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Abstract

Objective: To determine the absolute risk of starting dialysis versus mortality among adults with
chronic kidney disease (CKD) treated at EsSalud from 2013 to 2022, utilizing data from the Renal
Health Surveillance system (VISARE).

Methods: This retrospective cohort study analyzed clinical records from the VISARE system
(EsSalud). We estimated rates of dialysis initiation and death using Fine & Gray competitive risk
models. Additionally, we calculated Restricted Mean Survival Time (RMST), adjusting for age,
sex, clinical stage, and geographic region.

Results: Among 142,770 adults with confirmed CKD and available glomerular filtration rate data,
only 15.2% had albumin-to-creatinine ratio measurements, allowing KDIGO staging of 40,404
patients (28.3%). Mortality without having previously started dialysis exceeded the probability of
starting renal replacement therapy (RRT) from G1, becoming more marked in G3 of chronic
kidney disease (CKD); the possibility of dialysis is only greater, as expected, in G5.

This outcome was most prevalent in regions with limited healthcare coverage. The combination
of diabetes, hypertension, and age over 55 (the “triad”) was associated with reduced restricted
mean survival time at both 5- and 10-year horizons across all enrollment cohorts. While Lima saw
the highest rates of renal replacement therapy initiation, the Andean and Amazonian regions
reported the lowest indicators.

Conclusions Death without prior dialysis was the dominant outcome from G1 to G3 in this
Peruvian cohort with national insurance, with direct implications for prognostic counseling,
recalibration of renal failure risk equations, and equitable expansion of nephrology services in
underserved regions.

Keywords: Renal Insufficiency, Chronic; Competitive Risk; Diabetes Mellitus; Hypertension;

Mortality; Mass Screening.
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91  Introduction
92 Chronic kidney disease (CKD) is defined by a progressive and irreversible decline in kidney
93  function. Frequently asymptomatic in its early stages, CKD often remains undetected until
94 advanced disease, when cardiovascular and metabolic complications become clinically evident
95 (1,2). The global prevalence of CKD is estimated at 11%—13%, with stage 3 as the most common
96 presentation(3). Although CKD shares traditional risk factors with cardiovascular disease (CVD)—
97 including hypertension, diabetes mellitus, and dyslipidemia (4)—it also involves distinct
98 pathophysiological pathways. Endothelial dysfunction, vascular calcification, and activation of the
99 renin—angiotensin—aldosterone system contribute to excess cardiovascular risk, even in early
100 CKD(5-8).
101 In Latin America, CKD has increased substantially in recent decades and is now a major
102 contributor to mortality and disability-adjusted life years (9,10), driven largely by population aging
103 and the rising burden of non-communicable diseases (11). In Peru, CKD represents a significant
104 public health challenge, compounded by delayed diagnosis and limited access to renal
105  replacement therapy (RRT), including hemodialysis(12). These constraints amplify disease
106 burden, particularly in settings with fragmented healthcare delivery. The COVID-19 pandemic
107 exacerbated these structural challenges: some studies document an increase in hospitalizations

108  and mortality in Peruvian patients with chronic dialysis during 2020-2021(13).

109 In CKD, a "competing risk" occurs when an event—such as death—prevents the occurrence of
110 another event, like starting dialysis. Because older patients or those with severe comorbidities
111 are highly likely to die before their kidneys fail, ignoring this leads to a severe overestimation of

112 dialysis(14).

113  Long-term follow-up is essential, as CKD progression typically takes years or decades; therefore,
114 longitudinal studies allow for the calculation of true incidence rates of these serious outcomes
115  (death and need for dialysis). In addition, there is a lack of local data: most of the evidence comes
116  from high-income countries (Chronic Renal Insufficiency Cohort (CRIC), CKD Prognostic
117 Consortium)(15). In Latin America, there is heterogeneity (genetic, socioeconomic, and

118 environmental) that affects disease progression and outcomes. Therefore, regional registries
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119 show an increase in the prevalence/incidence of end-stage renal disease but lack detailed follow-

120  up from the initial stages.(16).

