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Introduction: Achieving and maintaining glycemic control is the cornerstone of type 1 diabetes management, with the aim of 
reducing the incidence of diabetes-related complications over the long term. However, many individuals fail to reach glycemic targets. 
The present study evaluated the clinical and economic burden associated with poor glycemic control in people with type 1 diabetes in 
the Netherlands, and the improvements in outcomes that can be achieved by improving treatment.
Methods: Immediate glycemic control, defined as achieving a glycated hemoglobin (HbA1c) target of 7.0% at the start of the 
analysis, was compared with delays in achieving control of 1, 3 and 7 years, with outcomes projected using the IQVIA CORE Diabetes 
Model. Projections of life expectancy, quality-adjusted life expectancy, and direct and indirect costs (expressed in 2021 euros [EUR]) 
were made at a patient level and extrapolated to the population level.
Results: Improving HbA1c from 8.0% to 7.0% and 9.0% to 7.0% resulted in gains of up to 0.66 and 1.37 quality-adjusted life years 
(QALYs) per patient over a lifetime, respectively. At a population level, achieving immediate glycemic control was associated with 
gains of 9438, 27,171 and 72,717 QALYs and cost savings of up to EUR 224 million, EUR 556 million and EUR 1.3 billion compared 
with remaining in poor control for 1, 3 and 7 years, respectively.
Conclusion: The clinical and economic burden of poor glycemic control in people with type 1 diabetes in the Netherlands was 
projected to be substantial, but considerable gains in quality-adjusted life expectancy and cost savings could be achieved through early 
and effective treatment.
Keywords: diabetes complications, glycemic control, health economics, Netherlands, type 1 diabetes

Introduction
Type 1 diabetes mellitus is a chronic autoimmune condition characterized by insulin deficiency from the loss of 
pancreatic beta-cell function, and it requires lifelong treatment and management to reduce the risk of diabetes-related 
complications and associated premature mortality. The clinical and economic burden of type 1 diabetes is substantial, 
with a global prevalence of approximately 53.6 million people.1 In the Netherlands, an estimated 104,678 people were 
living with type 1 diabetes in 2020, while total expenditure relating to type 1 diabetes surpassed EUR 870 million in 
2016.2,3 The majority of this expenditure was associated with direct costs of treating diabetes-related complications and 
indirect costs relating to lost workplace productivity and welfare coverage, which accounted for approximately 19% and 
46% of total type 1 diabetes expenditure, respectively.3 Early and effective reduction of the incidence of diabetes-related 
complications, thereby reducing direct treatment costs, lost productivity and welfare payments, therefore represents the 
best strategy for minimizing diabetes-related burden on both individuals with the disease and healthcare systems that are 
coming under increasing budgetary strain worldwide.4

Ensuring consistent glycemic control with blood glucose levels under defined targets is crucial for reducing the 
incidence of complications over patient lifetimes, as shown by the landmark Diabetes Control and Complications Trial 
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(DCCT) and the Epidemiology of Diabetes Interventions and Complications (EDIC) study, and this remains the key goal 
of treatment for people with type 1 diabetes.5–8 A glycemic control target of glycated hemoglobin (HbA1c) level of 7.0% 
is commonly used for individuals with type 1 diabetes, provided this can be achieved without resulting in a significant 
risk of hypoglycemic events.9,10 However, recent estimates indicate that a large proportion of individuals do not achieve 
this glycemic target internationally, with approximately 68% of people with type 1 diabetes with an HbA1c above 
7.5%.11 Therefore, there is considerable scope for reducing the burden of type 1 diabetes by bringing people to glycemic 
targets that are within reach for many patients. Indeed, McKnight et al noted that natural life transitions in early 
adulthood, such as leaving the family home and starting a career, can have a negative impact on ongoing diabetes 
management.11 Improved education and monitoring of people with type 1 diabetes could therefore improve individual 
health outcomes while reducing the costs to society. Improvements in type 1 diabetes therapies, such as development of 
modern insulin preparations with lower rates of hypoglycemia, could also lead to improved outcomes and better glycemic 
control in individuals with type 1 diabetes who exhibit fear of hypoglycemic events, and consequent poor adherence to 
treatments.12–14

