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Abstract

Background To improve outcomes in patients with
chronic kidney disease (CKD), it is important to identify
prognostic factors for end-stage renal disease (ESRD) as
well as cardiovascular disease (CVD). This study assessed
urinary concentrations of albumin, N-acetyl-B-D-glu-
cosaminidase (NAG), and liver-type fatty acid-binding
protein (L-FABP), as predictors of ESRD and CVD.
Methods A prospective, observational, multicenter study,
comprising 244 Japanese outpatients with CKD who had a
follow-up period of at least 3 months. The primary end-
point was the first onset of a nonfatal or fatal CVD event
and progression to ESRD, defined as myocardial infarction,
stroke, or artery revascularization (coronary, carotid or
peripheral), and initiation of dialysis.
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Results  During a median follow-up of 3.8 years, the pri-
mary endpoint occurred in 39 (15.8 %) patients. Irrespective
of diabetes, high urinary L-FABP correlated with the devel-
opment of ESRD and CVD. The areas under the receiver-
operator characteristic curves (AUCs) for predicting the pri-
mary endpoint for urinary concentrations of L-FABP, albu-
min, and NAG were 0.825, 0.797, and 0.722, respectively.
Cox regression analyses, which were adjusted for factors
known to influence the primary endpoint, including patient
characteristics, and serum and urinary parameters, demon-
strated that the primary outcome was associated with high
urinary L-FABP and low eGFR [p = 0.049, hazard
ratio = 1.341 (95 % CI 1.005-1.790); and p < 0.000, hazard
ratio = 0.953 (95 % CI 0.930-0.976), respectively].
Conclusions Urinary L-FABP may be a useful prognostic
marker of progression to ESRD and the onset of CVD in
patients with CKD.

Keywords Urinary parameters - Liver-type fatty acid-
binding protein (L-FABP) - Chronic kidney disease
(CKD) - End-stage renal disease (ESRD) - Cardiovascular
disease (CVD)

Introduction

Cardiovascular disease (CVD) is one of the primary causes
of morbidity and mortality in patients with chronic kidney
disease (CKD) [1]. To improve clinical outcomes, it is
necessary to identify patients with CKD who are not only
at a higher risk of progression to end-stage renal disease
(ESRD), but also the onset of CVD, with the aim of ini-
tiating evidence-based therapy at an early stage.
Liver-type fatty acid-binding protein (L-FABP) is
expressed in the proximal tubules [2], and it is an effective
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endogenous antioxidant during oxidative stress generated
in pathophysiologic conditions [3]. Previous studies in
kidney transplant recipients demonstrated that an increase
in urinary L-FABP concentrations occurred concomitantly
with a decrease in peritubular capillary blood flow [4]. This
effect was attributed to the presence of a hypoxia respon-
sive element in the promoter region of the L-FABP gene.
Thus, urinary L-FABP may be a surrogate marker of
microvascular injury and chronic hypoxia [4, 5]. Other
reports indicate that urinary L-FABP is a promising bio-
marker for the diagnosis of various kidney diseases,
including acute kidney injury (AKI) [6-9], diabetic
nephropathy [3, 10, 11], and CKD [12-14]. Moreover, a
recent study suggested that urinary L-FABP concentrations
are related to the onset of CVD in patients with type 2
diabetes mellitus (T2DM) [10]. However, few studies have
evaluated the relationship between urinary L-FABP in
patients with CKD, and the risk of progression to ESRD or
CVD onset.

To obtain high-quality data, measurement of clinical
research parameters should be performed in a laboratory
that is certified by the College of American Pathologists
(CAP), an authoritative external organization that verifies
accuracy, and the Japan Accreditation Board for Confor-
mity Assessment (ISO15189). The aim of the present study
was to evaluate the potential use of urinary clinical
parameters, which were measured in a laboratory certified
by the CAP and ISOI15189 international standards, as
biomarkers for progression to ESRD and the incidence of
CVD in patients with various types of CKD, including
diabetic nephropathy, nephrosclerosis, and
glomerulonephritis.

Materials and methods
Study design and patient selection

This was a prospective, observational study, conducted
between November 2007 and December 2012. CKD was
defined according to guidelines established by Japanese
Society of Nephrology [15].