121  The results will have an impact on public health policies, allowing for the estimation of future
122  burden (need for dialysis stations, system costs), prioritization of primary and secondary
123 prevention (control of risk factors, use of SGLT2 inhibitors, ACE inhibitors/ARBs), improved
124 equity, and the promotion of resource allocation. In conclusion, this study will contribute to
125  addressing knowledge gaps (unmet needs)(17).

126 This study aims to estimate the 10-years absolute risks of dialysis initiation and mortality among
127 adults with CKD treated within the EsSalud system between 2013 and 2022, using data from the
128 Renal Health Surveillance System (VISARE). We also estimate restricted mean survival time
129  (RMST) as a prognostic measure within a competing risks framework adjusted for age, sex, CKD
130 stage, and geographic region.

131

132  Methods

133  Study Design

134 A retrospective cohort study was conducted to describe the prognosis of the following relevant
135 clinical outcomes: dialysis initiation and mortality in adult patients with chronic kidney disease
136 (CKD). The study analyzed clinical records from the EsSalud Renal Health Surveillance System
137 (VISARE), corresponding to the period between January 2013 and December 31, 2022. These
138 data were originally collected in the context of the external validation study of the Kidney Failure
139  Risk Equation (KFRE)(18), which used a subset of patients with stage G3-G4 CKD.

140 For the present analysis, which includes the entire patient cohort, new authorization was obtained
141 from the Research Ethics Committee of the Edgardo Rebagliati National Hospital of EsSalud
142  (Code No. 23-GRPR-ESSALUD-2025, approved on January 24, 2025). The research follows a
143  type 1 forecasting framework in accordance with the PROGRESS guidelines (19) and adheres to
144  the STROBE statement (Strengthening the reporting of observational studies in epidemiology) for
145  observational research (20,21).

146 Data extraction, linkage, and processing were performed solely by one investigator (EJC-P), who
147 was a study researcher at IETSI, EsSalud, with authorized access to the raw data sources as

148 part of the institution's renal health surveillance operations. The remaining authors did not have
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149 access to information that could identify individual participants during or after data collection.
150

151  Data Sources and Study Population

152  The data were integrated from three primary sources: (1) the VISARE subsystem, through manual
153  clinical records from 2013 to 2022; accessed on August 25, 2023; (2) from the National Center
154  for Renal Health and Hospital Management System (SGH) through the identification of the dialysis
155 procedure record, accessed on September 8, 2023; (3) data from the Central Insurance
156 Management Office, which constantly receives vital information from RENIEC (National Registry
157 of Identification and Civil Status), accessed on August 2, 2023.

158

159  The study population included adults (218 years) with a confirmed CKD diagnosis based on the
160  Estimated Glomerular Filtration Rate (¢GFR) ml/min per 1.73 m? according to the 2021 CKD-EP!I
161 equation(19) and the albumin-to-creatinine ratio (ACR) in mg/g was used for stages 1 and 2.
162  Cases lacking diagnostic confirmation were excluded.

163  Outcome and Variables of stratification

164  The primary outcomes analyzed were:

165 o Dialysis initiation: This variable required a combination of multiple data sources and
166 criteria. The main proxy for kidney failure was the exact date of the first hemodialysis,
167 obtained from the digital biological record of the National Center for Renal Health, which
168 maintains the national dialysis data for EsSalud. We also cross-referenced this
169 information with the electronic health records of the Hospital Management System (HMS)
170 since 2013. Renal insufficiency was identified if patients had any of the following ICD-10
171 codes in their records:

172 o N18.5 (chronic kidney disease, stage 5)

173 o N18.6 (End-stage renal disease)

174 o Z99.2 (Dependence on renal dialysis)

175 o Z49.1 (Extracorporeal dialysis)

176 o Z49.2 (Other specified dialysis)
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177 o Z94.0 (Kidney transplantation) This computational phenotyping method, based
178 on ICD-10 coding, follows a previously established scheme used in the literature
179 (3).

