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ABSTRACT
Background The association between variabilities in body mass index (BMI) or metabolic parameters and
prognosis of patients with CKD has rarely been studied.

Methods In this retrospective observational study on the basis of South Korea's national health screening
database, we identified individuals who received >3 health screenings, including those with persistent pre-
dialysis CKD (eGFR <60 ml/min per 1.73 m? or dipstick alouminuria >1). The study exposure was variability
in BMI or metabolic parameters until baseline assessment, calculated as the variation independent of the
mean and stratified into quartiles (with Q4 the highest quartile and Q1 the lowest). We used Cox regression
adjusted for various clinical characteristics to analyze risks of all-cause mortality and incident myocardial
infarction, stroke, and KRT.

Results The study included 84,636 patients with predialysis CKD. Comparing Q4 versus Q1, higher BMI
variability was significantly associated with higher risks of all-cause mortality (hazard ratio [HR], 1.66; 95%
confidence interval [95% Cl], 1.53 to 1.81), P [for trend] <0.001), KRT (HR, 1.20; 95% ClI, 1.09 to 1.33;
P<0.001), myocardial infarction (HR, 1.19; 95% CI, 1.05 to 1.36, P=0.003), and stroke (HR, 1.19; 95%
Cl, 1.07 to 1.33, P=0.01). The results were similar in the subgroups divided according to positive or neg-
ative trends in BMI during the exposure assessment period. Variabilities in certain metabolic syndrome
components (e.g., fasting blood glucose) also were significantly associated with prognosis of patients
with predialysis CKD. Those with a higher number of metabolic syndrome components with high variabil-
ity had a worse prognosis.

Conclusions Higher variabilities in BMI and certain metabolic syndrome components are significantly asso-
ciated with a worse prognosis in patients with predialysis CKD.
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CKD is a major morbidity that is associated with a
substantial socioeconomic burden.' Patients with
CKD suffer from high risks of cardiovascular dis-
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ease and mortality. The prevalence of CKD is pro-
jected to increase, due to the global trend of aging
populations and increasing rates of obesity.
Because the development and prognosis of CKD
is largely associated with hypertension and diabetes,”
body mass index (BMI), which is closely related to
these two metabolic disorders, has been considered
an important clinical factor with prognostic
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significance in the CKD population. Because BMI and metabolic
syndrome status change dynamically in the general population,
recent population-scale evidence has shown the variability in
BMI and metabolic syndrome components has distinct prog-
nostic significance for various adverse outcomes, including kid-
ney function impairment.>* Higher BMI variability, or weight
cycling, has been reported to increase fat components or reflect
metabolic instability and has further been associated with higher
risks of cardiovascular diseases and mortality.” However, there
have been few large-scale studies including patients with CKD
that have investigated the prognostic significance of BMI or met-
abolic parameter variability in the context of important health
outcomes. Such evidence would encourage health care providers
to pay attention to recent trends in BMI and metabolic status,
which could help clinicians appropriately interpret important
clinical parameters in the growing CKD population. In particu-
lar, because higher baseline BMI is associated with a better prog-
nosis in patients with CKD (i.e., “the obesity paradox”),® which
conflicts with the idea that a higher BMI increases the risk of
adverse outcomes in the general population,” additional investi-
gation of the prognostic significance of another BMI parameter,
BMI variability, is warranted.

In this study, we aimed to investigate the association
between BMI and metabolic syndrome component variability
and risks of adverse outcomes in patients with predialysis
CKD in a nationwide health screening database linked to
claims information in South Korea. We studied the risks of
all-cause mortality, myocardial infarction, stroke, and
progression to the state requiring maintenance KRT, with
consideration of the trends in BMI. We further extended
our assessment to the variability of various metabolic syn-
drome components, which also reflect fluctuations in meta-
bolic status. We hypothesized that a higher BMI or metabolic
parameter variability would be associated with higher risks of
adverse outcomes in patients with CKD, independent of base-
line metabolic parameters.

METHODS

Ethics Considerations

The study was performed in accordance with the principles of
the Declaration of Helsinki and was approved by the institu-
tional review board of Seoul National University Hospital
(E-2001-112-1096). The investigation of the Korea National
Health Insurance Service (NHIS) database was approved by
the relevant government organization (REQ000034394). The
need to obtain informed consent was waived by the above
organizations, because the study was observational and inves-
tigated anonymous public databases.

Study Setting
This study was a retrospective observational cohort study. The
study data comprised nationwide health screening data from
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Significance statement

The prognostic significance of variabilities in body mass index
(BMI) or metabolic parameters in patients with CKD is uncertain.
In this observational cohort study of 84,636 patients with predial-
ysis CKD in South Korea, the authors analyzed the association
between variability of BMI or various metabolic parameters and
risks of all-cause mortality and incident myocardial infarction,
stroke, and requirement for KRT. They found that elevated vari-
ability in BMI or certain metabolic parameters was associated
with higher risks of adverse outcomes, independent of baseline
metabolic status. These findings may encourage clinicians in the
nephrology field to carefully assess not only baseline BMI or met-
abolic status in patients with CKD, but also the fluctuating status
of metabolic parameters, due to their potential prognostic signif-
icance in such patients.

the Korea NHIS, which have been previously described.®” In
South Korea, a free-of-charge nationwide health screening
program is provided to the general adult population that
includes clinicodemographic assessments, lifestyle evalua-
tions, and laboratory tests.” Health screening is provided
annually or biennially, and the quality of health screening cen-
ters is monitored and controlled by the NHIS. The data are
also linked to the nationwide claims database, which includes
information on all insured medical services nationwide.
Because national health insurance is provided to all Korean
citizens and essential medical services are generally insured,
the database has been utilized for many population-scale stud-
ies investigating outcomes, including cardiocerebrovascular
diseases, ESKD, and mortality.>'%"'?

In this study, BMI variability was identified on the basis of
the BMI calculated at every health screening visit. The health
screenings also involve laboratory tests and waist circumference
measurements to assess major metabolic syndrome compo-
nents. Predialysis CKD was identifiable on the basis of serum
creatinine levels and dipstick albuminuria, which were mea-
sured at every health screening visit with =1-year intervals,
and insurance codes specified ESKD events. The study out-
comes and medical histories were collected from the claims
database. A graphical description of the time windows for deter-
mining the study population, collecting the covariate data, and
identifying the outcomes is presented in Figure 1.

Study Population

The study identified individuals who had undergone baseline
health screenings from 2013 to 2014. As multiple health
screenings are needed to calculate BMI or metabolic parame-
ter variability, the study included individuals who had =3
health screenings before the baseline visit. After excluding
those with missing information for the collected variables,
those who had persistent predialysis CKD (eGFR <60 ml/
min per 1.73 m” or dipstick albuminuria =14) in the baseline
assessment period were retained in the study population, with
the exclusion of patients with ESKD with an eGFR <15 ml/
min per 1.73 m”. Because we aimed to investigate the risks
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Cohort entry date
(Baseline health screening during 2013-2014)

Exposure assessment window for BMI or metabolic parameters
(= 3 health screenings from 2009 to the baseline health screening)
[2009 to day 0]

Inclusion assessment window 1
(successive eGFR < 60 or albuminuria without missing information)
[2009 to day 0]

Inclusion assessment window 2
(absence of prior history of ESKD, myocardial infarction, stroke)
[2009 to day 0]

Covariate assessment window 1
(baseline age, sex, sociodemographics, health screenings including lab
examination and other metabolic parameters)
[Day 0]

Covariate assessment window 2
(Variability in eGFR during the exposure assessment period)
[2009 to day 0]

e ————

[day 0]

Follow-up window

(Mortality, kidney replacement therapy, myocardial infarction, stroke)
[Day 1, censor at data availability or death]

Time

Figure 1. Graphical depiction of the time windows used to determine the studied variables. S indicates the national health screenings

that were mostly performed at annual or biennial intervals.

of incident events of myocardial infarction, stroke, and main-
tenance KRT, those who had a history of the outcomes before
follow-up were excluded.

Ascertainment of BMI Exposure

BMI values were calculated from the height and weight mea-
sured at the health screening visits. BMI variability was primar-
ily determined by variation independent of the mean (VIM).?
The VIM has advantages over other variability indexes, because
the parameter is calculated from a regression model to be inde-
pendent of the mean level. The other well-known variability
indexes were also calculated, including standard deviation;
coefficient of variation, which divides the standard deviation
by the mean value; and average real variability, calculated as
the sum of the differences between adjacent values divided by
the number of gaps. The collected exposures were divided
into quartiles, and high variability was defined as the highest
quartile (Q4) variability level. The baseline BMI was also uti-
lized as a supplemental exposure, to determine whether an
inverse association between baseline BMI and the survival of
patients with CKD also existed in this cohort.

Ascertainment of Metabolic Syndrome

Component Exposure

We extended our assessment to various metabolic parameters,
because BMI variability was likely to be closely linked to
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variabilities in metabolic syndrome components. The assessed
metabolic parameters included the components of metabolic
syndrome defined in the harmonized criteria'*: waist circum-
ference, fasting blood glucose, systolic BP, diastolic BP, serum
triglycerides, and HDL. We also assessed other cholesterol
parameters, including low-density lipoprotein and total cho-
lesterol levels. The VIM was calculated as above and stratified
into quartiles.

