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48
49Abstract.
2 Objective: in Real-world analysis of thclinical — profile, treatments, major
adverse
2 cardiovascular and renal events (MACE and MARE) in patients with different stages of
ghronic
. 6 kidney disease (CKD) aeress as defined by KDIGO guidelines.
g Methods: This was an observational, retrospective study using the BIG-PAC
11 10 database. Adults with =21 measurement of estimated glomerular filtration rate
13 12 (eGFR) and albumin-to-creatinine ratio (UACR) closest to 1st January 2018 (within up
5 14 to 6 months) were included. Patients were followed for two years.
1? Results: From a total of 70,385 subjects analyzed, 21,127 (30.0%) had CKD based on impaired
18 renal function or increased albuminuria. Age, prevalence of diabetes and
o1 20 cardiovascular disease increased as kidney function decreased, or albuminuria
22 rose. Renin-angiotensin system inhibitors were prescribed in 47.1% to 76.4% patients
classified
%451 as G3a to G5 and mildly increased albuminuria (A1), 63.2-79.6% in G1 to G5 and
26 moderately increased albuminuria (A2), and 51.2-85.9% in G1 to G5 and severely
§Z increased albuminuria (A3). The prescription of sodium-glucose cotransporter-2
20 29 inhibitors was marginal across KDIGO categories. The incidence rates (per 1000
2 31 patient-year) of MACE ranged 102.9-245.2 in patients classified as G3a-G5 Af,
24 33 40.7-261.1in G1-G5 A2, and 69.1-362.3 in G1-G5 AS. Incidence rates of MARE
35 ranged 14.9-454.4 in G3a-G5 A1, 29.8-588.5 in G1-5 A2, and 11.8-637.2 in
36 . . : .
37 G1-5 A3. (podrian quitarse los decimales? Se ha redondeado a 1 decimal)
38
10 39 Conclusions: In real-world, the risk of cardiovascular and renal complications
40 41 rises as kidney function declines and albuminuria worsens. Guideline-
43 recommended therapies remain underused.
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Resumen.

Objetivo:  Analizar el perfil clinico, tratamientos, eventos adversos
cardiovasculares y renales mayores (MACE y MARE) en pacientes con

enfermedad renal crénica (ERC) segun los estadios KDIGO en el mundo real.

Métodos: Estudio observacional, retrospectivo utilizando la base de datos BIG-
PAC. Se incluyeron adultos con 21 medida del filtrado glomerular estimado (FGe)

y cociente albumina/creatinina (CAC) mas préximos al 1/enero/2018 (hasta 6

meses). Los pacientes fueron seguidos durante dos afnos.

Resultados: De los 70.385 sujetos, 21.127 (30,0%) presentaban ERC por
deterioro de funcién renal o aumento de albuminuria. La edad y la prevalencia

de diabetes y enfermedades cardiovasculares aumentaron a medida que

disminuia la funciéon renal o aumentaba la albuminuria. Se prescribieron

inhibidores del sistema renina-angiotensina en 47.1-76.4% de los pacientes clasificados como

a G5 y albuminuria (A1) levemente aumentada, 63,2-79,6% en G1 a G5 y

albuminuria moderadamente aumentada (A2), y 51,2-85,9% en G1 a G5 y
albuminuria severamente aumentada (A3). La prescripcion de inhibidores del

cotransportador de sodio-glucosa-2 fue marginal en todas las categorias KDIGO.
Las tasas de incidencia (por 1000 pacientes-ano) de MACE oscilaron entre 102,9
y 245,2 en los pacientes clasificados como G3a-5 A1, 40,7-261,1 en G1-5 A2

y 69,1-362,3 en G1-5 A3. Las de MARE oscilaron entre 14,9 y 454,4 en
G3a-5A1,29,8-588,5en G1-5A2y 11,8-637,2 en G1-5 AS3.

Conclusiones: En el mundo real, el riesgo de complicaciones cardiovasculares
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43 y renales aumenta a medida que la funcion renal disminuye y la albuminuria

44 . . :
45 empeora. Las terapias recomendadas por las guias siguen estando

2176 infrautilizadas.
48
49

50
51

52
53

Palabras clave: albuminuria; enfermedad cardiovascular; enfermedad renal

cronica; KDIGO:; funcién renal.

Introduction.

} Chronic kidney disease (CKD) is defined as abnormalities of kidney
4 structure or function that have been present for at least for 3 months, and had
consequences on health

6 CKD is classified based on etiology, estimated glomerular filtration rate (eGFR)
8 (G1-G5 categories), and urine albumin-to-creatinine ratio (UACR) (A1-A3
9

10 categories) [1]. Different studies have analyzed the prevalence of CKD in the

121 adult population, defined as either eGFR <60 ml/min/1.73 m2 and/or increased
13 UACR (= 30 mg/g, A2-A3), with values that range from 15 to 30% (percent??se refiere a
prevalencia), according to

15 the study population [2-5]. CKD is associated with a marked increase in the risk
17 of cardiovascular outcomes and renal disease progression [6-8]. As a result, the

ég early detection of CKD appears to be mandatory to provide the best management to
21 reduce CKD burden [9-13].

23 Most of the evidence on CKD population primarily relies on randomized

25 controlled trials (RCTs), which often exclude diverse (???) specific types of patients and high-
rzigk populations

27 that are regularly attended in real-world settings [9-13]. By contrast, real-world data
(RWD)

253 provides relevant insights into clinical practice complementing—evidencefrom

331g RCTs [14,15]. For instance, a recent study demonstrated significant differences

gg among diabetic with CKD patients in RCT and RWD [16]. These
gg discrepancies, including differences in patient demographics, treatment patterns,
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39 and data completeness, underscore the importance of integrating RWD into

3

gg clinical research to better reflect real-world treatment outcomes. As a result, RWD

30 studies are changing the landscape of clinical research by shedding light on how
1 therapies operate outside of the controlled context of RCTs.

42

%EUnfortunately, there are only few RWD studies that have examined both

4419 cardiovascular and renal outcomes across the CKD stages as defined by the Kidney
ag Disease Improving Global Outcomes (KDIGO) guidelines, or have addressed the
49 analyses according to either eGFR or UACR, but not both simultaneously [6-8].

50

51 Additionally, a limited number of studies have provided a comprehensive assessment of
52

53 adherence to guideline-recommended therapies in the CKD population across

54

gg KDIGO stages and how prescription patterns evolve through CKD severity

57 categories in real-world practice [17-21]. Furthermore, factors such as
?g demographic and cultural particularities of populations and differences in
60

healthcare practices conditioned by economic or administrative factors might
have an influence on the generalizability of RWD study findings [22,23].

1
2 Therefore, collecting more RWD from diverse geographic regions and
E populations is essential to better understanding the global landscape of CKD and
5 implement targeted strategies to improve CKD management, specifically by
7 addressing the gaps identified through local analyses.
9
10 In this study, a large population database was used to gain new RWD
121 insights into the complexities and heterogeneity of CKD care in Spain, with a
13 particular focus on the clinical profile, guideline-recommended therapies, major
15 adverse cardiovascular events (MACE), and major adverse renal events (MARE)
1; outcomes across all KDIGO stages.
19
20 Methods.
21
g% We performed an observational, retrospective, and RWD-based study using
%451 the BIG-PAC database. This database includes data of 1.8 million people of
26 primary health care centers and referral  hospitals from seven Autonomous
gg Communities of Spain. This database contains fully anonymized and dissociated
28 secondary healthcare data and has been shown to be representative of the
62
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g; Spanish population [24]. The study was approved by the Investigation Ethics

33 Committee of Consorci Sanitari from Terrassa.
34
35
36 Adults should have at least one measurement of eGFR and UACR in alocal
gg laboratory close to 1st January 2018 (up to 6 months) to be included both tests
measurements had to be performed within a
29 maximum of 3 months. In addition, patients should have at least
49 12 months of continuous presence in the database prior to the qualifying measurement (?? It
aezfers to the index date)of eGFR.
22 The index date was the date of the eGFR measurement closest to 1st January 2018
45 . The study population (excluding patients on dialysis [n=356]
46
47 or renal transplant [n=232], was n= 70,385); these patients were staged according to
KDIGO
2‘98 definitions based on eGFR and UACR values (model 1) [1]. Patients were
2(1) followed during a 2-year period to analyze the occurrence of cardiovascular and
gg renal outcomes. Additionally, a sensitivity analysis was performed in adults with
gg at least two consecutive eGFR laboratory tests <730 days apart with values within
56 the same CKD stage range, and at least 12 months of continuous presence in the
gg database prior to the first qualifying eGFR. This information enhanced the
%6’ reliability of CKD classification by requiring two eGFR measurements over time
rather than a single value, thereby reducing the risk of misclassification due to
1
2 transient eGFR fluctuations. However, this stricter criterion led to a reduction in
94” sample size, as individuals with only one qualifying eGFR measurement were
5 excluded. Despite this trade-off, the consistency of findings across different
7 approaches reinforced the robustness of our results. In this case (model 2), the
10 9 index date was the date of the second conclusive eGFR measure closest to 1st
11 January 2018. The study population (n= 52,796) was staged according to KDIGO
12 .
13 definitions based on eGFR and UACR values [1].
14
15 Baseline characteristics across KDIGO categories were determined at index date;
16 this includes demographics, comorbidities and medications.
1. Demographics
20 19 contained age, sex, body mass index, and blood pressure. Comorbidities were
%5 searched for in all available data prior to the index date. The main baseline
23 comorbidities included cardiovascular disease, coronary ischemic disease, heart
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29
31

36

47

failure, stroke, atrial fibrillation, peripheral artery disease (PAD), and diabetes.