It is clear that there is scope for improvement in the treatment of patients with type 1 diabetes, but the clinical and 
economic burden of poor glycemic are currently unknown. Therefore, the aim of the present analysis was to evaluate the 
burden associated with poor glycemic control in people with type 1 diabetes in the Netherlands over both short- and long- 
term time horizons, and to estimate the potential gains in clinical and cost outcomes should glycemic control be achieved 
in this population.

Materials and Methods
Modeling Approach
The analysis used an equivalent modeling approach to that used previously to evaluate the burden of poor glycemic 
control associated with therapeutic inertia in patients with type 2 diabetes in the United Kingdom (UK) setting, by 
conducting a patient-level cost-utility analysis, with extrapolation to a population level.15 The impact of poor glycemic 
control in patients with type 1 diabetes in the Netherlands was evaluated by comparing immediate control (bringing 
HbA1c to 7.0%) with delays in achieving control of 1, 3 and 7 years (Figure 1) in patients with type 1 diabetes. In the 
delayed control scenarios, patients remained at HbA1c values of 8% or 9% for the applied time period, before achieving 
a glycemic control target of 7.0%. Outcomes were projected over time horizons of 10 years and individuals’ lifetimes 
using the IQVIA CORE Diabetes Model (version 9.0). The model is a non-product-specific, diabetes policy analysis tool, 
and the architecture, assumptions, features and capabilities have been previously published.16 The model is based on 
a series of inter-dependent sub-models that simulate non-specific mortality and the complications of diabetes (angina, 
myocardial infarction, congestive heart failure, stroke, peripheral vascular disease, diabetic retinopathy, macular edema, 

HbA1c target of 7.0%

Baseline HbA1c 8.0%
Approximate proportion of 
41% based on data from 

McKnight et al.

Baseline HbA1c 9.0%
Approximate proportion of 
31% based on data from 

McKnight et al.

Time horizons of 10 years and individuals’ lifetimes

Intensification delays of 1, 3 and 7 years

Figure 1 Overview of modeled scenarios. 
Abbreviation: HbA1c, glycated hemoglobin.
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cataract, hypoglycemia, ketoacidosis, lactic acidosis, nephropathy and end-stage renal disease, neuropathy, foot ulcer and 
amputation). Each sub-model has a semi-Markov structure and uses time, state, time-in-state and diabetes type-dependent 
probabilities derived from published sources. Monte Carlo simulation using tracker variables overcomes the memory-less 
properties of the standard Markov model, and allows interconnectivity and interaction between individual complication 
sub-models. A detailed description of the model calculation engine and the structure of each sub-model has been 
previously published.16 The model has been validated against real-life data on original publication in 2004 and more 
recently in 2014.17,18 Model outcomes include cumulative incidence and time to onset of complications, life expectancy 
(expressed in years), quality-adjusted life expectancy (expressed in quality-adjusted life years [QALYs]), direct costs 
arising from treatment of diabetes-related complications and indirect costs arising from lost workplace productivity. All 
analyses were performed using a first-order Monte Carlo approach. The analyses captured mortality due to diabetes- 
related complications, and background mortality captured through use of Netherlands-specific life tables published by the 
World Health Organization.19 Projected clinical and cost outcomes were discounted at 1.5% and 4.0% per annum, 
respectively, in line with pharmacoeconomic guidance for the Dutch setting.20 Model inputs are described briefly below 
and provided in detail in the Appendix.

