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Abstract

Background: Estimating morbidity outcomes and the rate of progression of chronic kidney disease (CKD) patients is of great
importance for the health systems. Objective: The objective of this study is to estimate the incidence of dialysis initiation and
the rate of CKD progression in 2 years follow-up and identify factors associated with dialysis starts. Methods: A retrospec-
tive cohort study of adult with diagnosed CKD stages-G3, G4 (estimated glomerular filtration rate between 60 and
15 miimin/1.73 m?) enrolled into a CKD prevention program in Bogota-Colombia, since January 1, 2016, to June 30, 2017 with
follow-up until June 30, 2019. Cohort’s outcomes were arrival to dialysis and stage G5, dropout of the program, hospitalization,
and mortality. Repeated measurements of the estimation of glomerular filtration rate (eGFR) allowed us to estimate the change
over time in 4-month periods using a mixed-effects model. An Extended Cox model was adjusted for the time to start dialy-
sis. Results: One thousand four hundred forty-eight patients were included in the analysis; the incidence rate of dialysis
initiation was 2.1 events per 100 patients-year (95% Cl: 1.5 2.7). The mean of eGFR variation was +1.1 ml/min/1.73 m?/year;
and for diabetics was -1.0 ml/min/m?/year. Being diabetic and having poorly controlled hypertension were significant risk
factors for time to dialysis initiation. Conclusion: The incidence rates of dialysis initiation, dropout, and hospitalization are
outcomes of significant interest in a CKD prevention program. Being diabetic and poor blood pressure control are risk factors
for a more rapid progression to dialysis.

Key words: Chronic kidney disease. Progression. Prevention. Predialysis. Kidney failure.

Programa de prevencion de la progresion de la enfermedad renal cronica en
Colombia: un estudio de cohorte

Resumen

Antecedentes: Estimar los resultados de morbilidad y la tasa de progresion de los pacientes con enfermedad renal crdnica
(ERC) es de gran importancia para los sistemas de salud. Objetivo: El objetivo de este estudio es estimar la incidencia de
inicio de didlisis y la velocidad de progresion de la ERC en dos afos de seguimiento, e identificar factores asociados con
el inicio de didlisis. Métodos: Estudio de cohorte retrospectiva en adultos con diagndstico de ERC estadios-G3, G4 (Tasa
de Filtracion Glomerular estimada entre 60 y 15 ml/imin/1.73 m?) inscritos en un programa de prevencién de ERC en
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Bogotd-Colombia, desde el 1 de enero de 2016 al 30 de junio de 2017 con seguimiento hasta el 30 de junio de 2019.
Resultados de la cohorte fueron llegada a dialisis y a estadio G5, abandono del programa, hospitalizacion y mortalidad. Las
mediciones repetidas de la estimacion de la tasa de filtracion glomerular (TFGe) nos permitieron estimar el cambio a lo
largo del tiempo en periodos de cuatro meses utilizando un modelo de efectos mixtos. Se ajustd un modelo de Cox exten-
dido para el tiempo al inicio de didlisis. Resultados: Se incluyeron 1448 pacientes en el andlisis; la tasa de incidencia de
inicio de didlisis fue de 2.1 eventos por 100 pacientes-afo, (IC 95%: 1.5 2.7). La media de la variacion de la TFGe fue de
+1.1 ml/min/1.73 m? por afio; y para los diabéticos fue de —1.0 ml/min/m? por afio. Ser diabético y tener una hipertensién mal
controlada fueron factores de riesgo importantes para el tiempo hasta el inicio de la didlisis. Conclusién: Las tasas de
inicio de didlisis, salida del programa y hospitalizacion son desenlaces de un interés muy significativo en un programa de
prevencion secundaria de la ERC. Ser diabético y el control deficiente de la presidn arterial son factores de riesgo para una

progresion mas rapida a didlisis.

Palabras clave: Enfermedad renal crénica. Progresion. Prevencion. Pre-didlisis. Falla renal.

Introduction

Chronic kidney disease (CKD) is a broad term
representing a large umbrella under which various dis-
orders that affect the structure and function of the kid-
neys are grouped'. The characteristics and risk factors
of CKD progression were established since the end of
the last century?. After this, a whole body of evidence
about CKD was redefined and organized in the clinical
guidelines for the evaluation, management, and treat-
ment of patients with CKD, which today serve as a
guide for the care of these patients®. Recently a KDIGO
consensus conference updated and harmonized the
nomenclature for kidney disease, which allows different
actors of the health systems to speak the same
language*.