Adult patients with CKD who presented at the outpatient
clinic of the Department of Nephrology and Hypertension,
Internal Medicine, St. Marianna University School of
Medicine Hospital (Kawasaki, Japan) were eligible for
enrollment. Inclusion criteria were as follows: (1) a diag-
nosis of CKD; (2) no history of liver disease, cancer,
infectious disease, collagen disease or dialysis; (3) able to
perform ambulatory blood pressure monitoring (ABPM);
and (4) follow-up period of at least 3 months after enroll-
ment. Patients with a cardiovascular (CV) event during the
previous year were excluded. These eligibility criteria were
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met by a total of 244 patients, and their data were analyzed.
The primary endpoint was progression to renal failure and
the onset of nonfatal or fatal CV events, defined as
myocardial infarction, stroke, revascularization of the
coronary, carotid or peripheral artery, and initiation of
dialysis. Written informed consent was obtained from all
patients. The IRB/Ethics Committees provided approval
for this study (IRB approval number: 1156).

Data collection

Hemoglobin in blood, and serum creatinine (Cr), total
cholesterol, albumin, and LDL-cholesterol were routinely
measured in blood samples collected immediately at the
clinical laboratory, and these values were included in the
analysis. The glomerular filtration rate (GFR) was esti-
mated using the formula proposed by the Japanese Society
of Nephrology, as follows:

eGFR (mL/min/1.73 mz) = 194 x serum Cr %% x
age "% x 0.739 (if female) [16].

Spot urine samples were collected and preserved at
—80 °C until the time of analyses. The samples were used
to determine urinary concentrations of Cr, L-FABP, albu-
min, and N-acetyl-B-D-glucosaminidase (NAG), which are
approved as clinical markers of tubular damage by the
Ministry of Health, Labor and Welfare in Japan. Urinary
parameters were measured by SRL Co. Research Service
(Tokyo, Japan), which is certified by the CAP and
ISO15189 standards. Urinary L-FABP was quantified by
ELISA. Urinary L-FABP and urinary albumin were
expressed as the ratio of the urinary parameter to the uri-
nary Cr concentration. Because urinary NAG was routinely
evaluated as the tubular impairment marker at a unit of U/L
in the clinical setting, urinary NAG were also expressed in
U/L in this study.

Statistical analysis

Results are expressed as median (25-75 % interquartile
range (IQR) or mean [£standard deviation (SD)] values.
p values <0.05 were considered to denote a statistically
significant difference. To evaluate the relationship between
urinary parameters at baseline and the primary endpoint,
patients were divided into two groups, based on the
occurrence of the primary endpoint. Between-group com-
parisons were made using the Mann—Whitney U test for
unpaired data. Patients were then divided into two groups
according to urinary parameters being above or below the
upper limit of the reference value (upper limits defined as
the normal upper limit, 8.4 pg/gCr for L-FABP, 30 mg/gCr
for albumin, and 4.2 U/L for NAG), and event-free rate
curves were generated for the primary endpoint in each
group using the Kaplan—-Meier method, and compared with
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the log-rank test. To determine the area under the receiver-
operator characteristic curve (AUC) for baseline urinary
concentrations of L-FABP, albumin and NAG as predictors
of the primary outcome, receiver-operator characteristic
(ROC) curves for clinical parameters were plotted against
the occurrence of the primary endpoint. Cox regression
analyses were performed to identify independent predictors
of the primary endpoint, with adjustment for factors that
influence progression to the primary endpoint, including
age, ABPM-systolic blood pressure (SBP) and -diastolic
blood pressure (DBP), body mass index (BMI), hemoglo-
bin, serum LDL-cholesterol and albumin, presence of
diabetes, the presence of prior CVD, estimated GFR, and
urinary parameters. Because data on urinary parameters
were not normally distributed, theses continuous values
were converted into a logarithm for construction of ROC
curves and Cox regression analysis. Statistical analyses
were performed using SPSS software, version 21 (IBM,
Armonk, NY, USA) and Stata MP 13.1 software (StatCorp
LP, College Station, TX).