Cohort Characteristics
A literature review was conducted to identify published cohorts with type 1 diabetes in the Netherlands. The aim was to 
identify a cohort representative of the population with type 1 diabetes in the Netherlands, capturing the inputs required for an 
analysis using the IQVIA CORE Diabetes Model. A total of 477 publications were screened by title and abstract, with 28 
publications taken forward for full-text review. Baseline cohort characteristics were primarily based on a prospective cohort 
study published by van Dijk et al (n = 216), as this represented the study with the most comprehensive set of data, with other 
sources having significant data gaps, allowing modeling based on a homogenous set of cohort characteristics.21 Modeled 
patients were had a baseline mean age of 45.1 years, mean duration of diabetes of 22.1 years, mean systolic blood pressure of 
130.4 mmHg, mean total cholesterol of 177.9 mg/dL, and mean body mass index (BMI) of 25.4 kg/m2 (Table 1). Where data 
were not reported in the publication by van Dijk et al, such as proportion smokers (19.0%), alcohol consumption (5.64 oz/ 
week) and racial characteristics, Netherlands-specific sources were used.22–24 Where Netherlands-specific data could not be 
found, parameters were either set to IQVIA CORE Diabetes Model default values (hemoglobin, white blood cell count, heart 
rate, waist: hip ratio, urinary albumin excretion rate) or to zero (history of heart failure, atrial fibrillation, end-stage renal 
disease, proliferative diabetic retinopathy, severe vision loss, macular edema, cataract, ulcer, and amputation), to ensure these 
parameters did not drive outcomes. Baseline HbA1c was varied in the analyses, with values of 8.0% and 9.0% evaluated (the 
mean HbA1c reported by van Dijk et al was 7.6%, demonstrating that average HbA1c levels are above the target of 7.0% in the 
Netherlands). To ensure that only differences in glycemic control were driving outcomes, other physiological parameters, such 

Table 1 Baseline Cohort Characteristics Applied in the Analyses

Characteristic Mean Value

Age (years) 45.1

Duration of diabetes (years) 22.1†

Male (%) 57.4

HbA1c (%) Baselines of 8.0 and 9.0 tested

Systolic blood pressure (mmHg) 130.4
Diastolic blood pressure (mmHg) 77.3

Total cholesterol (mg/dL) 177.9

HDL cholesterol (mg/dL) 58.0
BMI (kg/m2) 25.4

Smokers (%) 19.0

Note: †Rounded to 22.0 years in the analysis, as the model only accepts integer values 
for duration of diabetes. 
Abbreviations: BMI, body mass index; BMI, body mass index; HbA1c, glycated 
hemoglobin; HDL, high-density lipoprotein.
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as blood pressure, serum lipid levels and body mass index, were assumed to remain constant over the duration of the analyses, 
and did not vary depending on the baseline HbA1c value assessed.

Estimation of Population-Level Burden
The population-level burden associated with poor glycemic control was calculated as the product of the individual-level 
results from the model and the prevalence of individuals at HbA1c levels of 7.0%, 8.0% and 9.0%. These prevalence 
estimates were based on the total number of people with type 1 diabetes in the Netherlands (estimated to be 104,678) and the 
proportions of individuals with HbA1c levels <7.5%, between 7.5% and 8.9%, and ≥9.0% reported by McKnight et al.2,11 

The study by McKnight et al included 324,498 people with type 1 diabetes, including 1819 from the Netherlands, and 
represents the most comprehensive study of glycemic control in people with type 1 diabetes. The review of registry data 
found that 27.9% of patients had an HbA1c <7.5%, 41% of patients had an HbA1c between 7.5% and 8.9%, and 31.1% of 
patients had an HbA1c >9%. People with HbA1c levels <7.5%, between 7.5% and 8.9% and ≥9.0% in the study by 
McKnight et al were assumed to be equivalent to modeled patients with mean HbA1c levels of 7.0%, 8.0% and 9.0%, 
respectively.

