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ABSTRACT (176 words) 

The global burden of type 2 diabetes (T2D) is increasing, indicating an urgent need for improved 

disease prevention and management strategies. Contemporary, global, real-world data, which are 

collected in a consistent way, on the characteristics, treatment and outcomes of people with T2D 

are lacking, particularly in low- and middle-income countries where disease burden is increasing 

most rapidly. The DISCOVER study programme (ClinicalTrials.gov identifiers: NCT02322762 

and NCT02226822) is a global, prospective, 3-year programme of observational research, which 

has been designed to fill this knowledge gap. DISCOVER is being conducted in 38 countries 

across six continents, including several lower-middle- and upper-middle-income countries where 

patients have rarely or never been studied previously. A total of 15 992 people with T2D who 

had initiated a second-line glucose-lowering therapy have been recruited. Data being collected 

include information on demographics, clinical and treatment characteristics, socio-economic 

status, clinical outcomes, and patient-reported outcomes. Findings from DISCOVER will 

provide unique insights into current patterns of T2D care worldwide, which should contribute to 

informing clinical guidelines and health policy, and may help to improve patient care. 
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MAIN ARTICLE 

1. Type 2 diabetes: a growing health challenge 

The prevalence of diabetes, of which type 2 diabetes (T2D) constitutes the majority of cases, is 

increasing rapidly worldwide.1-3 T2D imparts a substantial burden on healthcare systems, owing 

to the need for ongoing disease monitoring and the management of long-term complications. 

This burden is greatest in low- and middle-income countries where approximately 80% of 

people with T2D reside.2 Despite treatment advances in the past two decades, the available 

evidence suggests that the attainment of adequate glycaemic control, and the management of 

additional risk factors for T2D-related complications, remains suboptimal in a substantial 

proportion of people with T2D worldwide.4-6  Moreover, global healthcare expenditure on T2D-

related complications, such as cardiovascular and renal disease, is high and increasing.2 These 

findings suggest that the current strategies for disease management are insufficient.  

These data are alarming and indicate an urgent need for effective interventions to prevent new 

cases of T2D, reduce the development of complications, and to improve the care of people with 

established disease worldwide. However, data on the management and clinical outcomes of 

patients with T2D in real-world clinical practice, collected in a comprehensive and consistent 

way, are either lacking or scarce in many countries. This is particularly true in low- and middle-

income countries where cultural factors and financial limitations may pose additional challenges 

to the management of people with T2D.  

2. The global DISCOVER study 

2.1. Design and rationale 

The DISCOVER study programme (ClinicalTrials.gov identifiers: NCT02322762 and 

NCT02226822 [J-DISCOVER, in Japan])7, 8 was set up to address the knowledge gaps in the 

management and clinical outcomes of people with T2D. The overarching aim of the programme 

is to describe patient characteristics, evolution of disease management patterns and clinical 

outcomes over 3 years in people with T2D who are initiating a second-line glucose-lowering 

therapy in a real-world setting. These patients were chosen as the focus of the study because of 

the diversity of treatment options recommended at this stage of the disease. Full inclusion and 
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exclusion criteria for the study are detailed in Table 1. DISCOVER is a non-interventional study 

and does not focus on any specific drugs or drug classes. In total, 15 992 participants in 38 

countries across six continents have been enrolled (Figure 1) and follow-up will complete in 

August 2019. 

2.2. Countries and representativeness 

DISCOVER aims to provide a global picture of the management of patients with type 2 diabetes, 

and countries from several world regions were included, with a focus on countries from which 

limited or no data are currently available. For practical reasons, included countries had to be 

limited to a manageable number, and the feasibility of conducting observational research in 

individual countries was considered during the selection process. Patients from China, India and 

Japan account for over a third of the DISCOVER population, owing partly to the large 

population sizes of these countries. Approximately half of the patients enrolled in DISCOVER 

reside in a lower- or upper-middle income country (Figure 1), which will provide an opportunity 

to evaluate the impact of country income on treatment patterns and clinical outcomes in patients 

with T2D.  