In parallel to these advances in the understanding of
this disease, health systems worldwide have developed
strategies to alleviate the burden of this entity on
populations®.

Part of the CKD burden lies in its characteristic of
progressive entity up to kidney failure (KF). This phe-
nomenon has been well studied and shows significant
variability between the different subpopulations®®.
Conventionally, the rate of CKD progression has been
evaluated with linear regression methods of multiple esti-
mates over time of glomerular filtration rate (eGFR)'*-'2.

It should be noted that the linear progression para-
digm has been challenged by several studies showing
that progression patterns often differ from linearity's'.
These understandings have favored the use of different
statistical models in the way of knowing the influence
that multiple predictive variables may have on out-
comes such as the speed of progression or initiation of
kidney replacement therapy (KRT)'-'8.

In Colombia, a CKD prevention program was estab-
lished to integrate the primary and specialized levels of

care between the health-promoting entity Compensar®
and the specialized renal care clinic Baxter Renal Care
Service (RCS)®. The program’s objective was to detect
patients with CKD stages G3 and G4 early, systemati-
cally intervene them, slow down the progression of
CKD, and ensure a planned start of dialysis'®.

The objective of this study is to estimate the inci-
dence of dialysis initiation and the speed of CKD pro-
gression and identify factors associated with time to
dialysis starts.

Material and methods

Study design and patients

A retrospective, cohort study of patients undergoing
CKD prevention program in Bogota was conducted be-
tween January 1, 2016, and June 30, 2017, with
follow-up until June 30, 2019, at Baxter Renal Care
Services® (RCS) network. Patients were older than
18 years of age, with a diagnosis of CKD stages G3 or
G4 (glomerular filtration rates between 60 and
15 ml/min/1.73 m?) included on the health-promoting
entity Compensar® (patients with CKD stages G2 or G1
are not included). To be part of the program, two eG-
FRs < 60 ml/min/1.73 m? and a CKD diagnosis made
by a nephrologist were required; were excluded from
the analysis patients with Charlson comorbidity index
> 8 and have < 90 days in the prevention program. The
GFR estimation was based on repeated measures of
serum creatinine according to the CKD-EPI equation
(during the follow-up were required at least three eG-
FR-CKD EPI measurements for progression estima-
tion). The study protocol was approved by the clinical
research ethics committee of Fundacién Cardioinfantil,
Bogota (July 31, 2019, Minute, item number 025), who
exempted the use of informed consent as this study
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Figure 1. Prevention program. The figure represents integrated care at its primary and specialized level.

does not contain identifiable information and is an
observational study; this trial was conducted following
the principles of the Helsinki Declaration and Good
Clinical Practices and Colombian resolution No 00843,
1993. In addition, all patients signed the document for
data protection “Habeas data” provided by the laws of
Colombia.

Data source and analysis

BASELINE PATIENT CHARACTERISTICS

Baseline demographic and clinic variables including
age, sex, socioeconomic status, education level, CKD
cause, history of diabetes mellitus, history of cardiovas-
cular disease, history of cerebrovascular disease, his-
tory of obesity, uncontrolled blood pressure (defined as
systolic > 140 mmHg and/or diastolic > 90 mm Hg for
each period observed), eGFR-CKD EPI, serum albu-
min, hemoglobin, and albuminuria/creatinuria ratio. All
data were retrospectively collected from patients’ elec-
tronic medical records Versia®.

STupy outcomEs

The outcomes were: dialysis initiation, arrival to CKD
stage G5 without KRT, dropout of the program, hospi-
talization, and mortality. During follow-up, patients were
censored for events such as kidney transplant, sus-
pended from the program, improve to CKD stage G2 or

G1, and change of program. Time elapsed between the
start of follow-up and the moment of censorship was
included in estimating the frequency of outcomes.

PREVENTION PROGRAM

Integrated health care networks were established to
coordinate and improve the identification and interven-
tion of CKD patients. Compensar® and Baxter Renal
Care Service (RCS)® integrated their primary and spe-
cialized levels of health care™.

