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Background: The impact of baseline estimated glomerular filtration rate (€GFR) on the risk of adverse outcomes according to meta-
bolic parameter variabilities in chronic kidney disease has rarely been investigated.

Methods: We conducted a retrospective nationwide cohort study using the National Health Insurance System data in Korea from
2007 to 2013 to identify individuals with three or more health screenings. The metabolic components variability was defined as in-
traindividual variability between measurements using the variability independent of the mean. The metabolic variability score was
defined as the total number of high-variability metabolic components. Multivariable-adjusted Cox regression analysis was conducted
to evaluate the risks of all-cause mortality, myocardial infarction, and ischemic stroke.

Results: During a mean follow-up of 6.0 * 0.7 years, 223,531 deaths, 107,140 myocardial infarctions, and 116,182 ischemic
strokes were identified in 9,971,562 patients. Low eGFR categories and higher metabolic variability scores were associated with a
higher risk of adverse outcomes. The degree of association between metabolic variability and adverse outcomes was significantly
larger in those with low eGFR categories than in those with preserved eGFR (p for interaction < 0.001). Representatively, those with
high metabolic variability in the eGFR of <15 mL/min/1.73 m” group showed a prominently higher risk for all-cause mortality (adjust-
ed hazard ratio [aHR], 5.28; 95% confidence interval [Cl], 4.02-6.94) when the degree was compared to the findings in those with
preserved (€GFR of 260 mL/min/1.73 m?) kidney function (aHR, 2.55; 95% Cl, 2.41-2.69).

Conclusion: The degree of adverse association between metabolic variability and poor prognosis is accentuated in patients with im-
paired kidney function.
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Introduction

Chronic kidney disease (CKD) is a global health burden
with an increasing prevalence [1-4] and is associated with
an elevated risk of cardiovascular events, kidney failure,
and death [5-7]. Metabolic syndrome, a complex cluster of
disorders including hypertension, diabetes mellitus (DM),
dyslipidemia, and obesity, is an independent risk factor for
CKD [8-12]. Kidney function can be preserved by downsiz-
ing the metabolic burden through the control of its com-
ponents; therefore, the clinical significance of managing
various metabolic components has been emphasized [13].

Recently, growing evidence on the hazardous effects of
intraindividual variability of metabolic components has
been identified in the general population [14-17]. The as-
sociation between high metabolic variability and higher
risk of adverse outcomes has also been described in the
CKD population [18]. Furthermore, the variability and its
impact on cardiovascular outcomes may be more inten-
sified in patients with CKD than in those with preserved
kidney function [19]. Thus, additional investigations are
warranted to determine whether the degree of association
between cardiovascular risks and metabolic variability dif-
fers according to baseline kidney function, as kidney func-
tion impairment itself is associated with a higher burden of
metabolic disturbance.

In this study, we hypothesized that the degree of associ-
ation between high metabolic variability and high cardio-
vascular risk would be greater in individuals with a reduced
baseline estimated glomerular filtration rate (eGFR). We
constructed a large population-based cohort of approx-
imately 10,000,000 Koreans with at least three metabolic
component measurements to investigate the prognostic
significance of metabolic variability on all-cause mortality,
myocardial infarction (MI), and ischemic strokes according
to baseline eGFR ranges.

Methods
Ethics approval and consent to participate

The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and approved by the
Institutional Review Board (IRB) of Seoul National Uni-
versity Hospital (No. E-2111-037-1270). The Government
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approved the investigation using the Korea National Health
Insurance Service (NHIS) database (REQ202203651-001).
Since this was an observational study using an anonymous
and de-identified public database, informed consent was
waived by the IRB of Seoul National University Hospital.

Study setting

We conducted a retrospective observational cohort study
using nationwide health screening data from a public da-
tabase provided by the NHIS. In Korea, citizens who reside
in the country are eligible for National Health Insurance
(NHI). Approximately 52.8 million Koreans insured by NHI
pay insurance contributions and receive medical services,
including annual or biennial health screening from health-
care providers. The NHIS contains information on health
screenings, as well as sociodemographic status, death
registry, diagnosis, and claims information. Details of the
NHIS system and data collection have been previously de-
scribed [20]. In this study, the metabolic components and
eGFR values were identified from health screening data,
and follow-up information for death and cardiovascular
risk was collected from the claims database. By subdi-
viding the population by eGFR and metabolic variability,
we aimed to analyze the differences in the association
strengths between metabolic variability and cardiovascular
risks according to baseline eGFR.

