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Introduction: The underdiagnosis of chronic kidney disease (CKD) remains a significant public health concern. The Early chroNic
kiDney disease pOint of caRe Screening (ENDORSE) project aimed to evaluate the clinical and economic implications of a targeted
training intervention for general practitioners (GPs) to enhance CKD awareness and early diagnosis.

Methods: Data on estimated Glomerular Filtration Rate (¢GFR) and Urinary Albumin-Creatinine Ratio (WACR) were collected by 53
Italian GPs from 112,178 patients at baseline and after six months. The intervention involved six months of hybrid training provided
by 11 nephrologists, which included formal lectures, instant messaging support, and joint visits for complex cases.

Results: The results demonstrated a substantial increase in the use of eGFR (+44.7%) and uACR (+95.2%) tests. This led to a 128.9% rise
in the number of individuals screened for CKD using the KDIGO classification, resulting in a 62% increase in CKD diagnoses. The
intervention’s impact was particularly notable in high-risk groups, including patients with type 2 diabetes, hypertension, and heart failure.
Discussion: A budget impact analysis projected cumulative five-year savings of €1.7 million for the study cohort. When these
findings were extrapolated to the entire Italian CKD population, potential savings were estimated at €106.6 million, highlighting
significant cost savings for the national health service. The clinical simulation assumed that early diagnosed CKD patients would be
treated according to current indications for dapagliflozin, which slows disease progression.

Conclusion: The ENDORSE model demonstrated that targeted training for GPs can significantly improve early CKD detection,
leading to better patient outcomes and considerable economic benefits. This approach shows promise for broader implementation to
address the underdiagnosis of CKD on a national and potentially international scale.
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Introduction

Underdiagnosis of chronic kidney disease (CKD) has been consistently acknowledged, and the importance of under-
taking appropriate initiatives to raise awareness of the disease and promote early diagnosis in general practice has been
widely recognized.' CKD, as a chronic condition characterized by a gradual loss of kidney function over time, is closely
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comorbid with other diseases such as hypertension, diabetes, and heart disease. These comorbidities often exacerbate the
progression and severity of CKD, making early diagnosis and management even more critical. The presence of these
comorbidities, with CKD as a pivotal factor, can significantly affect both the prognosis of the individual and healthcare
expenditure.’

In the European Union (EU), 10% of the adult population is estimated to be affected by CKD, meaning more than
55 million individuals. As a result, CKD prevalence has remarkably outpaced other non-communicable diseases,
including diabetes and cancer.* This high prevalence underscores the urgent need for effective public health strategies
and healthcare interventions to address CKD.

The economic burden of CKD is substantial and multifaceted, encompassing both direct and indirect costs. Direct
costs are primarily associated with medical care, including hospitalizations, medications, and dialysis treatments. Indirect
costs arise from loss of productivity, disability, and premature mortality. Patients with CKD incur 85% higher costs and
50% higher government subsidies than those without CKD.?> Although most of the costs per patient in the CKD
population are related to end-stage renal disease (ESRD), earlier stages also generate certain costs, mainly by inducing
cardiovascular events.® Consequently, CKD is among the most expensive diseases for EU health systems, estimated to
cost about €140 billion per year.

Early disease detection is crucial in mitigating the adverse outcomes of CKD and is significantly enhanced by better
awareness among at-risk populations and healthcare professionals.> However, in Western countries, awareness of CKD
remains scarce in both the general population and among general practitioners (GPs).”* This lack of awareness leads to
delayed diagnoses and treatment, worsening patient outcomes and increasing healthcare costs.

Early identification of CKD followed by risk stratification and treatment offers the potential to substantially reduce
the morbidity and mortality associated with CKD and its related complications, such as cardiovascular disease.” Given
the severe implications of CKD for population health and the economic sustainability of healthcare systems globally, it is
vital to establish and implement early-detection and prevention programs, starting in the primary care setting.
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“The Disease Awareness Innovation Network (DANTE)” was a successful pilot study that tested whether targeted
training for GPs by nephrologists could increase CKD awareness, thereby increasing the proportion of patients tested for
estimated glomerular filtration rate (eGFR) and (Albumin-Creatinine Ratio) (uACR).'® The DANTE study reported
a significant increase in the number of both tests and, consequently, in the number of people diagnosed with CKD, with
remarkable results particularly in at-risk individuals with diabetes, hypertension, and heart failure.