In the first level, general practitioners and family doc-
tors identified CKD patients, focused on high-risk
groups as diabetics or hypertensives. A screening pro-
tocol was put in place to capture all the patients with
CKD stages G3, G4, or G5, who were referred for spe-
cialized care (Fig. 1).

At the second level of care, a multidisciplinary team
made up of a nephrologist, nurse, nutritionist, and a
social worker was in charge of confirming the diagnosis
and intervening on the patient to reduce the rate of
progression of CKD, control his comorbidities and pre-
pare them for a possible future KRT (Fig. 1).

The program’s cornerstone was the educational com-
ponent aimed at ensuring that the patient knew their
disease very well, the factors that may condition an
increase in the speed of progression of their disorder,
and aspects of future KRT.

Patients were identified with a card at the beginning of
the program. The educational component is supported
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by an information booklet with aspects of interest
related to CKD, diet adjustments in this disease, gen-
eral recommendations to follow, and the issue of shared
decisions regarding an eventual requirement for KRT.
The educational intervention is carried out directly with
the patient, workshops, and group educational events.
The multidisciplinary team’s intervention focuses on
slowing down the rate of progression for which the in-
dicated pharmacological treatment, diet, monitoring of
eGFR and proteinuria is established, and avoiding ad-
ditional events or toxins that can affect the already
deteriorated renal function.

The frequency of this comprehensive care was quar-
terly for patients with CKD stage G3 and monthly for
those with stages G4. The program was systematically
and periodically monitored through indicators that allow
population management'®.

Statistical Analysis

We used descriptive statistics to report the popula-
tion characteristics according to the distribution of vari-
ables. The patients were classified according to the
stability, increase or decrease of eGFR measured in
ml/min/1.73 m?/year, taking the definition presented by
Cortinovis et al.?’. We estimated the start dialysis inci-
dence rate as episodes per patient-year and 95% con-
fidence intervals (Cl) based on Kaplan—Meier method.
Imputation procedure was performed for serum albu-
min from a mixed-effects model with random intercept
as a function of period. A mixed-effects model was
adjusted to estimate the progression of the glomerular
filtration rate in the periods defined in 4-month periods,
according to the diagnosis of diabetes. A random inter-
cept model was adjusted based on history of diabetes,
period, and interaction between these two variables.
The estimation of the model coefficients, both fixed and
random, their corresponding p-value, and their 95% Cl
were obtained.

An Extended Cox model was adjusted for the time to
start KRT, taking as independent variables the fixed
variables: age at entry to the program, history of dia-
betes mellitus, eGFR at the beginning of the program,
and smoking; and time-dependent variables: lack of
control of blood pressure, consumption of angiotensin
[l receptor blockers, serum albumin, and consumption
of angiotensin-converting enzyme inhibitors.

The model was adjusted taking periods of 4 months
and a lag of one period (lag = 1). We used the Wald
statistic to evaluate whether a set of variables could be
removed from the complete model. The estimation of

the coefficients of the final model and its corresponding
p-value, the estimation of the hazard ratio (HR), and its
95% Cl were estimated. STATA 14® (StataCorp LLC,
College Station, Texas) and R program were used in
the statistical analyses.

Results

A total of 1448 patients were included in the analysis;
the mean age was 63.6 years; the most frequent CKD
cause was hypertension with 48.2% of cases; obesity
was present in 22.1% of patients at the cohort’s incep-
tion, the mean eGFR atthis pointwas 49.6 ml/min/1.73 m?,
and the follow-up time median was 1.9 years (95% CI:
1.2-2.0), table 1; details of the patient’s flow within the
study are presented in figure 2.

We found that 27.7% had a fast progression (declin-
ing of eGFR > -1.2 ml/min/1.73 m?/year), 11% had a
slow progression (declining of eGFR -1.2-0.0 ml/
min/1.73 m?/year), and 61.3% had a regression (in-
creasing of eGFR per-year) (Table 2).