180 e Mortality: Mortality: overall time to death and death before dialysis. Mortality data were
181 obtained by linking information from two national sources: the Peruvian National Death
182 Registry (SINADEF) and the National Registry of Identification and Civil Status (RENIEC),
183 both accessible through the Office of Insured Services. This approach provided a
184 comprehensive and accurate method for identifying the time to kidney failure in patients,
185 considering the healthcare context and practices within EsSalud.

186 Key explanatory variables included age, sex, macro-region of origin, hypertension, diabetes
187  mellitus, and clinical CKD stage.

188

189  statistical Analysis

190 Descriptive analyses were stratified by clinical stage and region. Five- and ten-year cumulative
191 incidence rates for death and dialysis initiation were estimated using Cumulative Incidence
192 Functions (CIF), accounting for the competing nature of these outcomes. For the analysis of
193 dialysis initiation, death without prior dialysis was considered as a competing event. Furthermore,
194  Restricted Mean Survival Time (RMST) at 5 and 10 years was calculated using flexible parametric
195 survival models. In the presence of competing risk, CIF were estimated using the non-parametric
196 Aalen—-Johansen estimator, which provided unbiased estimation of event probabilities when the
197 competing events preclude the occurrence of the outcome (20,21). RMST estimates were
198 stratified by demographic and clinical characteristics. Ninety-five-percent confidence intervals for
199 RMST were obtained by non-parametric percentile bootstrap with B = 1000 resamples (seed =
200  1234). Statistical analyses were performed in R version 4.3 (R Core Team, 2024).

201

202

203

204

205

206
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207 Results

208 Between 2013 and 2022, 148,277 patients were registered in the National Renal Health
209  Surveillance Registry (VISARE). Of these, 143,202 were identified as adults with risk factors
210  (diabetes mellitus, hypertension, and/or age over 55). Of these, 142,770 (99.7%) had complete
211 data for calculating the estimated glomerular filtration rate (eGFR), while only 21,792 (15.2%) had

212  an albumin-to-creatinine ratio (ACR) available (Figure 1).

213  The cohort was predominantly female (53.8%), with over 70% being older adults (median age: 66
214  vyears [IQR 58-74]). Geographically, the largest proportion of patients (37.2%) were from Lima,
215  while the Amazon region (eastern Peru) accounted for only 7.1% of patients. The baseline
216  characteristics of these patients are presented in Table S1. When compliance with the KDIGO
217  (kidney disease: Improving Global Outcomes) guidelines criteria was assessed, 40,404 (28.2%)
218  patients were classified as having chronic kidney disease (CKD) (Figure 2) . Table 1 summarizes
219  the clinical staging of CKD patients stratified by sex, age, comorbidities (diabetes mellitus [DM]
220 and hypertension [HTN]), and the cumulative incidence of dialysis and mortality. A female
221 predominance was observed in all stages, except for G3b, where men predominated (53.0%).
222  Age showed a direct correlation with CKD progression, except in stage G5, where the mean age
223  was slightly lower than in the intermediate stages (67.1 years). HTN affected 24,211 (69.4%) of
224  the patients evaluated, while 11,459 (35.9%) patients had DM. Regarding clinical outcomes, 2477
225 (6.1%) patients-initiated dialysis during the follow-up period. This progression to dialysis was
226  directly related to the stage of CKD, being most prevalent in stages 4 (31.3%) and 5 (54.5%).
227 Similarly, mortality increased progressively from 10.6% in stage G1 to 52.5% in stage G5. This
228  trend highlights the increasing burden of complications associated with the progression of renal

229  impairment.

