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Abstract: Patients with chronic kidney disease (CKD) have high cardiovascular risk
(CVR), which is often underestimated by conventional tools. The coronary artery
calcium score (CACS) significantly improves CVR stratification by conventional
tools, but it is often not available in low-resources settings. Aldosterone may be a
cheaper alternative to CACS for CVR assessment in CKD patients. The aim was

to assess the ability of serum aldosterone level to predict CACS in patients with
CKD in comparison to standard predictors. This single-center study included 57
patients aged 40 to 67 years with CKD (estimated glomerular filtration rate [eGFR]
245 ml/min) and arterial hypertension. Serum aldosterone, sex, age, body mass
index, blood pressure, total cholesterol, eGFR, and proteinuria were used for
prediction of CACS>0 Agatston units (AU) and CACS>100 AU. The area under
the curve (AUC) with 95% confidence intervals (Cl) and the mean Brier scores were
examined for predictors of CACS. Aldosterone predicted a CACS>100 AU
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(AUC = 0.72, 95% Cl: 0.56-0.88), but not a CACS>0 AU. Age predicted a
CACS>100 AU (AUC = 0.80, 95% CI: 0.67-0.93) and a CACS>0 AU

(AUC = 0.75, 95% Cl: 0.62-0.89). The addition of aldosterone to age for prediction
of a CACS>100 AU improved the mean Brier score, compared to the model

with age alone, from 0.16 to 0.14, but not the AUC (0.83, 95% ClI: 0.70-0.95).
Aldosterone was a significant predictor of a CACS>100 AU in patients with CKD,
but aldosterone was not a better predictor than age alone.

Introduction

Patients with chronic kidney disease (CKD) are known to have increased overall
and cardiovascular mortality (Matsushita et al., 2016), mostly due to a higher

risk of atherosclerosis development (Valdivielso et al., 2019). Cardiovascular risk
stratification is usually done with simple and reliable tools, such as the SCORE

and Framingham risk chart (D’Agostino et al., 2008; Piepoli et al., 2016). These
tools work well in the general population, but underestimate risk in individuals

with CKD (Matsushita et al., 2016). Accounting for additional markers may

improve the predictive ability of standard tools. The most powerful improvement
of cardiovascular risk prediction made by standard tools was shown by coronary
artery calcium score (CACS) (Osawa et al., 2016; De Lemos et al., 2017), which
works well both for the general population and for patients with CKD (Chen et

al., 2017). CACS is based on computed tomography scanning of the heart with

the measurement of the calcium in the coronary arteries. It is a simple and reliable
test for risk reassessment which does not require special preparation of the patient
(Zhao et al., 2014). However, its implementation in low-income countries may be
problematic. For instance, in Ukraine, the healthcare system provides approximately
25 $ for the yearly follow-up of a middle-aged person in primary care (Orange
Health Consultants, 2018), while the lowest estimated cost for the use of CACS

is 85 $ (Van Kempen et al., 2011). Feasibility is a crucial factor of tests for early
diagnosis of cardiovascular disease. Moreover, in low- and middle-income regions
(including Eastern Europe), only modest reductions in coronary artery disease related
mortality have been observed in the last decades, which may be related to the lower
investments in their healthcare systems (Moran et al., 2014).

For individuals with limited access to CACS, aldosterone may be a candidate
biomarker for the identification of persons with poor cardiovascular prognosis. CKD
itself predisposes to excessive production of aldosterone (Hayashi et al., 2018).

In addition, up to 86% of patients with CKD have arterial hypertension (HTN)
(Judd and Calhoun, 2015), for which the first-line drugs are angiotensin-converting
enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARB) (Whelton

et al., 2018; Williams et al., 2018). Their usage may result in a higher production

of aldosterone, which is also called aldosterone “breakthrough” (Schrier, 2010).
Aldosterone is the main driver of the renin-angiotensin-aldosterone (RAAS) system,
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which has pleiotropic effects on the cardiovascular system (rising of systemic blood
pressure [BP], cardiac fibrosis, pro-inflammatory activity, vascular calcification)

and kidneys (renal fibrosis, CKD progression) (Donderski et al., 2017). Measuring
the aldosterone level is much simpler and more feasible than the investigation of
coronary calcium, and therefore may be implemented in routine clinical practice in
the settings of limited access to CACS measurement.