Costs and Utilities
Costs were accounted from a societal perspective, in line with health economic guidance in the Netherlands, and expressed 
in 2021 euros (EUR).20 Direct costs captured the costs of treating diabetes-related complications and the costs of patient 
management (screening programs and non-diabetes medications), which were identified in a literature review and inflated 
to 2021 EUR where necessary (see Appendix for all values and associated references). Indirect costs arising from lost 
workplace productivity were based on annual days off work estimates published by Sørenson and Ploug for chronic 
complications and de Groot et al for hypoglycemia, and the most recent annual salary data available in the Netherlands.25,26 

Costs of lost workplace productivity were calculated by multiplying the days off work associated with complications by the 
annual salary divided by the number of working days per year. A friction period of 3 months was applied, reflecting the 
pharmacoeconomic guidelines for the Netherlands.20 No pharmacy or consumable costs relating to type 1 diabetes were 
included in the analyses. These costs were excluded, as there are numerous ways of improving glycemic control, each 
appropriate for different individuals and with different costs. By excluding these costs, the analysis aims to identify the 
budget available to improve care without increasing overall healthcare expenditure (ie, an intervention that could bring 
patients to glycemic control targets at a lower cost than the cost savings calculated in this study would achieve overall cost 
savings for the healthcare system [direct costs] or society [direct and indirect costs]). Indirect costs were accrued only while 
simulated individuals remained below the set retirement age (67 years). Utilities relating to quality of life were sourced 
from a literature review specific to type 1 diabetes published by Smith-Palmer et al.27 Event utilities were applied in the year 
that diabetes-related complications occurred, with state utilities applied in following years. While pharmacoeconomic 
guidelines for the Netherlands state that quality of life should be assessed using the EQ-5D-5L instrument and valued using 
the Netherlands reference values, a comprehensive data set covering all inputs required for an analysis using the IQVIA 
CORE Diabetes Model using this approach has not been published. Therefore, values from other settings were used. 
Utilities were combined using the “CORE Default Method”, which involves taking the lowest state utility associated with 
existing complications and adding event disutilities for any events that occur in that year to create annual utility scores for 
each simulated patient.16

Results
Patient-Level Outcomes
Projected model outcomes indicated that delays in achieving glycemic control were associated with substantial reduc-
tions in life expectancy and quality-adjusted life expectancy, and increases in direct and indirect costs in people with type 
1 diabetes, over both 10-years and patient lifetime time horizons (Table 2). Benefits with immediate glycemic control 
were due to reduced incidence and increased times to onset of diabetes-related complications (Figure 2) and were more 
pronounced versus longer delays in achieving control. Benefits were observed across all chronic complications included 
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in the IQVIA CORE Diabetes Model (angina, myocardial infarction, congestive heart failure, stroke, peripheral vascular 
disease, diabetic retinopathy, macular edema, cataract, nephropathy and end-stage renal disease, neuropathy, foot ulcer 
and amputation).

Table 2 Patient-Level Outcomes for All Analyses

Analysis Quality-Adjusted Life Expectancy, Years Combined Costs, EUR

Immediate Control Poor Control Difference Immediate Control Poor Control Difference

Baseline HbA1c 8.0%

1-year delay, 10-year time horizon 5.62 5.60 +0.02 45,955 46,753 −798

1-year delay, lifetime time horizon 14.70 14.64 +0.06 98,955 100,636 −1681

3-year delay, 10-year time horizon 5.62 5.57 +0.05 45,953 47,925 −1973

3-year delay, lifetime time horizon 14.70 14.51 +0.19 98,964 103,319 −4355

7-year delay, 10-year time horizon 5.62 5.47 +0.16 45,955 51,523 −5568

7-year delay, lifetime time horizon 14.70 14.05 +0.66 98,955 110,443 −11,488

Baseline HbA1c 9.0%

1-year delay, 10-year time horizon 5.62 5.56 +0.06 45,955 48,032 −2077

1-year delay, lifetime time horizon 14.70 14.50 +0.21 98,955 103,615 −4660

3-year delay, 10-year time horizon 5.62 5.48 +0.14 45,955 51,265 −5310

3-year delay, lifetime time horizon 14.70 14.12 +0.58 98,962 110,275 −11,313

7-year delay, 10-year time horizon 5.62 5.33 +0.29 45,966 57,131 −11,165

7-year delay, lifetime time horizon 14.70 13.34 +1.37 98,957 123,945 −24,988

Abbreviations: HbA1c, glycated hemoglobin; EUR, 2021 euros.