Study population

We included adults (aged >20 years) who completed three
or more health screenings between 2007 and 2012/2013, as
in our previous study [21]. Baseline health screening during
the year 2012/2013 was determined as the cohort entry
date. Follow-up was started on the day after the entry date
until censored at the study outcome or death. Considering
the common intervals (annual or biennial) of repetitive
health screenings in the study population, the 5-year inclu-
sion period was used because at least three measurements
are necessary to calculate variability.

We excluded participants with preexisting MI or ischemic
strokes to minimize possible confounding and reverse
causality and studied incident outcomes. Patients who
received kidney replacement therapy, including hemodial-
ysis, peritoneal dialysis, or kidney transplantation, were ex-
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cluded from the analysis. Participants with more than one
missing data in exposures or covariates were also excluded.
In addition, we excluded those without follow-up informa-
tion (=1 year) for the study outcomes.

Participants were classified into four categories accord-
ing to the ranges of eGFR (<15, 15 to <30, 230 to <60, and
>60 mL/min/1.73 m*) on the basis of the 2012 KDIGO (Kid-
ney Disease: Improving Global Outcomes) CKD classifica-
tion [22] and further stratified into metabolic component
variability quartiles.

Assessment of metabolic component variability

The variability of metabolic components was defined
as intraindividual variability between measurements in
each health screening using variability independent of the
mean (VIM). Among variability indices, such as coefficient
of variation, standard deviation (SD), VIM, and average
real variability, VIM was used for the construction of the
variability scoring method due to its strength of being
less affected by measurement intervals and mean values
compared to the other variability indices [23,24]. VIM was
obtained by dividing SD by the mean to the power x (SD/
mean”), and power x is modeled as SD = a x mean” from
the linear regression analysis [17,25].

Following a previous study [17,21], the main metabolic
components, including body mass index (BMI), fasting
blood glucose (FBG), systolic blood pressure (BP), and total
cholesterol, were collected during each health screening.
The VIM values of the components were classified into four
quartiles (Q1-Q4). High variability was defined as the high-
est quartile (Q4) of variability, and low variability as the
lowest quartile (Q1). The concept of metabolic variability
score to represent the overall metabolic burden has been
introduced in previous studies [17,21]. The cumulative
metabolic variability score was defined as the total number
of high-variability (Q4) metabolic components, which or-
dinally ranged from 0 to 4. The participants were classified
into five categories according to their metabolic variability
score (0-4).

Data collection and definitions

We collected covariate data, comprising clinical, socioeco-
nomic, and demographic information. Clinical information

including height, weight, BMI, waist circumference, FBG,
systolic and diastolic BP, total cholesterol, high-density li-
poprotein (HDL), low-density lipoprotein (LDL), triglycer-
ide, and eGFR—using the Modification of Diet in Renal
Disease study equation [26]—was collected at each health
screening. Demographic information, including age, sex,
and low income (lower 20% percentile of the nation),
was collected. Additionally, health behaviors, including
smoking (nonsmoker, ex-smoker, current smoker), alco-
hol consumption (nondrinker, mild drinker, 0-30 g/day;
heavy drinker, 230 g/day), and regular physical exercise
(moderate-intensity physical activity of >5 days/week or
vigorous-intensity physical activity of >3 days/week), were
collected by questionnaires. Comorbidities were identified
according to the International Classification of Diseases,
10th Revision (ICD-10) and prescription codes. DM was
defined by ICD-10 codes E11 to E14 with relevant antidia-
betic medication prescriptions. Hypertension was defined
by ICD-10 codes I10 to 113 and 115 with relevant antihy-
pertensive medication prescriptions. Dyslipidemia was
defined as ICD-10 code E78 with a relevant lipid-lowering
medication prescription.

Study outcomes

The study outcomes included all-cause mortality, newly
diagnosed MI, and ischemic stroke and we analyzed the
three outcomes separately considering the competing
risks. Data on all-cause mortality events were collected
from Statistics Korea. MI was defined as ICD-10 codes 121
or 122 recorded during hospitalization [16,17,21], while
ischemic stroke was defined as ICD-10 codes 163 or 164 re-
corded during hospitalization, with claims for brain mag-
netic resonance imaging or brain computed tomography.
Individuals were followed-up on from the day after the
health screening visit of the index year until censored by
the first occurrence of the following conditions: death, MI,
and ischemic stroke (whichever occurred first).

