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Background: We investigated whether high body weight variability (BWV) is associated
with a higher prevalence of coronary artery calcification (CAC) or more rapid progression
of CAC in patients with predialysis chronic kidney disease (CKD).

Methods: A total of 1,162 subjects from a nationwide prospective cohort of predialysis
CKD were analyzed. The subjects were divided into the tertile (T1, T2, and T3) by BWV.
CAC was assessed at the baseline and a 4-year follow-up by CT scan. Rapid progression
of coronary artery calcification was defined as an increase in coronary artery calcium
score (CACS) more than 200 Agatston units during a 4-year follow-up.

Results: One-way ANOVA revealed that CACS change during the follow-up period
is significantly higher in the subjects with high BWYV, although CACS at the baseline
and 4-year follow-up was not different among the tertile groups by BWV. Logistic
regression analysis revealed that compared to low BWV (T1), both moderate (T2,
adjusted odds ratio (OR) 2.118, 95% CI 1.075-4.175) and high (T3, adjusted OR 2.602,
95% CI 1.304-5.191) BWV was associated with significantly increased risk of rapid
progression of CAC. Importantly, the association between BWV and progression of CAC
remained robust even among the subjects without significant BW gain or loss during
follow-up periods (T2, adjusted OR 2.007, 95% CI 1.011-3.984; T3, adjusted OR 2.054,
95% Cl 1.003-4.207).

Conclusion: High BWV is independently associated with rapid progression of CAC in
patients with predialysis CKD.

Keywords: body weigh variability, cardiovascular disease, chronic kidney disease, coronary artery calcification,
cardiovascular event
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INTRODUCTION

Patients with chronic kidney disease (CKD) are likely to
experience body weight (BW) fluctuation. Accumulation of
excess extracellular fluid in patients with CKD is associated with
BW gain, leading to accelerated coronary artery calcification
(1), cardiovascular (CV) remodeling (2), and increase the risk
of adverse renal outcome (3), and all-cause mortality (4).
Conversely, malnutrition-inflammation, which is prevalent even
before the commencement of renal replacement therapy (5, 6),
is associated with BW loss and is ultimately associated with
increased mortality (7). Diuretic use further increases the odd
for BW fluctuation in patients with CKD (8). As all these
conditions are likely to take place concurrently, it is expected that
bodyweight variability (BWV), rather than persistent loss or gain
of BW, maybe of high clinical significance, which has not been
established especially in patients with predialysis CKD.

Body weight variability is an emerging surrogate of clinical
outcomes. BWV is associated with a higher risk of incident
diabetes mellitus (DM) (9, 10), and is also associated with adverse
CV outcomes (11) and all-cause mortality (9, 12, 13) in the
general population. The prognostic impact of BWV has been
also validated in more specific clinical contexts, which is well
illustrated in patients with DM (14-16) and coronary artery
disease (CAD) (17). Moreover, it is noticeable that the association
of high BWV with adverse CV outcomes is independent of
traditional CV risk factors (15, 17), suggesting a potential role
of BWV in the prediction of outcomes in patients with CKD.
In this regard, we recently reported that high BWV is associated
with adverse CV outcomes in patients with predialysis CKD (18).
Despite the robust association between BWV and CV outcomes
in this population, the precise mechanism of how BWYV is linked
to CV events was not clearly evaluated yet.

The high prevalence and prognostic role of coronary artery
calcification (CAC) in patients with CKD have been investigated
in several studies (19). Therefore, we here hypothesized that
high BWV would be associated with a higher prevalence of
CAC or more rapid progression of CAC lesions in patients with
predialysis CKD, as CKD is an independent risk factor for the
development of CAD (20), and CAD is the leading cause of
mortality in patients with CKD (21). We analyzed the coronary
artery calcium score (CACS) at the baseline and 4-year follow-up
by the degree of visit-to-visit BWV in patients with predialysis
CKD. To examine the clinical significance of BWV that is
distinctive from longitudinal BW change, we also investigated the
association of BWV with CACS progression in patients without
significant BW gain or loss during follow-up periods.

METHODS

Study Designs and Participants

The Korean Cohort Study for Outcomes in Patients With
Chronic Kidney Disease (KNOW-CKD) is a nationwide
prospective cohort study involving nine tertiary-care general
hospitals in Korea (NCT01630486 at http://www.clinicaltrials.
gov) (22). Korean patients with CKD from stage 1 to predialysis
stage 5, who voluntarily provided informed consent were

enrolled, according to the previously described inclusion and
exclusion criteria (22). This study was conducted following the
principles of the Declaration of Helsinki, and the study protocol
was approved by the institutional review boards of participating
centers, including at the Seoul National University Hospital, the
Yonsei University Severance Hospital, the Kangbuk Samsung
Medical Center, the Seoul St. Mary’s Hospital, the Gil Hospital,
the Eulji General Hospital, the Chonnam National University
Hospital, and the Busan Paik Hospital. A total of 2,238 subjects
were longitudinally followed up (Figure 1). After excluding those
lacking either the baseline or follow-up measurement of CACS,
those lacking the baseline BW measurement, and those with
the number of BW measurements during follow-up periods less
than three times, 1,162 subjects were finally included for further
analyses. The median follow-up duration was 6.940 years.