Construction of Cumulative Metabolic Variability Score
We constructed an ordinal score to reflect the overall burden
of metabolic variability. We defined the score by summing the
number of high-variability (Q4) metabolic parameters, select-
ing a component from each metabolic syndrome domain
(obesity, impaired glucose tolerance, high BP, and dyslipide-
mia).”> BMI, fasting blood glucose, systolic BP, and total cho-
lesterol were included in the ordinal scoring as in a previous
study.’

Ascertainment of Study Outcomes

The main study outcome was all-cause mortality on the basis
of the claims database, which includes nationwide mortality
events collected from the death certificates. Additional inci-
dent risks of major adverse outcomes in patients with predial-
ysis CKD were collected. Incident KRT was determined by
specific insurance coverage codes for “maintenance” KRT in

BMI and Metabolic Parameters in CKD 3
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the NHIS data, including hemodialysis, peritoneal dialysis,
and transplantation events. As in the previous study,” myocar-
dial infarction was recorded if an individual had International
Classification of Diseases 10™ revision (ICD-10) codes 121 or
122 during hospitalization, or if these codes were issued =2
times. Stroke was defined as ICD-10 codes 163 or 164 during
hospitalization, with claims information for brain magnetic
resonance imaging or brain computerized tomography imag-
ing. Follow-up was initiated after the date of the baseline
health screening visit at which the variability exposure assess-
ment was completed (day 1) and was censored on the last date
of data availability or at the date of death, to consider the com-
peting risk by mortality (Figure 1).

Collection of the Covariate Data

We aimed to include a range of data, including demographic
information, lifestyle factors, baseline kidney function, and
various metabolic parameters, as covariates.” We collected
baseline age, sex, waist circumference, current smoking his-
tory, alcohol intake (>0 g of alcohol intake per day), regular
physical activity (moderate-intensity physical activity =5
days or vigorous-intensity physical activity =3 days per
week), low-income status (lower quartile of the nation), diabe-
tes mellitus (ICD-10 codes E11-14 with relevant antidiabetes
medication history), hypertension (ICD-10 codes 110-13 or
I15 with relevant antihypertensive medication history), dysli-
pidemia (ICD-10 code E78 with relevant dyslipidemia medi-
cation history), chronic lung disease (ICD-10 codes J41-44),
cancer (specific insurance code for malignancies in the
NHIS data), baseline eGFR, presence of dipstick albuminuria
(=1+), fasting glucose, systolic BP, diastolic BP, high-density
lipoprotein, low-density lipoprotein, and triglycerides. We
also calculated the variability in eGFR during the exposure
assessment period, because including the covariates in the
multivariable model could adjust the effects of a direct associ-
ation between BMI variability and eGFR variability.'” In addi-
tion, the number of examinations during the exposure period
was also collected as a covariate, because the number of exami-
nations could affect variability parameters or reflect the
health-seeking behavior of a subject.

Statistical Analysis

We first assessed the risk of adverse outcomes according to
BMI exposure, both ordinal or continuous, by Cox regression
analysis. In addition to the univariable model and a model
adjusted for age, sex, and the number of exams, a multivariable
model including various collected covariates was constructed.
To show the cumulative risks of the study outcomes, we
plotted adjusted survival curves on the basis of the final mul-
tivariable model. We also performed subgroup analyses, with
stratification according to sex, baseline BMI =25 kg/m’, the
presence of diabetes, and baseline eGFR <60 ml/min per
1.73 m*. Furthermore, we assessed interactions by calculating
interaction term P values in the multivariable model. We
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selected BMI =25 kg/m”, which is the definition for over-
weight in the international guidelines, because obesit is deter-
mined by the cutoffin the Korean guidelines on the basis of the
nationwide BMI distribution.'® Because this value was close to
the mean level in the study population, selecting it was further
supported by the fact it would divide participants into sub-
groups with similar numbers.

In addition, because the clinical significance of BMI vari-
ability may be different in those with increasing and decreas-
ing trends in BMI, we determined the trends by calculating the
linear regression slope of the individuals” collected BMI val-
ues. An increasing trend was defined as a slope =0 (positive),
and a decreasing trend was defined as a slope <0 (negative).
The Cox regression analysis described above was also per-
formed in the subgroups stratified by the BMI changes and
the quartiles of BMI variability.

Next, the variability in the collected metabolic parameters
and their associations with the adverse outcomes were
assessed by Cox regression analysis as above. Finally, the
ordinal score for overall metabolic variability was con-
structed as described above, and its association with the risks
of adverse outcomes were assessed by Cox regression analy-
sis, as above.

All statistical analyses were performed with SAS (version
9.4, SAS institute), and two-sided P values <0.05 were consid-
ered statistically significant. When the ordinal outcome was
included in the regression models as the exposure variable,
the P for trend for the higher exposure grades was calculated.
Interaction term P values <0.1 were considered indicative of
the possible presence of an interaction.

RESULTS

Study Population

We identified 11,651,753 individuals who underwent =3
health screenings during the exposure assessment period (Fig-
ure 2). There were 5,402,903 individuals with two health
screenings; however, although the information may deter-
mine CKD, this population was not considered because met-
abolic variabilities require =3 health screenings. Among
them, 128,658 individuals had a persistent eGFR <60 ml/
min per 1.73 m” or dipstick albuminuria =1. After excluding
those with prevalent ESKD, myocardial infarction, and stroke,
84,636 patients with predialysis CKD with identifiable BMI or
metabolic parameter variability were included in the study
population.

Baseline Characteristics

The study population had a median age of 68 (IQR, 60-74)
years old, and 51% were male. The median BMI value was
24.6 (IQR, 22.6-26.7) kg/mz. When we stratified the charac-
teristics according to BMI variability (Table 1), the number
of health exams did not show a linear trend according to
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Individuals who received > 3
national health screenings until
2013~2014 in Korea
(N =11,651,753)

! Individuals with missing variables in
' exposures or covariates

i (N =612,966)

I

Individuals who were eligible for
screening for pre-dialysis CKD
(N =11,038,787)

!

Individuals whith eGFR < 60 or
dipstick albuminuria > 1+ confirmed
in > 3 health screenings
(N =128,658)

Individuals with eGFR < 15
mL/min/1.73 m? or history of

MI or stroke (N = 34,738)

transplantation/dialysis
(N =9284) !
oo |
_______ y Individuals with previous history of |
|
|
I

A
Individuals with pre-dialysis CKD
without prevalent history of MI,
stroke, or ESKD
(N = 84,636)

Figure 2. Study population. MI, myocardial infarction.

BMI variability. Those with lower BMI variability had a higher
proportion of individuals who engaged in regular physical
activity. The prevalence of diabetes was the highest in those
with high BMI variability, which was also the stratum with
the highest proportion of subjects who had a baseline eGFR
=60 ml/min per 1.73 m? but had albuminuria. The distribu-
tions of the other metabolic parameters were relatively similar
among the BMI variability quartiles.

Prognosis According to Baseline BMI and BMI Variability
During the median follow-up of 4.0 (IQR, 3.4-4.5) years, 4782
(6%) mortality, 3276 (4%) maintenance KRT, 1839 (2%) myo-
cardial infarction, and 2666 (3%) stroke events were identified.
In the regression analysis, baseline BMI was inversely associ-
ated with the risks of all studied adverse outcomes after mul-
tivariable adjustment (Supplemental Table 1). However, those
with higher BMI variability had significantly higher risks of
adverse outcomes (Table 2, Figure 3). Those with high (Q4
VIM) BMI variability had approximately 60% higher hazards
for all-cause mortality and 20% higher hazards for myocardial
infarction, stroke, and KRT, than those with low variability
(Q1 VIM), even after adjusting for various characteristics,
including baseline BMI, baseline eGFR, and eGFR variability
during the exposure assessment period. The results were sim-
ilar when other variability indexes were used as the exposure
variable (Supplemental Table 2).
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Subgroup Analysis Results for BMI Variability

After stratification by sex, there was a suspected interaction
with all-cause mortality; otherwise, the interactions were non-
significant (Supplemental Table 3). Nevertheless, the risk of
all-cause mortality was significantly higher in those with
higher BMI variability in both sex subgroups, and this was
similar to the result for KRT risk in the fully adjusted model
(Supplemental Table 4). Although the statistical significance
remained in the model adjusted by age, sex, and number of
health screenings, the significance was attenuated for stroke
or myocardial infarction outcome.

Baseline BMI =25 kg/m?” had possible interactions with all-
cause mortality and KRT outcomes (Supplemental Table 3).
However, the results were significant for both all-cause mor-
tality and the need for KRT regardless of whether baseline
BMI was =25 kg/m” (Supplemental Table 5). Statistical signif-
icance was attenuated for myocardial infarction and stroke in
those with baseline BMI =25 kg/m”.

Diabetes had a significant interaction with the need for
KRT (Supplemental Table 3). However, the association
between high BMI variability and KRT risk remained signifi-
cant regardless of the presence of diabetes (Supplemental
Table 6). Some attenuation was identified for myocardial
infarction or stroke risk, yet there were nonsignificant interac-
tions with diabetes for outcomes according to the presence of
diabetes.