230

231

232

233
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234  Table 1: Sociodemographic and clinical characteristics of patients according to their clinical
235  stage of chronic kidney disease, National Renal Health Surveillance Registry (VISARE) of
236  EsSalud, 2013-2022
237
Total G1 G2 G3a G3b G4 G5
Stage of chronic kidney
disease (CKD-EPI, 2021) n(%) n(%) n(%) n(%) n(%) n(%) n(%)
Sex
Female 21,055 (52.1)  1111(61.3) 1396 (55.5) 12,155(53.2) 4278 (47.0) 1686 (50.4) 429 (54.2)
Male 19,349 (47.9)  702(38.7) 1120 (44.5) 10,678 (46.8) 4830(53.0) 1657 (49.6) 362 (45.8)
Age® 71.8+£11.2 585+10.7 684 +106 72.0 £101 750+ 10.8 728+ 129 67.1£13.9
Hypertension*
Without hypertension 10,693 (30.6) 849 (46.9)  756(31.2)  6,683(32.7) 1,821(24.7) 351(15.7)  233(36.2)
With hypertension 24,211 (69.4) 962 (53.1) 1,666 (68.8) 13,730 (67.3) 5,556 (75.3) 1,886 (84.3) 411 (63.8)
Diabetes mellitus*
Without diabetes 20,439 (64.1) 943 (52.1) 1390 (57.5) 13,183 (69.4) 3899 (61.1) 698 (41.2) 326 (55.3)
With diabetes 11,459 (35.9) 868 (47.9) 1027 (42.5) 5814 (30.6)  2488(38.9) 998 (58.8) 264 (44.7)
Dialysis
No 37,927 (93.9)  1,810(99.8) 2,500 (99.4) 22,519 (98.6) 8,443 (92.7) 2,295(68.7) 360 (45.5)
Yes 2,477 (6.1) 3(0.2) 16 (0.6) 314 (1.4) 665 (7.3) 1,048 (31.3) 431 (54.5)
Death
No 29,699 (73.5)  1,621(89.4) 2,024 (80.5) 17,784 (77.9) 5,932 (65.1) 1,962 (58.7) 376 (47.5)
Yes 10,705 (26.5)  192(10.6)  492(19.5) 5,049 (22.1) 3,176 (34.9) 1,381 (41.3)  415(52.5)
Total 40,404 (100.0)  1,813(4.5) 2,516(6.2)  22,833(56.5) 9,108 (22.5) 3,343(8.3)  791(2.0)
238
239
240
241  Clinical Outcomes: Dialysis and Mortality
242 In the general population, the requirement for renal replacement therapy (RRT) rose sharply in
243  stage G4 (25.8%) compared to earlier stages (range: 0.2%—6.0%). For patients with co-occurring
244 DM and HTN, the requirement for RRT in stage G4 was even higher than in those who did not
245 have these conditions (28.6%). The risk of death increased progressively with disease stage from
246 stage 1 to 3b (range: 10.4%-31.4%). Mortality was notably higher among patients with diabetes,
247 hypertension, and those over 55 years of age (range: 19.2%—-37%) (Table 2). The cumulative
248 incidence of dialysis increases progressively as kidney disease progresses, however patients in
249 advanced stages (G4 and G5) showed a pronounced increase in dialysis initiation, reaching
250  25.8(24.3-27.4) and 44.4(40.6-48.3) respectively, while G1 and G2 remained nearly flat. This
251 clear separation between curves aligns with the pathophysiology of CKD, where accelerated
252 functional loss in late stages necessitates earlier RRT intervention. (Figure S1). The geographical
253 analysis of dialysis initiation revealed marked territorial inequality. Lima and Callao exhibited the
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254 highest cumulative probability of starting RRT. In contrast, other macro-regions showed nearly

255 flat incidence curves, suggesting limited access to or under-utilization of dialysis outside the

256  capital.