Data Collection

Demographic data, including age, gender, smoking history,
medications (angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers (ACEi/ARBs), diuretics, number of
antihypertensive drugs, and statins), and comorbid conditions,
were collected at the time of screening. Anthropometric indices
[height, weight, and systolic and diastolic blood pressures
(SBP and DBP)] were also measured. Body mass index (BMI)
was calculated as weight/height’ (kg/m?). Laboratory data
included hemoglobin, creatinine, albumin, glucose, triglyceride,
total cholesterol, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol (HDL-C), 25-hydroxyvitamin D
(25(OH) vitamin D), and high sensitive C-reactive protein (hs-
CRP). Serum creatinine was measured by an isotope dilution
mass spectrometry—-traceable method, and estimated glomerular
filtration rate was calculated by Chronic Kidney Disease
Epidemiology Collaboration equation (23). CKD stages were
determined by the Kidney Disease Improving Global Outcomes
guidelines (24). Urine albumin-to-creatinine ratio (ACR) was
measured in random, preferably first-voided, spot urine samples.

Determination of BWV

Body weight was measured at 0, 6, and 12 months and then
yearly thereafter up to 8 years. The median number of BW
measurements was seven times. Intra-individual visit-to-visit
BWYV is determined by average successive variability, defined as
the average absolute difference between successive values (9, 14,
17, 25). The subjects were divided into the tertile by BWYV, in
which the 1st (T1), 2nd (T2), and 3rd (T3) tertiles were defined
as low, moderate, and high BWYV, respectively (Figure 1).

Estimation of the Rate of Longitudinal BW
Change During Follow-Up Periods

The rate of longitudinal BW change for each individual was
estimated using a regression model and expressed as the slope
(%/year) (26). BW change less than 2.5%/year was defined as
non-significant BW gain or loss (26) (Supplementary Table S1).

Measurement of CACS and Study Outcome
Electrocardiography-gated coronary multidetector CT scans
were checked following the standard protocol of each center
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Excluded (n = 8)
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: BW measurement < 3 times during
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!
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Tertiles by ASV of BW measurements
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T1 (n = 387) T2 (n=387)
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2nd tertile; T3, 3rd tertile.

FIGURE 1 | Flow diagram of the study participants. ASV, average successive variability; BW, body weight; CACS, coronary artery calcium score; T1, 1st tertile; T2,

'

T3 (n = 388)
2.304 = 0.935

at the baseline and year four follow-up visit. The CACS score
was determined using the Agatston unit (AU) on a digital
radiologic workstation (27). Rapid progression of coronary artery
calcification was defined as an increase in coronary artery calcium
score (CACS) more than 200 AU during a 4-year follow-up (28).

Statistical Analysis

Continuous variables were expressed as mean + SD or median
[interquartile range]. Categorical variables were expressed as
the number of participants and percentage. For descriptive
analyses, the Student’s ¢-test or one-way ANOVA and the chi-
squared test were used for continuous and categorical variables,
respectively. A binary logistic regression model was analyzed
to address an independent association between BWV and rapid
progression of CAC, multivariate logistic regression models were
analyzed. The models were adjusted for age, gender, Charlson
comorbidity index, smoking history, BMI, SBP, DBP, medications
(ACEi/ARBs, diuretics, total number of antihypertensive drugs,
and statins), hemoglobin, albumin, HDL-C, fasting glucose, hs-
CRP, 25(0OH) vitamin D levels, eGFR, spot urine ACR, and
baseline CACS. The results of binary logistic regression analysis
were presented as odds ratios (ORs) and 95% CI. Restricted cubic
splines were used to visualize the association between serum
adiponectin as a continuous variable and the OR for fatal and
nonfatal CV events or all-cause mortality. For sensitivity analysis,
first, multivariate linear regression analysis was performed to
test the linear association of BWV and CACS change during
follow-up periods. Second, those with CACS < 10AU at the
baseline were excluded for binary logistic regression analysis,
as the progression of CAC in the subjects was relatively rare
(29). Third, as we assumed that the BWV may be exaggerated
in advanced CKD, those with CKD stages 4 and 5 at the baseline

were excluded for binary logistic regression analysis. Finally, to
examine the clinical significance of BWV that is distinctive from
longitudinal BW change, those without significant BW gain or
loss during follow-up periods were excluded for binary logistic
regression analysis. The results of multivariate linear regression
analysis were presented as  coefficient and 95% CI. Two-sided P
< 0.05 were considered statistically significant. Statistical analysis
was performed using SPSS for Windows version 22.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS

Baseline Characteristics

The baseline characteristics of study participants in the tertile by
BWYV are described in Table 1. The mean age, the frequency of
male gender, and the burden of comorbid conditions significantly
increased as BWV increased. Accordingly, the frequency of the
subjects with a history of DM and the subjects on medication
of no less than three antihypertensive drugs increased as BWV
increased. All the other demographic data and medical history
did not differ significantly across the groups. BMI also increased
as BWV increased. SBP and DBP were not significantly different
among the groups. Serum albumin, triglyceride, and fasting
glucose levels increased as BWYV increased. In contrast, HDL-C
and 25(OH) vitamin D levels decreased as BWV increased. The
other laboratory findings, such as spot urine ACR and eGFR,
were not significantly different among the tertile groups.

Association of BWV and Rapid Progression

of CAC in Patients With Predialysis CKD
To compare the CACS by BWYV, a one-way ANOVA was
performed (Figure 2). CACS at the baseline (Figure 2A) was
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TABLE 1 | Baseline characteristics of study participants in the tertile by BWV.