Results
Baseline characteristics

Among the 244 patients, the median follow-up period
was 45.9 months (IQR 36.2-53.5 months). The primary
outcome occurred in 39 patients (15.8 %), including 20
patients who presented with chronic hemodialysis, 13
with myocardial infarction, 4 with stroke, and 1 each
with cerebral hemorrhage and peripheral artery revascu-
larization, respectively. Baseline characteristics for the
total patient population, and those with and without
primary outcome events are shown in Table 1. Analyses
based on age, gender, ABPM-SBP and -DBP, dyslipi-
demia, diabetes, and cigarette smoking revealed no sig-
nificant differences in the occurrence of progression to
ESRD or CVD onset. In contrast, significant associations
with the primary outcome were observed for high serum
Cr concentrations, low eGFR, and more severe stages of
CKD. Urinary concentrations of L-FABP, albumin and
NAG were significantly higher in patients with an event
than in those without an event. The frequencies of a
history of CVD, and the use of insulin, lipid-lowering
and renin-angiotensin-aldosterone system (RAS) blockade
treatments were significantly higher in patients with an
event than in those without. On the contrary, serum
LDL-cholesterol and albumin, hemoglobin, and BMI
were significantly lower in patients with an event than in
those without.

Survival curve of primary endpoint

As depicted in Fig. 1, the cumulative event-free survival for
the primary outcome in patients with urinary concentrations
of L-FABP, albumin and NAG above the upper limit ref-
erence value was significantly lower than that in the group
with concentrations below the upper limit reference value.
With regard to urinary L-FABP, patients were divided into
two groups according to the presence of diabetes. Irrespec-
tive of diabetes (Fig. 2a, b), the cumulative event-free sur-
vival rate for the primary outcome in patients with elevated
urinary L-FABP was significantly lower than for those with
concentrations below the upper limit reference value.

ROC analysis of urinary parameters for predicting
the primary endpoint

The AUCs for predicting the primary endpoint using log-
arithmic-transformed baseline values for L-FABP (log
urinary L-FABP), albumin (log urinary albumin) and NAG
(log urinary NAG) were 0.825, 0.797 and 0.722, respec-
tively. The parameter with the largest AUC was urinary
L-FABP (Fig. 3). The AUC for the primary endpoint for all
three urinary parameters was 0.840, which was signifi-
cantly different from that for NAG (p = 0.001), but not
L-FABP (p = 0.606) or albumin (p = 0.165). The cut-off
values (sensitivity, specificity) of the primary endpoint for
urinary L-FABP, urinary albumin, and urinary NAG, which
were determined from the logarithmic-transformed data,
were 9.9 ng/gCr (0.80, 0.78), 132.0 mg/gCr (0.74, 0.74),
and 4.6 U/L (0.64, 0.63), respectively. Urinary L-FABP
concentration had the highest sensitivity of the three uri-
nary parameters.

Furthermore, patients were divided into the two groups
according to the presence of diabetes, and ROC curves
were constructed for predicting the primary event accord-
ing to log urinary concentrations of L-FABP, albumin, and
NAG (Fig. 4a, b). Among patients with diabetes (n = 58),
14 (24.1 %) experienced a primary endpoint outcome.
AUC:s for predicting the primary outcome for log values of
urinary L-FABP, albumin and NAG were 0.783, 0.735 and
0.649, respectively. The AUC for predicting the primary
endpoint for all three urinary parameters was 0.825, which
was significantly different from that for NAG (p = 0.021),
but not L-FABP (p = 0.510) or albumin (p = 0.069). Cut-
off values (sensitivity, specificity) for predicting the pri-
mary outcome for urinary L-FABP, urinary albumin and
urinary NAG, which were determined from the logarith-
mic-transformed data, were 28.7 pg/gCr (0.71, 0.77),
423.0 mg/gCr (0.71, 0.77), and 6.5 U/L (0.57, 0.64),
respectively. On the contrary, among patients without
diabetes (n = 186), 25 (13.4 %) had a primary outcome
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Table 1 Clinical characteristics of patients