257  Table 2. Dialysis and five-year mortality incidence according to stage of chronic kidney disease,

258  National Renal Health Surveillance Registry(VISARE)

Stage of Diabetes Hypertension

E'Izjronic Total meliitus (DM) (HT) DM+HTA Age >55 DM+HTA+Age>55
idney

disease (%) (%) (%) (%) (%) (%)
(EC;:,IT)D- [IC 95%] [IC 95%] [IC 95%] [IC 95%] [IC 95%] [IC 95%]
Dialysis

G1 0.2 (0.1-0.5) 0.3 (0.1-1.0) 0.0 (0.0-0.4) 0.0 (0.0-0.8) 0.2 (0.0-0.6) 0.0 (0.0-1.1)
G2 0.5 (0.3-0.8) 0.7 (0.3-1.4) 0.5 (0.3-1.0) 0.9 (0.4-1.9) 0.5 (0.2-0.8) 0.7 (0.3-1.7)
G3a 1.0 (0.9-1.2) 1.7 (1.4-2.1) 1.0 (0.9-1.2) 1.9 (1.5-2.4) 0.9 (0.8-1.1) 1.8 (1.4-2.3)
G3b 6.0 (5.5-6.5) 8.7 (7.7-9.9) 5.8 (5.2-6.4) 8.8 (7.6-10.2) 5.4 (5.0-5.9) 7.9 (6.7-9.2)
G4 25.8 (24.3-27.4) 29.5(26.6-32.5) 24.4 (22.5-26.5) 28.6 (25.4-32.0) 25.1 (23.5-26.7)  27.8 (24.6-31.2)
G5 44.4 (40.6-48.3) 41.7 (35.4-48.4) 43.4 (38.2-48.6) 43.4(36.1-51.0) 44.2 (40.0-48.4)  42.3 (34.4-50.5)
Death

G1 10.4 (9.1-11.9)  13.6 (11.5-16.0) 12.0 (10.1-14.2) 16.9 (13.8-20.5) 13.2 (11.4-15.3)  19.2 (15.3-23.7)
G2 19.0 (17.5-20.6) 22.9 (20.4-25.5) 21.5(19.6-23.6) 24.9(21.9-28.1) 20.9 (19.3-22.6)  26.7 (23.5-30.1)
G3a 21.4(20.9-21.9) 25.5(24.4-26.6) 23.2(22.5-24.0) 27.4(26.1-28.8) 22.2(21.7-22.8)  28.1(26.7-29.5)
G3b 31.4 (30.5-32.4) 34.3(32.5-36.2) 33.4(32.1-34.6) 36.2(34.1-38.4) 32.3(31.3-33.3)  37.0(34.8-39.2)
G4 30.2(28.6-31.9) 31.5(28.6-34.6) 31.7 (29.6-33.9) 32.8(29.5-36.3) 31.4 (29.8-33.2)  34.0 (30.6-37.6)
G5 27.2(23.9-30.8) 31.7(25.8-38.1) 27.5(23.0-32.4) 30.1(23.7-37.5) 29.1(25.4-33.1)  31.7 (24.6-39.7)
259

260 Competing Risks: Dialysis vs. Mortality

261 This analysis included 39,732 patients who met the follow-up time requirement. The cumulative

262 incidence of death without dialysis remained consistently higher than the cumulative incidence of

263  dialysis initiation over a five-year follow-up (Figure 3). By year five, the cumulative incidence of

264 death reached approximately 18%, whereas dialysis initiation reached about 5%. These findings

265 suggest that death is a more frequent outcome than progression to RRT in the overall CKD

266  population.

267

268  Stratification by CKD stage revealed marked differences in the relative occurrence of both

269 outcomes. In stage G1 through G3b, death remained substantially more frequent than dialysis

270 initiation. In stage G4, the cumulative incidences of death and dialysis became similar over time.

10
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271 However, in stage G5, dialysis initiation exceeded mortality, reflecting the increasing likelihood of
272  RRT among patients with advanced kidney disease (Figure 4).

273 In contrast, among younger adults (€55 years) without diabetes or hypertension (Figure S2), the
274 competing risk pattern differed from the observed in the overall population. In stages G3b and
275 G4, the cumulative incidence of dialysis initiation was like or slightly higher than the incidence of

276 death. In stage G5, dialysis initiation clearly exceeded mortality throughout follow-up.