To date, no study assessed the potential prognostic value of aldosterone for
cardiovascular events in patients with CKD. The ability of aldosterone to predict
cardiovascular mortality or hospitalization was not yet assessed in patient with CKD,
but in two previously performed prognostic studies in patients with heart failure it
was assessed, with inconsistent results (Guder et al., 2007; Kobayashi et al., 2020).
Therefore, the aim of this study was to assess the ability of serum aldosterone level
to predict CACS in patients with CKD.

Methods

Study population
Patients for this study were enrolled from January 2018 till July 2019 at the
Dnipropetrovsk Mechnikov Regional Hospital, Dnipro, Ukraine. Inclusion criteria
were: age between 40 and 70 years, established diagnosis of CKD stages 1-3a
(estimated glomerular filtration rate [eGFR] = 45 ml/min), grades I-Il HTN (systolic
BP < 180 mm Hg, diastolic BP < 110 mm Hg), and treatment with ACEi/ARB in
combination with other first-line antihypertensive drug for at least 3 months prior
to the enrolment to the study. None of the patients were treated with aldosterone
receptor blockers at the moment of data collection. 33 of 57 patients (57.9%) were
receiving treatment with statins at the moment of data collection. Exclusion criteria
were: the presence of cardiovascular disease, nephrotic syndrome (urine protein loss
> 3.5 g/24 hours), severe deviations of serum potassium level (<3 of >6 mmol/I),
type 1 diabetes mellitus (DM), type 2 DM requiring insulin therapy, arrhythmia
that required pharmacological treatment, thyroid gland function abnormalities, and
presence of malignancies or hereditary anomalies of the urinary tract.

Diagnosis of CKD was based on KDIGO Guidelines for Evaluation and
Management of CKD (Eknoyan et al., 2013). Patients in the study who fulfilled
the diagnosis of CKD had abnormalities of kidney function or structure for more
than 3 months (eGFR < 60 ml/min, or albuminuria > 30 mg/24 hours, or urine
sediment abnormalities, or structural kidney abnormalities detected by kidney
ultrasound) (Eknoyan et al., 2013). Diagnosis of HTN was established according to
ESC Guidelines for the Management of Arterial Hypertension (Mancia et al., 2013;
Williams et al., 2018). Patients were recommended to restrict salt intake to less than
5 g per day for at least 3 months prior to the enrolment to the study (Eknoyan et al.,
2013).
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Compliance with ethical standards

All the patients gave their written informed consent to the collection and processing
of the data. The study was approved by the Ethical Committee of Dnipropetrovsk
Mechnikov Regional Hospital, Dnipro, Ukraine.

Measurements

CACS

CACS was obtained using computed tomography coronarography, and computed
tomography scans were performed using Optima CT660 (GE Healthcare,
Wisconsin, USA). CACS was reported in Agatston units (AU). The decision to
classify CACS as negative (0 AU), moderate (1-100 AU) or high (>100 AU) was
based on the 2019 ESC/EAS Guidelines for the management of dyslipidaemias
(Mach et al., 2020) and on the study of Chen et al. (2017).

Aldosterone

Evaluation of the serum aldosterone level was performed using reagent Diagnostics
Biochem Canada Aldosterone Elisa Kit, CAN-ALD-450. Blood for the analysis was
taken after at least 8 hours of fasting and after the patient had been seated for

15 minutes. Blood samples were immediately centrifuged at room temperature

at 2,000 rpm for 15 minutes. Serum was collected and stored at —20 °C. Serum
aldosterone level was reported in pg/ml.

Other variables

The following variables were investigated: sex, age, smoking status, body mass index
(BMI), systolic BP (SBP), diastolic BP (DBP), total cholesterol (TC), eGFR and the
presence of proteinuria.

Age was reported in years. BMI was calculated as weight (kg)/height (m)2. BP
evaluation was performed using the automated method and reported in mm Hg.
Assessment of blood TC, creatinine and urine protein presence were performed
using standard methods. eGFR was calculated using the CKD-EPI equation, which
requires patients’ sex, ethnicity, age and serum creatinine, and reported in ml/min
(Eknoyan et al., 2013). Proteinuria was defined as the presence of protein or protein
trace in morning void.