Figure 2 Time to onset of any diabetes-related complication in the analyses. Improved glycemic control in the immediate control arm drove a delayed time to onset of 
complications compared with remaining in poor control. This was more pronounced versus longer delays in achieving control and over the longer time horizon. 
Abbreviation: HbA1c, glycated hemoglobin.
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Over a lifetime time horizon, improving HbA1c from 8.0% to 7.0% resulted in gains of 0.06, 0.19 and 0.66 QALYs 
per patient compared with remaining in poor control for 1, 3 and 7 years, respectively. Direct cost savings of EUR 788, 
EUR 2052 and EUR 4196 per patient were identified with achieving a glycemic control target of 7% compared with 
remaining at an HbA1c of 8.0% for 1, 3 and 7 years, respectively. Similarly, indirect cost savings of EUR 893, 
EUR 2303, and EUR 7292 per patient were projected for those achieving a glycemic control target of 7% compared 
with remaining at an HbA1c of 8.0% for 1, 3 and 7 years, respectively. Combined (direct and indirect) costs were 
estimated to be EUR 1681, EUR 2052 and EUR 11,488 lower per patient with immediate glycemic control from 
a baseline HbA1c of 8.0% versus delays of 1, 3 and 7 years in achieving control, respectively.

The clinical benefits with immediate glycemic control were greater when compared with remaining at a baseline HbA1c 
of 9.0%, with gains of 0.21, 0.58 and 1.37 QALYs per patient compared with remaining in poor control for 1, 3 and 7 years, 
respectively. Cost savings were also larger, with direct cost savings of EUR 2340, EUR 5333 and EUR 11,112 per patient 
versus poor control for 1, 3 and 7 years, respectively, indirect cost savings of EUR 2320, EUR 5980 and EUR 13,876 per 
patient versus remaining in poor control for 1, 3 and 7 years, respectively, and combined cost savings of EUR 4660, 
EUR 11,313 and EUR 24,988 per patient versus 1-, 3- and 7-year delays in achieving control, respectively.

Over a 10-year time horizon, benefits with immediate glycemic control were smaller than over patient lifetimes, but 
still sizeable. From a baseline HbA1c of 8.0%, gains of 0.02, 0.05 and 0.16 QALYs per patient were projected with 
immediate glycemic control versus delays of 1, 3 and 7 years, respectively. Direct cost savings were estimated to be 
EUR 223, EUR 493, and EUR 1153, indirect cost savings were estimated to be EUR 575, EUR 1480 and EUR 4415, and 
combined cost savings were estimated to be EUR 798, EUR 1973 and EUR 5568 per patient versus delays in achieving 
glycemic control of 1, 3 and 7 years, respectively.

When achieving a glycemic target of 7.0% was compared with remaining at a baseline HbA1c of 9.0%, immediate 
control was projected to gain 0.06, 0.14 and 0.29 QALYs versus delays of 1, 3 and 7 years, respectively. Direct cost savings 
of EUR 568, EUR 1335 and EUR 2415 were projected compared with delays of 1, 3 and 7 years in achieving glycemic 
control targets, respectively. Similarly, projected per patient indirect cost savings versus delays of 1, 3 and 7 years in 
achieving glycemic control targets were EUR 1509, EUR 3976 and EUR 8750, respectively. Combined cost savings of 
EUR 2077, EUR 5310 and EUR 11,165 per patient versus 1-, 3- and 7-year delays, respectively, were identified.