Baseline eGFR <60 ml/min per 1.73 m* showed signifi-
cant interactions with the risk of KRT but not other adverse
outcomes (Supplemental Table 3). However, the risk for
necessity of KRT was higher in those with higher BMI vari-
ability in both subgroups, including those with reduced
eGFR and with preserved eGFR (Supplemental Table 7).
There was some attenuation of the significance for myocar-
dial infarction and stroke in those with baseline eGFR =60
ml/min per 1.73 m* however, the assessed number of sub-
jects was small, with alow incidence rate of adverse outcomes
in the subgroup.

Analysis of Trends in BMI

When the slope of the change in BMI was calculated, there
were 38,157 (45%) individuals with an increasing BMI trend
(=0 regression beta), whereas 46,479 (55%) individuals had
a decreasing trend in BMI. The analysis of the trends in BMI
yielded significant results, indicating a possible interaction
for all-cause mortality (Supplemental Table 3). When we
assessed the prognostic significance in the subgroups stratified
by trend in BMI, higher BMI variability was significantly asso-
ciated with higher risks of all-cause mortality and KRT in the
multivariable model (Table 3). Although statistical signifi-
cance was not achieved for stroke in those with an increasing
BMI trend or for myocardial infarction and stroke in those
with a decreasing BMI trend, the interaction term analysis
indicated there was an absence of a significant interaction
for the outcomes according to the trend in BMI
(Supplemental Table 3).
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Figure 3. Adjusted survival curves showing the cumulative risks of the study outcome. The y axes indicate cumulative adjusted inci-
dence probability, and the x axes indicate the time (years). The survival curves are stratified by BMI variability quartiles (black: Q1,
low variability; red: Q2; green: Q3; and blue: Q4, high variability). The survival tables are presented below the adjusted survival curves.
A multivariable model was adjusted for age, sex, number of exams, current smoking, alcohol consumption, regular physical activity, low-
income status, history of diabetes mellitus, hypertension, dyslipidemia, cancer, chronic lung disease, baseline BMI, waist circumference,
fasting glucose, systolic BP, diastolic BP, HDL, baseline eGFR, presence of dipstick albuminuria, and eGFR variability during the expo-

sure assessment period.

Prognosis According to Metabolic Parameter Variability
When variabilities of other metabolic parameters were consid-
ered (Table 4), the metabolic parameters with higher variabil-
ity that were significantly associated with a higher risk of
all-cause mortality in the fully adjusted model were waist cir-
cumference, fasting blood glucose, systolic BP, diastolic BP,
total cholesterol, LDL cholesterol, and HDL cholesterol. For
the risk of myocardial infarction, fasting blood glucose, and
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high-density lipoprotein cholesterol variabilities, with both
categorical and continuous exposures, were significant. For
the risk of stroke, variabilities in fasting blood glucose, dia-
stolic BP, and high-density lipoprotein were prominently
associated with the outcomes in the multivariable model. Fast-
ing blood glucose and total cholesterol variabilities were sig-
nificantly associated with the risk of the need for KRT in the
fully adjusted model.

BMI and Metabolic Parameters in CKD 7
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Prognosis According to Cumulative Metabolic
Variability Score

We constructed the cumulative metabolic variability score by
summing the number of parameters from among BM], fasting
blood glucose, systolic BP, and total cholesterol that had high
variability (Q4). There were 29,405, 32,282, 17,190, 5062, and
697 individuals with 0-4 highly variable metabolic syndrome
components in the study population, respectively (Table 5). In
the regression analysis, a higher cumulative metabolic vari-
ability score was significantly associated with higher risks of
all assessed adverse outcomes.

DISCUSSION

In this observational study, we demonstrated that higher BMI
variability was significantly associated with higher risks of all-
cause mortality, myocardial infarction, stroke, and progres-
sion to the state requiring KRT in patients with predialysis
CKD. Higher BMI variability was a significant risk factor for
adverse outcomes regardless of obesity, sex, diabetes, reduced
baseline eGFR, or even positive or negative trends in BMI. In
addition, certain metabolic parameter variabilities showed
significant associations with prognosis in patients with pre-
dialysis CKD. Furthermore, the cumulative metabolic vari-
ability score analysis showed that those with a higher burden
of metabolic variability suffered from a worse prognosis.
Thus, our study suggests the prognostic significance of BMI
and metabolic parameter variabilities in patients with predial-
ysis CKD.

Unlike the traditional concept of a higher BMI causing
metabolic disorders, thus leading to higher risks of cardiovas-
cular diseases or all-cause mortality in the general population,
an inverse association between BMI and prognosis has been
reported in patients with CKD.® Even among those with obe-
sity or morbid obesity, a higher BMI was associated with better
survival in patients with ESKD.'”'® In individuals with pre-
dialysis CKD, a previous study investigating >0.4 million
US veterans reported a U-shaped association between baseline
BMI and the risk of mortality." In individuals with a BMI <40
kg/m?, a higher BMI was associated with a lower risk of mor-
tality, and those with a BMI <20 kg/m? had the highest risk of
mortality, further supporting the so-called “obesity paradox”
in patients with CKD. There were similar findings for other
adverse outcomes, including the progression of kidney func-
tion impairment.* Previous studies investigated whether these
findings were associated with residual confounding effects by
implementing marginal structural model analysis to account
for time-varying confounders and reported that the inverse
association between BMI and the risk of mortality was
observed with all utilized statistical methods.*® Thus, the con-
sensus is that higher baseline BMI is associated with a better
prognosis in patients with CKD, although the biologic plausi-
bility needs further investigation. The unexplained “obesity
paradox,” which is different from the findings in the general

JASN 32: eese—eee, 2021

www.jasn.org | CLINICAL EPIDEMIOLOGY

population, confused the interpretation of the importance of
BMI in patients with CKD, although BMI is one of the most
well-recognized modifiable risk factors for various metabolic
disorders and cardiovascular diseases.

In this study, we primarily aimed to investigate the clinical
significance of BMI variability, rather than baseline BMI lev-
els, in patients with predialysis CKD. In this large-scale cohort,
we again identified inverse associations between baseline BMI
and mortality and other major adverse outcomes in this pre-
dialysis CKD population. Furthermore, we identified that
higher BMI variability was significantly associated with higher
risks of all-cause mortality, KRT, myocardial infarction, and
stroke. The significance remained even after the regression
models were adjusted for various demographics, lifestyle fac-
tors, metabolic parameters, and baseline BMI, eGFR, or eGFR
variability. The inclusion of a large number of patients with
predialysis CKD with sequential measurements of BMI
enabled subgroup analyses, and we identified the risks of
adverse outcomes were significantly higher in those with
higher BMI variability regardless of sex, obesity, diabetes,
reduced eGFR, and trends in BMI. Although some statistical
significance was attenuated in the multivariable models for
some outcomes other than mortality, the interaction term
analysis indicated the possibility of significant interactions
with the variables used to determine the subgroups was min-
imal for the outcomes with attenuated associations, suggesting
the findings may be generally applied to the studied popula-
tion of patients with predialysis CKD. These findings encour-
age health care providers in the field of nephrology to carefully
assess not only baseline BMI values, but also variability in
BMI, because high BMI variability was an independent risk
factor for major adverse outcomes in patients with CKD.

In addition, there were certain metabolic parameters, the
variabilities of which showed significant associations with the
risks of adverse outcome in patients with predialysis CKD.
The most prominent association was identified for fasting blood
glucose variability, the prognostic significance of which has
been previously suggested in the general population and in
those with diabetes.”*! Variabilities in waist circumference, sys-
tolic BP, and some cholesterol levels also showed certain nota-
ble associations, further supporting the clinical importance of
metabolic variability in patients with predialysis CKD. In the
results, the null findings in the fully adjusted model should be
interpreted with caution, because we stringently adjusted for
many clinicodemographic characteristics to ensure the robust-
ness of the analysis; however, some adjusted variables might
have certain mediating effects on the influence of previous var-
iabilities in metabolic parameters on adverse outcomes. For
instance, the fact that components with significant associations
with the risk of requirement for KRT were relatively rare might
be because the adjustment for baseline eGFR or eGFR variabil-
ity might have already reflected the effect of metabolic variabil-
ity on kidney function. Thus, although our results may
prioritize the metabolic parameters with particularly important
variabilities in patients with predialysis CKD, additional
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investigation is warranted to ascertain the individual effects of
variabilities in metabolic parameters. In addition, that meta-
bolic parameters are certainly correlated with each other (e.g,
high waist circumference, indicating central obesity, being a
risk factor for impaired glucose tolerance or high blood pres-
sure) should be minded when interpreting the findings.

