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ABSTRACT
Background and Aims: to assess temporal trend in incidence (2003-12) and prevalence (2002-12) of type 1 diabetes in children and young adults, direct costs and selected indicators of quality of care under the coverage of the universalistic Italian National Health Service (NHS).  
Methods and Results: The ARNO Observatory, a healthcare monitoring system based on administrative data, identified a population-based multiregional cohort of subjects aged 0-29 years. Type 1 diabetes  was defined by at least two prescriptions of insulin over 12 months and continuous insulin-treatment in the following year. Indicators of quality of care and directs costs were assessed in persons with diabetes and in people without diabetes, individually matched for age, gender and health unit (1:4 ratio). We identified 2357 incident cases of type 1 diabetes aged 0-29 years (completeness of ascertainment, 99%). Incidence rates were similar in  ages 0-14 (15.8, 95% CI 14.9-16.8) and  15-29 years  (16.3, 15.4-17.2), with no  significant trend. Prevalence increased from 137 to 166.9/100,000, particularly in the age 15-29 years. Direct costs accounted for € 2,117 in persons with diabetes and € 292 in control individuals. A statistically significant decreasing trend in hospitalization for acute complications was evident (p<0.001), which was almost completely due to ketoacidosis. People with at least one HbA1c measurement over the year was 48.5%.
Conclusion: we showed high incidence and increasing prevalence of type 1 diabetes in young adults in Italy, which impact on direct costs  under the universalistic coverage of the NHS. 
               Population-based registries both in Europe and in the United States have provided evidence that the incidence of type 1 diabetes is increasing by 2.8-4% per year (1-2). As most registries limit the recruitment of data up to 14 years (3), the impact of the disease on health and  direct costs of young people is probably under-estimated (4-7).  The increasing burden of the disease on health care services might translate into a lower quality of care if patients are not adequately supported with devoted personnel, and this is particularly true for adolescents and young adults, who often have low compliance to intensive insulin treatment and adherence to scheduled visits (8-9). Adolescents still have high hospitalization rates for hypo- and hyper-glycemic acute diabetic complications, that remain their leading causes of mortality (10-13). Therefore, a correct estimation of prevalence and direct costs of type 1 diabetes could support health policy-makers in planning the adequate allocation of resources and in improving quality of care. Epidemiological data, however,  are very limited (14-15).
The wider availability of electronic health records is providing new opportunities to study the epidemiology of type 1 diabetes in the adults (3). Continuous insulin-treatment is the hallmark of type 1 diabetes in children and adolescents and administrative data linked with demographic registries provide accurate population-based data up to young adulthood. In this study we examined temporal trend in incidence (period 2003-2012) and prevalence (period 2002-2012) of type 1 diabetes in children and young adults living in Italy, using the unique population-based ARNO Observatory (16). Finally, we analyzed data on direct costs and selected indicators of quality of care of the disease in the 2012 cohort.  
Methods

Identification of incident and prevalent subjects with type 1 diabetes

     The population-based multiregional ARNO Observatory is a healthcare monitoring system, based on administrative data (demographics, disease specific exemptions, outpatient drug prescriptions, inpatient hospital discharges, lab tests prescriptions and instrumental examination) from more than 30 Local Health Units (LHUs) scattered throughout Italy. It was organized by  CINECA to provide local and national reports on the main epidemiologic features and drug consumption of representative subgroups of Italian people, such as children, the elderly and those with chronic diseases (16-20). Prescriptions are provided by all participating LHUs, whereas hospitalizations and health services utilization data are provided by a subgroup of LHUs. In Italy, the identification of all people using health care services is facilitated by the universalistic National Health System (NHS), which allows all residents to receive care, irrespective of citizenship, social class and income. Moreover, individuals with diabetes receive free access (without any co-payment) to drugs, diagnostic procedures and hospitalizations, so that the use of private care resources is almost negligible in the diabetes area. 

This report refers data of the 2002-2012 population-based cohort of people aged 0-29 years (n=1,713,196 in 2012) who were resident in 18 Italian areas covered by LHUs participating to the ARNO Observatory. They were distributed as follows: 57% in the North, 15% in the Centre, and 28% in the South. All data referring to one subject were linked by means of a unique encrypted identification code. Most LHU  (14/18) had prescriptions data covering the whole 2002-2012 period, whereas 4 of them only had shorter time period data (2004-2012, 2006-2012, 2008-2012 and 2010-2012, respectively). Subjects were considered to be affected by type 1 diabetes if they were aged 0-29 years, were residents in the LHUs, had received over 12 months at least two prescriptions of insulin (Anatomical Therapeutic Chemical Classification System [ATC], code A10A), and were continuously insulin-treated in the following year. Given these criteria, both gestational diabetes and type 2 diabetes may be excluded. Incident cases were identified by excluding subjects identified as having diabetes during the previous year. Prevalence and incidence data were collected for period 2002-2012 and 2003-2012, respectively, to allow for assessment of continuous insulin treatment for at least 24 months. 