Population-Level Outcomes
Over individuals’ lifetimes, estimation of the clinical and economic burden at the population level, based on the 
percentages of people with poor glycemic control reported by McKnight et al, indicated that bringing all individuals 
to an HbA1c of 7.0% resulted in gains of 9438 QALYs, direct cost savings of EUR 110 million, indirect cost savings of 
EUR 114 million, and combined cost savings of EUR 224 million, compared with remaining in poor glycemic control for 
1 year (Table 3). When immediately achieving glycemic control was compared with longer times in poor control, clinical 
benefits and cost savings were greater. When achieving glycemic control was compared with remaining in poor control 
for 3 years, increases in quality-adjusted life expectancy by 27,171 QALYs, direct cost savings of EUR 262 million, 
indirect cost savings of EUR 294 million, and combined cost savings of EUR 556 million were projected. Compared with 
remaining in poor control for 7 years, bringing all patients to an HbA1c of 7.0% was associated with improvements in 

Table 3 Population-Level Outcomes

Analysis Quality-Adjusted Life Expectancy, Years Combined Costs, Million EUR

Immediate Control Poor Control Difference Immediate Control Poor Control Difference

1-year delay, 10-year time horizon 588,497 585,664 +2834 4810 4912 −102

1-year delay, lifetime time horizon 1,539,075 1,529,637 +9438 10,358 10,582 −224

3-year delay, 10-year time horizon 588,497 581,521 +6976 4810 5068 −258

3-year delay, lifetime time horizon 1,539,075 1,511,904 +27,171 10,358 10,914 −556

7-year delay, 10-year time horizon 588,497 572,183 +16,315 4810 5414 −603

7-year delay, lifetime time horizon 1,539,075 1,466,358 +72,717 10,358 11,665 −1307

Abbreviations: HbA1c, glycated hemoglobin; EUR, 2021 euros.
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quality-adjusted life expectancy of 72,717 QALYs, direct cost savings of EUR 543 million, indirect cost savings of 
EUR 765 million, and combined cost savings of EUR 1.3 billion.

Over 10 years, population-level clinical burden was expected to be improved by 2834 QALYs, 6976 QALYs and 
16,315 QALYs when bringing patients to an HbA1c target of 7.0% was compared with 1, 3 and 7 years in poor control, 
respectively. Direct cost savings versus 1, 3 and 7 years in poor control were projected to be EUR 28 million, EUR 65 million 
and EUR 128 million, respectively. Similarly, indirect cost savings of EUR 74 million, EUR 193 million and EUR 475 million 
were estimated compared with 1, 3 and 7 years in poor control, respectively. From a societal perspective, bringing patients to 
a glycemic control target resulted in combined cost savings of EUR 102 million, EUR 258 million, and EUR 603 million 
compared with remaining in poor glycemic control for 1, 3 and 7 years, respectively.

Results generated were robust to changes in the proportion of patients in each glycemic control category. Immediate 
glycemic control remained associated with cost savings and improved clinical outcomes when any fraction of the people 
with type 1 diabetes were above glycemic control target.

Discussion
The present analysis demonstrates that delays in achieving glycemic control in people with type 1 diabetes are likely to 
result in a substantial clinical and economic burden in the Netherlands. At a patient level, bringing patients to glycemic 
control targets could result in improvements in quality-adjusted life expectancy of up to 1.37 QALYs over a patient’s 
lifetime for those with an HbA1c of 9.0% at baseline compared with remaining in poor control for 7 years. Smaller, but still 
important gains in duration and quality of life were made when outcomes were assessed over shorter time horizons, versus 
shorter delays in intensification, and when compared with lower HbA1c values at baseline. At a population level, even 
versus a delay of 1 year, immediate glycemic control was associated with gains of 9438 QALYs over individuals’ lifetimes 
across the population with type 1 diabetes in the Netherlands, and these gains were projected to increase to 72,717 QALYs 
versus longer delays. Population-level cost savings with immediate control were found to be EUR 1.3 billion versus 
a 7-year delay over individuals’ lifetimes. These results indicate that even short delays in achieving glycemic control can 
have a substantial impact on the burden related to type 1 diabetes, and that bringing individuals to glycemic targets as early 
as possible is crucial to maximizing health for the population with type 1 diabetes in the Netherlands.