Previous studies reported the importance of metabolic vari-
ability in the general population and in those with diabetes,
and a higher degree of variability in metabolic parameters was
significantly associated with a worse prognosis.3’22’23 A previous
study showed large fluctuations in weight lead to a decrease in
muscle mass, but an increase in abdominal fat mass, which
may lead to higher risks of metabolic and cardiovascular dis-
eases.”” In addition, those with high BMI variability have unsta-
ble metabolic parameters, such as blood pressure, which has also
been reported to be associated with adverse outcomes.** In an
animal experiment, weight cycling induced increased inflamma-
tion in adipose tissue, resulting in insulin resistance.”® In addi-
tion, high BMI variability may indicate repetitive overshoot in
metabolic stress, which may lead to the accumulation of patho-
logic changes in the cardiovascular system during the period of
worsening metabolic health.*® The above suggested mechanisms
may also support the presence of the effects of high BMI variabil-
ity on adverse outcomes in patients with CKD, because meta-
bolic health is an important prognostic determinant in people
with impaired kidney function. The results of the analysis of
the metabolic variability score further emphasize the importance
of the cumulative burden of variability in metabolic status in
patients with predialysis CKD, supporting this mechanistic
explanation. A future clinical trial should investigate the effect
of minimizing BMI fluctuations or compare the effect of such
interventions with that of rapid weight reduction, because rapid
weight loss may cause weight regain or cycling, to further con-
firm the causality of the identified association between BMI var-
iability and prognosis in patients with CKD.”’

The study has several limitations. First, whether high BMI
variability or metabolic parameter variability was associated
with intentional or unintentional weight changes or lifestyle
modifications could not be investigated due to the retrospec-
tive nature of the study. It should be noted that the effects of
intentional weight changes may be different from those of
BMI changes related to external factors. Because of this limi-
tation, it is impossible to disregard the possibility that inten-
tionally reducing weight at a modest rate may still be helpful
for metabolic health in patients with CKD, despite the fact
that doing so would increase BMI variability.” Second, there
was the possibility of selection bias, because those with severe
illness would be less likely to undergo general health screen-
ings (healthy volunteer bias), which was reflected in the rela-
tively low prevalence of CKD in the utilized database when
compared with the prevalence of CKD of 8.2% in the general
population in Korea.”® In addition, the distinct age ranges and
Asian ethnicities in this study suggest the need for more stud-
ies in other populations to improve the generalizability of the
results. Third, survivorship bias should also be considered,
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because the study population had to undergo successive health
screenings within a certain period to be included in this study.
Fourth, measurement bias should be considered as follows:
although the health screening centers were quality controlled,
the weight scales were not directly standardized, and some
patients might have visited different centers for their multiple
health screenings. In addition, the dipstick albuminuria test
has limitations and might have missed modest degrees of albu-
minuria. Last, the follow-up duration was relatively short;
thus, the long-term association between metabolic variability
and adverse outcomes in patients with predialysis CKD could
not be investigated in this study.

In conclusion, high BMI variability is associated with a
worse prognosis in patients with predialysis CKD. In addition
to the assessment of metabolic status at a single time point,
health care providers in the field of nephrology should pay
attention to recent trends in metabolic parameters in CKD
patients, because a higher degree of fluctuation may be associ-
ated with future risks of mortality or major adverse outcomes.
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Supplemental Table 1. Risk of adverse outcomes according to baseline body mass index in predialysis CKD patients.

Univariable model

Age, sex, and number of exams

Multivariable model

Outcome Baseline BMI exposure * N Event | follow-up Incidence rate adjusted model
person-years | (/1000PY) HR (95% CI) p adjusted HR (95% CI) | P adjusted HR (95% CI) | P
Continuous NA 0.772 (0.752, 0.792) <0.001 | 0.844 (0.822, 0.867) <0.001 | 0.822(0.791, 0.854) <0.001
All-cause Q1 (12.33-22.59) 21198 1781 82119 21.69 Reference Reference Reference
. | Q2 (22.60-24.61 21138 | 1182 | 82694 1429 0.657 (0.611, 0.707) 0.703 (0.653, 0.757) 0.702 (0.648, 0.761)
mortality | Categorical =53 §24.61726.72; 21130 | 950 | 83102 11.43 0.525 (0485, 0.568) | ~ 0 17598 (0552, 0.647) <0001 A (0,532, 0.642) <0.001
Q4 (26.73-46.43) 21170 | 869 83267 10.44 0.479 (0.442, 0.52) 0.642 (0.591, 0.697) 0.583 (0.519, 0.656)
Continuous NA 0.963 (0.924, 1.003) 0.07 0.999 (0.959, 1.042) 0.97 0.901 (0.848, 0.956) <0.001
. Q1 (12.33-22.59) 21198 | 475 81498 5.83 Reference Reference Reference
Myocardial . [Q2(22.60-24.61) 21138 [ 463 | 82012 5.65 0.967 (0.851, 1.099) 0.973 (0.856, 1.106) 0.880 (0.768, 1.01)
infarction Categorical 0.10 0.74 0.003
Q3 (24.61-26.72) 21130 | 483 82369 5.86 1.003 (0.884, 1.139) 1.037 (0.913, 1.177) 0.863 (0.742, 1.004)
Q4 (26.73-46.43) 21170 | 418 82618 5.06 0.866 (0.76, 0.988) 0.974 (0.853, 1.112) 0.699 (0.579, 0.845)
Continuous NA 0.958 (0.926, 0.991) 0.01 1.007 (0.973, 1.042) 0.70 0.914 (0.870, 0.961) <0.001
Q1 (12.33-22.59) 21198 | 706 80982 8.72 Reference Reference Reference
Stroke Categorical |-Q222:60-24:61) 21138 | 660 81645 8.08 0.926 (0.833, 1.03) 0.04 0.947 (0.852, 1.054) osl 0.866 (0.772, 0.97) 0,002
Q3 (24.61-26.72) 21130 | 634 81963 835 0.956 (0.86, 1.062) : 1.014 (0.912, 1.127) : 0.858 (0.757, 0.972) :
Q4 (26.73-46.43) 21170 | 616 82290 7.49 0.857 (0.7, 0.955) 1.001 (0.897, 1.116) 0.737 (0.631, 0.862)
Continuous NA 0.837 (0.812, 0.864) <0.001 | 0.806 (0.782, 0.832) <0.001 | 0.852(0.813, 0.894) <0.001
Kidney Q1 (12.33-22.59) 21198 1092 80429 13.58 Reference Reference Reference
replacement , 2 (22.60-24.61 21138 | 789 81571 9.67 0.709 (0.647, 0.777) 0.672 (0.613, 0.736) 0.752 (0.68, 0.831)
l:herapy Categorical 83 224.61726,72; 21130 | 741 82024 9.03 0.661 (0602, 0.726) | ~ 201 170605 (0551, 0.664) <0001 75695 (0,619, 0.78) <0.001
Q4 (26.73-46.43) 21170 | 654 82277 7.95 0.582 (0.528, 0.641) 0.521 (0.473, 0.575) 0.612 (0.528, 0.709)

HR = hazard ratio, CI = confidence interval

2 The ranges of the BMI values in the quartile grades are presented within the parentheses.
b Multivariable model was adjusted for age, sex, number of exams, current-smoking, drinking alcohol, regular physical activity, low income state, history of diabetes mellitus, hypertension, dyslipidemia,
cancer, chronic lung disease, waist circumference, fasting glucose, systolic BP, diastolic BP, high-density lipoprotein, baseline eGFR, presence of dipstick albuminuria, and eGFR variability during the
exposure assessment period.




Supplemental Table 2. Risk of adverse outcomes according to body mass index variability by other indexes in predialysis CKD patients.

