabetes mellitus. Nathan et al. (2009) investigated the 
distribution of HbA1c levels over time in patients participating in the Diabetes 
Control and Complications Trial, the Epidemiology of Diabetes Interventions and 
Complications study, and the Epidemiology of Diabetes Complications study. HbA1c 
levels were relatively stable over the 18 years of follow-up observed in the Diabetes 
Control and Complications Trial, the Epidemiology of Diabetes Interventions and 
Complications study, and the Epidemiology of Diabetes Complications study. 

Therefore, trends in HbA1c levels were included in the model. Probabilities of 
complications were estimated from published cumulative incidence curves and 
adjusted for differences in HbA1c levels among treatments, using published hazard 
ratios or relative risks for the association between HbA1c level and each 
complication. 
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Figure S1. Cost-effectiveness Plane 

 

QALY = quality-adjusted life-year. 
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Figure S2. Cost-effectiveness Acceptability Curve 

 

QALY = quality-adjusted life-year. 
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