277
278  Restricted Mean Survival Time (RMST)

279 The figure 5, show RMST (Restricted Mean Survival Time) at 5 and 10 years according to the
280  year of enroliment and stratified by the number of conditions present in the triad: DM, HTN and
281  Age >55 years.

282  The RMST is truncated at T = 5 and 10 years, so it can be interpreted as the average number of
283  years lived/free of the event during the first 5 0 10 years of follow-up. There is a clear prognostic
284 gradient in patients without major comorbidities; 1 condition: intermediate RMST, 2 conditions:
285  lower RMST and 3 conditions, worse RMST.

286  This suggests a strong cumulative risk burden effect. Subjects without comorbidities maintain an
287  approximate RMST of 9.5-9.9 years, while subjects with all three conditions maintain an RMST
288  of 8.2-9.8 years, depending on the cohort. The maximum difference between extremes is
289  approximately ARMST of 1.3-1.5 years. Furthermore, the line of patients without comorbidities
290 maintains low interannual variability, relatively narrow confidence intervals, and consistently high
291 RMST. On the other hand, the group with three conditions has the worst prognosis and greatest
292 instability, with wider confidence bands and abrupt changes between 2020 and 2021, coinciding
293 with the SARS-CoV-2 pandemic. This suggests a synergy between diabetes, hypertension, and
294  aging.

295

296 Discussion

297 In this national cohort of patients insured by EsSalud, mortality without having previously started
298 dialysis exceeded the probability of starting renal replacement therapy (RRT) from G1, becoming
299 more marked in G3 of CKD; the possibility of dialysis is only greater, as expected, in G5.

300 These findings highlight a dominant competing risk of death that fundamentally shapes the

301 evolution of CKD in this context(22). The clinical implication is clear: failing to account for
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302  competing mortality can bias risk estimation and decision-making. Widely used tools, such as the
303 Kidney Failure Risk Equation (KFRE), do not explicitly model death as a competing event;
304 censoring for mortality leaves the estimated risk of kidney failure unchanged and, therefore, may
305 overestimate progression to end-stage renal disease (ESRD). This limitation is particularly
306 relevant in populations with a high cardiovascular burden, where death often precedes ESRD
307  (22,23). In line with this, previous validation of the KFRE formula in EsSalud demonstrated
308 incorrect calibration, necessitating a second study in which recalibration was performed to include
309 competing risk. Interestingly, when the risk-utility curve is applied, the recalibrated and original
310  formulas provide similar clinical benefit and could therefore be used interchangeably(18,24).
311 These patterns are plausible from a biological and epidemiological perspective. CKD in Peru is
312 primarily due to diabetes mellitus and hypertension (25,26), conditions strongly associated with
313  cardiovascular mortality. As kidney function declines, cardiovascular risk accelerates, tipping the
314 balance toward death rather than progression to end-stage renal disease (ESRD). In contrast,
315  younger individuals without major metabolic comorbidities showed slower progression and a
316 higher likelihood of surviving to renal replacement therapy (RRT), suggesting that patients who
317 start dialysis at advanced stages may represent a select subgroup with more favorable risk
318  profiles: the survivors.

319 Healthcare system factors are likely to amplify this competing risk structure. Limited access to
320 renal replacement therapy (RRT), delayed referrals, and fragmentation between primary and
321 specialized care reduce the likelihood of timely dialysis initiation, particularly outside of Lima.
322  (27,28)

323  The finding that only 40% of patients with stage G5 CKD initiate dialysis raises the question of
324 what happened to the remaining patients. Was this due to individual characteristics or is it
325 consistent with the relatively low coverage of renal replacement therapy (RRT) in Peru compared
326  to Latin America (12,25). Taken together, these results suggest that excess mortality reflects not
327 only the biology of the disease but also structural barriers to care.(29) (30).

328  The COVID-19 pandemic further exposed the vulnerability of the system. Patients undergoing
329 hemodialysis experienced disproportionate increases in hospitalizations and mortality(13)

330  Therefore, apparent improvements in survival after 2019 should be interpreted with caution, as
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331 they likely reflect selection effects, reduced access to renal replacement therapy, or delays in
332 outcome determination, rather than genuine improvements in prognosis.