All patients Without events With events P value

Patients, n (%) 244 205 (84.0) 39 (16.0)
Median age (IQR) (years) 64.2 (19-86) 66.0 (56.5-73.0) 71.0 (60.0-77.0) 0.06
Sex (male/female) 146/98 118/87 28/11 0.097
Median follow-up (IQR) (months) 45.9 (36.2-35.3) 48.2 (40.1-55.4) 26.5 (13.3-31.2)* <0.01
Serum Cr (mg/dl) (median, IQR) 0.98 (0.72-1.43) 0.91 (0.69-1.23) 2.82 (1.36-3.82)* <0.01
eGFR (ml/min/1.73 m?) (median, IQR) 56.3 (35.7-71.5) 62.3 (45.3-72.8) 16.3 (11.8-38.9)* <0.01
Urinary L-FABP (pg/gCr) (median, IQR) 5.34 (1.23-14.8) 4.4 (0.39-9.26) 33.7 (10.3-97.7)* <0.01
Urinary Alb (mg/gCr) (median, IQR) 36.5 (7.68-353.8) 21.7 (7.1-141.0) 466.0 (115.0-1440.0)* <0.01
Urinary NAG (U/L) (median, IQR) 3.85 (2.03-7.08) 3.3 (1.8-6.2) 7.4 (3.7-12.0)* <0.01
Total cholesterol (mg/dl) (median, IQR) 181.0 (160.0-203.0) 185.0 (162.0-205.5) 165.0 (146.0-180.0)* <0.01
LDL cholesterol (mg/dl) (median, IQR) 106.1 (88.3-123.3) 107.2 (89.8-124.1) 95.8 (82.8-110.0)* 0.027
BMI (kg/m2) (median, IQR) 23.5 (21.5-26.5) 23.6 (21.7-26.7) 22.7 (20.3-24.1)* <0.01
ABPM-SBP (mmHg) (median, IQR) 131.0 (121.8-144.0) 131.0 (122.0-142.0) 140.0 (120.0-150.0) 0.07
ABPM-DBP (mmHg) (median, IQR) 79.0 (72.0-85.0) 79.0 (72.0-84.0) 80.0 (70.0-85.0) 0.86
Diabetes, n (%) 58 (23.8) 44 (21.5) 14 (35.9) 0.052
Dyslipidemia, n (%) 164 (67.2) 135 (65.9) 29 (74.4) 0.3
Prior CVD, n (%) 49 (20.1) 33 (16.1) 16 (41.0)* <0.01
Cigarette smoking, n (%) 134 (54.9) 111 (54.1) 23 (59.0) 0.58
Concomitant medication

Insulin, n (%) 13 (5.3) 8 (3.9) 5 (12.8)* 0.017

Lipid-lowering treatment, n (%) 47 (19.3) 32 (15.6) 15 (38.5)* <0.01

RAS blockade treatment, n (%) 166 (68.0) 133 (64.9) 33 (84.6)* 0.015
CKD stage

1 12 11 1

2 98 97 1

3 79 29 10

4 34 24 10

5 21 4 17

Data are expressed as median values (25-75 % interquartile range) and the number of patients.

IQR interquartile range, SCr serum creatinine, eGFR estimated glomerular filtration rate, L-FABP liver-type fatty acid-binding protein, Alb
albumin, NAG N-acetyl-B-D-glucosaminidase, LDL low-density lipoproteins, BMI body mass index, ABPM ambulatory blood pressure moni-
toring, SBP systolic blood pressure, DBP diastolic blood pressure, CVD cardiovascular disease, RAS renin-angiotensin-aldosterone system

* p < 0.05 versus patients without events

event. AUCs for predicting the primary outcome using log
values for urinary L-FABP, albumin and NAG were 0.833,
0.823 and 0.725, respectively. The AUC for predicting the
primary endpoint for all three urinary parameters was
0.839, which was significantly different from that for NAG
(»p = 0.012), but not L-FABP (p = 0.850) or albumin
(p = 0.643). Cut-off values (sensitivity, specificity) for
predicting the primary endpoint for urinary L-FABP, uri-
nary albumin and urinary NAG, which were determined
from the logarithmic-transformed data, were 9.3 pg/gCr
(0.80 0.82), 105 mg/gCr (0.80, 0.77) and 4.1 U/L (0.64,
0.63), respectively. Although the cut-off values (sensitivity,
specificity) for predicting the primary endpoint were dif-
ferent between patients with and without diabetes, urinary
L-FABP had the largest AUC, and the highest level of both
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sensitivity and specificity in both groups. This suggests that
it may be sufficient to measure only urinary L-FABP
among the three urinary parameters to detect patients at a
high risk of ESRD or CVD.