24

2

26 International Classification of Diseases (icp-9) and ICD-10 codes were considered for the
diagnosis of comorbidities

28 (https://eciemaps.mscbs.gob.es). The information about treatments was

30 obtained from the registries for dispensing medicines, according to the

32 Anatomical Therapeutic Chemical Classification System [25]. Treatments were

g? prescribed according to routine practice and included renin angiotensin system

35 inhibitors (RASI), mineralocorticoid receptor antagonists, angiotensin receptor-

37 neprilysin inhibitors, sodium-glucose cotransporter-2 inhibitors (SGLT2i) in

38

39 persons with or without diabetes, beta blockers, diuretics, calcium channel

ﬁé blockers, low dose aspirin, statins, and medications for the treatment of diabetes (metformin,
43 sulfonylureas, dipeptidyl peptidase 4 inhibitors (DPP-4i), glucagon-like peptide-

Z‘? 1 receptor agonists (GLP-1 RA), meglitinides, and insulin). Laboratory tests

46 closest to the index date were collected and included the following UACR, eGFR,
HbA1c,

28 Serum creatinine, uric acid, potassium, lipid profile and hemoglobin, .

50

51 Cardiovascular and renal events were defined as a main diagnosis during a

52

53 hospital visit or during hospital admission occurring during the 2 years after theindex
date. Cardiovascular

gg’ outcomes included myocardial infarction, stroke, heart failure, peripheral artery

56 disease, and MACE composed of any of the following outcomes: stroke,

gg myocardial infarction or all-cause death. Renal outcomes included hospitalization

60 for CKD, reduction of eGFR 250% from baseline {below-a-50%222, dialysis, kidney

transplantation, progression

from A1/A2 to A3, and a composed MARE of any of the previous renal outcomes.

) Outcomes were calculated in the population across KDIGO categories.

gtatistical analysis

6

7 Categorical variables were defined by their absolute numbers and

8 : ,

9 proportions, whereas and the continuous variables by the mean and standard
19 deviation. Incidence rates were presented as events (N) and rates (events per

12 1000 patient-years [p-y]). Follow-up was censored at the end of the observation

ﬁ period or death enrd?? unless an event had occurred. In this study, we focused
i? exclusively on descriptive analyses of RWD, and since no formal hypothesis
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18 testing was performed, p-values were not calculated [26]. The data were
19
20 analyzed using the statistical package SPSS v25.0 (SPSS Inc., Chicago, lllinois,

521 USA), while R (version 4.0.2; R Foundation for Statistical Computing, Vienna,
gi Austria) was employed to generate all data visualizations.
25
ag Results.
The total population covered 70,385 subjects, of whom 49,258
g? (69.4%) had normal albuminuria (A1) and renal function (stages G1 or G2) and the
32 remaining 21,127 (30.0%) had CKD by either renal function (CKD stages >G2 or albuminuria
criteria
33
34 [5]. In the population of CKD patients, the mean (SD) age ranged from 72.4 (20.1) to 82.6
35
36 (9.0) years in categories G3a-5 A1, from 56.6 (11.3) to 82.3 (10.1) years in
gg categories G1-5 A2, and from 55.7 (11.2) to 77.1 (10.7) years in categories G1-5
39 A3. Inthese KDIGO categories, the proportion of women ranged from 46.8% to 69.7%, 46.1% to
21 2% and
4 34.9% to 45.5%, respectively (NO entiendo lo del Rango: En cada categoria (como G3a-5 A1),

estan indicando varios subgrupos dentro de esa categoria, y se muestran los valores minimo y maximo de
las medias en esos subgrupos. Los valores de cada categoria estan presentados en las tablas
ﬁgrrespondientes.). Regarding comorbidities, type 2 diabetes (T2D)

was present in a range from 38.2% to 46.8%, in categories G3a-5 A1, in 31.6% to 52.5% in G1-5
4A42and 53.6% to

45 68.0% of patients in G1-5 A3. As far as, coronary heart disease was respectively
present in 8.8% to 20.3%, 4.4%

4
476 to 18.4% and 6.3% to 19.4%:; , and heart failure was observed in 10.7% to 27.4%,

2‘§ 3.1% to 31.4% and 3.4% to 32.6%, respectively. In general, an increase in age was associated

with a reduction in

g? kidney function or increased albuminuria. The proportion of women
52 was increased n as the eGFR decreased, but there there were less women in the case of
hi:?her
5
gg albuminuria. Body mass index was lower as kidney function decreased but it
56 was higher among those patients with more albuminuria. Systolic blood

7 .
gg pressure increased as CKD progressed up to the G3a stage and then decreased; by contrast
the diastolic
%8’ blood pressure decreased as renal function worsened. HbA1c increased with the magnitude
of

albuminuria. LDL cholesterol was lower as renal function and albuminuria

1

2 worsened. The prevalence of cardiovascular diseases, and each of its
61
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23
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24
26

components, as well as T2D increased as renal function and albuminuria worsened

(table 1, supplementary figures 1 and 2). The sensitivity analysis (model 2)
showed similar results (supplementary table 1).

Regarding cardiovascular treatments, RASi were prescribed in 47.1% to

76.4%, 63.2% to 79.6%, and 51.2% to 85.9% of patients in G3a-5 A1, G1-5 A2,
and G1-5 A3 of the KDIGO categories, respectively; and statins was used in n 23.5% to

34.2% to 56.7% and 32.6% to 60.2%, respectively. The use of RASI is increased

among those patients with moderate renal dysfunction and it was decreased in
advanced stages of CKD. In addition, the use of RASi was increased in patients with more

Treatment with statins increased as renal function worsened. The prescription of
SGLT2i was marginal through all KDIGO categories. The use of SGLT2i increased
with albuminuria levels (table 1, supplementary figure 3). These findings were also

detected in the sensitivity analysis (supplementary table 1).

;’Qe incidence of MACEs and MAREs during 2 years of

30
31

follow-up. Incidence rates (per 1000 patients/year)of combined MACE variable

ranged from 102.9 (es necesario
poner decimales? En publicaciones previas se han mantenido. Redondeamos el texto a 1 decimal t245.2

8er 1000int
4

35
. 36————«classifications. Incidence rates for combined MARE variable ranged from 14.9

3

38
40
41
43

of Mare
45

47
48
49
notably;
50
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52

53
54
55

event
56

57
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he G3a-5 A1 category, 40.7 to 261.1 in G1-

5 A2, and 69.1 to 362.3 in G1-5 A3. acecerding—to—KDIGO

to 454.4, 29.8 to 588.5, and 11.8 to 637.2
respectively (Table 2). Both individual MACEs and MAREs incidence

rates increased as renal function worsened and albuminuria rose. As

shown in Figure 1, in early CKD, the risk og MACE was predominant, and the rate
was more evident in

advanced CKD it , but also with high risk of

MACE. Mortality increased across eGFR stages, with a sharp increase in G4

and G5 (Supplementary figure 4). The presence of albuminuria increased mortality risk

, with A3 mortality was 1.5 to 2 times higher than withA1 in each
eGFR category, even at early CKD stages.

Regarding the type of event, in absolute terms, heart failure was the most frequent

in every stage; even in G5 A1 the rate was as high as 145.12 per 1000)

Page 9 of 28



gg (Supplementary figure 5), being worse exceeding—the—worst-case—scenario{ro-lo-entiendo}

for myocardial

60 infarction (Supplementary figure 6), stroke (Supplementary figure 7), and PAD Supplementary
figure 8). Conversely, stroke had the lowest

1
2 absolute rates at early CKD stages (4.81 per 1000 p-y in G1 A1) but raised steeply to 60.24
per
E 1000 p-y in G5 A3, surpassing myocardial infarction and PAD in later CKD stages.
5 Furthermore, heart failure stood out as the event that increased most dramatic{means-drama-
or-guantity? with rates increasing 33-fold from G1 A1 (5.27 per 1000 p-y) to G5A3 (175.81 per
1000 p-y). These numbers
9 exceeds the relative increases seen in myocardial infarction (9.2-fold increase,
1% from 6.48 per 1000 p-y to 59.83 per 1000 p-y), stroke (12.5-fold increase, from
ﬁ 4.81 per 1000 p-y to 60.24 per 1000 p-y), and PAD (10.3-fold increase, from 7.67
15 per 1000 p-y to 78.98 per 1000 p-y).
16
15 Regarding the risk of MARE, it increased sharply with the decline in eGFR
19 and the increase in albuminuria. Reduction of eGFR =250% from baseline had the highest
rze(l)tes at
21 G5 (rO-entiendo}, but hospitalization rates for CKD were high across all stages

wasconsistently showed-the-highest-event ratesat
22 every—stage {rolo-entiendo)—with-G5-A1 (161.68 per1000-p-y)} (Supplementary Figure 9)

gz surpassing the peak rates observed for eGFR decline 250% in G1 to G4
gg (Supplementary Figure 10), dialysis initiation (Supplementary Figure 11), and
%g kidney transplantation (Supplementary Figure 12). Notably, hospitalization for
30 CKD increased experienced-the-most-dramatic-riseincreasing 868-fold from G1 A1 (0.28
§21 per 1000 p-y) to G5 A3 (242.65 per 1000 p-y). These trends remained in the

33 sensitivity analysis (Supplementary Table 2). (NO-sey-capazde-entedereste-parafo—y-temo-decir
algo-que-ho-es

35

gg In early CKD stages (G1-G3a), all-cause mortality rates were comparable

88 to or higher than heart failure and hospitalization for CKD. It should be emphasized

the . . o . . , .