Statistical analyses

Baseline characteristics were presented as mean + SD for
continuous variables or number (percentages) for categor-
ical variables.

The incidence rate of the outcomes was calculated by
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dividing the number of events by the total follow-up dura-
tion (person-years). The chronological trends of all-cause
mortality, newly diagnosed MI, and ischemic stroke were
presented with Kaplan-Meier survival curves and analyzed
using a log-rank test according to the number of high-vari-
ability metabolic parameter (Q4). The Cox regression
analyses, including metabolic variability components such
as exposures and adverse outcomes, were performed. We
performed an analysis with stratification of baseline eGFR
to estimate whether there were differences in the degree of
association between metabolic variability and adverse out-
comes according to eGFR levels. Two multivariable models
adjusted for covariates including age, sex, health behaviors,
comorbidities, and BMI were used. Interactions according
to baseline eGFR categories were evaluated with p-value
for interaction in the multivariable model to determine
whether the associations between metabolic variability
and adverse outcomes were significantly different accord-
ing to the eGFR categories.

Statistical analyses were performed using SAS version 9.4
(SAS Institute), and two-sided p-values of <0.05 were con-
sidered statistically significant. The p-value for trend for the
higher exposure grades was calculated. The p-value for in-
teraction of <0.05 was considered indicative of a significant
presence of an interaction.

Results
Study population

We identified 19,959,581 individuals who underwent
health screening during the index year (Fig. 1). There were
11,461,115 individuals who underwent three or more
health screenings, and among them, 11,460,669 individuals
were aged >20 years. We excluded patients with a medical
history of MI (n = 258,515) or ischemic stroke (n = 572,490).
Individuals with one or more missing data in exposures
or covariates were excluded (n = 616,079). After excluding
those whose follow-up information was unavailable, the
remaining 9,971,562 participants with or without CKD
were included in the study.

Baseline characteristics

The mean age of the study population was 49.7 + 13.4 and
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55.0% were male. The population according to baseline
eGFR category were as follows: 1) <15 mL/min/1.73 m” (n
=15,327,0.2%), 2) 15 to <30 mL/min/1.73 m* (n = 362,063,
3.6%), 3) =30 to <60 mL/min/1.73 m* (n = 5,051,054, 50.7%),
and 4) 260 mL/min/1.73 m” (n = 4,543,118, 45.6%).

The baseline characteristics of the study population strat-
ified by BMI variability are presented in Table 1. Individu-
als with high (Q4 VIM) BMI variability were more likely to
be female and have low income, whereas those with low (Q1
VIM) BMI variability were more likely to engage in regular
exercise. The prevalence of DM was highest in those with
high BMI variability, while the prevalence of hypertension
and dyslipidemia were highest in those with low BMI vari-
ability. Moreover, baseline eGFR was higher in those with
higher BMI variability. eGFR was higher in those with high-
er weight variability.

The study population was divided into two subgroups
according to the presence of CKD and further stratified

Individuals who received 23
national health screenings until
2012—-2013 in Korea
(n=11,461,115)

Individuals aged <20 years
(n = 446)

A

Individuals who were eligible
for measurement of metabolic
variability

(n = 11,460,669)

.................................

Individuals with 1 or more !
missing variables in exposures or |
covariates ‘

(n = 616,079) 5

E Individuals with previous history of :
Ml or stroke
(n =731,005) 5

.................................

E Individuals without follow-up
information
(n = 42,023) 5

\4

Individuals without prevalent
history of Ml or stroke
(n=9,971,562)

Figure 1. Study population.
MI, myocardial infarction.
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Table 1. Baseline characteristics according to BMI variability (VIM) in the total study population