Metabolic Outcome Variability independent of N ‘ Event ‘ Follow-up Incidence rate Univariable model Age, sex, and number of exams adjusted Multivariable model *
parameter mean exposure person-years (/1000PY) HR (95% CI) P adjusted HR (95% CI) P adjusted HR (95% CI) P
Continuous NA 1.309 (1.275, 1.344) <0.001 | 1.262 (1.229, 1.295) <0.001 1.193 (1.162, 1.225) <0.001
All-cause gé o) 51 123 §§§ 3??33 i (1)242‘ llzf)fselr e(r(l)cgw 1.152) ?f)gezre(%c;% 1.197) ?f)fgf(%cgﬂ 1.167)
mortality Categorical =03 21159 1115 83214 13.40 1.255 (1.149, 1.371) <0001 556 (115, 1.372) <0.001 1.163 (1.064, 1.271) <0001
Q4 (high) 21159 1849 81694 22.63 2.131 (1.966, 2.309) 1.953 (1.801, 2.117) 1.666 (1.535, 1.807)
Continuous NA 1.133 (1.087, L.I81) <0.001_| 1.112 (1.067, 1.159) <0.001 1.067 (1.024, 1.112) 0.002
Myocardial 85 o) 51 123 igzlg g?ég 3'32 l]{e(z)ge;e(r(l)cg79 1.158) ?f)fzege(%cgw 1178) ?f)f)ef(%cgm 1153)
infarction Categorical =03 21159 468 82490 5.67 1.161 (1016, 1.326) <0001 5 (1012, 1322) <0.001 1.097 (0.96, 1.254) 0.016
Standard Q4 (high) 21159 562 80918 6.95 1.426 (1.255, 1.621) 1.356 (1192, 1.543) 1.199 (1053, 1.365)
deviation Continuous NA 1.127 (1.089, 1.166) <0.001_| 1.096 (1.059, 1.134) <0.001 1.056 (1.021, 1.093) 0.002
Q1 (low) 21159 582 81965 7.10 Reference Reference Reference
Stroke . Q2 21159 608 82368 738 1.039 (0.927, 1.164) 1.063 (0.949, 1.191) 1.047 (0.935, 1.174)
Categorical =03 21159 663 82124 8.07 1.136 (1016, 1.27) <0001 3 1011, 1.263) <0.001 1.079 (0.965, 1.207) 0.015
Q4 (high) 21159 813 80422 10.11 1.425 (1.282, 1.586) 1.32 (1,186, 1.47) 1.184 (1.063, 1.319)
Continuous NA 1.142 (1.107, 1.178) <0.001 | 1.19 (1.153, 1.228) <0.001 1.060 (1.027, 1.094) <0.001
Kidney Q1 (low) 21159 696 81911 8.50 Reference Reference Reference
replacement . Q2 21159 742 82293 9.02 1.059 (0.955, 1.175) 1.055 (0.951, 1.171) 0.961 (0.866, 1.067)
lt)herapy Categorical 73 21159 840 81924 1025 1.206 (1091, 1.333) <0001 S (1114, 1.362) <0.001 1.004 (0.908, 1.111) <0001
Q4 (high) 21159 998 80174 1245 1.473 (1.337, 1.623) 1.663 (1509, 1.833) 1.178 (1068, 1.3)
Continuous NA 1.366 (1331, 1.403) <0.001 | 1.296 (1.262, 1.33) <0.001 1.199 (1167, 1.231) <0.001
All-cause 8; o) i 123 2471; Ziig ig?; lffffﬁffgss 1.129) l1{?)f6;3£§e([(1>cg71 1.173) lf?)?ﬁﬁu 1.137)
mortality Categorical =03 21160 1104 83188 13.27 1.296 (1.185, 1.417) <0001 107 (1186, 1.419) <0.001 1171 (107, 1.281) <0001
Q4 (high) 21159 1952 81561 23.93 2.349 (2.167, 2.547) 2.068 (1.907, 2.244) 1.662 (1.53, 1.806)
Continuous NA 1.14 (1.094, 1.188) <0.001 | 1.113 (1.068, 1.16) <0.001 1.072 (1028, 1.117) 0.001
Myocardial Q1 (low) 21159 410 82362 4.98 Reference Reference Reference
et Categorical |22 21158 388 82885 4.68 0.937 (0.816, 1.077) <000 |0:959 (0.834, 1.102) 0,001 0.943 (0.82, 1.083) 0.003
Cocfiicient Q3 21160 470 82465 5.70 1.141 (1, 1.303) 1.145 (1.002, 1.307) 1.093 (0.956, 1.248)
of Q4 (high) 21159 571 80784 7.07 1.421 (1.252, 1.613) 1.332 (1172, 1.514) 1,191 (1.046, 1.356)
variation Continuous NA 1.128 (109, 1.168) <0.001 | 1.09 (1.053, 1.128) <0.001 1.056 (1.020, 1.093) 0.002
Q1 (low) 21159 584 82010 7.12 Reference Reference Reference
Stroke ) 2 21158 610 82452 7.40 1.038 (0.927, 1.163) 1.07 (0.955, 1.199) 1.06 (0.946, 1.187)
Categorical 83 21160 652 82111 7.94 1.114 (0.997, 1.246) <0001 15 (0997, 1.247) <0.001 1.075 (0.961, 1.202) 0.015
Q4 (high) 21159 820 80308 1021 1.436 (1.291, 1.597) 1.304 (1172, 1.452) 1.189 (1.067, 1.325)
Continuous NA 1.183 (1.147, 1.221) <0.001 | 1.242 (1203, 1.282) <0.001 1.068 (1.035, 1.103) <0.001
Kidney Q1 (low) 21159 647 82054 7.89 Reference Reference Reference
replacement ) 2 21158 751 82392 9.12 1.154 (1.039, 1.282) 1.128 (1.016, 1.254) 0.989 (0.89, 1.099)
lt’herapy Categorical 83 21160 834 81897 10.18 1.291 (1165, 1.431) <0001 55 191, 1.463) <0.001 1.067 (0.963, 1.183) <0001
Q4 (high) 21159 1044 79959 13.06 1.667 (1511, 1.839) 1.903 (1.725, 2.1) 1.199 (1.085, 1.325)
Continuous NA 1.291 (1.258, 1.325) <0.001 | 1.236 (1.204, 1.269) <0.001 1.179 (1.148, 1.210) <0.001
All-cause 8; o) gi }(Ssg 323 Sgg; }(1)'22 l;f)?;?;;% 1187) 11{?)?;([100;78 1175) Ilzf)fse;e(nocgm 1159)
mortality Categorical =03 21159 1179 82982 14.21 1.347 (1.234, 1.47) <0001 308 (1,198, 1.428) <0.001 1.207 (1,105, 1.317) <0.001
Q4 (high) 21159 1773 81745 21.69 2.064 (1.903, 2.238) 1.824 (1681, 1.979) 1.6 (1.474, 1.737)
Continuous NA 1.128 (1082, 1.175) <0.001_| 1.101 (1.057, 1.148) <0.001 1.060 (1.017, 1.105) 0.006
Myocardial Q1 (low) 21158 399 82571 4.83 Reference Reference Reference
AN Categorical |22 21160 411 82699 4.97 1.027 (0.895, 1.178) 000|022 (089.1.173) 0,001 0.997 (0.869, 1.145) 0.03
Actual Q3 21159 481 82259 5.85 1.209 (1.059, 1.381) 1.19 (1.042, 1.359) 1.13 (0.989, 1.291)
o Q4 (high) 21159 548 80968 6.77 1.403 (1.234, 1.597) 1,306 (1.147, 1.487) 1,163 (102, 1.326)
variability Continuous NA 1.118 (108, 1.157) <0.001_| 1.078 (1.042, 1.116) <0.001 1.042 (1.007, 1.079) 0.02
Q1 (low) 21158 590 82220 7.18 Reference Reference Reference
Stroke ) Q2 21160 614 82273 7.46 1.04 (0.929, 1.164) 1.038 (0.927, 1.162) 1.018 (0.909, 1.14)
Categorical =03 21159 657 81891 8.02 1.118 (1001, 1.25) <0001 7002 (0.977, 1.22) <0.001 1.043 (0.933, 1.166) 0.09
Q4 (high) 21159 805 80495 10.00 1.396 (1.255, 1.552) 1.256 (1.129, 1.398) 1.134 (1018, 1.263)
Continuous NA 1.099 (1.066, 1.134) <0.001 | 1.158 (1.123, 1.195) <0.001 1.052 (1.019, 1.086) 0.002
Kidney Q1 (low) 21158 712 82136 8.67 Reference Reference Reference
replacement ) Q2 21160 791 82104 9.63 1111 (1.004, 1.23) 1.078 (0.974, 1.193) 1.02 (0.922, 1.129)
therapy Categorical =03 21159 846 81697 10.36 1.196 (1.083, 1.322) <0001 535 (1118, 1.364) <0.001 1,011 (0.915, 1.118) 0.002
Q4 (high) 21159 927 80365 11.53 1.339 (1.214, 1.476) 1.548 (1.403, 1.708) 1.18 (1.068, 1.303)

HR = hazard ratio, CI = confidence interval

2 Multivariable model was adjusted for age, sex, number of exams, current-smoking, drinking alcohol, regular physical activity, low income state, history of diabetes mellitus, hypertension, dyslipidemia, cancer, chronic lung disease, baseline body mass index, waist circumference, fasting
glucose, systolic BP, diastolic BP, high-density lipoprotein, baseline eGFR, presence of dipstick albuminuria, and eGFR variability during the exposure assessment period.
The P values for the correlation (by Pearson’s correlation) between other body mass index variability indices with variation independent mean were P = 0.974 (standard deviation), P < 0.001 (coefficient of variation), and P < 0.001 (average real variability), respectively.



Supplemental Table 3. Interaction term analysis results for the subgroup analysis.

Variable to divide subgroups

Outcome

Interaction term P values in

the multivariable model ?

Sex All-cause mortality 0.09
Myocardial infarction 0.20
Stroke 0.84
Kidney replacement therapy 0.66
Baseline BMI > 25 kg/m? All-cause mortality 0.03
Myocardial infarction 0.88
Stroke 0.41
Kidney replacement therapy 0.04
Baseline diabetes mellitus All-cause mortality 0.32
Myocardial infarction 0.19
Stroke 0.71
Kidney replacement therapy 0.001
eGFR < 60 mL/min/1.73 m? All-cause mortality 0.79
Myocardial infarction 0.47
Stroke 0.75
Kidney replacement therapy 0.01
BMI slope All-cause mortality 0.08
Myocardial infarction 0.70
Stroke 0.64
Kidney replacement therapy 0.16

BMI = body mass index, KRT = kidney replacement therapy
*Interaction term with the variable dividing the subgroup and the variability of BMI (VIM quartile) was
included in the multivariable model adjusted for adjusted for age, sex, number of exams, current-
smoking, drinking alcohol, regular physical activity, low income state, history of diabetes mellitus,
hypertension, dyslipidemia, cancer, chronic lung disease, baseline body mass index, waist
circumference, fasting glucose, systolic BP, diastolic BP, high-density lipoprotein, baseline eGFR,
presence of dipstick albuminuria, and eGFR variability during the exposure assessment period.



Supplemental Table 4. Risk of adverse outcomes according to body mass index variability in predialysis CKD patients stratified by sex.