BWV
T T2 T3 P-value

Follow-up duration (year) 6.466 + 1.450 6.569 + 1.413 6.466 + 1.450 0.594
CACS (AU) 0.804

0 216 (55.8) 198 (51.2) 204 (52.6)

0 <, < 400 178 (38.2) 157 (40.6) 155 (39.9)

400 <, < 1000 14 (3.6) 22 (5.7) 20 (5.2)

1,000 < 9 (2.9 10 (2.6) 9 (2.3
Age (year) 54.065 + 10.334 53.390 + 11.171 50.353 + 13.246 < 0.001
Male 208 (53.7) 229 (59.2) 253 (65.2) 0.005
Charlson comorbidity index 0.007

0-3 340 (87.9) 312 (80.6) 304 (78.4)

4-5 44 (11.4) 73 (18.9) 81(20.9)

6-7 3(0.8) 2 (0.5 3(0.8)
DM 72 (18.6) 107 (27.6) 121 (31.2) 0.001
CAD 2(0.5) 9(2.3 10 (2.6) 0.162
Arrhythmia 8(2.1) 3(0.8) 4(1.0) 0.426
Medication

ACEi/ARBs 336 (86.9) 344 (88.9) 327 (84.3) 0.167

Diuretics 91 (23.5) 91 (23.5) 108 (27.8) 0.276

Number of anti-HTN drugs > 3 78 (20.2) 81 (20.9) 111 (28.6) 0.009

Statins 204 (52.7) 192 (49.6) 186 (47.9) 0.403
BMI (kg/m?) 23.788 + 2.2924 24.363 + 3.058 25.616 &+ 3.746 < 0.001
SBP (mmHg) 125.295 + 14.014 125.645 + 14.326 126.894 + 15.551 0.279
DBP (mmHg) 77.220 £+ 9.984 76.259 + 10.358 77.090 + 10.766 0.377
Laboratory findings

Hemoglobin (g/dl) 13.261 £ 1.664 13.414 £ 1.887 13.408 + 1.946 0.429

Albumin (g/dl) 4.226 + 0.333 4.273 + 0.335 4.296 + 0.363 0.016

Total cholesterol (mg/dl) 174.434 + 35.000 174179 £ 36.672 175.917 £ 35.720 0.768

HDL-C (mg/dl) 52.278 £ 156.914 51.237 + 15.047 48.970 £ 14.017 0.008

LDL-C (mg/dl) 95.937 + 29.055 96.560 + 30.792 98.829 + 30.224 0.375

TG (mg/dl) 142.621 4 91.443 151.832 + 91.224 162.992 + 101.510 0.013

Fasting glucose (mg/dl) 102.632 + 25.048 109.135 + 33.699 108.190 + 31.623 0.006

25(0OH) vitamin D 18.835 + 7.286 18.854 £ 7.712 17.180 £+ 6.765 0.001

hsCRP (mg/dl) 0.600 [0.200, 1.400] 0.510[0.200, 1.400] 0.700 [0.200, 1.900] 0.809

Spot urine ACR (mg/gCr) 245.079 [42.450, 616.708] 217.470 [34.877, 597.054] 241.744 [66.312, 625.118] 0.623

eGFR (ml/min./1.73 m?) 57.441 + 27.405 59.227 + 28.337 61.375 £ 30.714 0.165
CKD stages 0.167

Stage 1 2(18.6) 79 (20.4) 100 (25.8)

Stage 2 96 (24.8) 101 (26.1) 97 (25.0)

Stage 3a 84 (21.7) 78 (20.2) 63 (16.2)

Stage 3b 91 (23.5) 88 (22.7) 79 (20.4)

Stage 4 41 (10.6) 41 (10.6) 44 (11.9)

Stage 5 3(0.8) 0(0.0) 5(1.3)

Values for categorical variables are given as number (percentage); values for continuous variables, as mean + SD or median (interquartile range).
ACEI, angiotensin-converting enzyme inhibitor; ACR, albumin-to-creatinine ratio; ARB, angiotensin receptor blocker; AU, Agatston unit; BMI, body mass index; BWV, body weight
variability; CACS, coronary artery calcium score; CAD, coronary artery disease; CKD, chronic kidney disease; Cr, creatinine; DBR, diastolic blood pressure; DM, diabetes mellitus;
eGFR, estimated glomerular filtration rate; HDL-C, high density lipoprotein cholesterol; hs-CRF, high-sensitivity C-reactive protein; HTN, hypertension; LDL-C, low-density lipoprotein
cholesterol; SBR, systolic blood pressure; T1, 1st tertile; T2, 2nd tertile; T3, 3rd tertile; TG, triglyceride; 25(0H) vitamin D, 25-hydroxyvitamin D.

not significantly different among the groups. Although CACS
at 4-year follow-up (Figure 2B) was not significantly different
among the groups either, CACS at 4-year follow-up gradually

increased as BWYV increased. Importantly, the change of CACS
during the 4-year follow-up period in subjects with high BWV
(T2) was significantly larger than that in subjects with low
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Baseline
150 -

100 -

CACS (AU)

50 -

T T2 T3
BWV

T3, 3rd tertile.