Characteristic BMIVIM Q1 BMIVIM Q2 BMIVIM Q3 BMI VIM Q4
No. of patients 2,490,728 2,497,060 2,491,463 2,492,311
Age (yr) 51.06 £ 12.55 50.12 + 12.77 49.33+13.31 48.18 + 14.81
<40 474,064 (19.0) 551,837 (22.1) 646,381 (25.9) 838,650 (33.7)
40-64 1,640,798 (65.9) 1,592,409 (63.8) 1,491,197 (59.9) 1,251,828 (50.2)
265 375,866 (15.1) 352,814 (14.1) 353,885 (14.2) 401,833 (16.1)
Male sex 1,439,601 (57.8) 1,395,534 (55.9) 1,379,869 (55.4) 1,264,810 (50.8)
Height (cm) 164.30 £ 9.01 164.03 +9.15 164.14 +9.28 163.66 + 9.59
Income, lower 20% 316,291 (12.7) 326,123 (13.1) 329,434 (13.2) 336,077 (13.5)
Smoking
Nonsmoker 1,483,789 (59.6) 1,497,586 (60.0) 1,487,128 (59.7) 1,540,961 (61.8)
Ex-smoker 452,783 (18.2) 424,725 (17.0) 411,880 (16.5) 379,556 (15.2)
Current smoker 554,156 (22.3) 574,749 (23.0) 592,455 (23.8) 571,794 (22.9)
Drinking
Nondrinker 1,252,757 (50.3) 1,262,966 (50.6) 1,264,203 (50.7) 1,332,623 (53.5)
Mild drinker 1,055,608 (42.4) 1,058,347 (42.4) 1,051,702 (42.2) 993,861 (39.9)
Heavy drinker 182,363 (7.3) 175,747 (7.0) 175,558 (7.1) 165,827 (6.7)
Regular exercise 539,843 (21.7) 528,852 (21.2) 511,549 (20.5) 479,803 (19.3)
BMI (kg/m?) 23.90 + 3.00 23.68 + 3.07 23.75+3.14 23.88 £ 3.50
<18.5 71,756 (2.9) 77,081 (3.1) 75,754 (3.0) 96,159 (3.9)
218.5, <23 884,871 (35.5) 982,557 (39.4) 974,565 (39.1) 960,732 (38.6)
223, <25 658,718 (26.5) 643,044 (25.8) 635,242 (25.5) 583,920 (23.4)
225, <30 801,620 (32.2) 720,227 (28.8) 718,986 (28.9) 719,402 (28.9)
230 73,763 (3.0) 74,151 (3.0) 86,916 (3.5) 132,098 (5.3)
Waist circumference (cm) 80.95 + 8.88 80.24 + 8.90 80.33+8.94 80.46 + 9.46
Fasting glucose (mg/dL) 98.09 + 20.49 97.62 + 20.77 97.69 +21.81 97.83+24.42
Systolic BP (mmHg) 122.42 + 14.38 12197 +14.4 121.95 + 14.42 121.77 + 14.61
Diastolic BP (mmHg) 76.33+9.74 76.10 £9.75 76.06 +9.75 75.86 +9.82
Total cholesterol (mg/dL) 196.99 + 35.82 196.49 + 35.87 196.02 + 36.06 195.09 + 36.81
HDL (mg/dL) 54.67 £ 16.53 55.21 +16.89 55.36 £ 16.90 55.92 + 16.86
LDL (mg/dL) 116.28 + 33.63 115.74 + 33.74 115.24 + 33.76 114.17 + 33.94
eGFR (mL/min/1.73 m?) 90.35+41.35 90.91 £ 39.78 91.48 +40.23 92.77 + 40.96
>60 1,076,248 (43.2) 1,115,565 (44.7) 1,145,776 (46.0) 1,205,529 (48.4)
230, <60 1,318,624 (52.9) 1,291,250 (51.7) 1,255,125 (50.4) 1,186,055 (47.6)
215, <30 92,361 (3.7) 86,722 (3.5) 86,848 (3.5) 96,132 (3.8)
<15 3,495 (0.1) 3,523 (0.1) 3,714 (0.1) 4,595 (0.2)
Comorbidities
Diabetes mellitus 226,901 (9.1) 218,825 (8.8) 226,244 (9.1) 247,564 (9.9)
Hypertension 726,481 (29.2) 683,674 (27.4) 671,018 (26.9) 665,690 (26.7)
Dyslipidemia 567,268 (22.8) 543,584 (21.8) 533,505 (21.4) 522,641 (21.0)

Data are expressed as number only, mean + standard deviation, or number (%).

BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Q,

quartile; VIM, variability independent of the mean.