Missing data
There were missing data for TC (13 patients, 22.8%) and eGFR (2 patients, 3.5%).
Missing continuous values were omitted from the calculations.

Statistical analysis

Statistical analyses were performed using LibreOffice and R, version 3.6.3 (Sing et
al., 2005; Robin et al., 2011; Lopez-Ratén et al., 2014; Lele et al., 2019; Firke, 2020;
R Core Team, 2020). The type of data distribution was assessed using a Shapiro-
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Wilk test. In case of normal distribution, continuous data were presented as mean
(with standard deviation) and groups were compared using one-way analysis of
variance. In the case of non-normal distribution, continuous data were presented
as median (with 25" and 75" percentiles) and groups were compared using the
Kruskal-Wallis test. Categorical data were presented as n (%), and groups were
compared using chi-square test.

The ability of variables in the study to predict a CACS > 0 AU and CACS
> 100 AU was assessed. First, all variables available in clinical practice that are
potentially associated with coronary calcification (i.e., sex, age, smoking status, BMI,
SBP, DBP, TC, and eGFR), and serum aldosterone were included in univariate logistic
regression models. Next, only significant predictors were included to the multivariate
logistic regression model with addition of serum aldosterone (per 10 pg/ml) to
assess its ability to improve the prediction. The assumption of linearity of eGFR with
log odds of the outcome was violated and therefore the natural logarithm of eGFR
was included in the logistic regression model. The mean Brier score was used to
estimate the accuracy of the models (scores could range from O [perfect accuracy]
to 0.25 [of no value]). To determine how well the model distinguished between
individuals with and without the outcome, a receiver operating characteristic (ROC)
curve was built with estimation of the area under the curve (AUC). Comparison of
two AUCs was performed with the method by Delong et al. (1988). For statistically
significant predictors, optimal cut-off points were determined (i.e., values of the
predictors that classify the highest number of study participants correctly) with the
highest Youden'’s index (the sum of specificity and sensitivity). Calibration of the
model was assessed with the Hosmer-Lemeshow goodness-of-fit test. The threshold
for confirming statistical hypotheses was set at <0.05.

Results

The study included 57 patients of Caucasian ethnicity aged 40 to 67 years (Table 1).

Mean eGFR of the patients in the study was 77.2 ml/min, and ranged from

45.3 ml/min to 108.3 ml/min. CKD stage 1 was diagnosed in 11 patients (19.3%),

CKD stage 2 was diagnosed in 41 patients (71.9%), and CKD stage 3a was diagnosed

in 5 patients (8.8%). 42 (73.7%) of the patients were females. Age and serum

aldosterone differed significantly between patients with a CACS of 0 AU, 1-100 AU

and >100 AU. Median serum aldosterone was the highest in patients with CACS

> 100 AU, but there was no linear relation between aldosterone and CACS category.

The proportion of females, smoking status, patients with diabetes mellitus and

patients with proteinuria as well as the mean BMI, SBP, TC, eGFR and median DBP

were not different between patients with CACS of 0 AU, 1-100 AU and >100 AU.
Using univariate logistic regression, age was the only significant predictor of CACS

> 0 AU, whereas both age and aldosterone were significant predictors of CACS

> 100 AU (Table 2). In the multivariate logistic regression model, both age and

aldosterone significantly predicted CACS > 100 AU (Table 2).
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Table 1 - Demographic, clinical and laboratory characteristics
of CKD patients with CACS of 0 AU, 1-100 AU and > 100 AU

CACS

Variable (I:tsa;) 0 AU 1-100 >100 AU  p-value
(n=20) AU (n=22) (n=15)

Age, years 56 (53;59) 53 (49; 55) 55 (53; 59) 60 (57;63)  <0.01
Females, n (%) 42 (73.7) 16 (80.0) 15 (68.2) 11 (73.3) 0.69
Smoking, n (%) 6 (10.5) 2 (10.0) 3 (13.6) 1(6.7) 0.79
DM, n (%) 11 (19.3) 2 (10.0) 5(22.7) 4(26.7) 0.48
BMI, kg/m? 31.9 (7.5) 29.6 (6.9) 33.5 (7.0) 32.5 (8.5) 0.21
SBP, mm Hg 139 (17.5) 1385 (154)  137.4(19.2) 1422 (183)  0.58
DBP, mm Hg 85(80;95) 90 (80;91.2)  85(80;96.5)  85(80;90.5) 0.9
TC, mmol/I 5.4 (1.1) 5.6 (1.3) 5.5 (1.2) 5.2 (1.0) 0.38
eGFR, ml/min 772 (13.4) 817 (12.8) 741 (14.4) 75.8 (12.0) 0.18
:r%i”“”a' 33 (57.9) 13 (65.0) 11 (50.0) 9 (60.0) 0.61
Serum aldo- 31 (15;51) 38 (18; 52) 18 (14;34) 48 (30;123)  0.01