Building on the success of the DANTE study, the ENDORSE (Early chroNic kiDney disease pOint of caRe
Screening) project was developed to evaluate the clinical and economic impact of enhanced diagnostic performance in
primary care on a larger scale. With ENDORSE, we strengthened the study framework by enrolling a greater number of
GPs and analyzing data from over 100,000 individuals. Additionally, to simulate the potential economic benefits of early
diagnosis, a budget impact analysis was carried out in the enrolled population with a timeframe of 5 years and varying
eGFR decline rates.

Materials and Methods

Study Design

The primary endpoint of this single-arm non-randomized study was to evaluate the impact in primary care of targeted
training and networking with nephrologists on CKD awareness in primary care. This was achieved by assessing the
proportion of patients classified according to KDIGO in the general population and after stratification in at-risk patients
for CKD. To this purpose, 53 GPs were trained by 11 nephrologists, one per region, across 11 Italian regions: Abruzzo,
Campania, Emilia Romagna, Lazio, Liguria, Lombardia, Marche, Puglia, Sardegna, Sicilia, and Veneto. Although the
limit in Italy is 1500 patients per GP, the average number of patients per GP in this cohort was 2065 due to a shortage of
GPs in the country. Data were collected from the entire cohort of patients stored using the Millewin Digital Platform (see
details in the supplementary material) in use by the GPs included in the study. The study analyzed for the presence of

specific comorbidities, namely type 2 diabetes, hypertension, and heart failure, as well as the proportion of uACR and
eGFR tests available at baseline (t0) and after 6 months (t6). Figure S1 illustrates the training and co-management plan.
For each of the 11 Italian regions, one nephrologist delivered a formal 2-hour lecture in October 2021 to educate GPs on
the significance of early detection of CKD, risk stratification based on available guidelines, and the rationale of the study.
Additionally, an instant messaging group was established at the regional level to facilitate communication between each
nephrologist and GPs specifically to discuss when to refer a patient based on certain patient characteristics. The co-
management plan included a one-to-one joint visit between the nephrologist and GP upon request by a GP on
a discretionary basis for specific comorbid cases. An online case discussion involving the nephrologist and GPs on
a regional basis was planned after 6 months (April 2021).

Statistical Analysis

The statistical analysis was designed to evaluate the impact of the training intervention on CKD awareness and screening
practices among GPs. Data were collected at two time points: baseline (t0) and six months after the intervention (t6). The
primary outcomes measured were the changes in the usage rates of eGFR and uACR tests, and the increase in CKD
diagnoses according to the KDIGO classification. Data were collected from 53 Italian GPs across 11 regions, covering
a patient pool of 112,178 individuals. The dataset included demographic information, eGFR, and uACR test results, and
the presence of comorbidities such as diabetes, hypertension, and heart failure. Descriptive statistics, including mean,
median, and standard deviation for continuous variables, as well as frequencies and percentages for categorical variables,
were calculated. To compare the mean differences in eGFR and uACR usage between t0 and t6, paired -tests were
conducted. Chi-square tests were employed to compare the proportion of patients screened for CKD at t0 and t6.
Additionally, multiple logistic regression analysis was used to assess the association between the intervention and the
likelihood of increased CKD screening, adjusting for potential confounders such as age, gender, and comorbid condi-
tions. A budget impact model was developed to estimate the economic implications of increased CKD screening. This
model included direct costs of CKD management, potential cost savings from early diagnosis and treatment with
dapaglifiozin, and the costs associated with dialysis. Sensitivity analyses were conducted to test the robustness of the
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budget impact model under different scenarios, including variations in treatment adherence and progression rates. The
results demonstrated significant increases in the use of eGFR (+44.7%) and uACR (+95.2%) tests post-intervention. This
led to a substantial rise in CKD screening (+128.9%) according to the KDIGO classification and a 62% increase in CKD
diagnoses. The budget impact analysis projected cumulative five-year savings of €1.7 million for the study cohort, with
potential national savings of €106.6 million. All statistical analyses were performed using SPSS and R. The budget
impact analysis was conducted using a custom model developed in Microsoft Excel. A p-value of <0.05 was considered
statistically significant for all tests. This comprehensive approach ensured the robustness and reliability of the study
findings, providing clear insights into the clinical and economic benefits of targeted training interventions for early CKD
detection.