BMI variability Follow-up | Incidence | Univariable model Age, sex, and number of exams Multivariable model *
Subgroup Outcome independent of mean N Event person- rate adjusted model
exposure years (/1000PY) HR (95% CI) P adjusted HR (95% CI) P adjusted HR (95% CI) P
Continuous NA 1.402 (1.355, 1.45) <0001 | 1.305 (1.262, 1.349) 20,001 | 1.198 (1.158, 1.24) <0.001
All-cause Q1 (low) 11397 547 44438 12.31 Reference Reference Reference
' . Q2 11095 | 603 43672 13.81 1.116 (0.994, 1.253) 1.159 (1.032, 1.301) 1.119 (0.997, 1.257)
mortality | Categorical = =5 10421 | 690 40656 16.97 1376 (1.23, 1.54) <0001 s (1214, 1.52) <0001 509 (1,08, 1.353) <0.001
Q4 (high) | 8751 1072 33196 3229 2.638 (2.38, 2.924) 2.187 (1.972, 2.425) 1.719 (1.546, 1.911)
Continuous NA 1.169 (1.103, 1.238) <0001 | 1.138 (1.074, 1.205) <0001 | 1.088(1.027, 1.153) 0.004
Myocardial Q1 (low) 11397 227 44116 5.15 Reference Reference Reference
infarction | Categorical |22 11096 | 231 43310 533 1.032 (0.859, 1.239) o001 | 1058 (0881, 1.271) o001 | 1033 (086, 1.242) 002
Q3 10421 | 239 40305 5.93 1.15 (0.959, 1.379) 1.153 (0.961, 1.382) 1.087 (0.906, 1.304)
Male Q4 (high) | 8751 270 32839 8.22 1.604 (1.345, 1.914) 1.484 (1.243, 1.771) 1.298 (1.084, 1.554)
Continuous NA 1.13 (1.077, 1.185) <0001 | 1.09(1.039, 1.143) 20,001 | 1.054 (1.004, 1.106) 0.03
Q1 (low) 11397 331 43911 7.54 Reference Reference Reference
Stroke . Q2 11096 | 350 43071 8.13 1.077 (0.927, 1.251) 1.117 (0.961, 1.299) 1.102 (0.948, 1.281)
Categorical 703 10421 | 339 40117 8.45 1.121 (0.963, 1.304) <0001 07 (0.968, 1311 <0001 07470923, 1251) 0.13
Q4 (high) | 8751 363 32673 1111 1.478 (1.273, 1.715) 1328 (1.144, 1.542) 1.200 (1.031, 1.397)
Continuous NA 1.234 (1.188, 1.282) <0001 | 1.244(1.197, 1.292) <0.001 | 1.066 (1.026, 1.108) 0.001
Kidney Q1 (low) 11397 474 43750 10.83 Reference Reference Reference
replacement . Q 11096 | 535 42866 12.48 1.149 (1.015, 1.3) 1.113 (0.983, 1.26) 0.967 (0.854, 1.095)
therapy | Categorical 753 10421 | 575 39725 14.47 1337 (1.184, 1.51) <0001 314 (1164, 1.484) <0001 H6R17(0.957, 1.221) <0.001
Q4 (high) | 8751 652 32184 20.26 1.889 (1.679, 2.127) 1.921 (1707, 2.162) 1.182 (1.047, 1.335)
Continuous NA 1.405 (1.345, 1.467) <0.001 | 1.277(1.223,1.333) <0.001 | 1.188(1.138, 1.241) <0.001
All-cause 8; e ?3(6)23 ;g(s) ;2223 Z;z ngse;e(r(l)csﬂ 1.042) (}?Zfoeéeg)csé9 1.067) (l){ esfff(%% 1.03)
mortality | Categorical =3 10738 | 415 42527 9.76 1.248 (1.076, 1.448) <0001 7 (1023, 1.377) <0001 7501 (0.94, 1.266) <0.001
Q4 (high) | 12408 | 880 48364 18.20 2338 (2.051, 2.666) 1.849 (1.62, 2.11) 1.515 (1.325, 1.732)
Continuous NA 1.128 (1.063, 1.198) <0001 | 1.083(1.02, I.15) 0.009 1.048 (0.987, 1.113) 0.124
Myocardial Q1 (low) 9762 183 38245 4.78 Reference Reference Reference
infaretion | Categorical |22 10063 | 157 39582 3.97 0.827 (0.669, 1.024) —o00]  |0:840679. 1.04) 0,005 0.833 (0.673, 1.031) 0,049
Q3 10738 | 231 42156 5.48 1.141 (0.94, 1.385) 1.12 (0.922, 1.36) 1.084 (0.893, 1.317)
Female Q4 (high) | 12408 | 301 47943 6.28 1311 (1.091, 1.576) 1.175 (0.977, 1.413) 1.07 (0.887, 1.29)
Continuous NA 1.142 (1.087, 1.2) <0.001 | 1.086(1.034, 1.141) 0.001 1.054 (1.003, 1.107) 0.04
Q1 (low) 9762 253 38097 6.64 Reference Reference Reference
Stroke . Q2 10063 | 260 39388 6.60 0.994 (0.836, 1.181) 1.012 (0.851, 1.204) 1.004 (0.844, 1.194)
Categorical 703 10738 | 313 41990 7.45 1.121 (0.95, 1.323) <0001 7096 (0,929, 1.294) 0.006 1.062 (0.9, 1.254) 0.18
Q4 (high) | 12408 | 457 47633 9.59 1.446 (1.24, 1.686) 1.263 (1.083, 1.474) 1.158 (0.99, 1.354)
Continuous NA 1.219 (1.153, 1.289) <0001 | 1.237(1.169, 1.308) <0001 | 1.083 (1.023, 1.146) 0.006
Kidney Q1 (low) 9762 172 38303 4.49 Reference Reference Reference
replacement , Q2 10063 | 219 39530 5.54 1.233 (1.01, 1.506) 1.191 (0.975, 1.454) 1.056 (0.864, 1.29)
therapy | Categorical 1703 10738 | 257 0171 6.09 1356 (1118, 1.644) <0000 4 (1,091, 1.606) <0001 764570861, 1.269) 0.02
Q4 (high) | 12408 | 392 47773 821 1.837 (1,536, 2.198) 1.889 (1.579, 2.26) 1.274 (1.063, 1.527)

HR = hazard ratio, CI = confidence interval

@ Multivariable model was adjusted for age, sex, number of exams, current-smoking, drinking alcohol, regular physical activity, low income state, history of diabetes mellitus, hypertension, dyslipidemia,
cancer, chronic lung disease, baseline body mass index, waist circumference, fasting glucose, systolic BP, diastolic BP, high-density lipoprotein, baseline eGFR, presence of dipstick albuminuria, and
eGFR variability during the exposure assessment period.



Supplemental Table 5. Risk of adverse outcomes according to body mass index variability in predialysis CKD patients stratified by baseline body mass index > 25 kg/m?.