sterone, pg/ml

CKD - chronic kidney disease; CACS — coronary artery calcium score; AU — Agatston units; DM — diabetes mellitus;
BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure; TC — total cholesterol; eGFR —
estimated glomerular filtration rate

The AUC for age was 0.75 (95% Cl = 0.62—-0.88) when predicting a CACS > 0 AU
(Table 3). The AUC for age (0.80 [0.67-0.93]) was higher than that for aldosterone
(0.72 [0.56-0.88]) when predicting CACS > 100 AU, but the difference of the AUCs
was not significant (p=0.39) (Figure 1, Table 2). The addition of aldosterone on top
of age in the prediction of CACS > 100 AU had led to a 10% improvement of the
mean Brier score (from 0.16 to 0.14), but non-significant change in the AUC (0.83
[0.70-0.95]). The AUC of the model with age and aldosterone in the prediction of
CACS > 100 AU was neither different from the AUC for the model with age alone
(p=0.36), nor it was different from the model with aldosterone alone (p=0.16)
(Figure 1, Table 2). According to our data the optimal cut-off point for age for the
prediction of CACS > 0 AU was 57 years (sensitivity = 57%, specificity = 90%). For
the prediction of CACS > 100 AU the optimal cut-off point for serum aldosterone
was 83 pg/ml (sensitivity = 46%, specificity = 90%), for age it was 57 years
(sensitivity = 86%, specificity = 76%).

Discussion

Although the coronary artery calcium score can significantly improve cardiovascular
risk stratification (Osawa et al., 2016; De Lemos et al., 2017), it may not be
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Table 2 - Odds ratios for the prediction of CACS > 0 AU and CACS
>100 AU

CACS >0 AU CACS > 100 AU

OR (95% CI) p-value OR (95% CI) p-value

Univariate models

Age (years) 1.14 (1.04-1.27) 0.01 1.22 (1.08-1.43) 0.01
Female sex (yes/no) 0.59 (0.14-2.07) 0.43 0.98 (0.27-4.09) 0.97
Smoking (yes/no) 1.09 (0.19-8.42) 0.92 0.52 (0.03-3.67) 0.58
DM (yes/no) 2.89 (0.65-20.43) 0.20 1.82 (0.41-7.28) 0.40
BMI (kg/m?) 1.07 (0.99-1.17) 0.10 1.02 (0.94-1.10) 0.68
SBP (mm Hg) 1.00 (0.97-1.04) 0.86 1.01 (0.98-1.05) 0.41
DBP (mm Hg) 1.00 (0.94-1.05) 0.88 0.99 (0.93-1.05) 0.81
TC (mmol/l) 0.84 (0.48-1.44) 0.52 0.75 (0.39-1.37) 0.37
eGFR (ml/min) 0.04 (0.00-1.12) 0.07 0.50 (0.02-14.86) 0.68
Serum aldosterone (10 pg/ml) 1.02 (0.92-1.16) 0.68 1.18 (1.05-1.35) 0.01

Multivariate model

Age (years) - - 1.20 (1.06-1.41) 0.01
Serum aldosterone (10 pg/ml) - - 1.16 (1.02-1.34) 0.03

CACS — coronary artery calcium score; AU — Agatston units; OR — odds ratio; Cl — confidence interval; DM — diabetes
mellitus; BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure; TC — total cholesterol;
eGFR — estimated glomerular filtration rate

Table 3 - Estimations of accuracy, distinguishing ability and calibration
of the models for prediction CACS > 0 AU and CACS > 100 AU

Mean Brier H-L
score AUC (€ test
CACS >0 AU Age 0.20 0.75 (0.62-0.89) -
Age 0.16 0.80 (0.67-0.93) -
CACS > 100 AU Aldosterone 0.16 0.72 (0.56-0.88) 0.67
Age + aldosterone 0.14 0.83 (0.70-0.95) 0.81