All patients contributed 2354 person-years of fol-
low-up and 49 dialysis initiation events were observed,
which represents an incidence rate of dialysis initiation
of 2.1 events per 100 patients-year (95% CI: 1.5-2.7),
63 patients get to CKD grade 5 events, representing a
rate of 2.7 events per 100 patients-year (95% CI: 2.0-
3.4); this represents a total 305 dialysis-free months
(95% ClI: 200 to 409), median 4.8 months (SD = 6.5),
and the rate of program’s dropout was 2.8 events per
100 patients-year, (95% Cl: 2.1-3.5) (Table 3).

Regarding the results found in the mixed model for
progression, the mean eGFR value for the population
without diabetes at the beginning of the program was
48.8 ml/min/1.73 m? and a slight increase in eGFR per
4 months period of 0.38 ml/min/1.73 m? was observed.
In the diabetic patients, the mean eGFR value at the
beginning of the program was 46.3 ml/min/1.73 m?; and
the eGFR decreased - 0.33 ml/min/1.73 m2/4 months
period (Fig. 3).

At the day 1 of dialysis, 51% of patients started with
peritoneal dialysis (PD), 44.9% of patients had a vas-
cular catheter as their first access; also 51% of the
patients required hospitalization peri-initiation of dialy-
sis therapy, and the mean eGFR at start dialysis was
9.3 ml/min/1.73 m? (Table 4).

Table 5 reports a summary of the extended Cox mod-
el for variables associated with the outcome time until
dialysis, where the variables being diabetic (p < 0.01)
and having poorly controlled hypertension (p < 0.01)
stands out as a significant risk for the outcome.



Table 1. Baseline characteristics of the study population

Age, mean (SD) 63.6 (11.0)
Sex; n (%)
Male 785 (54.2)
Female 663 (45.8)
Socioeconomic status; n (%)
1 (Low) 272 (21.7)
2 91 (7.3)
3 859 (68.6)
4 30 (2.4)
6 (High) 1(0.1)
School-level; n (%)
llliteracy 18 (1.2)
Read and write 39 (2.7)
Elementary 181 (12.5)
High School/Technical 1135 (78.4)
University 75 (5.2)
CKD cause; n (%)
Hypertension 698 (48.2)
Diabetes 232 (16.0)
Urinary tract obstruction 116 (8.0)
Polycystic kidney disease 18 (1.2)
Chronic interstitial tubulonephritis 4(0.3)
Glomerulonephritis 61 (4.2)
Chronic pyelonephritis 3(0.2)
Unknown 143 (9.9)
Other 173 (12.0)
History of cardiovascular disease; n (%) 142 (9.8)
History of cerebrovascular disease; n (%) 28 (1.9)
Tobacco smoking history; n (%) 275 (19.0)
Obesity BMI > 30; n (%) 320 (22.1)
Uncontrolled of blood pressure; n (%)? 208 (14.3)

eGFR -CKDEpi ml/min/1.73 m% median (IQR)>  49.6 (42.2, 54,7)

Stages G3 (eGFR 30 to 59 ml/min/1.73 m% n (%) 1348 (93.1)
Stages G4 (eGFR 15 to 29 ml/min/1.73 m% n (%) 100 (6.9)
Serum albumin g/dL; mean (SD) 43(0.3)
Hemoglobin g/dL; mean (SD) 14.7 (1.9)
Albuminuria/creatinuria ratio mg/G; n (%)
<30 mg/g 507 (35.0)
30-300 mg/g 154 (10.7)
> 300 mg/g 180 (12.4)
Data not available 607 (41.9)
Consumption of angiotensin Il receptor 38 (2.6)
blockers; n (%)
Consumption of ACE inhibitors; n (%) 170 (11.7)
Follow-up time, years, median (IQR) 1.9(1.2, 2.0)

SD: standard deviation; CKD: chronic Kidney Disease; BMI: body mass index;
eGFR: estimated glomerular filtration rate; IQR: interquartile range;

ACE: angiotensin-converting enzyme inhibitors; a: systolic blood pressure

> 140 mmHg and/or diastolic blood pressure > 90 mmHg; b: estimation formula
CKD-EPI ml/min/1.73 m?