40 significant cardiovascular risk in patients with mild to moderate kidney

41 dysfunction. As CKD advanced from G3b to G5 (Lo he dicho bien?, correcto), mortality
continued to rise but at more moderate

34 pace compared to the sharp acceleration of hospitalization rates, which
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45 surpassed both mortality and heart failure in the most advanced CKD stages, particularly

47 in those with high albuminuria (A3) (Figure 2).

ﬁg Discussion.

2

52 This study was performed in a large number of patients with measurements
of

53

5eGFR and UACR, as assessed by blood and urine tests collected in Healthcare

?? Information Systems. The results shows , that patients with CKD had many comorbidities, particularly

?5 T2D and cardiovascular diseases. Even though the rates of cardiovascular and renal events
gg were high, the use of drugs to protect cardiovascular and renal system
was substantially low. In addition, although the clinical profile showed that the risk of
1
2 cardiovascular and renal events worsened as renal function declined and
:3 albuminuria increased, this information did not translate into a significant improvement in the
5 management of these patients. Furthermore, the information
7 from patients without CKD in the same healthcare area was also collected to have information of
the real impact
9 of CKD on the clinical profile, management and cardiovascular and renal
11 outcomes.
E Our study included around 21,000 patients with CKD that were analyzed
12 across the KDIGO categories. There were elevant differences in the clinical profile
17 according to renal function and the degree of albuminuria . In DAPA-CKD trial {Stugy2?2)}, the
qngean age
ég was 62 years, 68% T2D and 38% had cardiovascular disease [11]. In EMPA-
21 KIDNEY and FIDELITY trials, the age was were 64 and 65 year, the percent of T2D was
97% and
22 100%, and cardiovascular disease was present in 27% and 46%,
respectively [12,13]. It should be recognized that As a considering the
52 inclusion and exclusion criteria of the mentioned RCTs, not all patients with CKD were
25
26 represented in these studies, indicating the need for studies with RWD. In addition
27
%g , although some studies have analyzed the clinical profile of patients with
30 CKD in the real-world population [6-8], our study specifically analyzed the clinical
:3)’21 profile, management and outcomes across KDIGO categories, including both
33 eGFR and UACR.
34
35
61
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In this context, our study showed that age and comorbidities increased as

renal function or albuminuria worsened. Furthermore, according to the values
obtained in physical examination and laboratory parameters, our data suggested
that a substantial proportion of patients did not achieve the blood pressure, LDL

cholesterol and HbA1c targets recommended when this study was performed [27,28].

Although there were some differences in the management {en-que-2} according to renal

function and
46

47
48

49
50
51
52
53
54
55
56
57
58
60

albuminuria, the fact is that there is much room for improvement across all KDIGO
categories. Importantly, in the last years, guidelines have strengthened the

importance of achieving strict control of risk factors in patients with CKD due to the

high/very high risk of death and cardiovascular events in this population [29-31].
Regarding cardiovascular treatments, despite the fact that the use of RASI is
greater in patients with moderate renal dysfunction and with

albuminuria, overall, many patients with CKD were not on RASi therapy. It should
be noted that in patients with CKD the continued use of RASI is associated with

cardiovascular and

—
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renal benefits , even in individuals with advanced CKD
[32,33] and the discontinuation of these drugs is associated with an increased

risk of subsequent death, cardiovascular complications and progression of renal renal
ysfunction

[34-36]. These patients, particularly those with advanced CKD, may have a
higher risk of side effects, such as hyperkalemia. However, the discontinuation of
RAS:I after hyperkalemia is associated with worsened prognosis among patients

with CKD [37]. In this context, the use of novel potassium binders may facilitate
the prescription and maintenance of these drugs, leading to a reduction of
cardiovascular and renal complications [38].

The use of SGLT2i in our study was

marginal, but it should be kept in mind that baseline data were recorded in 2018

and the first approval for indications of dapagliflozin and empagliflozin in CKD

were obtained in 2021 and 2023, respectively, based on the results of the DAPA-CKD and
EMPA-KIDNEY trials [11,12]. Therefore, it would be expected to observe more

use of SGLT2i in the CKD population in the following years. However, recent
studies have shown that these disease-modifying therapies have not yet been

successfully implemented into clinical practice, mostly in patients without co-

existing T2D [39]. Anyway, as the present analysis was based on data from 2018, predating the
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routine incorporation of SGLT2i into standard nephroprotective therapy, further evaluation using
contemporary datasets is warranted to assess their real-world impact on renal outcomes.
0 Also, more than 40% of patients with CKD were not taking

31 statins.
Guidelines recognize that patients with CKD have a high or very high
32
33 cardiovascular risk and consequently, strict LDL cholesterol goals should be
gg’ attained in this population. In this context, greater use of lipid lowering therapies,
a7 36 alone or in combination should be encouraged [40,41]. Our results confirm
29 38 previous findings in other countries, adherence to KDIGO CKD guidelines is low
4" 40 globally, with significant variation among countries [20,21]. Therefore, our data
42 showed that there are target care gaps in guideline adherence and prescription
43
44 trends, and that RWD highlights opportunities for improving outcomes.
45
46 , In addition, it has to be stated that we have analyzed the data through 2 different models,
Eﬁing one or
28 at least two consecutive eGFR laboratory tests. No differences were observed in
2(1) trends between both models concerning patient clinical characteristics, or
55 cardiovascular and renal outcomes occurrence across KDIGO categories. This
g? suggests that although CKD has traditionally been defined as abnormalities of
gg kidney structure or function, present at least for 3 months [1], when alterations in
gg eGFR or UACR are found, the early prescription of cardiovascular and renal
59 protective drugs should be encouraged. This is aligned with previous finding
showing that single-time point assessments of UACR and eGFR can predict
1
2 mortality risk, reinforcing the importance of kidney function screening [42]. In
? other words, just an altered value obtained in one determination of eGFR or
g UACR, if no acute intercurrent condition is occurring, should be sufficient to prompt
573 a thorough evaluation of the patient's condition, consider a diagnosis of CKD and
18 offer an early intervention with cardiovascular and renal protective therapies.
121 Regarding cardiovascular and renal events it should be noted that after 2 years of follow-up, the
incidence
]i rates were markedly higher in the CKD population than in those without CKD and they are
15 increased as renal function worsened and albuminuria increased. However,
16
17 even in patients without CKD according to KDIGO criteria (groups G1A1 and
18
19 G2A1), any sustained decline in GFR, even within the normal range is associated with an
i6nocrease in the two-year MACE and MARE
61
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20 , Which entails an increased

21
22 vascular and renal risk. Remarkably, as kidney disease progressed, the nature of

Ei the risk changes. In the early stages of renal function impairment, cardiovascular complications
\évsere mainly responsible for heart failure and driving mortality

5575 . However, as CKD worsened, kidney-

28 related complications became the most relevant health threat, with increase in the rate of
hospitalizations

30 surging past heart failure and even mortality, especially in those with severe

§21 albuminuria. Independently of the stage of kidney function, more albuminuria indicated a

greater risk of complications. However, its effects became

especially severe in the later stages of CKD, where the risk of hospitalization and

§2 death raised sharply. This pattern highlights the critical demand for early intervention

28 to slow disease progression, reduce complications, and give patients a better

41 chance of healthier outcomes [1]. However, heart failure was the most

213? frequent cardiovascular event followed by PAD and hospitalization for CKD, the

44 most common renal event. Of note, these complications may occur early in the

%g evolution of patients with CKD. These findings are aligned with previous results by others
28 [43-45]. These data highlight the close relationship between the heart and the

g? kidney, namely the cardio-renal syndrome. As a result, more efforts should be

57 made to accomplish the prompt identification of these conditions and the early
initiation of

?? appropriate treatments to delay the development of potential complications [43-

55 45]. Previous findings have shown that a rapid decline in eGFR that indicates rapid
géogression of CKD is significantly

gg associated with MACE, heart failure and myocardial infarction [46] and current

59_ guidelines are poorly adapted to end-stage kidney disease patients [47]. {re-se-si-te-

“

Furthermore, our data reveals relevant gaps in patients care and in the management of risk factors,
1, and missing opportunities to use evidence-based therapies. The use of
3

4 drugs with proven cardiovascular and renal benefits should be encouraged, and there is a need
5 to reduce knowledge gaps and overcome system-level barriers, as clearly indicated by the
KDIGO 2024 Clinical Practice Guidelines.
9 [1]. This recommendation should be extended across all stages of CKD, not only

H from the early stages to prevent the development of complications, but also in the

% 5 advanced stages of CKD where the beneficial effects on cardiovascular and renal

63 outcomes remain and are key to prevent death [48,49].
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15
16

15 This study has some limitations. Although the retrospective design is the

19 best to reflect performance of clinical practice, it may introduce some biases. In fact, real-
\évgrld

21 data enhance generalizability but carries risks of including confounding factors. Certainly, some data
could

22 be missing from the electronic health records. Furthermore, the retrospective

gz designs may generate relevant hypothesis, but it cannot establish causality.

gg However, potential biases may be mitigated due to the high number of patients

%g included and the sensitivity analyses that confirmed these results and their

30 consistency with previous publications. Moreover, in contrast with previous

§21 publications, our study provided a comprehensive overall description of CKD across all
32 KDIGO categories addressing cardiovascular and renal risks, as well as gaps

32 in the management of this population, and suggesting opportunities for improving

gg care, making the study useful for clinicians.

f? In conclusion, this RWD study shows that patients with CKD are affected by many
41 comorbidities and are at high risk for developing cardiovascular complications

‘ﬁé and renal disease progression. However, the use of cardiovascular and renal

22 protective drugs is far from optimal in all the KDIGO categories indicative of CKD,

Zlg which denotes the strong need to improve the management of these patients

49 across the entire spectrum of the disease.