BMI variability Follow-up | Incidence | Univariable model Age, sex, and number of exams Multivariable model *
Subgroup Outcome independent of mean N Event person- rate adjusted model
exposure years (/1000PY) HR (95% CI) P adjusted HR (95% CI) P adjusted HR (95% CI) P
Continuous NA 1.268 (1.213, 1.326) <0001 | 1.269 (1.214, 1.326) 20001 | 1.21(1.158, 1.266) <0.001
All-cause Q1 (low) 10578 352 41638 8.45 Reference Reference Reference
' . Q2 9767 319 38633 8.26 0.974 (0.837, 1.133) 1.033 (0.888, 1.203 1.011 (0.868, 1.176)
mortality | Categorical - =5 9303 423 36671 11.54 1361 (1.182, 1.568) <0001 o p 51.252, 1.6623 <0001 e (1169, 1.552) <0.001
Q4 (high) | 8173 515 31807 16.19 1.921 (1.678, 2.2) 1.947 (1.698, 2.232) 1.697 (1.479, 1.947)
Continuous NA 1.097 (1.031, 1.168) 0.004 1.1(1.033, 1.171) 0.003 1.061 (0.996, 1.13) 0.07
Myocardial Q1 (low) 10578 212 41328 5.13 Reference Reference Reference
infarction | Categorical |22 9767 172 38369 448 0.871 (0.712, 1.065) 0.003 0.897 (0.734, 1.098) ooos 0883 (0722, 1.08) 0.08
Q3 9303 204 36334 5.61 1.092 (0.901, 1.323) 1.121 (0.924, 1.359) 1.066 (0.879, 1.292)
BMI > 25 Q4 (high) | 8173 205 31496 6.51 1.27 (1.048, 1.539) 1.282 (1.057, 1.556) 1.149 (0.946, 1.396)
kg/m? Continuous NA 1.086 (1.031, 1.143) 0.002 1.082 (1.027, 1.14) 0.003 1.046 (0.993, 1.102) 0.09
Q1 (low) 10578 300 41151 7.29 Reference Reference Reference
Stroke . Q 9767 275 38170 7.20 0.988 (0.839, 1.163) 1.03 (0.874, 1.213 1.016 (0.862, 1.197)
Categorical =3 9303 300 36169 8.29 1.137 (0.969, 1.335) 0.01 1.173( (1,1377) : 0.02 1.123 (0.957, 1.319) 0.33
Q4 (high) | 8173 287 31371 9.15 1.256 (1.069, 1.477) 1.246 (1059, 1.467) 1.123 (0.953, 1.324)
Continuous NA 1.185 (1.127, 1.246) <0001 | 1.238(1.176, 1.303) <0001 | 1.088 (1.034, 1.146) 0.001
Kidney Q1 (low) 10578 289 41246 7.01 Reference Reference Reference
replacement . Q 9767 290 38219 7.59 1.081 (0.918, 1.272) 1.051 (0.893, 1.238 0.84 (0.712, 0.991)
therapy | Categorical 753 9303 | 318 36176 8.79 1255 21.07, 1.472) <0001 s E1.094, 1.505% <0001 7037 (0,883, 1.218) <0.001
Q4 (high) | 8173 361 31248 11.55 1.66 (1.422, 1.937) 1.878 (1.607, 2.195) 1.21(1.033, 1.418)
Continuous NA 1.391 (1.346, 1.438) <0.001 | 1.289(1.247, 1.332) <0.001 | 1.164 (1.125, 1.203) <0.001
All-cause 8; e i?;g; 22; ilég; 332 ?226;62)0317 1.168) ?Zf6e§e(r(l)cg44 1.202) lff)??(%ﬁﬁ 1.168)
mortality | Categorical Q3 11856 | 682 46513 14.66 1.219 (1.086, 1.369) <000 e (1,054, 1.329) <0001 057 (0.941, 1.187) <0.001
Q4 (high) | 12986 | 1437 49753 28.88 2.414 (2.179, 2.673) 2.008 (1.811, 2.226) 1.524 (1372, 1.694)
Continuous NA 1.17 (1.107, 1.237) <0001 | 1.124 (1.064, 1.188) <0001 | 1.084 (1.024, 1.147) 0.005
Myocardial Q1 (low) 10581 198 41033 4.83 Reference Reference Reference
infaretion | Categorical |22 11392 | 216 44523 4.85 1.001 (0.826, 1.214) o000 |L02(0841.1.237) o0l 0997 (0:822,1.209) 0.03
Q3 11856 | 266 46127 5.77 1.191 (0.991, 1.431) 1.175 (0.977, 1.412) 1.123 (0.933, 1.35)
BMI < 25 Q4 (high) | 12986 | 366 49287 7.43 1.54 (1.296, 1.831) 1.385 (1.164, 1.649) 1.243 (1.04, 1.485)
kg/m? Continuous NA 1.161 (1.108, 1.215) <0001 | 1.101 (1.051, 1.153) <0001 | 1.059 (1011, I.11) 0.02
Q1 (low) 10581 284 40857 6.95 Reference Reference Reference
Stroke . Q 11392 | 335 44290 7.56 1.087 (0.928, 1.273) 1.113 (0.95, 1.304 1.099 (0.938, 1.288)
Categorical =3 11856 | 352 45937 7.66 1.101 (0.942, 1.288) <0001 =08 §0.925, 1.26)5) <0001 03870.887, 1.214) 0.03
Q4 (high) | 12986 | 533 48935 10.89 1.569 (1.359, 1.812) 1.363 (1.178, 1.576) 1221 (1.053, 1.417)
Continuous NA 1.165 (1.12, 1.212) <0001 | 1.229(1.18, 1.28) <0001 | 1.044 (1.002, 1.087) 0.04
Kidney Q1 (low) 10581 357 40807 8.75 Reference Reference Reference
replacement , Q2 11392 | 464 44176 10.50 1.199 (1.044, 1.376) 1.178 (1.026, 1.352 1.087 (0.946, 1.249)
therapy | Categorical Q3 11856 | 514 45720 1124 1284 (1122, 1.47) <0001 P33 §1.147, 1.503; <0001 767570.939, 1.231) 0.17
Q4 (high) | 12986 | 683 48710 14.02 1.613 (1419, 1.834) 1.868 (1.643, 2.124) 1.16 (1.017, 1.322)

HR = hazard ratio, CI = confidence interval

@ Multivariable model was adjusted for age, sex, number of exams, current-smoking, drinking alcohol, regular physical activity, low income state, history of diabetes mellitus, hypertension, dyslipidemia,
cancer, chronic lung disease, baseline body mass index, waist circumference, fasting glucose, systolic BP, diastolic BP, high-density lipoprotein, baseline eGFR, presence of dipstick albuminuria, and
eGFR variability during the exposure assessment period.



Supplemental Table 6. Risk of adverse outcomes according to body mass index variability in predialysis CKD patients stratified by the presence of diabetes mellitus.

BMI variability Follow-up | Incidence | Univariable model Age, sex, and number of exams Multivariable model *
Subgroup Outcome independent of mean N Event person- rate adjusted model
exposure years (/1000PY) HR (95% CI) P adjusted HR (95% CI) P adjusted HR (95% CI) P
Continuous NA 1.309 (1.256, 1.365) <0001 | 1.291 (1.239, 1.346) 20,001 | 1.221 (1171, 1.274) <0.001
All-cause Q1 (low) 5809 323 22600 14.29 Reference Reference Reference
' . Q2 5919 344 23242 14.80 1.03 (0.885, 1.199) 1.078 (0.926, 1.255) 1.044 (0.897, 1.215)
mortality | Categorical |3 6196 471 24029 19.60 1371 (119, 1.579) <0001 7 (1212, 1.609) <0001 o (1121, 149) <0.001
Q4 (high) | 7095 797 27017 29.50 2.075 (1.823, 2.361) 2.036 (1.787, 2.319) 1.737 (1.522, 1.982)
Continuous NA 1.053 (0.99, 1.12) 0.100 1.045 (0.982, 1.112) 0.16 1.015 (0.953, 1.08) 0.65
Myocardial Q1 (low) 5809 186 22338 8.33 Reference Reference Reference
infarction | Categorical |22 5919 170 22982 7.40 0.885 (0.719, 1.09) ol 0.893 (0.725, 1.1) 020 0.876 (0.711, 1.079) 049
Q3 6196 196 23720 8.26 0.992 (0.812, 1.212) 0.99 (0.81, 1.211) 0.952 (0.778, 1.164)
DM ) Q4 (high) | 7095 250 26663 9.38 1.129 (0.934, 1.365) 1.107 (0.914, 1.34) 1.014 (0.835, 1.23)
Continuous NA 1.108 (1.052, 1.167) <0001 | 1.094 (1.039, 1.152) 20,001 | 1.071(1.017, 1.129) 0.01
Q1 (low) 5809 242 22198 10.90 Reference Reference Reference
Stroke . Q2 5919 245 22819 10.74 0.984 (0.824, 1.176) 1.016 (0.85, 1.213) 1.006 (0.842, 1.202)
Categorical =3 6196 288 23510 12.25 1,124 (0.948, 1.334) <0001 550,956, 1.347) 0.006 1.107 (0.932, 1.314) 0.06
Q4 (high) | 7095 381 26430 14.42 1.324 (1.127, 1.556) 1.287 (1.095, 1.514) 1211 (1.028, 1.427)
Continuous NA 1.158 (1.107, 1.212) <0001 | 1.222(1.167, 1.279) <0.001 | 1.099 (1.049, 1.151) <0.001
Kidney Q1 (low) 5809 302 22184 13.61 Reference Reference Reference
replacement . Q 5919 315 22765 13.84 1.014 (0.866, 1.187) 0.984 (0.84, 1.153) 0.827 (0.705, 0.969)
therapy | Categorical 7ns 6196 390 23424 16.65 1226 (1055, 1.424) <000 S (1081, 1.46) <0001 6717092, 1.245) <0.001
Q4 (high) | 7095 530 26189 2024 1.499 (1.301, 1.726) 1.727 (1.499, 1.991) 1.21 (1.047, 1.399)
Continuous NA 1.383 (1.336, 1.431) <0.001 | 1.279(1.236, 1.324) <0.001 | 1.181 (1.141, 1.223) <0.001
All-cause Q1 (low) 15350 524 60339 8.68 Reference Reference Reference
! . Q2 15240 | 534 60257 8.86 1.017 (0.902, 1.148) 1.053 (0.933, 1.187) 1.028 (0.911, 1.16)
mortality | Categorical =3 14963 | 634 59155 10.72 1.23 (1.095, 1.38) <000 17 (1,084, 1.366) <0001 01 (0.98, 1.237) <0.001
Q4 (high) | 14064 | 1155 54543 21.18 2.44 (2201, 2.706) 2.003 (1.805, 2.224) 1.607 (1.444, 1.788)
Continuous NA 1.185 (1.121, 1.252) <0001 | 1.144 (1.083, 1.209) <0001 | 1.118(1.057, 1.182) <0.001
Myocardial Q1 (low) 15350 224 60022 3.73 Reference Reference Reference
infaretion | Categorical |22 15240 | 218 59910 3.64 0.971 (0.806, 1.17) o001 10999 (0829, 1.204) o001 0994 (0825, 1.198) 0001
Q3 14963 | 274 58741 4.66 1.244 (1.043, 1.484) 1.247 (1,045, 1.489) 1.212 (1.015, 1.446)
DM@ Q4 (high) | 14064 | 321 54120 5.93 1.589 (1.339, 1.884) 1.442 (1214, 1.713) 1.351 (1.135, 1.609)
Continuous NA 1.118 (1.068, 1.17) <0.001 | 1.064(1.017,1.114) 0.007 1.045 (0.998, 1.094) 0.06
Q1 (low) 15350 342 59810 5.72 Reference Reference Reference
Stroke . Q2 15240 | 365 59640 6.12 1.069 (0.922, 1.239) 1.099 (0.948, 1.273) 1.098 (0.947, 1.272)
Categorical 703 14963 | 364 58596 6.21 1.085 (0.936, 1.257) <0001 7076 (0,928, 1.248) 0.03 1.053 (0.908, 1.221) 0.17
Q4 (high) | 14064 | 439 53876 8.15 1.427 (1.238, 1.643) 1.236 (1.071, 1.425) 1.172 (1.013, 1.354)
Continuous NA 1.169 (1.12, 1.22) <0001 | 1.222(1.17, 1.276) <0.001 | 1.047 (1.003, 1.094) 0.04
Kidney Q1 (low) 15350 344 59870 5.75 Reference Reference Reference
replacement , Q2 15240 | 439 59631 7.36 1279 (1111, 1.473) 1.236 (1.073, 1.424) 1.159 (1.006, 1.335)
therapy | Categorical 1703 14963 | 442 58472 7.56 1313 (1141, 1.512) <000 oS (1S, 1.525) <0001 7656 0917, 1217) 0.03
Q4 (high) | 14064 | 514 53769 9.56 1.672 (1.459, 1.917) 1.887 (1.645, 2.164) 1.207 (1.05, 1.387)