CACS — coronary artery calcium score; AU — Agatston units; AUC — area under the curve; Cl — confidence interval;
H-L test — Hosmer-Lemeshow goodness-of-fit test (p-value). P-values for the comparison of the AUCs using method
by Delong et al. (1988): age vs. aldosterone — p=0.39; age vs. age + aldosterone — p=0.36; aldosterone vs. age +
aldosterone — p=0.16

affordable for low and middle income countries (Mancia et al., 2013; Zhao et al.,
2014). Therefore, a cheaper measure, such as serum aldosterone, to predict the
coronary artery calcium score is needed. Findings of this single-center study from
Ukraine indicate that aldosterone could predict CACS > 100 AU in patients with
CKD. However, aldosterone was not a better predictor than age alone.
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Figure 1 — Receiver operating characteristic curves for the prediction of CACS (coronary artery calcium score)
> 0 AU (Agatston units) (a) and CACS > 100 AU (b).

Coronary artery calcium score in the prediction of cardiovascular events

CACS implementation has clear benefits: it is a highly reproducible test, it is
non-invasive, fast and simple in performance and its added value to standard
cardiovascular risk prediction tools is the greatest among other proposed risk
factors (Mancia et al., 2013; Zhao et al., 2014). At the same time, the equipment
for CACS may not be available in low and middle income countries, and this
equipment requires qualified operators (Zhao et al., 2014). In low resource
settings, new diagnostic tools are concentrated in the clinics of big administrative
centers, rather than in small clinics (Vedanthan et al., 2014). Governments usually
cover only a limited number of investigations, while the fee for the access to a
new diagnostic tool may be too high for the majority of the patients (Vedanthan
et al., 2014; Zhao et al., 2014). The cost-effectiveness of CACS is a matter of
debate (Van Kempen et al., 2011; Mancia et al., 2013; Pletcher, 2016). In the 2013
European Society of Hypertension/European Society of Cardiology Guidelines for
the management of arterial hypertension, CACS received the lowest possible grade
for cost-effectiveness (Mancia et al., 2013), and there is concern whether it should
be recommended for asymptomatic women (Van Kempen et al., 2011; Pletcher,
2016). However, coronary artery calcium scoring in certain populations could
allow improvement of outcomes. In asymptomatic individuals, CACS > 100 AU
may be regarded as an indication for reclassifying of their cardiovascular risk into a
higher grade with the corresponding revision of treatment (Mach et al., 2020). For
symptomatic patients, a negative CACS indicates a low probability of obstructive
coronary artery disease (Knuuti et al., 2020). Finally, it may be suggested that the
interpretation of CACS results for CKD patients should be different from the
general population. CACS in CKD patients may be influenced by the calcification
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of the medial layer of coronary arteries and, therefore, reflect non-obstructive
atherosclerosis (Chen et al., 2017).

Aldosterone in the prediction of cardiovascular events

Aldosterone may be a promising and cheap alternative predictor of cardiovascular
events due to the presence of a likely causal relationship between aldosterone
and cardiovascular complications (Donderski et al., 2017). The majority of
patients with CKD do not die from CKD-related causes of death, but rather die
from cardiovascular complications (Thompson et al., 2015). High cardiovascular
mortality in CKD patients is related to the rapid development of atherosclerosis,
which pathogenesis in CKD is complex (Valdivielso et al., 2019). The development
of atherosclerosis in CKD may be influenced by additional (non-classical)
cardiovascular risk factors such as low-grade inflammation, mineral and bone
disorder and fluid overload (Valdivielso et al., 2019). Aldosterone can be regarded
as the factor that participates in all the mentioned pathways (Donderski et

al., 2017). However, its measurement may be suggested only in CKD, which

is usually accompanied by aldosterone excess or mineralocorticoid receptor
activation (Donderski et al., 2017). Unlike other proposed additional markers of
cardiovascular events (Osawa et al., 2016; Chen et al., 2018), aldosterone, may
be also a treatment target. The involvement of aldosterone in multiple pathways
of atherosclerosis progression and availability of aldosterone antagonists (Funder,
2017) provide a good reason for testing aldosterone in routine clinical practice for
patients with CKD.