4-year follow-up

Change during 4-year
follow-up period

150 -
- *
2 100 +
w
< 50-
(@]

T1 T2 T3 T T2 T3

BWV BWV

FIGURE 2 | Comparison of the CACS at the baseline and at 4-year follow-up and the CACS change during 4-year follow-up period by BWV. CACS at the baseline (A)
and at 4-year follow-up (B) and the CACS change during the 4-year follow-up period (C) were compared by BWV. *P < 0.05 vs. T1 by one-way ANOVA with Scheffe’s
post-hoc test. Error bars indicate SE of means. AU, Agatston unit; BWV, body weight variability; CACS, coronary artery calcium score; T1, 1st tertile; T2, 2nd tertile;

TABLE 2 | Binary logistic regression of BWV for rapid progression of CAC.

Unadjusted Adjusted
OR (95%Cls) P-value  OR (95%Cls) P-value
BWV, T1 Reference Reference
BWV, T2 2.021 (1.194, 3.422) 0.009 2.118(1.075, 4.175) 0.030
BWV, T3  2.121 (1.259, 3.572) 0.005 2.602 (1.304, 5.191) 0.007

Models were adjusted for age, gender, Charlson comorbidity index, smoking history, BMI,
SBFR, DBF, medication (ACEi/ARBs, diuretics, number of antihypertensive drugs, statins),
hemoglobin, albumin, HDL-C, fasting serum glucose, 25(0OH) vitamin D, hs-CRP, eGFR,
spot urine ACR, and baseline CACS.

BWV, body weight variability; OR, odds ratio; T1, 1st tertile; T2, 2nd tertile; T3, 3rd tertile.

BWYV (T1) (Figure 2C). The proportion of the subjects with
rapid progression of CAC during the 4-year follow-up period
also increased as BWV increased (Supplementary Figure S1).
To determine the independent association of BWV with the
rapid progression of CAC, a binary logistic regression model
was analyzed (Table2). Compared to low BWV (T1), both
moderate (T2, adjusted OR 2.118, 95% CI 1.075-4.175) and
high (T3, adjusted OR 2.602, 95% CI 1.304-5.191) BWV was
associated with a significantly increased risk of rapid progression
of CAC. Restricted cubic spine depicted that adjusted (Figure 2B)
OR for rapid progression of CAC is positively correlated
with BWV (Figure 3).

Sensitivity Analysis

To test the linear association of BWV and CACS change
during follow-up periods, multivariate linear regression models
were analyzed (Supplementary Table S2). The analysis of all
subjects revealed that BWV is linearly associated with CACS
change during the 4-year follow-up period (adjusted p coefficient
12.098, 95% CI 1.807-22.389). Next, as the progression of CAC
is dependent on the baseline CAC status, the subjects with
CACS < 10AU at the baseline (n = 764) were excluded for
binary logistic regression analysis (Supplementary Table S3).

Despite the substantial reduction of the number of subjects
being analyzed, the analysis revealed a robust association
between BWV and rapid progression of CAC (T2, adjusted
OR 2.331, 95% CI 1.151-4.718; T3, adjusted OR 2.380, 95%
CI 1.148-4.932). In addition, based on the assumption that
BWYV may be exaggerated in advanced CKD, those with CKD
stages 4 and 5 at the baseline (n = 134) were excluded for
binary logistic regression analysis (Supplementary Table S4).
The analysis demonstrated a significant association between
BWYV and the rapid progression of CAC among the subjects
with eGFR > 30 ml/min/1.73 m? (T2, adjusted OR 2.291,
95% CI 1.078-4.867; T3, adjusted OR 3.328, 95% CI 1.529-
7.242). Finally, to prove the clinical significance of BWV that
is distinctive from longitudinal BW change, those without
significant BW gain or loss during follow-up periods (n
= 69) were excluded for binary logistic regression analysis
(Table 3). The analysis reproduced a robust association between
BWV and rapid progression of CAC among the subjects
without significant BW gain or loss during follow-up periods
(T2, adjusted OR 2.007, 95% CI 1.011-3.984; T3, adjusted
OR 2.054, 95% CI 1.003-4.207).

Subgroup Analysis

To figure out whether the association of BWV with the
rapid progression of CAC is modified in various clinical
contexts, we conducted subgroup analyses. The subgroups
were stratified by age (< 60 or > 60 years), gender (male
or female), Charlson comorbidity index (< 3 or > 4),
history of DM (without or with), eGFR (> 60 or < 60
ml/min/1.73 m?), spot urine ACR (< 300 or > 300 mg/g).
Binary logistic analyses revealed that P for interactions was
> 0.05 for all subgroups (Table 4). Linear regression analysis
revealed the association is marginally more significant in those
with Charlson comorbidity index > 4 than in those with
Charlson comorbidity index < 3 (P for interaction = 0.04)
(Supplementary Table S2). Age, gender, history of DM, eGFR,
and albuminuria did not alter the association between BWV and
rapid progression of CAC.
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FIGURE 3 | The restricted cubic spline of BWV on the risk of rapid progression of CAC. Adjusted OR of BWV as a continuous variable for the risk of rapid progression
of CAC is depicted. The model was adjusted for age, gender, Charlson comorbidity index, smoking history, BMI, SBP, DBP, medication (ACEi/ARBs, diuretics, number
of antihypertensive drugs, statins), hemoglobin, albumin, HDL-C, fasting serum glucose, 25(0H) vitamin D, hs-CRP, eGFR, spot urine ACR, and baseline CACS. BWYV,

TABLE 3 | Binary logistic regression of BWV for rapid progression of CAC in
subjects with BW maintenance during follow-up periods.