Clinical Simulation and Economic Analysis

The clinical simulation was based on the rate of progressive decline of eGFR derived from Heerspink HJL and Vesga
JL.''2 In detail, the following estimates were used: an annual decrease of 0.60 mL/min/1.73m2 for non-diabetic patients
treated with dapagliflozin; 1.99 mL/min/1.73m2 in diabetic treated patients; 1.34 mL/min/1.73m2 for non-diabetic non-
treated patients; and 4.41 mL/min/1.73m2 for untreated patients with diabetes.

Next, the cohort of patients having both eGFR and uACR tests available at t6 (n=2335) was considered potentially
available for screening, thus eligible for treatment and therefore used in subsequent analyses. Therefore, the results of the
simulation assume that patients diagnosed with CKD are treated according to the current indications for dapagliflozin.

In order to evaluate the impact of an early diagnosis, which could slow the rate of progression of the disease and
ultimately reduce healthcare costs, we ran a 5-years economic analysis both in the ENDORSE cohort and in the whole
Italian population. To this aim, we used the results of the clinical simulation along with demographic and economic
parameters as follows. The study was conducted on the Italian adult population (age >18) as of 01/01/2023
(n=49,786,127). Assuming a 10% diagnostic rate, we used the total estimated prevalence of CKD of 7% as reported
in De Nicola L et al,'® to obtain the reference number of individuals with CKD (n = 348,503). Of these, 811 patients
per million residents undergo dialysis, (n = 40,377 patients) (https://ridt.sinitaly.org/). Direct costs associated with CKD

stages and dialysis costs (both direct and indirect) were obtained from the studies by Jommi et al and Cicchetti et al,
respectively, and used as input (Table S1)."*'> In Table S2 detail of the number of tests according to comorbidities are
described. Based on the Italian registry of Dialysis and Kidney Transplant, we used a prevalence of hemodialysis and
peritoneal dialysis of 90% and 10%, respectively.

Results
The ENDORSE project provided data on 109,487 individuals at t0 and 112,178 individuals at t6. The population
characteristics are reported in Table 1. We categorized the cohort using eGFR and uACR (see details in Tables S3 and S4).

At the end of the study, after 6 months of educational intervention and networking between nephrologists and GPs, we
observed an increase by 44.7% and 95.2% in the number of tests of both eGFR and uACR, respectively. A significant increase
in the number of patients that could be stratified using KDIGO classification was observed accordingly (see Table 2).

We found a 62% increase in CKD diagnosis at t6. The subgroup analysis for eGFR and uACR according to the
subgroup of interest (type 2 diabetes, hypertension, and heart failure) is reported in Table 3.

As next step, we ran a 5-year clinical simulation of CKD progression (see Methods) considering two scenarios. In the
first scenario we included only the subset of patients with both test at t0 (n=1020). Whereas in the second, more favorable
scenario as influenced by the training intervention at the end of the study, we included all patients (n=2335). Patients that
progressed to an eGFR < 5 mL/min were considered on dialysis.