Cox regression analysis for the primary endpoint

Using Cox regression analysis, the onset of ESRD and
CVD was directly associated with log urinary L-FABP at
baseline, prior CVD event, inversely related to baseline
eGFR and age [p = 0.040, hazard ratio = 1.371 (95 % CI
1.014-1.854); p = 0.032, hazard ratio = 2.790 (95 % CI
1.092-7.127); p = 0.018, hazard ratio = 0.967 (95 % CI
0.941-0.994); and p = 0.014, hazard ratio = 0.957 (95 %
CI 0.924-0.991), respectively. Table 2). In addition, serum
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Fig. 1 Kaplan—Meier curves for event-free survival of three urinary
biomarkers. Patients were divided into two groups based on urinary
parameters above or below upper limit of reference value (the upper
limit reference value of urinary L-FABP (a) 8.4 pg/gCr; urinary
albumin (b), 30 mg/gCr; urinary NAG (c), 4.2 U/L). Above upper
limit of reference value for urinary parameters, solid line (high
group); below upper limit of reference value of urinary parameters,
broken line (low group). Differences between the high and low group
were compared by a log-rank test

albumin, hemoglobin, log urinary concentrations of albu-
min and NAG, and the presence of diabetes at baseline,
were associated with ESRD and CVD. However, after

adjustment for known risk factors, including log urinary
L-FABP and eGFR, there were no associations between
these variables and the primary endpoint.

Discussion

The present study evaluated the clinical significance of
urinary parameters, which were measured according to
international standards, as prognostic indicators of the
development of ESRD and CVD in patients with CKD.
Because the follow-up period was relatively short, and the
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primary endpoint was hard, patients with advanced stages 3
of CKD, macroalbuminuria, and elevated urinary concen-
trations of L-FABP and NAG, progressed to the primary

endpoint, as expected. In this population, among the three
urinary parameters measured, urinary L-FABP had the
largest AUC for predicting the onset of the primary end-
point. Multivariate regression analysis demonstrated that
elevated urinary L-FABP and low eGFR were associated
with the development of ESRD and CVD, irrespective of
diabetes. This indicated that urinary L-FABP may be a
prognostic marker for progression to ESRD and onset of
CVD in patients with CKD.

Progression of CKD in adults is accelerated by comor-
bidities, for example hypertension [17-19], hyperlipidemia
[20], and hyperglycemia [20, 21], as well as aging [22, 23].
These disorders either cause glomerular injury that leads to
tubulointerstitial damage, or directly provoke tubulointer-
stitial damage because of hemodynamic dysfunction.
Tubulointerstitial damage is widely known to be the final
common pathway in ESRD, and it is strongly related to
renal prognosis [24, 25]. Therefore, tubular markers are
possible indicators of the severity of CKD. Urinary
L-FABP correlated with structural tubulointerstitial dam-
age in renal biopsy specimens [26]. In experiments using
L-FABP transgenic mice, urinary L-FABP levels were
altered by aggravation and amelioration of tubulointersti-
tial damage, reflecting the degree of tubulointerstitial
degeneration [5, 27]. Recent studies reported that elevated
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Fig. 4 Receiver-operator characteristics curve for predicting the
progression to ESRD and the onset of CVD in urinary parameters
of the subgroups divided according to the presence of diabetes.
Receiver-operator characteristics curve in patients with diabetes a and
without diabetes, b black circles and solid lines indicate log urinary
L-FABP, white circles and broken line indicate log urinary albumin,
and white triangles and dotted lines indicate log urinary NAG

urinary L-FABP concentrations were associated with a
reduction in hemoglobin levels, resulting in the develop-
ment of renal microcirculation dysfunction [28]. These
findings suggest that the high sensitivity of urinary
L-FABP as a marker of structural changes in tubular cells
may contribute to its accuracy in predicting progression to
ESRD.

In accordance with the scientific statement from the
American Heart Association, ‘‘Kidney Disease as a Risk
Factor for the Development of Cardiovascular Disease
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Table 2 Cox regression

analysis using the onset of Variable gnadjusteq (univariate) Adjusted (multivaﬁate)
ESRD and CVD azard ratio Hazard ratio