Unadjusted Adjusted
OR (95%Cls) P-value OR (95%Cls) P-value
BWV, T1 Reference Reference
BWV, T2 1.925 (1.130, 3.280) 0.016 2.007 (1.011, 3.984) 0.046
BWV, T3 1.910 (1.110, 3.287) 0.019 2.054 (1.008, 4.207) 0.049

Models were adjusted for age, gender, Charlson comorbidity index, smoking history, BMI,
SBR, DBR, medication (ACEi/ARBs, diuretics, number of antihypertensive drugs, statins),
hemoglobin, albumin, HDL-C, fasting serum glucose, 25(0OH) vitamin D, hs-CRPF, eGFR,
spot urine ACR, and baseline CACS.

BWV, body weight variability; OR, odds ratio; T1, 1st tertile; T2, 2nd tertile; T3, 3rd tertile.

DISCUSSION

In this study, we discovered that high BWV is independently
associated with the rapid progression of CAC in patients with
predialysis CKD. Importantly, the association between BWV and
progression of CAC remains robust even among the subjects
without significant BW gain or loss during follow-up periods.
Following a recent report that high BWV is associated with
adverse CV outcomes in patients with predialysis CKD (18),
we here suggest a rationale for the previous finding. Although
BWYV is associated with CV outcomes in patients with CAD
(17), any direct evidence for the association between BWV and
progression of CAC in patients with predialysis CKD has not
been presented yet. On the other hand, compared to the patients
with end-stage renal disease (ESRD), especially those under
maintenance hemodialysis, the degree of BWV should be modest
in patients with predialysis CKD. Intriguingly, the progression of
CAC in patients with ESRD is altered by the modality of renal
replacement therapy (30). A recent observational study reported
that peritoneal dialysis is not associated with CAC or is associated
with less CAC progression than hemodialysis (30). Provided
that BWV is inevitable in most patients on hemodialysis,

rather than in patients on peritoneal dialysis, primarily due to
the discontinuous nature of hemodialysis leading to saw-tooth
volume fluctuations (31), it is speculated that BWV may also
be representative of ongoing CAC progression in patients with
ESRD. Collectively, our finding expands the clinical significance
of BWV as an indicator of underlying CAD in patients with
predialysis CKD, which is in line with the findings both from the
subjects without CKD and from the subjects with ESRD.

We are not able to present a precise mechanism of the
association of BWV with the progression of CAC even in
patients without significant longitudinal BW changes. One
possible explanation is that BWV might be a mixed phenotype
of the processes that facilitate BW gain and BW loss. As
the accumulation of extracellular fluid and malnutrition-
inflammation are not mutually exclusive, both of which is
associated with CAC progression (1, 5, 6), a longitudinal trend of
BW change may be masked if those processes concurrently take
place. Therefore, a potential strength of BWV over longitudinal
BW change may be a sensitive detection of vulnerable subjects
who are at high risk of CAC progression, although the precise
mechanism of the association of BWV with the progression of
CAC should be further elucidated.

LIMITATIONS

There are a number of limitations to this study. First, we were
not able to determine the causal relationship between high BWV
and progression of CAC, because of the observational nature of
the current study. In addition, BWV was calculated from the
data up to 8 years, while CACS was collected at the baseline
and 4-year follow-up. Due to the limitation of the study design,
it is also possible that CAC progression might promote BW
fluctuation. A more focused study should evaluate the causal
relation between BWV and the progression of CAC. Second,
despite the clear association of high BWV with the progression of
CAC, the precise mechanism should be further clarified. Third,
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TABLE 4 | Binary logistic regression of BWV for rapid progression of CAC in various subgroups.

Unadjusted OR (95%Cls)

P for interaction Adjusted OR (95%Cls) P for interaction

Age < 60 years BWV, T1 Reference

BWV, T2 1.461 (0.663, 3.220)

BWV, T3 1.400 (0.642, 3.053)
Age > 60 years BWV, T1 Reference

BWV, T2 2.676 (1.283, 5.578)

BWV, T3 3.696 (1.767, 7.730)
Male BWY, T1 Reference

BWV, T2 1.674 (0.918, 3.055)

BWV, T3 1.590 (0.880, 2.871)
Female BWV, T1 Reference

BWV, T2 3.184 (0.991, 10.235)

BWV, T3 3.748 (1.163, 12.073)
Charlson comorbidity index < 3 BWV, T1 Reference

BWV, T2 0.812 (0.297, 2.221)

BWV, T3 0.767 (0.281, 2.097)
Charlson comorbidity index > 4 BWYV, T1 Reference

BWV, T2 2.741 (1.400, 5.370)

BWV, T3 3.180 (1.629, 6.209)
DM (-) BWV, T1 Reference

BWV, T2 1.316 (0.579, 2.995)

BWV, T3 1.345 (0.591, 3.060)
DM (+) BWV, T1 Reference

BWV, T2 1.990 (0.933, 4.246)

BWV, T3 1.894 (0.898, 3.994)
eGFR > 45 ml/min./1.73 m? BWV, T1 Reference

BWV, T2 1.742 (0.836, 3.631)