333 Geographic heterogeneity adds another layer of complexity. Evidence from the ISN-GKHA
334  (International Society of Nephrology Global Kidney Health Atlas) indicates that the burden of
335 chronic kidney disease in Latin America is determined by environmental and social factors(31).
336 In Peru, structural inequalities in the Andean and Amazonian regions likely contribute to
337  underdiagnosis, delays in care, and worse outcomes, reinforcing the need for geographically
338  targeted strategies.

339  Another striking fact to consider is the low percentage of patients who had glomerular filtration
340 rate (GFR) and albumin-to-creatinine ratio measurements. The gap between recommendations
341 and actual practices is one of the most critical problems in preventive nephrology. While the
342  KDIGO, ADA (American Diabetes Association) and AHA (American Heart Association) guidelines
343 recommend annual ACR screening in at-risk populations, actual usage rates range from 4% to
344  35%(32) (33) (34) depending on the population studied and the country. A systematic review
345 identified the greatest barrier to non-adherence to ACR screening guidelines as the perception
346 that the test does not impact patient management, logistical and economic barriers, and the lack
347 of quality incentives (35). With the expanding therapeutic arsenal for preventing complications of
348  elevated albuminuria (including SGLT2 inhibitors), early identification and monitoring are more
349 important than ever (36). However, ACR testing in the real world is low, particularly in non-diabetic
350  patients with hypertension.

351 This study has limitations. The main one is the low percentage of patients with albuminuria data,
352  which limits the diagnosis of CKD in early stages (stages | and Il). It is possible that many patients
353 evaluated solely by eGFR, with values above 60 ml/min, were classified as "healthy" due to the
354  lack of evidence of kidney damage: albuminuria.

355

356 However, given that our primary outcomes were the initiation of dialysis and mortality, this
357 limitation is unlikely to substantially alter the observed patterns of competing risk. Residual

358 confounding factors and potential biases in registry-based data should also be considered.
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359 Despite these limitations, the national scope of this analysis provides strong evidence that
360  competing mortality is a dominant determinant of CKD outcomes in the social security-insured
361  population of Peru.

362 These findings support a shift toward risk models that explicitly incorporate competing events and
363 underscore the need to strengthen early detection, optimize multidisciplinary management of
364 cardiovascular risk, and expand equitable access to renal replacement therapy.

365

366  Conclusions

367 In this nationwide EsSalud cohort of 142,770 adults with chronic kidney disease followed between
368 2013 and 2022, Mortality without having previously started dialysis exceeded the probability of
369 starting renal replacement therapy (RRT) from G1, becoming more marked in G3 of CKD, the
370 possibility is equal in G4 and becomes greater as expected, in G5.

371 This evidence reveals a critical dynamic of competing risks, where progression to end-stage renal
372  disease is prematurely interrupted by fatal outcomes associated with advanced age, a high
373 burden of comorbidities, and structural barriers to accessing specialized care.

374
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Figures

Figure 1. Flow diagram of included patients. GFR, glomerular filtration rate; CKD, chronic
kidney disease; ACR, albumin-to-creatinine ratio
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12 Figure2: Map of patients with chronic kidney disease included by department of the National
13 Renal Health Surveillance Registry (VISARE) of EsSalud, 2013-2022
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Figure 3. Analysis of competing risks between dialysis initiation and death without dialysis over
five years of patients from the National Renal Health Surveillance Registry (VISARE) of EsSalud,
2013-2022
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42 Figure 4. Analysis of competing risks between dialysis initiation and death without dialysis by
43  stages of chronic kidney disease over five years of patients from the National Renal Health
44  Surveillance Registry (VISARE) of EsSalud, 2013-2022
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72  Figure 5: Restricted Mean Survival Time (RMST) at 5 and 10 years according to comorbidity
73

RMST by enrollment cohort — dose-response stratification
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