95 % CI 95 % CI
p value p value

Age 1.023 0.974
0.996-1.051 0.943-1.006
0.098 0.115

ABPM-SBP 1.024 1.013
1.005-1.044 0.990-1.037
0.012 0.278

BMI 0.888 0.906
0.807-0.977 0.813-1.010
0.015 0.075

Serum LDL-cholesterol 0.987 0.991
0.975-0.999 0.979-1.004
0.038 0.185

eGFR 0.937 0.953
0.919-0.954 0.930-0.976
0.000 0.000

Log urinary L-FABP 2.049 1.337
1.662-2.526 1.002-1.784
0.000 0.049

Log urinary albumin 1.727 1.027
1.443-2.067 0.785-1.343
0.000 0.846

Log urinary NAG 2.323 1.459
1.607-3.359 0.825-2.579
0.000 0.194

Presence of diabetes 2.057 1.365
1.067-3.963 0.648-2.876
0.031 0.413

Unadjusted and after adjustment for: age, ABPM-SBP, BMI, serum LDL-cholesterol, eGFR, log urinary
L-FABP, log albumin and log NAG at baseline. Bold values indicate statistical significance (p < 0.05)

CI confidence interval, ABPM-SBP ambulatory blood pressure monitoring-systolic blood pressure, BMI
body mass index, LDL low-density lipoprotein, eGFR estimated glomerular filtration rate, L-FABP liver-
type fatty acid-binding protein, NAG N-acetyl-B-D-glucosaminidase

[28],”” measurement of urinary parameters may have great
value in the prediction of CVD onset as well as renal
prognosis. Araki et al. reported that an increase in urinary
L-FABP concentration was a risk factor for renal and CV
complications in T2DM patients with normoalbuminuria
(n = 422) and microalbuminuria (n = 196) in long-term
observational studies of 12 years [10, 11]. This result
coincides with that of the present study in patients with
CKD. A recent cross-sectional study in patients with
T2DM demonstrated that the frequency of electrocardio-
graphic abnormalities was significantly higher among those
with high urinary L-FABP levels (>8.4 pg/g creatinine;
28.3 %) compared with low urinary L-FABP (<8.4 pg/g
creatinine; 9.2 %); however, urinary albumin levels and

eGFR levels were similar between the two groups [29].
Urinary L-FABP may reflect the degree of systemic
microcirculation injury, and be a predictive marker for the
onset of CVD, as well as the development of ESRD.
Proteinuria and albuminuria increased the risk of CVD
[30], and even mild albuminuria (~ 10 mg/day) was an
independent predictor of CVD in the general population
[31]. It is well established that patients with diabetes have
an increased risk of both CVD and CKD compared with
non-diabetic individuals. A Canadian epidemiological
study with a four-year follow-up period indicated that the
rate of myocardial infarction, and all-cause mortality after
myocardial infarction was higher in patients with both
diabetes and CKD than in those with CKD alone [32]. In
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the present study, although urinary albumin levels and the
proportion of patients with T2DM was higher among
patients who experienced a primary outcome event, these
variables were not associated with an increased risk of
ESRD and CVD after adjustment for factors known to
cause progression to the primary endpoint, including
patient characteristics, and serum and urinary parameters.
Furthermore, although age tended to be higher in the
patients with event than in those without it, younger age
was an independent risk factor in the multivariate analysis.
In the multivariate analysis, several good predictors (uri-
nary albumin, urinary L-FABP, presence of DM, eGFR and
age) were correlated with each other. Therefore, such a
conflicted finding may be observed in regression output.

This study has some limitations, in particular, mea-
surement of urinary parameters was only performed at
baseline, the treatment protocol for patients was not uni-
fied, and the cause of CKD was varied. Urinary parameters
in preclinical stage, which was measured only in laboratory
research and was not used in a clinical diagnosis, were not
evaluated because the measurement kits have not yet been
approved for urinary parameters by the Ministry of Health,
Labor and Welfare in Japan. The follow-up period was also
relatively short, and the occurrence of the primary endpoint
in patients without advanced renal dysfunction was rare.
Therefore, low eGFR was a strong independent risk factor
for predicting ESRD and CVD, and the benefit of mea-
suring urinary L-FABP, in addition to eGFR, was not
demonstrated.

In conclusion, elevated urinary L-FABP concentrations
were found to be associated with progression to ESRD and
the incidence of CVD in the patients with CKD. Mea-
surement of urinary FABP may be useful for the detection
of patients at greater risk of progression to ESRD and the
onset of CVD. To confirm the possibility of urinary
L-FABP as a more sensitive marker of ESRD and CVD
than eGFR, long-term follow-up studies are necessary in

CKD patients without moderate or severe renal
dysfunction.
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