The simulation was then extrapolated to reference population in Italy which consisted of 348,503 patients (see
Methods). It was assumed that the distribution of patients across KDIGO stages for the reference population were
comparable, except for patients on dialysis. The results of this 5-year clinical evolution simulation are reported in
Tables S5 and S6.
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Table | Characteristics of the Study Population
Number of patients TO Té6
109,487 112,178
Age
Mean (standard deviation) 53.2 (20.7) 53.1 (20.8)
Missing Data 4 3
Gender
Female: Number (%) 55,369 (51.50%) | 58,213 (51.90%)
Missing Data 2.061 0
Type 2 Diabetes
Number (%) 9011 (8.20%) 9015 (8.00%)
Hypertension
Number (%) 27,225 (24.90%) | 27,370 (24.40%)
Heart Failure
Number (%) 1132 (1.00%) 1094 (1.00%)
Table 2 KDIGO Classification at TO and Té
uACR
Al A2 A3
eGFR Gl 25.6% 3.3% 0.3% 29.2%
G2 46.3% 5.0% 0.4% 51.7%
85.6% 12.7% 1.7% 100%
uACR
Al A2 A3
eGFR Gl 22.8% 3.5% 0.2% 26.5%
G2 44.2% 5.7% 0.5% 50.4%
Notes: The risk levels according to KDIGO classification are represented by the
following colours: yellow: moderate risk; orange: high risk; red: very high risk; green:
low risk.
Abbreviations: eGFR, estimated Glomerular Filtration Rate; uACR, Urinary Albumin-
Creatinine Ratio.
ClinicoEconomics and Outcomes Research 2024:16 https: 551
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Table 3 Number of Tests According to Comorbidities

Group | Variable TO (%) | T6(%) | Delta (%)

T2DM | eGFR < 60mL/min/1.73m2 | 5.4 9.7 (+) 79
eGFR 22.7 384 (+) 69
ACR 84 18.0 (+) 114

HT eGFR < 60mL/min/1.73m2 | 4.7 74 (+)58
eGFR 222 323 (+) 45
ACR 35 6.7 (+)90

HF eGFR < 60mL/min/1.73m2 | 8.9 17.6 (+)98
eGFR 20.2 353 (+) 74
ACR 45 10.0 (+) 121

Abbreviations: T2DM, Type 2 diabetes; HT, Hypertension; HF, Heart Failure; eGFR,
estimated Glomerular Filtration Rate; ACR, Albumin-Creatinine Ratio.

Finally, combining the results of the clinical simulation with economic data we obtained the budget impact analysis
for the ENDORSE cohort and for the population of reference (n=348,503). In Table 4 we report the 5-year economic
analysis based on the costs applied to the clinical simulation performed on the ENDORSE cohort.

Costs savings were reported due to the slower disease progression in patients who received an early diagnosis and
therefore considered treated with dapagliflozin according to current indications. Dialysis accounted for approximately
one-quarter of the total costs in both scenarios. Cumulative savings after 5 years from baseline accounted for 1.72 million
euros (6.40%). The analysis was also carried out for the population of reference (Table S7). Consistently with the
findings in the ENDORSE cohort, we estimated progressively increasing theoretical cost savings, cumulatively reaching
106.6 million euros.

Discussion

Chronic kidney disease (CKD) is a major global public health issue, affecting 700—840 million people worldwide and
increasing in prevalence annually.'® The economic burden of CKD is significant, especially for dialysis patients.'~--'7
In Italy, healthcare spending related to ESRD alone reached €2.1 billion in 2010, accounting for 1.9% of the healthcare

budget.'* The direct annual healthcare costs of dialysis patients range from €29,800 (peritoneal dialysis) to €43,800

Table 4 Economic Impact Based on a 5-Year Simulation for the ENDORSE Cohort

Baseline Year | Year 2 Year 3 Year 4 Year 5 Cumulative
Scenario | Dialysis 1,226,250 € | 1,226,250 € | 1,226,250 € | 1,471,500 € | 1,520,550 € | 1,765,800 € 7,210,350 €
Other Costs 3,603,109 € | 3,704,574 € | 3,813,671 € | 3,910,830 € | 4,053,459 € | 4,203,676 € | 19,686,210 €
Total 4,829,359 € | 4,930,824 € | 5,039,921 € | 5,382,330 € | 5574,009 € | 5969,476 € | 26,896,560 €
Scenario 2 Dialysis 1,226,250 € | 1,226,250 € | 1,226,250 € | 1,226,250 € | 1,226,250 € | 1,324,350 € 6,229,350 €
Other Costs 3,603,109 € | 3,660,978 € | 3,730,691 € | 3,791,993 € | 3,849,929 € | 3,913,112 € | 18,946,703 €
Total 4,829,359 € | 4,887,228 € | 4,956,941 € | 5018243 € | 5,076,179 € | 5237,462 € | 25,176,053 €
Difference (total) 0€ -43.596 -82.98 —364.087 -497.83 -732.014 | —1,720,507 €
Difference % 0.00% —-0.88% -1.65% -6.76% -8.93% -12.26% —6.40%