BWV, T3 2.106 (1.036, 4.284)
eGFR < 45 mi/min./1.73 m? BWV, T1 Reference

BWV, T2 2.440 (1.134, 5.251)

BWV, T3 2.237 (1.029, 4.859)
Spot urine ACR < 300 mg/g BWV, T1 Reference

BWV, T2 1.011 (0.469, 2.180)

BWV, T3 1.604 (0.791, 3.254)
Spot urine ACR > 300 mg/g BWV, T1 Reference

BWV, T2 3.672 (1.679, 8.031)

BWV, T3 2.846 (1.289, 6.282)

0.172 Reference 0.176
1.224 (0.330, 4.533)
1.445 (0.347, 6.007)
Reference

3.167 (1.237, 8.104)
4.462 (1.729, 11.517)
Reference

2.193 (0.996, 4.830)
2.395 (1.068, 5.371)
Reference

2.428 (0.293, 20.118)
10.033 (1.088, 92.508)
Reference

1.091 (0.223, 5.343)
1.906 (0.396, 9.163)
Reference

2.690 (1.181, 6.129)
3.216 (1.384, 7.476)
Reference

1.709 (0.527, 5.538)
1.786 (0.521, 6.128)
Reference

2.235 (0.868, 5.756)
2.398 (0.928, 6.194)
Reference

1.730 (0.687, 4.359)
2.513(0.985, 6.411)
Reference

3.071 (1.022, 9.225)
2.769 (0.895, 8.568)
Reference

1.245 (0.461, 3.365)
2.461 (0.911, 6.652)
Reference

2.633 (0.928, 7.470)
2.606 (0.895, 7.589)

0.435 0.719

0.858

0.582

0.877

0.459

0.743

0.970

0.081 0.151

Models were adjusted for age, gender, Charlson comorbidity index, smoking history, BMI, SBF, DBF, medication (ACEi/ARBSs, diuretics, number of antihypertensive drugs, statins),
hemoglobin, albumin, HDL-C, fasting serum glucose, 25(0H) vitamin D, hs-CRR, eGFR, spot urine ACR, and baseline CACS.
ACR, albumin-to-creatinine ratio; BMI, body mass index; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate, OR, odd ratio; T1, 1st tertile; T2, 2nd tertile; T3, 3rd tertile.

although accumulation and removal of excess fluid have been
suggested as a mechanism to explain BWV in the current study,
the other cause, such as diet and physical activity, should also be
considered, as BW was measured as long as every 12 months.
Fourth, as this cohort study enrolled only ethnic Koreans, a
precaution is required to extrapolate the data in this study to
other populations.

CONCLUSION
In  conclusion, we report that high BWV s
independently associated ~with the rapid progression

of CAC in patients with predialysis CKD. Our results

suggest that the association between BWV  and
progression of CAC remains robust even among the
subjects without significant BW gain or loss during
follow-up periods.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this

article will be made available by the authors, without
undue reservation.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 7

January 2022 | Volume 8 | Article 794957


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Suh et al.

BW Variability and CAC Progression in CKD

ETHICS STATEMENT

The study was conducted in accordance with the principles
of the Declaration of Helsinki, and the study protocol was
approved by the institutional review boards of participating
centers, including at Seoul National University Hospital, Yonsei
University Severance Hospital, Kangbuk Samsung Medical
Center, Seoul St. Mary’s Hospital, Gil Hospital, Eulji General
Hospital, Chonnam National University Hospital, and Pusan
Paik Hospital. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

SS designed and helped in the data analysis and manuscript
writing. SS, TO, and HC contributed to the conception of
the study. SS and CK performed the data analyses and wrote
the manuscript. EB, K-HO, K-BL, SH, and SS collected the
data. SM and SK helped perform the analysis with constructive

REFERENCES

1. Park S, Lee CJ, Jhee JH, Yun HR, Kim H, Jung SY, et al. Extracellular
Fluid Excess Is Significantly Associated With Coronary Artery Calcification
in Patients With Chronic Kidney Disease. ] Am Heart Assoc. (2018)
7:€008935. doi: 10.1161/JAHA.118.008935

2. Essig M, Escoubet B, De Zuttere D, Blanchet E Arnoult F, Dupuis E,
et al. Cardiovascular remodelling and extracellular fluid excess in early
stages of chronic kidney disease. Nephrol Dial Transplant. (2008) 23:239-
48. doi: 10.1093/ndt/gfm542

3. Tai R, Ohashi Y, Mizuiri S, Aikawa A, Sakai K. Association between ratio
of measured extracellular volume to expected body fluid volume and renal
outcomes in patients with chronic kidney disease: a retrospective single-center
cohort study. BMC Nephrol. (2014) 15:189. doi: 10.1186/1471-2369-15-189

4. Kim YJ, Jeon HJ, Kim YH, Jeon J, Ham YR, Chung S, et al. Overhydration
measured by bioimpedance analysis and the survival of patients on
maintenance hemodialysis: a single-center study. Kidney Res Clin Pract. (2015)
34:212-8. doi: 10.1016/j.krcp.2015.10.006

5. Zha Y, Qian Q. Protein nutrition and malnutrition in CKD and ESRD.
Nutrients. (2017) 9. doi: 10.3390/n1u9030208

6. Hanna RM, Ghobry L, Wassef O, Rhee CM, Kalantar-Zadeh K. A practical
approach to nutrition, protein-energy wasting, sarcopenia, and cachexia
in patients with chronic kidney disease. Blood Purif. (2020) 49:202-
11. doi: 10.1159/000504240