The p-values were <0.001 for all variables due to the large size of the study population.

according to BMI variability (Supplementary Table 1, avail-
able online). The mean age was the oldest among those

with CKD and high BMI variability. Unlike individuals
without CKD, the mean eGFR was the lowest in those with  During a mean follow-up of 6.0 + 0.7 years, there were
high BMI variability in CKD.

Prognosis according to baseline estimated glomerular fil-
tration rate and metabolic variability score

223,531 all-cause mortality (2.2%), 107,140 MI (1.1%), and
116,182 ischemic stroke events (1.2%). A higher cumulative

www.krcp-ksn.org 269


https://www.krcp-ksn.org/upload/media/j-krcp-23-135-Supplementary-Table-1.pdf

Kidney Res Clin Pract 2025;44(2):265-276

metabolic variability score was significantly associated
with a higher risk of all-cause mortality, MI, and ischemic
stroke in the regression analysis adjusted for covariates in
the study population (Supplementary Table 2, Supplemen-
tary Fig. 1; available online).

For the main analysis, we categorized the study popu-
lation by baseline eGFR and again assessed the associa-
tion between metabolic variability and the risk of adverse
outcomes (Table 2 and Fig. 2, 3; Supplementary Table 3,
available online). Overall, those with low eGFR categories
exhibited higher hazards for adverse outcomes. Further-
more, a higher metabolic variability score was significantly
associated with a higher risk of all-cause mortality, and the
degree of association was significantly larger in those with
low eGFR categories than in those with preserved eGFR (p
for interaction < 0.001). The results were similar when MI
or ischemic stroke outcomes were assessed, and those with
low eGFR categories exhibited a larger degree of associa-
tion between metabolic variability and the risk of adverse
outcomes. In addition, the interaction by eGFR categories
was identified to be significant when MI or ischemic stroke
outcomes were assessed (p for interaction < 0.001).

Prognosis according to baseline estimated glomerular fil-
tration rate and metabolic component variability

We assessed the association between baseline eGFR and
adverse outcomes, including all-cause mortality, MI, and
ischemic stroke, according to various metabolic compo-
nent variabilities. The stronger associations between high
metabolic component variability and higher risk for ad-
verse outcomes in those with reduced baseline eGFR were
consistent for each metabolic variability score component,
comprising BMI, systolic BP, TC, and FBG (Supplemen-
tary Table 4, available online). The association remained
similar in the multivariable model adjusted for various
factors, including age, sex, income, social behaviors, and
comorbidities. Moreover, the eGFR categories significantly
interacted with the association between metabolic compo-
nent variabilities and the risk of adverse outcomes, and the
degree of association was significantly greater in those with
lower eGFR categories.

In addition, high variability of other metabolic compo-
nents, such as body weight, waist circumference, diastolic
BP, LDL, HDL, and triglyceride, also showed a stronger

270 www.krcp-ksn.org

association with adverse cardiovascular outcomes in pa-
tients with reduced baseline eGFR (Supplementary Table 5,
available online).

Discussion

In this large-population cohort study, we found that the
significant associations between metabolic variability and
the risks of all-cause mortality, MI, and ischemic stroke
were even accentuated in those with low eGFR categories.
The results were consistently significant after adjusting for
various clinicodemographic and social factors, and each
metabolic component variability was assessed. In addition
to the expected higher risk of adverse outcomes in those
with low eGFR values, our study results suggest a syner-
gistic adverse effect from low eGFR and high metabolic
variability, which was greater in those with lower eGFR
categories. Therefore, this study suggests that clinicians
should pay attention to the clinical significance of meta-
bolic variability, particularly in those with kidney function
impairment.

In previous studies, metabolic variability has been an
independent risk factor for cardiovascular and mortality
outcomes. In these studies, visit-to-visit fasting glycemic
variability [27,28], BP fluctuation from ambulatory BP
monitoring [29], long-term total cholesterol variability [30],
and body weight and waist circumference variability were
independent risk factors for all-cause mortality and cardio-
vascular events [31,32]. Several mechanistic studies have
suggested possible factors that explain these associations.
For example, oxidative stress and production of inflamma-
tory cytokines due to glucose variability [33,34], fluctuation
of cholesterol plaque composite and structure caused by
cholesterol variability [35], and shear stress on the vascular
wall and cardiovascular system induced by BP fluctuation
result in endothelial damage and dysfunction, leading to
an increased risk of cardiovascular outcomes [36]. In the
repeated overshoot theory, vascular injury is explained
as the result of weight variability-induced fluctuations in
various cardiovascular and renal risk factors, including in-
traglomerular pressure, blood glucose, cholesterol, and BP
[37].