The analysis found that improving glycemic control resulted in important direct and indirect cost savings. While indirect costs 
due to lost workplace productivity made the most significant contribution to the overall combined cost savings, direct cost 
savings were also considerable at both the individual and population level. The proportions of savings attributable to direct and 
indirect costs in the present analysis were in line with those estimated for total diabetes-related expenditure by Peters et al.3 

Moreover, use of a societal perspective is recommended in the guidelines for health economic analyses in the Netherlands.20 The 
approach to indirect costs in the present analysis is likely to be conservative. The structure of the IQVIA CORE Diabetes Model 
captures the cost of lost productivity based on days of work associated with diabetes-related complications and average salary. 
Other aspects of indirect costs, such as travel expenses, informal care, and other municipal services, cannot be captured. While 
this is a limitation of the analysis, it is likely that the cost savings associated with improved, immediate glycemic control would be 
larger, as these costs would all increase with an increased incidence of complications.

The present analysis did not capture the costs of bringing patients to the glycemic control target of 7.0%. The 
opportunities for improving care are diverse, including use of modern insulins, the increased interest in using oral 
medications previously used in type 2 diabetes, continuous glucose monitoring with or without an integrated insulin 
pump, flash glucose monitoring, and education programs focusing on appropriate dosing based on food intake and energy 
expenditure.28 It is likely that different approaches will be required for different individuals, and that a combination of 
these methods would achieve the best results at a population level. The present analysis identified the potential cost 
savings as a result of improving glycemic control, and therefore the budget available to improve care without increasing 
overall healthcare expenditure.

To extrapolate to a population level, data on the proportion of patients with type 1 diabetes in poor glycemic control were 
taken from an international study.11 While that review of registry data captured patients treated in Rotterdam, the proportion of 
patients in poor control was not based exclusively on Netherlands-specific data and this could be considered a limitation of the 
analysis. To date, data on the proportions of patients with type 1 diabetes achieving glycemic control targets in the Netherlands 
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have not been routinely collected and published. However, this is now starting to occur more frequently, with data now being 
collected based on electronic medical records and an initiative to start a Netherlands-wide national database.29,30 Expanding 
this data collection across the Netherlands represents a key target, allowing a detailed review of current care and identification 
of opportunities to improve treatment, thereby actualizing the clinical benefits and cost savings identified in the present 
analysis. A further consideration is that the HbA1c levels of <7.5%, between 7.5% and 8.9% and ≥9.0% in the study by 
McKnight et al were assumed to be equivalent to modeled patients with mean HbA1c levels of 7.0%, 8.0% and 9.0%, 
respectively.11 This simplification is likely to be conservative, as the improvements in quality-adjusted life expectancy and 
cost savings would be greater than those identified in the modeling analysis in patients with HbA1c values ≥9.0%, where all 
patients were assumed to be on the lower limit of the glycemic control range.