7. Jagadeswaran D, Indhumathi E, Hemamalini AJ, Sivakumar V,
Soundararajan P, Jayakumar M. Inflammation and nutritional status
assessment by malnutrition
in pre-dialysis chronic kidney disease patients.
38:341-7. doi: 10.1016/j.clnu.2018.01.001

8. Khan YH, Sarriff A, Adnan AS, Khan AH, Mallhi TH. Diuretics
prescribing in chronic kidney disease patients: physician assessment
versus bioimpedence spectroscopy. Clin Exp Nephrol. (2017) 21:488-
96. doi: 10.1007/s10157-016-1303-7

9. Oh TJ, Moon JH, Choi SH, Lim S, Park KS, Cho NH, et al. Body-
weight fluctuation and incident diabetes mellitus, cardiovascular disease, and
mortality: a 16-year prospective cohort study. J Clin Endocrinol Metab. (2019)
104:639-46. doi: 10.1210/jc.2018-01239

10. Cai X, Qiu S, Liu S, Lu Y, Luo D, Li R, et al. Body-weight fluctuation
and risk of diabetes in older adults: the China health and retirement
longitudinal ~study (CHARLS). Diabetes Res Clin Pract. (2020)
169:108419. doi: 10.1016/j.diabres.2020.108419

outcome
(2019)

score and its
Clin  Nutr.

inflammation

discussions. All authors contributed to the article and approved
the submitted version.

FUNDING

This study was supported by the Research Program

funded by the Korea Centers for Disease Control
and Prevention (2011E3300300, 2012E3301100,
2013E3301600, 2013E3301601, 2013E3301602, 2016E3300200,
2016E3300201, 2016E3300202, and 2019E320100)
and by the National Research Foundation of Korea
(NRF) funded by the Korea Government (MSIT)
(NRF-2019R1A2C2086276).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2021.794957/full#supplementary-material

11. Cologne J, Takahashi I, French B, Nanri A, Misumi M, Sadakane A, et al.
Association of weight fluctuation with mortality in Japanese adults. JAMA
Netw Open. (2019) 2:e190731. doi: 10.1001/jamanetworkopen.2019.0731

12. Lissner L, Odell PM, D’agostino RB, Stokes ] 3rd, Kreger
BE, Belanger AJ, et al. Variability of body weight and health
outcomes in the Framingham population. N Engl ] Med. (1991)
324:1839-44. doi: 10.1056/NEJM199106273242602

13. Zhang Y, Hou E LiJ, Yu H, Li L, Hu S, et al. The association between weight
fluctuation and all-cause mortality: a systematic review and meta-analysis.
Medicine. (2019) 98:e17513. doi: 10.1097/MD.0000000000017513

14. Bangalore S, Fayyad R, Demicco DA, Colhoun HM, Waters DD.
Body weight variability and cardiovascular outcomes in patients
with type 2 diabetes mellitus. Circ Cardiovasc Qual Outcomes. (2018)
11:e004724. doi: 10.1161/CIRCOUTCOMES.118.004724

15. Yeboah P, Hsu FC, Bertoni AG, Yeboah J. Body mass index, change
in weight, body weight variability and outcomes in type 2 diabetes
mellitus (from the ACCORD Trial). Am ] Cardiol. (2019) 123:576-
81. doi: 10.1016/j.amjcard.2018.11.016

16. Nam GE, Kim W, Han K, Lee CW, Kwon Y, Han B, et al. Body weight
variability and the risk of cardiovascular outcomes and mortality in patients
with type 2 diabetes: a nationwide cohort study. Diabetes Care. (2020)
43:2234-41. doi: 10.2337/dc19-2552

17. Bangalore S, Fayyad R, Laskey R, Demicco DA, Messerli FH, Waters DD.
Body-weight fluctuations and outcomes in coronary disease. N Engl ] Med.
(2017) 376:1332-40. doi: 10.1056/NEJMoal606148

18. Suh SH, Oh TR, Choi HS, Kim CS, Bae EH, Park SK, et al. Association
of body weight variability with adverse cardiovascular outcomes in
patients with pre-dialysis chronic kidney disease. Nutrients. (2021)
13:3381. doi: 10.3390/nu13103381

19. Wang XR, Zhang JJ, Xu XX, Wu YG. Prevalence of coronary artery
calcification and its association with mortality, cardiovascular events in
patients with chronic kidney disease: a systematic review and meta-analysis.
Ren Fail. (2019) 41:244-56. doi: 10.1080/0886022X.2019.1595646

20. Sarnak M]J, Levey AS, Schoolwerth AC, Coresh ], Culleton B, Hamm LL,
et al. Kidney disease as a risk factor for development of cardiovascular
disease: a statement from the American heart association councils on
kidney in cardiovascular disease, high blood pressure research, clinical
cardiology, and epidemiology and prevention. Circulation. (2003) 108:2154-
69. doi: 10.1161/01.CIR.0000095676.90936.80

21. Collins AJ, Foley RN, Chavers B, Gilbertson D, Herzog C, Johansen K, et al.
"United States renal data system 2011 annual data report: atlas of chronic