Several studies have suggested that patients with CKD
may be more vulnerable to metabolic component variabil-
ity. Impaired clearance of triglyceride-rich lipoproteins
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Figure 3. Hazard ratios according to the number of high-
variability (Q4) metabolic parameters, stratified by baseline
eGFR.

(A) For all-cause mortality, (B) myocardial infarction, and (C)
ischemic stroke.

eGFR, estimated glomerular filtration rate; ESKD, end-stage
kidney disease; Q, quartile.

and reduced HDL cholesterol production are commonly
observed in patients with reduced kidney function [38].
Additionally, altered insulin secretion, clearance, and sen-
sitivity caused by uremia, metabolic acidosis, and dialysis
in CKD contribute to glycemic variability [39]. In a pro-
spective cohort study, elevated visit-to-visit BP variability
was found to be more prevalent in patients with CKD [19].
Moreover, the effect of elevated metabolic variability in
patients with CKD may be particularly important given the
higher risk of adverse cardiovascular outcomes in this pop-
ulation [40]. However, whether the association between
metabolic variability and cardiovascular risk is intensified
in those with impaired kidney function, compared to those
with preserved eGFR, has rarely been investigated. Herein,
we demonstrated that the risks of cardiovascular outcomes
and mortality according to metabolic variability increased
further, corresponding to baseline eGFR. The strength
of our study is that 1) we examined a large-scale general
population cohort including >10 million individuals and
a large number of CKD patients; 2) major cardiovascular
and mortality outcomes were assessed by implementing a
nationwide claims database; and 3) we performed detailed
stratification by metabolic components and eGFR values,
directly measured in the general health screenings. Based
on our results, we suggest that the adverse linkage between
metabolic variability and risks of mortality or adverse car-
diovascular events may be strengthened in patients with
kidney function impairment.

In this study, we again confirmed that the risk of cardio-
vascular events and death in patients with high metabolic
component variability was higher than that in those with
low variability in this large-scale cohort. In addition, met-
abolic variability was generally higher in patients with a
lower GFR category, supporting the clinical importance of
metabolic variability in those with kidney function impair-
ment. We further identified that the interaction by eGFR
categories was significant for the association between met-
abolic variability and adverse outcome risk, and the degree
of association was greater in those with lower eGFR levels.
This finding suggests that individuals with kidney function
impairment are not only at higher risk of metabolic fluctua-
tion but also that the cardiovascular and mortality risks re-
lated to metabolic variability would be intensified by their
reduced eGFR values. Therefore, our study demonstrates
that the aim of intervention for metabolic components in
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patients with CKD should be focused on both lowering the
components to the target level and reducing the fluctua-
tion. Furthermore, greater attention should be paid to pa-
tients with advanced CKD, as the synergistic adverse effect
of lower eGFR and high metabolic variability was observed
in this population-scale evidence.

This study had several limitations. First, due to the ob-
servational nature of the study, the remaining confounding
effects and reverse causation between baseline eGFR and
metabolic component variability may be present. To mini-
mize reverse causality, we excluded subjects with a history
of MI or ischemic stroke. Second, the grading of kidney
function was limited to baseline eGFR. Although the sever-
ity of albuminuria should also be evaluated when assessing
kidney function, it was excluded because the NHIS data-
base does not include quantitative data on albuminuria.
Third, our study population was limited to Koreans; there-
fore, the generalizability of our findings may be limited.
Fourth, there may be heterogeneity in the measurement
modalities between medical centers. Finally, there is a po-
tential selection bias because not all eligible individuals re-
ceive regular health screenings and individuals with worse
health conditions are more likely to undergo medical ex-
aminations.

In summary, this large-population observational study
showed the intensified risks of all-cause mortality, MI, and
ischemic stroke according to the metabolic component
variability observed in patients with lower baseline eGFR.
Further studies are warranted to investigate the clinical
efficacy of reducing metabolic variability to ameliorate car-
diovascular risks, particularly in CKD patients.
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