Note: green is the saving.
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(hemodialysis), with indirect costs estimated at €6650 per person/year.'> Direct healthcare costs span from €1169 (CKD-
1) to €5453 (CKD-5) per patient per year, varying across Italian regions.'*

Despite these figures, CKD awareness remains low among patients, policymakers, and healthcare professionals, as
evidenced by limited serum creatinine testing by GPs.” Given its burdensome consequences, promoting screening,
prevention, and early diagnosis is crucial to tackle the disease in its early stages, slow its progression, and save
money.>'*'® Primary care services play a fundamental role in enhancing CKD diagnosis, as GPs must suggest
appropriate screening, including eGFR and uACR tests.

The clinical results of the ENDORSE project in terms of increased CKD diagnosis align with previous studies.'”
However, the increase in advanced stages observed between TO and T6 is counterintuitive, as extending screening should
bring out less severe asymptomatic cases. This may be due to GPs screening preferentially high-risk individuals rather
than unselected individuals."”

A crucial question is: “What would happen if these patients were not diagnosed?”. This prompted us to set up the
eGFR decline simulation and economic impact evaluation. Diagnosing more CKD patients incurs immediate costs, which
depend on the disease stage and severity. However, prevention and early diagnosis should be weighed in the long run to
determine the benefits. The second endpoint of the study was to investigate the association between early diagnosis and
potential economic savings for the Italian national health system. Our findings demonstrate potential cost-saving benefits
of programs aimed at enhancing early diagnosis, allowing timely treatment and slowing disease progression.®’

The economic analysis presents intriguing results. The cumulative cost savings over five years would amount to over
€1.7 million, equivalent to €147 per patient, with most savings resulting from dialysis prevention. When applied to the entire
Italian CKD population, cumulative savings could exceed €106 million, mostly from patients not on dialysis. The difference
between the two cohorts lies in the fact that in a GP setting, we expect to identify patients with less severe CKD stages at
diagnosis, whereas the entire Italian population includes a higher proportion of advanced CKD stages, resulting in a higher
prevalence of dialysis patients. This analysis takes a conservative approach, focusing on potential savings for those diagnosed
with CKD. Extending the analysis to the entire Italian population, both costs and savings would be higher. In 2021, CKD
generated direct costs of over €4 billion in Italy, representing 3.2% of the national health service budget.® Our simulation
aligns with this figure, particularly regarding annual dialysis cost estimates of €2-2.5 billion."

This study has several limitations. The main limitation is that our study is not randomized, and we have only the
intervention arm. Also, it is not possible to establish the antecedence of the intervention with respect to the observed
outcome. Additionally, the screening was solely based on GPs’ decisions, and we analyzed aggregated data to evaluate
the training’s overall impact on the entire population. Thus, the dataset did not allow for a specific evaluation of the
subset of individuals who underwent screening intervention. The assumption of the distribution across KDIGO stages
may not fully support generalizability. Finally, an important limitation is the relatively short six-month observation
period. A longer period could provide a more comprehensive assessment of the intervention’s impact on CKD care costs.
Additionally, our study did not include a control group, limiting the ability to definitively attribute changes solely to the
educational intervention. Future studies should consider a randomized controlled design with a longer observation period
to further validate these results and improve data generalizability.

In conclusion, this study highlights the importance of medical networking and training in increasing the number of
CKD tests performed by GPs, with potential cost savings for the national health service.

Data Sharing Statement

Data are available upon request.
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