Frontiers in Cardiovascular Medicine | www.frontiersin.org

January 2022 | Volume 8 | Article 794957


https://www.frontiersin.org/articles/10.3389/fcvm.2021.794957/full#supplementary-material
https://doi.org/10.1161/JAHA.118.008935
https://doi.org/10.1093/ndt/gfm542
https://doi.org/10.1186/1471-2369-15-189
https://doi.org/10.1016/j.krcp.2015.10.006
https://doi.org/10.3390/nu9030208
https://doi.org/10.1159/000504240
https://doi.org/10.1016/j.clnu.2018.01.001
https://doi.org/10.1007/s10157-016-1303-7
https://doi.org/10.1210/jc.2018-01239
https://doi.org/10.1016/j.diabres.2020.108419
https://doi.org/10.1001/jamanetworkopen.2019.0731
https://doi.org/10.1056/NEJM199106273242602
https://doi.org/10.1097/MD.0000000000017513
https://doi.org/10.1161/CIRCOUTCOMES.118.004724
https://doi.org/10.1016/j.amjcard.2018.11.016
https://doi.org/10.2337/dc19-2552
https://doi.org/10.1056/NEJMoa1606148
https://doi.org/10.3390/nu13103381
https://doi.org/10.1080/0886022X.2019.1595646
https://doi.org/10.1161/01.CIR.0000095676.90936.80
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Suh et al.

BW Variability and CAC Progression in CKD

22.

23.

24.

25.

26.

27.

28.

kidney disease and end-stage renal disease in the United States. Am J Kidney
Dis. (2012) 59:e1-420. doi: 10.1053/j.ajkd.2011.11.015

Oh KH, Park SK, Park HC, Chin HJ, Chae DW, Choi KH, et
al. KNOW-CKD (KoreaN cohort study for outcome in patients with
chronic kidney disease): design and methods. BMC Nephrol. (2014)
15:80. doi: 10.1186/1471-2369-15-80

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman
HI, et al. A new equation to estimate glomerular filtration rate. Ann
Intern Med. (2009) 150:604-12. doi: 10.7326/0003-4819-150-9-200905050-0
0006

Chapter 1: definition and classification of CKD. Kidney Int Suppl. (2013)
3:19-62. doi: 10.1038/kisup.2012.64

Park KY, Hwang HS, Cho KH, Han K, Nam GE, Kim YH, et al. Body
weight fluctuation as a risk factor for type 2 diabetes: results from
a nationwide cohort study. J Clin Med. (2019) 8. doi: 10.3390/jcm80
70950

Ryu H, Hong Y, Kang E, Kang M, Kim J, Oh YK, et al. Rapid weight change
over time is a risk factor for adverse outcomes in patients with predialysis
chronic kidney disease: a prospective cohort study. J Ren Nutr. (2021) 31:569-
78. doi: 10.1053/j.jrn.2021.01.026

Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte
MJr, Detrano R. Quantification of coronary artery
using ultrafast computed tomography. ] Am Coll Cardiol.
15:827-32. doi: 10.1016/0735-1097(90)90282-T

Jung CY, Heo GY, Park JT, Joo YS, Kim HW, Lim H, et al. Sex disparities and
adverse cardiovascular and kidney outcomes in patients with chronic kidney
disease: results from the KNOW-CKD. Clin Res Cardiol. (2021) 110:1116-
27. doi: 10.1007/500392-021-01872-5

calcium
(1990)

29. Lee MJ, Park JT, Park KS, Kwon YE, Han SH, Kang SW, et al. Normal
body mass index with central obesity has increased risk of coronary artery
calcification in Korean patients with chronic kidney disease. Kidney Int. (2016)
90:1368-76. doi: 10.1016/j.kint.2016.09.011

30. Jansz T'T, Van Reekum FE, Ozyilmaz A, De Jong PA, Boereboom FTJ, Hoekstra
T, et al. Coronary artery calcification in hemodialysis and peritoneal dialysis.
Am ] Nephrol. (2018) 48:369-77. doi: 10.1159/000494665

31. Charra B. Fluid balance, dry weight, and blood pressure in dialysis. Hemodial
Int. (2007) 11:21-31. doi: 10.1111/j.1542-4758.2007.00148.x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Suh, Oh, Choi, Kim, Bae, Oh, Lee, Han, Sung, Ma and Kim.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

January 2022 | Volume 8 | Article 794957


https://doi.org/10.1053/j.ajkd.2011.11.015
https://doi.org/10.1186/1471-2369-15-80
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1038/kisup.2012.64
https://doi.org/10.3390/jcm8070950
https://doi.org/10.1053/j.jrn.2021.01.026
https://doi.org/10.1016/0735-1097(90)90282-T
https://doi.org/10.1007/s00392-021-01872-5
https://doi.org/10.1016/j.kint.2016.09.011
https://doi.org/10.1159/000494665
https://doi.org/10.1111/j.1542-4758.2007.00148.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Association of Body Weight Variability With Progression of Coronary Artery Calcification in Patients With Predialysis Chronic Kidney Disease
	Introduction
	Methods
	Study Designs and Participants
	Data Collection
	Determination of BWV
	Estimation of the Rate of Longitudinal BW Change During Follow-Up Periods
	Measurement of CACS and Study Outcome
	Statistical Analysis

	Results
	Baseline Characteristics
	Association of BWV and Rapid Progression of CAC in Patients With Predialysis CKD
	Sensitivity Analysis
	Subgroup Analysis

	Discussion
	Limitations
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