50

Conflict of Interests: Unai Aranda, Beatriz Palacios, Margarita Capel are AstraZeneca employees; Ignacio Hernandez is an Atrys employee. Rafael
Santamaria reports lecture fees from Astra-Zeneca, Boehringer-Ingelheim, Vifor CSL, Bayer; and advisory fees from Astra-Zeneca and Bayer. None
related to this manuscript. Carlos Escobar has received honoraria from Almirall, Esteve, Amgen, Bayer, Boehringer, Sanofi, MSD, Mylan, Servier,
Ferrer, Daiichi-Sankyo, Novartis, Pfizer, Viatris, as speaker or advisor. None related to this manuscript. Ana Cebrian declares funding to conduct
clinical trials MSD and Sanofi (all to the IMIB institute); consulting fees from AstraZeneca, Bayer, Eli Lilly, MSD, Novo Nordisk and Sanofi; payment of
honoraria for lectures from AstraZeneca, Bayer, Boehringer-Ingelheim, Eli Lilly, Menarini, MSD, Sanofi and Novo Nordisk. Roberto Alcazar reports
lecture fees from Astra-Zeneca, Boehringer-Ingelheim, Vifor CSL, Bayer, Rubio and Fresenius Medical Care; and advisory fees from Astra-Zeneca
and Bayer. None related to this manuscript. Manuel Gorostidi reports lecture fees from Astra Zeneca, and Servier, and advisory fees from Fresenius
Medical Care, Boehringer Ingelheim, and Astra Zeneca (none related to the present article). This study was sponsored and financed by AstraZeneca.

The rest of the authors do not have conflicts of interest.
51
52
59
60
61

62
63

64 Page 15 of 28
65



54
55

56
57

3

4
5

6
7

8

9

10

11

12

13
14

15
16

17
18

21

22
23 o4
25

26
27

28
29

30

31

32

33
34

35
36

37
38

39

40

41

42

43

44
15
47

48
49

50

51

2%

59

60

6l

62

63

64

References.

1.

Levin A, Ahmed SB, Carrero JJ, Foster B, Francis A, Hall RK, et al. Executive
summary of the KDIGO 2024 Clinical Practice Guideline for the Evaluation
and Management of Chronic Kidney Disease: known knowns and known
unknowns. Kidney Int. 2024;105(4):684-701.

Gorostidi M, Sanchez-Martinez M, Ruilope LM, Graciani A, de la Cruz JJ,
Santamaria R, et al. Chronic kidney disease in Spain: Prevalence and impact
of accumulation of cardiovascular risk factors. Nefrologia (Engl Ed).
2018;38(6):606-615.

Llisterri JL, Mico-Pérez RM, Velilla-Zancada S, Rodriguez-Roca GC, Prieto-

Diaz MA, Martin-Sanchez V, et al. Prevalence of chronic kidney disease and
associated factors in the Spanish population attended in primary care:
Results of the IBERICAN study. Med Clin (Barc). 2021;156(4):157-165.

Saran R, Pearson A, Tilea A, Shahinian V, Bragg-Gresham J, Heung M, et
al; VA-REINS Steering Committee; VA Advisory Board. Burden and Cost of
Caring for US Veterans With CKD: Initial Findings From the VA Renal
Information System (VA-REINS). Am J Kidney Dis. 2021;77(3):397-405.

Santamaria R, Escobar C, Aranda U, Palacios B, Capel M, Hernandez I, et
al. Magnitude of chronic kidney disease in Spain. Nefrologia.

2025. https://doi.org/10.1016/j.nefro.2024.12.009

Escobar C, Aranda U, Palacios B, Capel M, Sicras A, Sicras A, et al.
Epidemiology, clinical profile, management, and two-year risk complications
among patients with chronic kidney disease in Spain. Nefrologia.
2021;41(6):670-688.

Jose MD, Raj R, Jose K, Kitsos A, Saunder T, McKercher C, et al. Competing
risks of death and kidney failure in a cohort of Australian adults with severe
chronic kidney disease. Med J Aust. 2022;216(3):140-146.

Hussain J, Imsirovic H, Canney M, Clark EG, Elliott MJ, Ravani P, et al.
Impaired Renal  Function and Major  Cardiovascular  Events in Young

Page 16 of 28



53
54
55

56
57

non-diabetic

© ~ a1~ D=

37
39
41

48
50

Adults. J Am Coll Cardiol. 2023;82(13):1316-1327.
9. Ruggenenti P, Perna A, Gherardi G, Garini G, Zoccali C, Salvadori M, Scolari

F, Schena FP, Remuzzi G. Renoprotective properties of ACE-inhibition in
nephropathies with non-nephrotic  proteinuria. Lancet.

1999;354(9176):359-64.

10.Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB, et al.
Renoprotective effect of the angiotensin-receptor antagonist irbesartan in
patients with nephropathy due to type 2 diabetes. N Engl J Med.
2001;345(12):851-60.

11.Heerspink HJL, Stefansson BV, Correa-Rotter R, Chertow GM, Greene T,
Hou FF, et al. Dapagliflozin in Patients with Chronic Kidney Disease. N Engl
J Med. 2020;383(15):1436-1446.

12.Herrington WG, Staplin N, Wanner C, Green JB, Hauske SJ, Emberson JR,
et al. Empagliflozin in Patients with Chronic Kidney Disease. N Engl J Med.
2023;388(2):117-127.

13.Agarwal R, Filippatos G, Pitt B, Anker SD, Rossing P, Joseph A, et al.

Cardiovascular and kidney outcomes with finerenone in patients with type 2
diabetes and chronic kidney disease: the FIDELITY pooled analysis. Eur

Heart J. 2022;43(6):474-484.
14.Bonnet F, Cooper ME, Kopp L, Fouque D, Candido R. A review of the latest
real-world evidence studies in diabetic kidney disease: What have we learned

about clinical practice and the clinical effectiveness of interventions?

Diabetes Obes Metab. 2024;26 Suppl 6:55-65.
15.Fadini GP, Del Prato S, Avogaro A, Solini A. Challenges and opportunities in

real-world evidence on the renal effects of sodium-glucose cotransporter-2
inhibitors. Diabetes Obes Metab. 2022;24(2):177-186.

16.Kurki S, Halla-Aho V, Haussmann M, LAhdesmaki H, Leinonen JV, Koskinen
M. A comparative study of clinical trial and real-world data in patients with

diabetic kidney disease. Sci Rep. 2024;14(1):1731.
17.Janse RJ, Fu EL, Dahlstrém U, Benson L, Lindholm B, van Diepen M, et al.

Use of guideline-recommended medical therapy in patients with heart failure

Page 17 of 28



51
52
53
54
55
56
57
58

59
60

© ~ o1~ =

2

1516

17

19

20
21

22

23
24

25

2
627

28
29
30
31
32
33
34
35
36
37
38
39

41
42

43
44

45
46

47

48 .

62
63
64
65

and chronic kidney disease: from physician's prescriptions to patient's
dispensations, medication adherence and persistence. Eur J Heart Fail.
2022;24(11):2185-2195.

18.Neumiller JJ, Alicic RZ, Tuttle KR. Optimization of guideline-directed medical
therapies in patients with diabetes and chronic kidney disease. Clin Kidney

J. 2023;17(1):sfad285.
19.Fried L, Schmedt N, Folkerts K, Bowrin K, Raad H, Batech M, Kovesdy C.

High unmet treatment needs in patients with chronic kidney disease and type

2 diabetes: real-world evidence from a US claims database. Nephrol Dial
Transplant. 2023;38(3):630-643.

20.James G, Garcia Sanchez JJ, Carrero JJ, Kumar S, Pecoits-Filho R, et al.
Low Adherence to Kidney Disease: Improving Global Outcomes 2012 CKD

Clinical Practice Guidelines Despite Clear Evidence of Utility. Kidney Int Rep.
2022;7(9):2059-2070.

21.Stengel B, Muenz D, Tu C, Speyer E, Alencar de Pinho N, Combe C, et al.
Adherence to the Kidney Disease: Improving Global Outcomes CKD
Guideline in Nephrology Practice Across Countries. Kidney Int Rep.
2020;6(2):437-448.