DM = diabetes mellitus, HR = hazard ratio, CI = confidence interval

@ Multivariable model was adjusted for age, sex, number of exams, current-smoking, drinking alcohol, regular physical activity, low income state, history of diabetes mellitus, hypertension, dyslipidemia,
cancer, chronic lung disease, baseline body mass index, waist circumference, fasting glucose, systolic BP, diastolic BP, high-density lipoprotein, baseline eGFR, presence of dipstick albuminuria, and
eGFR variability during the exposure assessment period.



Supplemental Table 7. Risk of adverse outcomes according to body mass index variability in predialysis CKD patients stratified by baseline eGFR < 60 mL/min/1.73 m?.

BMI variability Follow-up | Incidence | Univariable model Adg."’ ste’(‘i’ ““‘fil‘l“mber of exams Multivariable model *
Subgroup Outcome independent of mean N Event person- rate acjusted mode
exposure years (/1000PY) HR (95% CI) P adjusted HR (95% CI) P adjusted HR (95% CI) P
Continuous NA 1.358 (1.321, 1.396) <0001 | 1.291(1.256, 1.327) <0001 | 1.191 (1.158, 1.224) <0.001
All Q1 (low) 17594 769 68941 11.15 Reference Reference Reference
-cause
' . Q2 17485 | 786 68984 11.39 1.018 (0.921, 1.124) 1.051 (0.952, 1.161) 1.014 (0.918, 1.121)
tal . <0. <0.
mortality | Categorical 77 17586 | 1000 69142 14.46 1293 (1177, 1.42) <000 83 (1,167, 1.409) 0.0 51 (1,047, 1.265) 0.001
Q4 (high) | 18084 | 1784 69639 25.62 2302 (2.116, 2.505) 2.035 (1.868, 2.216) 1.621 (1.486, 1.769)
Continuous NA 1.153 (1.104, 1.205) <0001 | 1.126 (1.078, 1.177) <0001 | 1.082(1.035, 1.131) <0.001
M dial Q1 (low) 17594 350 68439 5.11 Reference Reference Reference
yocarcia Q 17485 | 341 63462 498 0.971 (0.836, 1.127) 0.988 (0.851, 1.147) 0.97 (0.836, 1.127)
infarction tegorical - - 2 <0.001 - ——— <0.001 - 7 0.002
' Categorical 703 17586 | 415 68503 6.06 1.181 (1.024, 1.361) 1.177 (1.021, 1.357) 1.122 (0.973, 1.294)
BésFel';“e Q4 (high) | 18084 | 520 68939 7.54 1.476 (1.289, 1.69) 1.386 (1.209, 1.588) 1.232 (1.072, 1.415)
Seo Continuous NA 1.132 (1,092, 1.174) <0001 | 1.092 (1.053, 1.133) <0001 | 1.057 (1.019, 1.097) 0.003
Q1 (low) 17594 510 68138 7.48 Reference Reference Reference
Stroke . Q2 17485 | 530 68096 7.78 1.039 (0.92, 1.173) 1.065 (0.943, 1.203) 1.053 (0.932, 1.189)
<
Categorical =3 17586 | 567 68222 831 1.109 (0.984, 1.25) <0001 01 (0,977, 1.241) 0-001 17059 (0,939, 1.194) 0.02
Q4 (high) | 18084 | 742 68504 10.83 1.45 (1.295, 1.623) 1314 (1.173, 1.472) 1.193 (1.063, 1.339)
Continuous NA 1.17 (1.134, 1.208) <0001 | 1.246 (1.206, 1.287) <0.001 | 1.059 (1.025, 1.094) <0.001
Kidney Q1 (low) 17594 618 68087 9.08 Reference Reference Reference
replacement . Q 17485 | 726 67912 10.69 1.176 (1.057, 1.309) 1.149 (1.032, 1.28) 0.990 (0.888, 1.102)
Cat 1 <0.001 <0.001 0.002
therapy ategoneal - "3 17586 | 804 67885 11.84 1305 (1.175, 1.449) 1351 (1.217, 1.501) 1.059 (0.953, 1.177)
Q4 (high) | 18084 | 995 68104 14.61 1.621 (1.466, 1.792) 1.927 (1743, 2.132) 1.170 (1.056, 1.296)
Continuous NA 1.383 (1.267, 1.51) <0001 | 1.34(1.229, 1.461) <0001 | 1.242(1.138, 1.355) <0.001
All Q1 (low) 3565 78 13998 5.57 Reference Reference Reference
-cause
! . Q2 3674 92 14516 6.34 1.132 (0.837, 1.531) 1.219 (0.901, 1.649) 1.192 (0.881, 1.613)
mortalit 1 <0.001 <0.001 <0.001
1y | Categorical 1753 3573 105 14042 7.48 1.34 (1, 1.796) 0001 1074, 1.931) 0-001 177337 0.996, 1.794) 0.00
Q4 (high) | 3075 168 11921 14.09 2.538 (1.94, 3.319) 2376 (1.813, 3.115) 1.921 (1.458, 2.532)
Continuous NA 1.016 (0.898, 1.148) 0.81 1.011 (0.894, 1.142) 0.87 0.983 (0.869, 1.111) 0.78
M dial Q1 (low) 3565 60 13922 4.31 Reference Reference Reference
Yocardial
' ‘ . Q2 3674 47 14430 3.26 0.753 (0.514, 1.103) 0.785 (0.536, 1.151) 0.791 (0.539, 1.161)
infarction Cat 1 0.45 0.61 0.70
' ategorical - "3 3573 55 13958 3.94 0.914 (0.634, 1.317) 0.951 (0.66, 1.372) 0.919 (0.636, 1.327)
BésFel';“e Q4 (high) | 3075 51 11844 431 1.002 (0.69, 1.455) 0.984 (0.676, 1.432) 0.909 (0.622, 1.328)
Ny Continuous NA 1.077 (0.974, 1.191) 0.15 1.066 (0.965, 1.178) 021 1.036 (0.937, 1.146) 0.49
B Q1 (low) 3565 74 13870 5.34 Reference Reference Reference
Stroke . Q2 3674 80 14363 557 1.047 (0.763, 1.436) 1.102 (0.803, 1.512) 1.094 (0.797, 1.501)
| . . 81
Categorical 703 3573 85 13884 6.12 1.148 (0.841, 1.568) 055 1.214 (0.888, 1.658) 0.60 1.168 (0.854, 1.597) 0.8
Q4 (high) | 3075 78 11802 6.61 1.239 (0.902, 1.703) 1.199 (0.871, 1.651) 1.102 (0.798, 1.522)
Continuous NA 1291 (1.102, 1.512) 0.002 1.328 (1.132, 1.557) <0001 | 1.199 (1.02, 1.409) 0.03
Kidney Q1 (low) 3565 28 13967 2.00 Reference Reference Reference
replacement , Q2 3674 28 14483 1.93 0.958 (0.567, 1.617) 0.959 (0.568, 1.622) 0.915 (0.541, 1.549)
therapy | Categorical 17a7 3573 28 12011 2.00 0.994 (0.589, 1.678) <0008 R (0.602, 1.72) <0001 3899 (0518, 1.49) 0.01
Q4 (high) | 3075 49 11854 413 2.078 (1.306, 3.307) 2253 (1.414, 3.589) 1.698 (1.056, 2.729)

HR = hazard ratio, CI = confidence interval

@ Multivariable model was adjusted for age, sex, number of exams, current-smoking, drinking alcohol, regular physical activity, low income state, history of diabetes mellitus, hypertension, dyslipidemia,
cancer, chronic lung disease, baseline body mass index, waist circumference, fasting glucose, systolic BP, diastolic BP, high-density lipoprotein, baseline eGFR, presence of dipstick albuminuria, and
eGFR variability during the exposure assessment period.