A total of 484 hospitalizations were observed during
the follow-up; 21.3% of the patients had one or more
hospitalization events. The hospitalization rate was 20
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1664 Patients

216 Patients did not meet
eligibility criteria [k

1448 elegibles patients

Outcomes and censures, n (%)
742(51.2)
Outcome, n (%)
Start dialysis, 49 (3.4)

Censures, n (%)
Kidney transplant, 4 (0.1)
Death, 8 (0.5)
Suspended from the program, 58(4.0)
Loss of follow-up, 65 (4.5)
Improve of CKD grade, 229 (15.8)
Change of program, 331 (22.9)

Completed study.n (%)
706 (48.8)

Figure 2. Flowchart of patients in the study. The diagram
shows the flow of patients in the study. Of 1664 originally
recruited patients, 216 did not meet the eligibility criteria
and 49 patients start dialysis.

events per 100 patient-year (95% Cl: 18-22). A total of
2988 days of stay were recorded, representing a stay
rate of 1.3 hospital days/patient/year (95% CI: 1.22-
1.31) and the median stay was 4 days (IQR = 2, 8).

Discussion

The prevention of CKD is mandatory within health
policies for the control of non-communicable diseas-
es?'. Regarding CKD secondary prevention programs,
initiation of dialysis and adherence to the program are
essential outcomes®>23, In this sense, our study con-
ducted in a CKD large preventive cohort shows a
dialysis initiation rate of around 2 events per 100 pa-
tient-years. We also observed a rate of dropout of the
program of 2.8 events per 100 patient-years. This rate
could be at least partially related to a follow-up time
that was only around 2 years, which is a short period
for a proportion of this population that begins follow-up
in the early stages of this disease; in other words, stud-
ies with a longer follow-up time would allow confirming
these findings.

The median eGFR progression of approximately
+1.0 mil/min/1.73 m?/year for non-diabetic population,
showing that patients of this program behave in a stable
manner in terms of maintaining eGFR. This CKD pro-
gression’s velocity is similar to others found in the lit-
erature®*; however, it should be observed that there is
significant variability of results in this regard, probably
influenced by the type of population studied®'>'3, We
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Table 2. Characterization of the population according to the progression or regression of the CKD defined by eGFR

Characteristics Fast progression Slow progression

Diabetic, n (%) 157 (41.9)
Non-diabetic, n (%) 244 (22.7)
Age: 18-64 years, n (%) 219 (31.3)
> 65 years, n (%) 182 (24.3)
Male, n (%) 232 (29.6)
Female, n (%) 169 (25.5)
Full sample, n (%) 401 (27.7)

39 (10.4) 179 (47.7) 375 (100)
120 (11.2) 709 (66.1) 1073 (100)
85 (12.2) 395 (56.5) 699 (100)
74.(9.9) 493 (65.8) 749 (100)
95 (12.1) 458 (58.3) 785 (100)
64 (9.6) 430(64.9) 663 (100)
159 (11.0) 888 (61.3) 1448 (100)

Fast progression: declining of eGFR > -1.2 ml/min/1.73 m%year; slow progression: declining of eGFR < -1.2-0 ml/min/1.73 m%year; regression: increasing of eGFR per year.

Table 3. Main outcomes of the prevention program

Dialysis initiation: 1.4 [0.5, 3.8
slow progression

Fast progression 698 42 6.0 [4.4, 8.1]
Regression 1375 3 0.2 [0.1,0.7]
Total 2354 49 2.1[1.5,27]
Get to CKD grade 5 2354 63 2.71[2.0,3.4]
Program’s dropout 2354 65 2821, 3.5]
Mortality 2354 8 0.34[0.14, 0.67]

a: rate per 100 patients-year; Cl: confidence interval, fast progression: declining of
eGFR > -1.2 mI/min/1.73 m?/year; slow progression: declining of eGFR < -1.2-0 ml/
min/1.73 m¥/year; regression: increasing of eGFR per year.

hypothesized that the result of progression might be
related to the fact that a significant proportion of pa-
tients fall under slow progressors, with an
over-representation of old and hypertensive patients.
On the other hand, these results may be associated
with the finding that a substantial number of patients
entered the CKD prevention program relatively early in
their disease course, with a median eGFR at baseline
of about 50 ml/min/1.73 m2. Other studies confirm the
importance of early detection of CKD and the benefits
of systematic and multidisciplinary intervention with
secondary prevention programs?®2,

Another reason that can explain the previous result
is related to the systematic, multidisciplinary, and early
intervention, precisely aimed at slowing down the ve-
locity of progression. Furthermore, other studies report
different progression characteristics and probabili-
ties?%27, whit a significant proportion of patients having