22.Tangri N, Alvarez CS, Arnold M, Barone S, Cebrian A, Chen H, et al.

Suboptimal monitoring and management in patients with unrecorded stage 3
chronic kidney disease in real-world settings: Insights from REVEAL-CKD.

Eur J Clin Invest. 2024;54(11):e14282.

23.Tangri N, Svensson MK, Bodegard J, Adamsson Eryd S, Thuresson M, et al.
Mortality, Health Care Burden, and Treatment of CKD: A Multinational,
Observational Study (OPTIMISE-CKD). Kidney360. 2024;5(3):352-362.

24.Sicras-Mainar A, Sicras-Navarro A, Palacios B, Varela L, Delgado JF.
Epidemiology and treatment of heart failure in Spain: the HF-PATHWAYS

study. Rev Esp Cardiol (Engl Ed). 2022;75(1):31-38.

25.The Anatomical Therapeutic Chemical Classification System with Defined
Daily Doses (ATC/DDD): World Health Organization. Available from:
https://www.who.int/classifications-/atcddd/en/ [accessed 02 January 2024].

26.von Elm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke
JP; STROBE Initiative. The Strengthening the Reporting of Observational

Page 18 of 28



49

Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. Ann Intern Med. 2007;147(8):573-7.
27.CKD Work Group KDIGO (KDIGO). KDIGO 2012 clinical practice guideline

for the evaluation and management of chronic kidney disease. Kidney

International Supplements. 2013;3(1):1-150.
28.Gorostidi M, Santamaria R, Alcazar R, Fernandez-Fresnedo G, Galceran JM,

Goicoechea M, et al. Spanish Society of Nephrology document on KDIGO

guidelines for the assessment and treatment of chronic kidney disease.

50
51
52
53
54
55
56
57
58
59
60
1
2
3
4
5
6
7
8
9
10
11
12
14
15
17
18
19
20
21
22
23
24
25
2
® o7
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
6l
62
63
64

Nefrologia. 2014;34(3):302-16.
29.Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group.
KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management
of Chronic Kidney Disease. Kidney Int. 2024;105(4S):S117-S314.
30.Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Back M, et

al. 2021 ESC Guidelines on cardiovascular disease prevention in clinical
practice. Eur Heart J. 2021;42(34):3227-3337.
31.Brotons C, Camafort M, Castellanos MDM, Clara A, Cortés O, Diaz

Rodriguez A, et al. Statement of the Spanish Interdisciplinary Vascular
Prevention Committee on the updated European Guidelines on
Cardiovascular  Disease  Prevention. Clin  Investig  Arterioscler.
2022;34(4):219-228.

32.Qiao Y, Shin JI, Chen TK, Inker LA, Coresh J, Alexander GC, et al.
Association Between Renin-Angiotensin System Blockade Discontinuation

and All-Cause Mortality Among Persons With Low Estimated Glomerular
Filtration Rate. JAMA Intern Med. 2020;180(5):718-726.

33.Nakayama T, Mitsuno R, Azegami T, Sato Y, Hayashi K, Itoh H. A systematic
review and meta-analysis of the clinical impact of stopping renin-angiotensin

system inhibitor in patients with chronic kidney disease. Hypertens Res.
2023;46(6):1525-1535.

34.Walther CP, Winkelmayer WC, Richardson PA, Virani SS, Navaneethan SD.
Renin-angiotensin system blocker discontinuation and adverse outcomes in
chronic kidney disease. Nephrol Dial Transplant. 2021;36(10):1893-1899.

35.Yang A, Shi M, Lau ESH, Wu H, Zhang X, Fan B, et al. Clinical outcomes

following discontinuation of renin-angiotensin-system inhibitors in patients

Page 19 of 28



47

48
49

50
51
52

53
54
55

56
57

58

59
60

with type 2 diabetes and advanced chronic kidney disease: A prospective
cohort study. EClinicalMedicine. 2022;55:101751.

36.Tang C, Wen XY, Lv JC, Shi SF, Zhou XJ, Liu LJ, Zhang H. Discontinuation
of Renin-Angiotensin System Inhibitors and Clinical Outcomes in Chronic
Kidney Disease: A Systemic Review and Meta-Analysis. Am J Nephrol.
2023;54(5-6):234-244.

37.An J, Zhou H, Ni L, Harrision TN, Wei R, Agiro A, et al. Discontinuation of

Renin-Angiotensin-Aldosterone System Inhibitors  Secondary to

Hyperkalemia Translates into Higher Cardiorenal Outcomes. Am J Nephrol.

37
39
41

2023;54(7-8):258-267.

38.0nogi C, Watanabe Y, Tanaka A, Furuhashi K, Maruyama S. Mortality and
hyperkalaemia-associated hospitalisation in patients with chronic kidney
disease: comparison of sodium zirconium cyclosilicate and sodium/calcium
polystyrene sulfonate. Clin Kidney J. 2024;17(2):sfae021.

39.Forbes AK, Hinton W, Feher MD, Elson W, Joy M, Ordéiiez-Mena JM, et al.
Implementation of chronic kidney disease guidelines for sodium-glucose co-
transporter-2 inhibitor use in primary care in the UK: a cross-sectional study.

EClinicalMedicine. 2024;68:102426.

40.Soares LBM, Soares AB, Ferreira JBB. Overview of global healthcare policies
for patients with chronic kidney disease: an integrative literature review.
Einstein (Sao Paulo). 2024;22:eRW0519.

41.Neuen BL, Bello AK, Levin A, Lunney M, Osman MA, Ye F, et al. National
health policies and strategies for addressing chronic kidney disease: Data

from the International Society of Nephrology Global Kidney Health Atlas.
PLOS Glob Public Health. 2023;3(2):e0001467.

42.Jagannathan R, Anand S, Kondal D, Han J, Montez-Rath M, Ali MK, et al.
Prospective Study on Kidney Dysfunction Markers and Risk for Mortality

among South Asians. Kidney Int Rep. 2024;9(8):2537-2545.
43.Vijay K, Neuen BL, Lerma EV. Heart Failure in Patients with Diabetes and

Chronic Kidney Disease: Challenges and Opportunities. Cardiorenal Med.
2022;12(1):1-10.

44.Szlagor M, Dybiec J, Mtynarska E, Rysz J, Franczyk B. Chronic Kidney
Disease as a Comorbidity in Heart Failure. Int J Mol Sci. 2023;24(3):2988.

Page 20 of 28



48
50
52

15
17
19

45
46
47

49

53

54
55

56
57

58
59

—_
AW pO— © ~ Q1> N—

—_ -
o O

DN NN
wnhN =0

WNNN N NN
QO OWoONO O~

w
—_

W WWwWwW
O O1ThWN

w
~

o A WW
= O W

A O)Y O)Y O
g w N

45.Chu CD, Xia F, Du Y, Singh R, Tuot DS, Lamprea-Montealegre JA, Gualtieri
R, Liao N, Kong SX, Williamson T, Shlipak MG, Estrella MM. Estimated

Prevalence and Testing for Alouminuria in US Adults at Risk for Chronic
Kidney Disease. JAMA Netw Open. 2023;6(7):2326230.
46.Cabrera CS, Lee AS, Olsson M, Schnecke V, Westman K, Lind M, et al.

Impact of CKD Progression on Cardiovascular Disease Risk in a

Contemporary UK Cohort of Individuals With Diabetes. Kidney Int Rep.
2020;5(10):1651-1660.

47.Cali F, Pinsino A. Heart Failure Guideline-Directed Medical Therapy in End-
Stage Kidney Disease: From PARADIGM-HF to Clinical Practice. Kidney Int
Rep. 2023;9(1):13-15.

48.Nakayama T, Mitsuno R, Azegami T, Sato Y, Hayashi K, Itoh H. A systematic
review and meta-analysis of the clinical impact of stopping renin-angiotensin
system inhibitor in patients with chronic kidney disease. Hypertension

Research: Official Journal of the Japanese Society of Hypertension.
2023;46(6):1525-1535.
49.Yang A, Shi M, Lau ESH, et al. Clinical outcomes following discontinuation of

renin-angiotensin-system inhibitors in patients with type 2 diabetes and
advanced chronic kidney disease: A prospective cohort study.
EClinicalMedicine. 2023;55:101751.