Direct costs 

Data referring to prescriptions, hospitalizations, and health care services utilization in 2012 were analyzed, including consultations, laboratory tests, reactive strips, glucometers and insulin pumps. Data sources were linked to the patients’ fiscal code, an encrypted identity code generated by name, date and place of birth.  Five per cent only of prescriptions were excluded from analyses because of incomplete patient identification. A case-cohort study design was employed to compare prescriptions, hospitalization rates, services use and direct costs in persons with diabetes (n=2,905) and in those without diabetes individually matched for age, gender and LHU with a 1:4 ratio (n=11.620). For every patient, healthcare costs were estimated as the sum of all the resources supplied during the year. For examinations, consultations and hospitalizations, regional tariffs, which represent the reimbursement paid by the LHUs to healthcare providers, were used as standard costs. Drugs were valued with the public prices reimbursed by NHS. Costs were expressed in Euros. 

Quality of care

We assessed indicators of quality of care in 2009-2012 in the prevalent cohort of diabetic patients aged 0-29 years (n=700,479 individuals in 2012). All individuals with type 1 diabetes  (n=995 in 2009; n=1016 in 2010; n=1033 in 2011; n=1162 in 2012) were individually matched to 4 individuals without diabetes for age, gender and LHU. As process indicator we assessed the frequency of people with at least one outpatient HbA1c measurement in the last 12 months. As outcome indicator we assessed the hospitalization rate for acute diabetes complications. Ketoacidosis and hyperosmolar coma were defined as hospital discharge records reporting the 250.1, 250.2, or 250.3 ICD-9-CM codes as primary or secondary diagnosis. Hypoglycemic coma was defined by ICD-9-CM code: 251.0. 

Statistical analyses


Denominators of incidence/100,000 person-years and prevalence/1000 were residents in each LHU by each year. The 95% confidence intervals (CIs) of rates were estimated assuming the Poisson distribution of the cases.  From the database, we derived total drug packages and the cumulative cost of treatment, the number of hospital admissions and consultations/year. The mean cost of drug treatment was calculated by multiplying the number of prescribed packages by their unit cost. Completeness of ascertainment was assessed in 2012 using the two-sample capture-recapture method, comparing cases ascertained through prescriptions (primary data source) and hospital discharges (secondary data source). To assess trend in incidence and prevalence during the study period, we used the Cochrane-Armitage test. Statistical analyses were conducted using Stata version 10.0 A P value less than 0.05 was considered significant. The confidence intervals of direct costs  had been computed by the bootstrap method with software R, using a level of significance equal to 95%.
Results

Incidence


Over the 2003-2012 period, 2357 incident cases of type 1 diabetes were identified in the age group 0-29 years (estimated completeness of ascertainment, 99%), giving an incidence rate of 16.1/100,000 person-years (95% CI 15.4-16.7) (Table 1). Rates were similar in males (16.8, 95% CI 15.9-17.8) and females (15.3, 95% CI 14.4-16.2) and in the age group 0-14 years (15.8, 14.9-16.8) compared to the age group 15-29 years  (16.3, 15.4-17.2). No significant trend was evident over the study period, although the lowest risk was found in 2012. Large year-by-year variations in risk were evident among five-years age group at diabetes onset, with the lowest risk in the 0-4 years age-group (Figure 1).  

Prevalence


Prevalence of type 1 diabetes in age group 0-29 increased over time from 137 to 166.9/100,000 (Table 2). Although the increase was present in both 0-14 and 15-29 age groups, it was particularly relevant in the latter, with an absolute increase of 50 individuals over 100,000 residents from 2002 to 2012 (Figure 2).  

Direct Costs


Costs were computed in 2012 in the prevalent cohort of 2905 people with type 1 diabetes, including 556 children and 2349 young adults. As shown in table 3, direct costs accounted for € 2,117 in persons with diabetes and € 292 in control individuals, matched for age, gender and LHU, Compared to non diabetic individuals, the excess of cost  was  6-fold in diabetic individuals and  higher among children than among young adults. Individuals who had no healthcare cost were 2.7% (n=77) among diabetic people  and 30% (n=3420) among non-diabetic people. As shown in  Table 4, when we compared costs in diabetic and non diabetic people after having excluding  individuals with zero-costs, we found higher mean costs  in both groups and, consequently, lower differences among them. 
Quality of care

The frequency of people with at least one outpatient HbA1c measurement over the year 2012 was only 48.5%. The distribution among age groups was as follows: 37.2% in subjects aged 5-9, 57.7% in the age 10-14, 61.5% in the age 15-19, 53.2% in the age 20-24, and 44.1% in the age 25-29.  

Overall hospitalization rates significantly decreased over period 2009-2012 (27.1%, 9.3%, 5.7% and 12%, p<0.001). Respective rates in control subjects showed a similar pattern, although rates were five/ten-fold lower (4.6%, 0.5%, 0.3% and 1.2%).  A statistically significant decreasing trend in hospitalization for acute complications was also evident over the study period (11.3%, 5.2%, 4.0% and 5.8%, p<0.001), which was almost completely due to ketoacidosis. Rates were higher in children than in young adults, and the decreasing trend was more clearly observed in the latter.  