Table 4. Baseline characteristics of the population
starting dialysis

Start dialysis characteristics m

Age, mean (SD) years 55.2 (13.1)
Sex: male, n (%) 31(63.3)
Diabetes history, n (%) 21 (42.8)
Hypertension history, n (%) 42 (85.7)
Body mass index mean (SD) 26.8 (4.5)

eGFR on beginning, median (IQR) ml/min/1.73 m? 9.3(7.2,10.9)

Hemodialysis, n (%) 25 (51.0)
Dialysis peritoneal, n (%) 24 (49.0)
Dialysis access, n (%)
Arteriovenous fistula 3(6.1)
Vascular catheter 22 (44.9)
Peritoneal catheter 24 (49.0)
Hospitalization requirement, n (%)? 25 (51.0)
Serum albumin g/dL median (IQR) 4.1 (3.5, 4.8)

Hemoglobin g/dL median (IQR) 11.7 (10.4,13.1)

a: admission 3 days before or 3 days after the dialysis start; SD: standard deviation;
eGFR: estimated glomerular filtration rate; IQR: interquartile range.

CKD progression that tends toward remission or
regression.

From our perspective, being able to estimate the fre-
quency of hospitalization events in the pre-dialysis
stage is essential for health policymakers and health
economic analysis and constitutes one of the strengths
of our study. This estimator of 0.2 events per pa-
tient-year is low compared to the population on dialysis,
and it tells us about the significant impact of KF on
morbidity outcomes®.
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Figure 3. Behavior of estimated glomerular filtration rate over time. eGFR: estimation formula CKD-EPI ml/min/1.73 m?

period: months.

As mentioned above, this population showed a high
adherence to the preventive program; which is achieved
with a continuous effort in education to the patient and
their family and close monitoring of consult appoint-
ments to ensure permanence; as already mentioned,
this result must be confirmed in studies with a longer
follow-up time.

The extended Cox model showed us that being
diabetic and having no blood pressure control are risk
factors for CKD progression to KF.

In turn, early detection of CKD (higher eGFR at the
beginning), adequate serum albumin levels, and age
are protective factors for the same outcome. Interesting
is the fact that for each year of age, there is a protective
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Table 5. Extended Cox model for time to start dialysis

Age; years 0.94-0.98 < 0.001
Diabetes: yes 2.74 1.46-5.12 < 0.001
eGFR; ml/min/1.73 m? 0.90 0.88-0.93 < 0.001
Uncontrolled of blood 3.97 2.19-71.21 < 0.001
pressure®

Serum albumin; g/dL* 0.16 0.09-0.27 < 0.001

eGFR: estimated glomerular filtration rate; Cl: confidence interval; *time-dependent
variables

factor for the outcome time to dialysis; it could be
related to a significant proportion of elderly and hyper-
tensive patients and that could fall under the subgroup
of low-progressors?°.

The high proportion of patients who start KRT with
PD is striking, a fact that could be related to a planned
start of dialysis therapy; however, the low proportion of
patients who start hemodialysis with arteriovenous fis-
tula is also notable, which undoubtedly constitutes an
opportunity to improve this program.

As for the strengths of this study, we can mention
that it includes data originating from an established
CKD prevention program in a large population of pa-
tients with standardized interventions/assessments.

Study limitations include lack of data on
micro-albuminuria during the follow-up, which lead to
the inability to analyze this critical marker of progres-
sion; otherwise, the CKD progression estimation was
done below the linear paradigm despite a proportion of
CKD patients follow a process that is non-linear'”. Fur-
thermore, this study presents data from a single cohort,
so its results cannot be contrasted with other types of
interventions; however, since various measures of fre-
quency of outcomes, progression, and risk models are
presented, the information is useful for various actors
in the health systems.

Conclusion

The present study in a substantial population of pa-
tients in a CKD preventive program establishes the
frequency of significant interest events, such as inci-
dence rates of dialysis initiation, program dropout, and
hospitalization events; diabetes and poor blood pres-
sure control are risk factors for a more rapid progres-
sion to dialysis. These secondary prevention programs

are of great importance to control the burden of CKD
on populations.
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