Page 21 of 28



41

42
43
44

45
46
47
48

49
50

51
52
53

54
55

— et —) ot e e e
OCONOOOTPAPWON 2O0O0CONO GTPRARWN —

N NN
N = O

W WNMNINN N NN
- OOVWoONO OTP~W

ww
wWnN

oY Oy O OY OY O U1 U1 U1
s WDN PO W o

Table 1. Baseline characteristics by KDIGO risk category, n=70,385 subjects

(model 1%).
G1A1 G2A1 G3aAl G3b A1 G4 Al G5 A1 (no
dialysis)
35.13% 34.86% 4.96% 2.01% 0.54% 0.05%
Biodemographic data
Age, years 52.0(12.7) 69.25(11.2) 77.0(9.5) 81.0(8.8) 82.6 (9.0) 72.4(20.1)
Gender (female), n (%) 11614 (47.0) 12307 (50.2) 1634 (46.8) 801 (56.6) 265 (69.7) 21(61.8)
BMI, kg/m? 26.5(7.2) 27.68(6.5) 28.2(6.2) 28.2(6.21) 28.2(6.5) 24.6 (7.4)
Systolic BP, mmHg 123.22(24.0) 129.8(22.8) 132.1(21.6) 130.9(21.7) 129.6(20.9) 129.7(9.0)
Diastolic BP, mmHg 76.51(12.5) 75.98(11.3) 74.2(10.3) 71.2(10.0) 69.7 (9.6) 74.9(5.2)
Comorbidities
CVD, n (%) 1916 (7.7) 4773 (19.5) 1182 (33.9) 612 (43.3) 205 (53.9) 13(38.2)
Coronary ischemic disease, n (%) 743 (3.0) 1698 (6.9) 409 (11.7) 193 (13.6) 77 (20.3) 3(8.8)
Heart failure, n (%) 274 (1.1) 1105 (4.5) 374(10.7) 269 (19.0) 104 (27.4) 8(23.5)
Stroke, n (%) 301(1.2) 738 (3.0) 171 (4.9) 90 (6.4) 28(7.4) 3(8.8)
Atrial Fibrillation, n (%) 349 (1.4) 1596 (6.5) 446 (12.8) 249 (17.6) 93(24.5) 6(17.6)
Peripheral artery disease, n (%) 565 (2.3) 968 (3.9) 241 (6.9) 119 (8.4) 20(5.3) 0(0.0)
Diabetes, n (%) 4897 (19.8) 7407 (30.2) 1391(39.8) 612 (43.3) 182 (47.9) 13(38.2)
Type 1 diabetes, n (%) 182 (0.7) 88(0.4) 13(0.4) 11(0.8) 4(1.1) 0(0.0)
Type 2 diabetes, n (%) 4715 (19.1) 7319 (29.8) 1378 (39.5) 601 (42.5) 178 (46.8) 13(38.2)
No CVD nor Diabetes, n (%) 18830 (76.2) 14680 (59.8) 1536 (44.0) 509 (36.0) 101 (26.6) 15 (44.1)
CV drugs
RAASI, n (%) 10455 (42.3) 14933 (60.9) 2668 (76.4) 1045 (73.9) 250 (65.8) 16 (47.1)
ACEi, n (%) 6268 (25.4) 7844 (32.0) 1234 (35.3) 444 (31.4) 95 (25.0) 4(11.8)
At maximal doses, n (%) 2736 (43.7) 3366 (42.9) 555 (45.0) 200 (45.0) 44 (46.3) 4(100.0)
ARBs, n (%) 4206 (17.0) 7117 (29.0) 1444 (41.4) 610 (43.1) 155 (40.8) 12(35.3)
At maximal doses, n (%) 1744 (41.5) 2884 (40.5) 607 (42.0) 256 (42.0) 73(47.1) 6 (50.0)
MRAs, n (%) 90 (0.4) 265 (1.1) 87(2.5) 61(4.3) 27(7.1) 1(2.9)
ARNI, n (%) 4(0.0) 10(0.0) 5(0.1) 1(0.1) 1(0.3) 0(0.0)
SGLT2i (non-T2DM), n (%) 19(0.1) 48(0.2) 5(0.1) 2(0.1) 0(0.0) 1(2.9)
Beta blockers, n (%) 1702 (6.9) 3738(15.2) 828(23.7) 418(29.6) 128 (33.7) 4(11.8)
Diuretics, n (%) 3233(13.1) 8242 (33.6) 1417 (40.6) 587 (41.5) 163 (42.9) 6(17.6)
Calcium channel blockers, n (%) 1151 (4.7) 2442 (10.0) 524 (15.0) 247 (17.5) 82(21.6) 5(14.7)
Low dose aspirin, n (%) 1660 (6.7) 4089 (16.7) 889 (25.5) 426(30.1) 134 (35.3) 8(23.5)
Statins, n (%) 8741 (35.4) 11784 (48.0) 1861 (53.3) 781 (55.2) 214 (56.3) 8(23.5)
Diabetes medication, n (%) 4891 (19.8) 7385 (30.1) 1388 (39.8) 608 (43.0) 182 (47.9) 13(38.2)
Metformin, n (%) 3819 (15.4) 3864 (15.7) 723(20.7) 223 (15.8) 14 (3.7) 1(2.9)
SU, n (%) 507(2.1) 1074 (4.4) 226 (6.5) 63 (4.5) 11(2.9) 2(5.9)
DPP4i, n (%) 257 (1.0) 1111 (4.5) 335(9.6) 243(17.2) 104 (27.4) 6(17.6)
Metiglinides, n (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2(0.5) 0(0.0)
GLP-1RA, n (%) 140(0.6) 295 (1.2) 50(1.4) 18(1.3) 14 (3.7) 4(11.8)
Insulin, n (%) 1001 (4.0) 2432(9.9) 357(10.2) 207 (14.6) 87(22.9) 6(17.6)
SGLT2i (T2DM), n (%) 229 (0.9) 643 (2.6) 76(2.2) 12(0.8) 4(1.1) 0(0.0)
iochemical parameters
UACR, mg/g 8.3(6.0) 10.5 (6.7) 126(7.2) 14.6 (7.4) 15.0(7.2) 10.7 (6.6)
eGFR, ml/min/1.73m? 99.2 (4.3) 79.2(7.9) 53.0 (4.3) 37.9(4.2) 233(4.2) 6.6 (4.5)
HbAlc, % 6.3(1.2) 6.5(1.0) 6.6(1.1) 6.7 (1.1) 6.8(1.1) 6.1(0.9)
Creatinine, mg/dL 0.7(0.1) 1.0(0.2) 1.5(0.1) 1.9(0.2) 2.9(0.5) 6.2(12)
Uric acid, mg/dL 5.5(1.0) 6.0(1.1) 6.8(L1) 73(12) 7.7(1.4) 6.7 (1.4)
Potassium, mmol/L 4.9(0.7) 5.0(0.7) 5.1(1.1) 5.2(0.7) 5.3(0.7) 5.3(0.7)
Hemoglobin, g/dL 14.6 (1.4) 14.4 (1.4) 13.9(1.6) 13.1(1.7) 11.8(1.5) 12.3(1.6)
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G1A2 G2A2 G3aA2 G3b A2 GaA2 G5 A2 (no
dialysis)
5.10% 9.13% 2.67% 1.85% 0.71% 0.05%
Biodemographic data
Age, years 56.6 (11.3) 72.9 (10.8) 77.8(10.1) 81.4(9.2) 82.3(10.1) 78.9 (16.1)
Gender (female), n (%) 1654 (46.1) 3346 (52.1) 900 (47.9) 691 (53.1) 304 (61.2) 22(57.9)
BMI, kg/m? 29.8 (6.6) 28.9 (6.0) 28.9(6.1) 28.4(6.2) 28.0(6.9) 26.4(7.2)
Systolic BP, mmHg 130.0(22.1) 133.2(22.1) 133.8(21.6) 134.4(21.7) 133.4(20.7) 126.6(17.6)
Diastolic BP, mmHg 79.0 (11.2) 75.3(10.6) 73.5(10.1) 71.9(9.9) 70.5 (9.4) 68.5(9.3)
Comorbidities
CVD, n (%) 498(13.9) 1942 (30.2) 815 (43.4) 653 (50.2) 277 (55.7) 22(57.9)
Coronary ischemic disease, n (%) 158 (4.4) 614 (9.6) 256 (13.6) 218(16.7) 85(17.1) 7(18.4)
Heart failure, n (%) 111(3.1) 603 (9.4) 302 (16.1) 282 (21.7) 156 (31.4) 8(21.1)
Stroke, n (%) 84 (2.3) 306 (4.8) 106 (5.6) 98 (7.5) 30(6.0) 3(7.9)
Atrial Fibrillation, n (%) 131(3.6) 751(11.7) 365 (19.4) 269 (20.7) 127 (25.6) 10(26.3)
Peripheral artery disease, n (%) 133(3.7) 435 (6.8) 196 (10.4) 132(10.1) 56 (11.3) 3(7.9)
Diabetes, n (%) 1617 (45.0) 3152(49.1) 986 (52.5) 680 (52.2) 268 (53.9) 12 (31.6)
Type 1 diabetes, n (%) 37(1.0) 53(0.8) 14(0.7) 15(1.2) 7(1.4) 0(0.0)
Type 2 diabetes, n (%) 1580 (44.0) 3099 (48.2) 972 (51.8) 665 (51.1) 261(52.5) 12 (31.6)
No CVD nor Diabetes, n (%) 1852 (51.6) 2617 (40.7) 606 (32.3) 366 (28.1) 129 (26.0) 15 (39.5)
CV drugs
RAASI, n (%) 2345 (65.3) 4584 (71.4) 1494 (79.6) 949 (72.9) 329 (66.2) 24(63.2)
ACEi, n (%) 1324 (36.9) 2226 (34.7) 609 (32.4) 377(29.0) 110(22.1) 7(18.4)
At maximal doses, n (%) 1087 (82.1) 1812 (81.4) 497 (81.6) 302 (80.1) 86(78.2) 4(57.1)
ARBs, n (%) 1030 (28.7) 2373 (36.9) 891 (47.4) 575 (44.2) 220 (44.3) 17 (44.7)
At maximal doses, n (%) 851 (82.6) 1952 (82.3) 731(82.0) 475 (82.6) 178(80.9) 16 (94.1)
MRAs, n (%) 30(0.8) 129 (2.0) 72(3.8) 51(3.9) 18(3.6) 2(5.3)
ARNI, n (%) 1(0.0) 12(0.2) 6(0.3) 3(0.2) 0(0.0) 0(0.0)
SGLT2i (non-T2DM), n (%) 12(0.3) 22(0.3) 7(0.4) 3(0.2) 3(0.6) 0(0.0)
Beta blockers, n (%) 399(11.1) 1367 (21.3) 546 (29.1) 408 (31.3) 167 (33.6) 9(23.7)
Diuretics, n (%) 698 (19.4) 2228 (34.7) 789 (42.0) 570 (43.8) 236 (47.5) 15 (39.5)
Calcium channel blockers, n (%) 380 (10.6) 1126 (17.5) 390 (20.8) 343(26.3) 147 (29.6) 10 (26.3)
Low dose aspirin, n (%) 489 (13.6) 1504 (23.4) 555 (29.6) 418 (32.1) 157 (31.6) 6(15.8)
Statins, n (%) 1698 (47.3) 3425 (53.3) 1065 (56.7) 706 (54.2) 276 (55.5) 13(34.2)
Diabetes medication, n (%) 1607 (44.8) 3138 (48.9) 982 (52.3) 676 (51.9) 268 (53.9) 12 (31.6)
Metformin, n (%) 882 (24.6) 1690 (26.3) 506 (26.9) 264 (20.3) 11(2.2) 0(0.0)
SU, n (%) 247 (6.9) 554 (8.6) 133(7.1) 68(5.2) 14(2.8) 0(0.0)
DPP4i, n (%) 135(3.8) 380(5.9) 200 (10.6) 251(19.3) 162 (32.6) 9(23.7)
Metiglinides, n (%) 3(0.1) 0(0.0) 0(0.0) 0(0.0) 3(0.6) 0(0.0)
GLP-1RA, n (%) 106 (3.0) 97 (1.5) 26(1.4) 10(0.8) 16 (3.2) 0(0.0)
Insulin, n (%) 543 (15.1) 1107 (17.2) 352(18.7) 265 (20.4) 142 (28.6) 5(13.2)
SGLT2i (T2DM), n (%) 162 (4.5) 213(3.3) 44(23) 13 (1.0 13 (2.6) 126
Biochemical parameters
UACR, mg/g 77.0(56.1) 80.7 (58.0) 89.0(63.3) 97.1(65.8) 105.4(70.1) 113.1(75.1)
eGFR, ml/min/1.73m? 98.6 (4.3) 78.0(8.1) 52.7 (4.3) 37.9(4.2) 23.1(4.5) 7.4(4.9)
HbAlc, % 7.0(1.4) 6.9(12) 6.9(12) 6.9(L.1) 7.0(13) 6.6(1.3)
Creatinine, mg/dL 0.7(0.1) 1.0(0.2) 1.5(0.1) 1.9(0.2) 2.9(0.5) 6.0(1.2)
Uric acid, mg/dL 5.8(1.8) 6.1(1.0) 7.0(2.8) 7.3(1.2) 7.6(1.3) 7.4(1.2)
Potassium, mmol/L 4.9(0.7) 5(0.7) 5.2(0.7) 5.2(0.7) 5.3(0.8) 5.1(0.7)
Hemoglobin, g/dL 14.6 (1.5) 14.1 (1.6) 13.5(2.0) 13.1(2.1) 11.7 (1.4) 11.6 (1.6)