The present analysis used an HbA1c target for all patients in line with a number of treatment guidelines, and this 
guideline-based approach represents a key strength of the present analysis.9,10 However, it should be noted that 
individualized treatment targets are being increasingly used, taking into account patient characteristics such as age, 
presence of comorbidities, and risk of hypoglycemia. For some patients, an HbA1c target of 7.0% may not be 
appropriate, and a higher treatment target may be used. For other patients, bringing HbA1c lower may be possible. 
For example, the National Institute for Health and Care Excellence (NICE) in the UK recommends a glycemic control 
target of 6.5%.31 Greater reductions in HbA1c would lead to further clinical benefits and cost savings, as a result of the 
lower risk of diabetes-related complications. However, any reductions in HbA1c below 7.0% should be weighed against 
the increased risk of hypoglycemia. Data suggest that hypoglycemia risk increases as HbA1c is reduced, but that different 
insulin formulations are associated with different risks at equivalent HbA1c values.32 Hypoglycemic events represent 
a key concern for patients with type 1 diabetes, with fear of hypoglycemia shown to have a marked impact on quality of 
life.12–14 Moreover, hypoglycemia has been described as the limiting factor in improving glycemic control.33 The present 
analysis used a simplified approach with an HbA1c target of 7.0% for all patients. Individualized patient targets may be 
both above or below this, and therefore the analysis is likely to provide pertinent data to healthcare decision makers in 
terms of the clinical benefits and cost savings that can be achieved by improving glycemic control.

The present analysis is the first to assess the clinical and economic burden of poor glycemic control in people with type 1 
diabetes in the Netherlands. Previous studies have examined a similar research question in people with type 2 diabetes in the 
UK, the United States of America, and Sweden.15,34,35 While the previous analyses assessed type 2 rather than type 1 
diabetes and were in different country settings, the results of the analyses are similar, with improved glycemic control 
associated with improvements in clinical outcomes and cost savings. The magnitude of the benefits varied depending on 
a number of country-specific factors, including the age of the cohort (benefits are greater in younger cohorts), the current 
glycemic control levels (benefits are greater in cohorts with poorer baseline glycemic control), and the costs of treating 
diabetes-related complications (benefits are greater in countries where treating complications is more costly).

As with any long-term modeling analysis, it is important to note the inherent uncertainty associated with projection of 
outcomes. The present study aimed to mitigate uncertainty and provide reliable and robust results by using a widely 
accepted, published and validated model of type 1 diabetes (the IQVIA CORE Diabetes Model), with the last validation 
published in 2014.16,17 While much has changed in the management of type 1 diabetes since 2014, with increased use of 
technologies such as insulin pumps and continuous glucose monitors, it is likely that the relationships between risk 
factors and the incidence of diabetes-related complications remain unchanged. Future published validation of the IQVIA 
CORE Diabetes Model is required in order for projected results to continue to be considered robust. A further 
consideration is how representative the baseline cohort published by van Dijk et al is of the population with type 1 
diabetes, as the sample size was relatively small.21 This is difficult to judge definitively, but the cohort characteristics 
reported by van Dijk et al were similar to those reported in other studies identified in the literature review. Moreover, 
while the analysis used assumptions around HbA1c and other physiological parameter progressions that are likely 
a simplification of reality, this eliminated uncertainty around differences between the two modeled arms and allowed only 
the differences in glycemic control to be assessed. The inclusion of indirect costs was a strength, but Netherlands-specific 
days off work estimates were not available for the majority of complications. Therefore, inputs were taken from a Danish 
analysis.25 The impact of this on the analysis is hard to quantify, but it is likely that the days off work associated with 
complications would not vary significantly between these Northern European countries. Limitations inherent to the 
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IQVIA CORE Diabetes Model meant that the impact of diabetes-related complications leading to early retirement were 
not captured in the present analysis, as the model captures mean days off work associated with each complication in 
the year of the event and in subsequent years, rather than those that retire early.

Conclusions
The clinical and economic burden of poor glycemic control in people with type 1 diabetes in the Netherlands was projected 
to be substantial, over both the short and long term. Considerable gains in quality-adjusted life expectancy and significant 
cost savings could be achieved through early and effective treatment to reach and maintain glycemic targets. The present 
analysis suggests that introduction of interventions (such as new insulin formulations, use of type 2 diabetes medications, 
new technologies, or education programs) to improve glycemic control in people with type 1 diabetes should be a priority in 
the Netherlands. While new interventions are likely to be associated with increased costs, the present analysis identified that 
significant cost offsets, from both a healthcare payer and societal perspective, could be expected.
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