 

In each country included in DISCOVER, efforts have been made to achieve as diverse and as 

representative a study population as possible while acknowledging the inherent difficulty of 

achieving a truly representative sample of sites and patients in observational studies, especially 

in countries where few data on disease prevalence and management currently exist. Prior to the 

selection of the study sites, data relating to the management of T2D (such as the types of 

practices visited by people with T2D, the specialties of the treating physicians, the geographical 

and rural or urban distribution of practices, and the source of funding of practices) were collated 

for each country from peer-reviewed articles, reports published by international healthcare 

organizations and insights from national experts. A list of sites that matched these characteristics 

as closely as possible was then produced for each country, and these sites were invited to 

participate in DISCOVER.9 Approximately one third of the invited sites, 778 sites in total (a 

breakdown of sites by region and country is available in Figure 1), were able to take part and 
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subsequently recruited patients into the study.10 The resulting DISCOVER population was 

heterogeneous and, in most countries, included patients from clinical settings with diverse 

characteristics.9, 10   

2.3 Data collection  

The scope of DISCOVER is ambitious and holistic, with the goal of obtaining as detailed a 

picture as possible of the management of T2D across the globe, and to highlight specific areas 

for improvement in the included countries that might also be applicable to other countries. Data 

on physiological parameters (including height, weight and seated blood pressure), laboratory test 

results (including glycated haemoglobin [HbA1c] and fasting plasma glucose measurements), 

glucose-lowering treatments (including reasons for treatment selection), socio-economic and 

demographic characteristics, and clinical and patient-reported outcomes (PROs) are collected by 

clinicians during routine visits.7, 8 A mixed methodology is used for data collection: investigators 

use an electronic (or paper) case report form to record patient clinical data at study visits and 

information from patient medical records is automatically extracted in countries where this is 

possible (Canada, Denmark, France, Norway and Sweden). A standardized case report form is 

used across all sites and countries to ensure the comparability of the data across different 

countries and regions. Questionnaires, including those that examine quality of life (36-item 

Short-Form Health Survey version 2 [SF-36v2]), fear of hypoglycaemia (Hypoglycaemia Fear 

Survey-II [HFS-II]), lifestyle and avoidance of treatment due to cost, are used to record PROs. In 

order to reflect routine clinical practice in each country, data collection was not mandatory for 

all variables, with the exception of variables used to assess eligibility at the enrolment visit and 

key information such as the dates of diabetes diagnosis and initiation of second-line therapy. 

2.4. Key findings to date 

Descriptive baseline data have been reported for the overall DISCOVER population (including 

participants in DISCOVER and in J-DISCOVER) and by region, based on the World Health 

Organization classification categories (Figure 1). Participants in DISCOVER were mostly Asian 

(49.7%) or Caucasian (25.6%) and more than 50% were male (54.2%; across-region range 

[ARR]: 37.7–58.6%). The mean age at initiation of second-line therapy was 57.2 years (standard 
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deviation: 12.0 years; ARR: 53.1–61.9 years); 21.3% of patients (ARR: 4.0–67.8%) did not have 

health insurance and more than 80% of patients (ARR: 68.1–88.9%) had received secondary or 

higher education.10 Globally, glycaemic levels were much higher than target among people with 

T2D at initiation of second-line therapy. The mean HbA1c level was 8.3%, with an ARR of 8.1–

8.7%. Notably, a large proportion of patients in lower-middle- and upper-middle-income 

countries had very high HbA1c levels (≥ 9.0%). In nine countries, eight of which had middle-

income economies, HbA1c levels were missing for more than 30% of participants. These findings 

suggest that HbA1c levels are not measured routinely in all countries, although other reasons 

such as a lack of recording of HbA1c data by physicians may also be responsible.11 Patients in 

DISCOVER also had a high burden of vascular complications at baseline: the age- and sex-

standardized prevalence of microvascular and macrovascular complications was 17.9% (ARR: 

14.2–20.4%) and 9.2% (ARR: 4.1–18.8%), respectively, which is concerning given that these 

patients are relatively early in the disease (median time since diagnosis of T2D at baseline was 

4.1 years).12 Other important investigations, including measurements of estimated glomerular 

filtration rate, urine albumin-to-creatinine ratio and lipid parameters, were carried out even less 

frequently than HbA1c level measurement, and the use of preventive treatments, such as statins, 

was lower than expected in this patient population.12  

These early findings from the DISCOVER study indicate a need for more consistent monitoring 

and management of glycaemic levels, the use of effective preventive therapies, increased 

surveillance for complications and better control of risk factors among patients with T2D in 

clinical practice. Follow-up data from DISCOVER will build on these baseline findings and 

should offer insights into the progression of T2D following initiation of second-line therapy. 

Other notable findings include preliminary PRO data, which indicate important differences in 

access to appropriate diabetes healthcare between countries and regions. Evaluation of these 

data, together with data on clinical outcomes, will provide valuable insights into how access to 

treatment affects the care of patients with T2D across the globe.  