Page 23 of 28



—
O OWON O O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37
38

39

40
41
42

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

G1A3 G2A3 G3aA3 G3b A3 G4 A3 Gdff A3 (no
ialysis)
0.50% 1.05% 0.51% 0.49% 0.35% 0.06%
Biodemographic data
Age, years 55.7 (11.2) 69.6 (12.6) 73.8(10.5) 77.1(10.7) 76.6 (12.5) 75.9 (13.8)
Gender (female), n (%) 133(38.1) 287 (38.9) 126 (34.9) 148 (43.0) 112 (45.5) 16 (37.2)
BMI, kg/m? 30.8(6.7) 29.8(6.2) 29.8(6.3) 30.3(6.1) 28.9 (6.4) 26.3 (6.8)
Systolic BP, mmHg 132.2(21.4) 136.4 (22.9) 135.8(21.9) 138.3(22.7) 133.7(24.3) 138.1(19.4)
Diastolic BP, mmHg 79.0(10.8) 76.5 (11.0) 73.2(10.1) 71.9(10.1) 71.8(11.2) 74.3(9.6)
Comorbidities
CVD, n (%) 64 (18.3) 275 (37.3) 182 (50.4) 178 (51.7) 136 (55.3) 26 (60.5)
Coronary ischemic disease, n (%) 22(6.3) 89(12.1) 70(19.4) 57 (16.6) 42(17.1) 8(18.6)
Heart failure, n (%) 12 (3.4) 91(12.3) 69(19.1) 90(26.2) 68 (27.6) 14 (32.6)
Stroke, n (%) 10(2.9) 40 (5.4) 25 (6.9) 32(9.3) 28(11.4) 3(7.0)
Atrial Fibrillation, n (%) 13(3.7) 102 (13.8) 68 (18.8) 70(20.3) 58 (23.6) 4(9.3)
Peripheral artery disease, n (%) 22(6.3) 75(10.2) 46 (12.7) 45 (13.1) 25(10.2) 7 (16.3)
Diabetes, n (%) 199 (57.0) 485 (65.8) 224 (62.0) 239(69.5) 141 (57.3) 24(55.8)
Type 1 diabetes, n (%) 12(3.4) 8(1.1) 4(1.1) 5(1.5) 6(2.4) 0(0.0)
Type 2 diabetes, n (%) 187 (53.6) 477 (64.7) 220 (60.9) 234 (68.0) 135 (54.9) 24(55.8)
No CVD nor Diabetes, n (%) 143 (41.0) 211 (28.6) 89 (24.7) 73(21.2) 64 (26.0) 11(25.6)
CV drugs
RAASI, n (%) 280 (80.2) 626 (34.9) 310(85.9) 290 (84.3) 167 (67.9) 22(51.2)
ACEi, n (%) 163 (46.7) 253 (34.3) 124 (34.3) 99 (28.8) 46 (18.7) 4(9.3)
At maximal doses, n (%) 127 (77.9) 207 (81.8) 93(75.0) 82(82.8) 40 (87.0) 3(75.0)
ARBs, n (%) 118 (33.8) 378 (51.3) 187 (51.8) 193 (56.1) 121 (49.2) 18 (41.9)
At maximal doses, n (%) 90(76.3) 312(82.5) 154 (82.4) 156 (80.8) 100 (82.6) 14 (77.8)
MRASs, n (%) 4(1.1) 32(4.3) 23(6.4) 18(5.2) 13(5.3) 1(2.3)
ARNI, n (%) 0(0.0) 1(0.1) 0(0.0) 0(0.0) 1(0.4) 0(0.0)
SGLT2i (non-T2DM) , n (%) 2(0.6) 2(0.3) 4(1.1) 0(0.0) 0(0.0) 0(0.0)
Beta blockers, n (%) 52(14.9) 168 (22.8) 126 (34.9) 107 (31.1) 76 (30.9) 11(25.6)
Diuretics, n (%) 76 (21.8) 285 (38.7) 154 (42.7) 182 (52.9) 130 (52.8) 17 (39.5)
Calcium channel blockers, n (%) 56 (16.0) 190 (25.8) 106 (29.4) 131(38.1) 90 (36.6) 17(39.5)
Low dose aspirin, n (%) 62(17.8) 220(29.9) 125(34.6) 130(37.8) 93(37.8) 13(30.2)
Statins, n (%) 179 (51.3) 405 (55.0) 194 (53.7) 207 (60.2) 136 (55.3) 14 (32.6)
Diabetes medication, n (%) 198 (56.7) 484 (65.7) 223(61.8) 238(69.2) 141 (57.3) 24(55.8)
Metformin, n (%) 77 (22.1) 240 (32.6) 94 (26.0) 87(25.3) 3(1.2) 0(0.0)
SU, n (%) 21(6.0) 76 (10.3) 27(7.5) 16 (4.7) 7(2.8) 1(2.3)
DPP4i, n (%) 18(5.2) 53(7.2) 57 (15.8) 89 (25.9) 84 (34.1) 7(16.3)
Metiglinides, n (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 (0.0 0(0.0)
GLP-1RA, n (%) 15 (4.3) 24 (3.3) 9(2.5) 5(1.5) 3(1.2) 1(2.3)
Insulin, n (%) 114 (32.7) 231(31.3) 112 (31.0 98(28.5) 82(33.3) 1(44.2)
SGLT2i (T2DM), n (%) 24(6.9) 33(4.5) 15 (4.2 6(1.7) 1(0.4) 0(0.0
Biochemical parameters
UACR, mg/g 797.2(325.0) 847.3(372.6) 885.5 (344.5) 1040.3 (472.7) 1278.9 (589.4) 1571.0 (607.4)
eGFR, ml/min/1.73m? 98.8 (4.4) 77.3(8.2) 52.3(4.3) 37.6(4.2) 22.7 (4.2) 6.8(5.3)
HbAlc, % 7.7(17) 7.4(1.4) 7.4(1.4) 73(12) 7.1(1.4) 7.2(16)
Creatinine, mg/dL 0.7 (0.1) 1.0(0.2) 1.4(0.1) 1.9(0.2) 2.9(0.5) 6.1(1.3)
Uric acid, mg/dL 6.1(1.0) 6.5 (1.1) 7.2(1.2) 7.2(1.1) 7.6(1.3) 7.6 (1.0)
Potassium, mmol/L 5.0(0.7) 5.0(0.7) 5.2(0.8) 5.3(0.8) 5.4(0.8) 5.2(0.7)
Hemoglobin, g/dL 14.5 (1.7) 14.1 (1.8) 13.5(1.8) 12.8(1.7) 11.7 (1.4) 11.7 (1.3)