Conclusions
The present analyses of the ARNO Observatory provides unique epidemiological data of type 1 diabetes in children and young adults. Firstly, incidence rates in young adults up to age 29 years were similarly high compared to children, with stable rates over the ten-years study period in both groups. Second, the prevalence of the disease increased steadily, with almost 50 additional new young adults out of 100,000 residents in the 10-year period. Third, compared to individuals without diabetes of similar age, the young people with diabetes up to 29 years had more than 6-times higher direct costs under the universalistic coverage of the National Health Service (NHS) and this excess was mainly due to insulin treatment and reagent strips. Finally, overall hospitalization rates and discharges due to acute diabetes complications, an indicator of quality of care, decreased over 2009-12, suggesting that outpatients services provided a good level of care. However, the frequency of HbA1c measurements over the year was still unsatisfactorily low, with almost half of the population-based cohort having no measurement. Such epidemiological data are relevant, as literature is limited on this issue but data are mandatory for comprehensive economic evaluation studies and cost-of-illness modelling on type 1 diabetes. 


The strength of our study derives from a population-based multiregional study design, and it is one of the few European studies providing epidemiological and economic cost data of type 1 diabetes in both children and young adults. Data were not affected by the selection bias of specialized centres; the ARNO-CINECA Observatory covers the entire population and is characterized by a high level of standardization and reproducibility, allowing for an easy updating of the analyses and feasible time-trend assessments, previously used for several studies on diabetes care quality and costs (16-20). As we examined a population under the universalistic coverage of the NHS, considerations regarding selection bias due to the impact of cost of the disease on people with a low socioeconomic level do not apply. 
The study has limitations too. The administrative data gathered in the ARNO Observatory lack of individual clinical data. We considered as incident cases only subjects who had not received insulin prescriptions in the previous year and were continuously insulin treated for at least one year, thus excluding subjects who were temporarily residents in the LHU. Although we cannot exclude that any prevalent case might have been misclassified as incident case, these numbers, if any, were presumably very low due to the validated identification procedures. Unfortunately, individual validation could not be performed due to the restrictive rules applied to administrative data in the context of the Observatory. As quality indicator, we assessed the frequency of outpatient HbA1c measurements. A subgroup of individuals might have had HbA1c measurement during their hospitalization, however in the index year 12% only of the cohort was hospitalized, thus slightly affecting our estimate. Finally, childhood registries suggested heterogeneities in risk of the disease within Italy (21-24). Our data did not include the high risk Sardinia Region and  covered mainly Northern Italy. Moreover, due to the limited numbers of cases in each LHU,  we did not performed geographical comparisons of risk within Italy. 

We did not find evidence of an increasing temporal trend in incidence of type 1 diabetes, and results were similar even stratifying data by 5-years age groups. Previous analyses from the EURODIAB study suggested that incidence increased more in children aged 0-4 years (1), but no evidence of a differential pattern by age group was found in a previous analysis of Italian registries (23). Data on incidence of type 1 diabetes in adults are very limited,  but they  consistently pointed out the numerical relevance of the disease up to 29 years (3). An increasing prevalence of the disease has been observed in the age cohort 0-14 in Germany and in the age 0-19 in the United States (14-15). The SEARCH study showed an increase from 148/100,000 in 2001 to 193/100,000 in 2009 in subjects aged 0-19, which compares to our increase from 137/100,000 in 2002 to 166.9/100,000 in 2012 in age 0-29 (15). In our data, the increase was particularly relevant among young adults (+50/100,000); accordingly, we estimate that almost 5000 more young adults with type 1 diabetes are now cared for by diabetes clinics at national level compared to ten years ago. A parallel increase in devoted specialized care services should  also be planned. 
Care of type 1 diabetes has profoundly changed over time, favorably affecting quality of life and indicators of quality of care, such as hospitalizations for acute diabetic complications. Our data shows that ketoacidosis requiring hospitalization was low and that it further decreased over time.  This finding is consistent with previous observation using national dataset of hospital discharges and clinical data (26-28). However, epidemiological studies have pointed out that despite significant improvements in health care of people with type 1 diabetes, life expectancy at birth remains twelve years lower than in people without diabetes (11). Type 1 diabetes is a chronic disease requiring self-management, disease-focused behaviors, and frequently scheduled controls. Health system barriers in terms of access to care and its financial costs may have detrimental effects on subjects with chronic conditions such as type 1 diabetes (29-30). Under the universalistic coverage of the NHS we provide evidence that that the costs associated with type 1 diabetes are substantial, with an overall annualized median cost of almost € 2100, which was 6-fold higher than young individuals without diabetes of similar age. These estimates can be used to assess the economic burden of diabetes for publicly insured children and young adults in other countries. Recently, large variability in mortality risk of type 1 diabetes has been pointed out, together with an observed association between greater healthcare expenditure and reduced mortality excess in a subgroup of countries, which would suggest that adequate health-care provision has a positive impact on subjects with type 1 (12). 


In conclusion, the ARNO Observatory showed high incidence and increasing prevalence of type 1 diabetes in young adults in Italy, and more than 6-times higher direct costs in diabetic than in non diabetic young people  under the universalistic coverage of the NHS. 
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