2.5. Future directions for the DISCOVER study 

Data collected in the DISCOVER study have already substantially contributed to our 

understanding of the global management of people with T2D. To build on the success of the 
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study, the DISCOVER Global Registry (ClinicalTrials.gov identifier: NCT03549754),13 

designed primarily as a quality improvement initiative, has been set up as a long-term, large-

scale registry for collecting longitudinal, real-world data on disease management and associated 

outcomes in people with T2D from routine clinical settings worldwide. The scope of the registry 

is intended to be even broader than that of the DISCOVER study with the inclusion of more 

countries.13 Participation in the registry is voluntary and entails no cost to physicians. To date, 

almost 2000 patients from 11 countries have been enrolled in the registry, and a further 31 

countries are actively engaged in the initiative.  

 

2.6. Strengths and limitations of the DISCOVER study programme 

Major strengths of DISCOVER are the large number of patients enrolled and the long follow-up 

period, which will provide valuable data on the association between second-line treatment 

selection and clinical outcomes.7, 10 DISCOVER is limited by issues inherent to observational 

research, including the potential for patient selection bias. The DISCOVER population contains 

a disproportionate number of patients with secondary or higher education, which might reflect a 

selection bias for patients of higher socioeconomic status who would be expected to receive a 

higher quality of care than more disadvantaged patients. Thus, findings from DISCOVER may 

over-estimate the quality of diabetes care and must be interpreted carefully. Completion of case 

report forms and electronic medical records rely on accurate and diligent recording of 

information by physicians. Moreover, the lack of mandatory variables in data collection 

introduces the possibility of missing data in analyses, although this may also provide important 

information on which variables are collected in routine clinical practice in participating 

countries.   

3.0. Summary and conclusions 

The global burden posed by T2D is substantial; addressing this major public health threat is an 

urgent priority. The generation of longitudinal real-world data is crucial to better understand 

patient characteristics, treatment patterns and outcomes, as well as temporal trends worldwide. 

Findings from the global DISCOVER study programme, and subsequently from the DISCOVER 
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Global Registry, will be instrumental in providing evidence that was not previously available 

regarding the management of people with T2D worldwide, with the ultimate goal of improving 

patient care and outcomes.  
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TABLES 

Table 1. Inclusion and exclusion criteria. 

Inclusion criteria 

• Diagnosis of T2D  
• Age ≥18 years† 
• Initiating a second-line therapy (add-on or switching) after a first-line oral treatment 

with monotherapy, dual therapy, or triple therapy† 
• Provision of written informed consent 

Exclusion criteria 

• Type 1 diabetes  
• Pregnancy 
• Initiation of dual therapy after having previously received two different lines of 

monotherapy (e.g. initiation of a combination of a sulphonylurea and a DPP-4 
inhibitor after successive metformin monotherapy and sulphonylurea monotherapy)  

• Current treatment with chemotherapy or oral or intravenous steroids 
• Undergoing dialysis or has had a renal transplant  
• First-line treatment was insulin or an injectable agent‡ 
• First-line treatment was herbal remedies/natural medicines alone 
• Participation in an interventional trial 
• Condition/circumstance which, in the opinion of the investigator, could significantly 

compromise the 3-year follow-up (e.g. life-threatening comorbidities, tourist, non-
native speaker or does not understand the local language where interpreter services 
are not reliably available, psychiatric disturbances, dementia, alcohol or drug abuse) 

• Not willing to sign the informed consent form 

†≥20 years in Japan. †In Japan, only patients using an oral monotherapy as first-line treatment 
were included. ‡Patients who received short-term initial treatment with insulin followed by oral 
therapy were eligible if the treatment with insulin lasted no more than 2 weeks and occurred at 
least 6 months before initiation of second-line therapy. In such cases, insulin was considered not 
as a first-line treatment, but as an acute treatment to lower glycaemic levels quickly before 
starting regular treatment. 

DPP-4, dipeptidyl peptidase-4; T2D, type 2 diabetes.  
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FIGURES 

Figure 1. Countries (coloured according to income) participating in the DISCOVER study 
programme, the number of patients enrolled in each country and the number of participating 
study sites per country. 
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Countries participating in DISCOVER are divided into regions according to World Health 
Organization (WHO) categories. Income data are from the World Bank. Available at: 
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http://databank.worldbank.org/data/download/site-content/OGHIST.xls. Accessed 24 April 
2019. 

GNI, gross national income. 
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