ACEi: angiotensin-converting enzyme inhibitors; ARB: angiotensin Il receptor blockers; ARNI:

angiotensin receptor-
neprilysin inhibitor; BP: blood pressure; BMI: body mass index; CAT: category; CKD: chronic
kidney disease; CVD: o _ . o .
cardiovascular disease; DPP4i: dipeptidyl peptidase-4 inhibitors; eGFR: estimated glomerular
filtration rate; GLP-1 RA: _ _ _
%Iucagon-hke peptide-1 receptor agonists; HbA1c: glycated hemoglobin; KDIGO: Kidney

isease: Improving Global
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Outtcom_e?];_tl}/![RAs: mineralocorticoid receptor antagonists; RAASI: renin angiotensin aldosterone
system inhibitors;
T2 i: sodium-glucose cotransporter-2 inhibitors; SU: sulphonylureas; T2DM: type 2 diabetes
mellitus; UACR: urine_ _ _
albumin-creatinine ratio. *Adults, with one eGFR laboratory test }lndex date was
the date of the eGFR measure meeting the criteria closest to 01/01/2018) and
at least 12 months of continuous presence in the database prior to the
qualifying
eGFR.

Table 2. Incidence rates of complications by KDIGO risk category during 2 years

of follow-up, n=70,385 subjects (model 1**).

G1A1 G2A1 G3aAl G3bA1 G4 Al G5 Al (no
dialysis)
35.13% 34.86% 4.96% 2.01% 0.54% 0.05%
N Rates* N Rates* N Rates* N Rates* N Rates* N Rates*
Mortality All-cause death 174 3.53 773 16.02 265 39.43 179 67.70 81 119.46 9 150.19
2 Myocardial infarction 317 6.48 477 9.97 107 16.15 60 23.06 18 27.21 2 34.17
g Stroke 236 4.81 527 11.04 103 15.55 61 23.49 21 31.69 2 34.42
.g Heart failure 258 5.27 1077 22.80 334 52.12 241 98.15 86 139.45 8 145.12
>° PAD 375 7.67 698 14.66 170 25.90 72 27.95 20 30.15 3 52.87
o MACE 1101 22.88 2502 54.68 627 102.90 378 163.64 121 210.47 12 245.20
" Hospitalization for CKD 4 0.08 16 0.33 29 4.34 57 21.96 51 81.18 8 161.68
E Reduction of eGFR 250% 12 0.24 54 1.12 25 3.73 27 10.29 35 54.07 10 191.50
g Dialysis 0 0.00 1 0.02 0 0.00 0 0.00 3 4.45 2 34.22
o Kidney transplantation 1 0.02 0 0.00 0 0.00 0 0.00 1 1.47 1 17.11
g Progression from A1/A2 to A3 218 4.44 274 5.71 50 7.49 21 8.01 13 19.60 1 17.04
© MARE 235 4.79 336 7.01 99 14.95 100 39.10 91 155.54 18 454.36
G1A2 G2A2 G3aA2 G3b A2 G4 A2 G5 A2 no
dialysis)
5.10% 9.13% 2.67% 1.85% 0.71% 0.05%
N Rates* N Rates* N Rates* N Rates* N Rates* N Rates*
Mortality All-cause death 56 7.87 434 34.99 200 56.35 219 91.48 135 160.02 11 171.17
2 Myocardial infarction 60 8.50 180 14.73 80 23.06 59 25.14 32 39.24 3 49.96
g Stroke 59 8.36 237 19.46 88 2531 74 31.73 27 33.03 3 47.14
§ Heart failure 97 13.83 585 49.17 289 87.87 246 111.85 114 148.67 9 159.14
; PAD 90 12.79 338 28.03 130 37.86 81 34.77 30 36.17 67.72
o MACE 278 40.72 1162 103.43 503 164.24 399 195.32 175 252.00 13 261.06
2 Hospitalization for CKD 2 0.28 21 1.70 47 13.40 88 38.20 81 104.29 8 130.87
g Reduction of eGFR 250% 5 0.70 46 3.72 14 3.96 15 6.31 62 78.80 16 317.70
g Dialysis 0 0.00 1 0.08 1 0.28 2 0.84 5 5.97 2 32.26
o Kidney transplantation 0 0.00 0 0.00 0 0.00 0 0.00 5 5.97 1 15.96
% Progression from A1/A2 to A3 201 29.02 369 30.66 110 31.89 98 42.45 77 99.50 11 205.80
3 MARE 206 29.78 400 33.35 153 44.98 182 82.23 169 252.11 24 588.47
G1A3 G2A3 G3aA3 G3b A3 G4 A3 Gd";i :I\:sf:)"
0.50% 1.05% 0.51% 0.49% 0.35% 0.06%
N Rates* N Rates* N Rates* N Rates* N Rates* N Rates*
Mortality All-cause death 13 18.98 63 44.71 48 70.67 64 103.21 68 165.17 14 200.79
" Myocardial infarction 10 14.80 32 23.20 18 27.08 22 36.59 18 44.97 4 59.83
g Stroke 11 16.32 39 28.36 19 28.74 25 42.08 17 42.41 4 60.24
é Heart failure 15 22.40 75 55.99 56 88.19 75 133.21 59 156.03 11 175.81
BD PAD 14 20.93 49 35.84 36 55.47 39 65.73 30 77.11 5 78.98
MACE a4 69.07 172 138.23 107 184.73 135 270.90 101 307.50 19 362.29
Hospitalization for CKD 2 2.93 20 14.40 36 55.20 51 87.34 80 234.84 13 242.65
é Reduction of eGFR 250% 5 7.36 15 10.72 11 16.40 11 18.00 35 91.72 19 302.94
§ Dialysis 1 1.46 2 1.42 1 1.48 6 9.74 20 50.62 5 76.45
r_% Kidney transplantation 0 0.00 0 0.00 0 0.00 1 1.62 7 17.27 2 28.49
S Progression from A1/A2 to A3 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
= MARE 8 11.85 32 23.19 45 69.97 62 108.61 106 352.10 28 637.20
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CAT: category; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; KDIGO:

Kidney Disease: . _

Improving Global Outcomes; MACE: major adverse cardiovascular events
(composed of any of the following outcomes: stroke, myocardial infarction or
all-cause death); MARE: major adverse renal events (composed of any of the

followin
{ree{]na;iv%ﬂrﬁg%%s': hrgs rétgg%ar;[i%r%or CKD, reduction of eGFR =250%; dialysis; kidney
A1/AB to A3); PAD: peripheral artery disease; Per 1000 Patient-year. **Adults, with one eGFR
laboratory test (index date _ o

was the date of the eGFR measure meeting the criteria closest to 01/01/2018) and at least 12
months of continuous . o

presence in the database prior to the qualifying eGFR.

Figure 1: MARE and MACE rates across eGFR stages and albuminuria categories
(model 1%).

Albuminuria - A1 Albuminuria - A2 Albuminuria - A3

600 4
400 +
200 4 I |
0.__-.I ...I --II

Gl G2 G3aG3b G4 G5 G1 G2 G3aG3b G4 G5 G1 G2 G3a G3b G4 G5
eGFR Category

Rate (per 1000 patient-years)

Endpoint Major Adverse Cardiovascular Events [ Major Adverse Renal Events

eGFR: estimated glomerular filtration rate.
MACE: major adverse cardiovascular events (composed of any of the following
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outcomes: stroke, myocardial infarction or all-cause death); MARE: major adverse
renal events (composed of any of the following renal outcomes: hospitalization for
chronic kidney disease, reduction of eGFR =250%; dialysis; kidney transplantation;

progression from A1/A2 to A3).

*Adults, with one eGFR laboratory test (index date was the date of the eGFR measure
meeting the criteria closest to 01/01/2018) and at least 12 months of continuous
presence in the database prior to the qualifying eGFR.

Figure 2: All cause deaths, Heart failure and Hospitalization for CKD rates across
eGFR stages and albuminuria categories (model 1*).
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Gl G2 G3aG3b G4 G5 G1 G2 G3aG3b G4 G5 G1 G2 G3a G3b G4 G5
eGFR Category

Rate (per 1000 patient-years)

Endpoint 71 All cause death [l Heart failure | Hospitalization for CKD

CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate.

*Adults, with one eGFR laboratory test (index date was the date of the eGFR measure

meeting the criteria closest to 01/01/2018) and at least 12 months of continuous
presence in the database prior to the qualifying eGFR.
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