So far it was unclear to what extent aldosterone can be used for cardiovascular
risk assessment in patients with CKD. The results of our study now show that
aldosterone could predict CACS > 100 AU, but could not predict CACS > 0 AU. In
our study the optimal cut-off point for aldosterone in prediction of CACS > 100 AU
(83 pg/ml) was found to be close to the threshold for diagnosing high aldosterone
in Ukrainian guidelines — 90 pg/ml (Mostovoy and Sidorov, 2016). However, the
sensitivity of this optimal cut-off point was 46%, which indicates that more than a
half of patients with aldosterone below 83 pg/ml would be falsely classified as having
CACS < 100 AU. Therefore, aldosterone measurement may not be recommended
in routine clinical practice for prediction of CACS > 100 AU and reassessment of
cardiovascular risk in the patients with CKD (Mach et al., 2020).

Moreover, according to results of our study, aldosterone was not a better
predictor of CACS than age. In our study age was a significant predictor of both
CACS > 100 AU and CACS > 0 AU. Both models for prediction of CACS by age
showed that the optimal cut-off point was 57 years. In our study, the optimal cut-off
point for age in the prediction of CACS > 100 AU had good sensitivity (86%) and
specificity (76%), which allow to consider it for usage in routine clinical practices. The
optimal cut-off points for age in our study were close to the age of 55 years, after
which changes in treatment may be considered for asymptomatic persons (according
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to the 2019 American College of Cardiology/American Heart Association Guideline
on the Primary Prevention of Cardiovascular Disease) (Arnett et al., 2019).

Several important remarks needed to be made. First, the population of patients
with CKD in Ukraine is much younger compared to other European countries
(Kramer et al., 2019). Second, although age is known to be a powerful cardiovascular
risk factor (D’Agostino et al., 2008; Piepoli et al., 2016), age alone may not be
sufficient for a good discrimination of patients’ risk. In the countries that use the
same variables for cardiovascular risk stratification (including age), mortality rates
differ dramatically (Timmis et al., 2018). Therefore, cardiovascular risk assessment
tools that are supposed to have a high predictive value in high income countries may
not be generalizable to low-income countries and vice versa. It was hypothesized
that aldosterone may improve the prognostic ability of age-based models for
cardiovascular risk stratification. However, our study shows that aldosterone neither
was better than age in the prediction of CACS, nor did it improve the prediction of
CACS by age in CKD patients in Ukraine.

Strengths and limitations

A main strength of this study is the availability of both data on CACS and
aldosterone in patients with CKD from an Eastern European country with high
cardiovascular mortality (Timmis et al., 2018) and early development of chronic
kidney disease (Kramer et al., 2019). This study also has several limitations. One

of the main limitations is the small sample size. Results of this study need to

be confirmed in a study with a larger sample and external validation is needed.
Simultaneous evaluation of serum renin was not performed, therefore differentiation
between primary and secondary causes of aldosterone level elevation was not
possible. In addition, data about serum aldosterone prior to the start of ACEi/ARB
therapy was missing. Therefore, it was impossible to determine whether aldosterone
elevation was related to the start of antihypertensive treatment (the aldosterone
“breakthrough” phenomenon). The study sample included patients with CKD, and
some of the patient had CKD related to systemic sclerosis (n=13). The pathogenesis
of organ damage in systemic sclerosis is unique (includes inflammation, excessive
fibrosis and vasculopathy) (Orlandi et al., 2018), which could influence the results of
the study. However, patients with systemic sclerosis in our study had a stable course
of the disease with controlled inflammation and did not receive methotrexate. Also,
there was no significant difference in the distribution of sex, age, eGFR, CACS

> 0 AU, and CACS > 100 AU between patients with and without systemic

sclerosis.

Conclusion

Findings of our study in a sample of CKD patients from a single center in Ukraine
suggest that aldosterone was a significant predictor of CACS > 100 AU, but
aldosterone was not a better predictor than age. Our findings need to be confirmed
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in a larger external sample. Results of this study may be useful for clinicians, who
could use age for the assessment of atherosclerosis progression in CKD patients,
when CACS is not available. Our study highlights the need for the development of
risk assessment tools tailored to local populations with CKD and to the economic
resources of healthcare systems.
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